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Key messages

% Energy storage is critical to the All -Island power market because
not only can it help solve the challenges facing the power system, but it
can do so whilst also saving money fo r consumers.

Y% Energy storage will play a critical role in ensuring  system
stability.  Elsewhere, the value of System Services / system stability  to
the All -Island market has been estimated at over G 00 million ' annually
in 2030 , with energy storage likely to play a key role in maintaining
frequency, voltage and rotor angle stability as well as congestion
management and system restoration

% A power system with 1.9GW of energy storage is a low regrets
wayto deliver net annual wel fare benefiontaerani G034 mi
above storageds contribution to inmMO6WvVIing s
of energy storage could deliver gross benefits of 01162 million annually
with costs to storage developers offsetting this figure by 01128 million
annually.

% Energy storage can reduce the amount of wasted renewable
electricity by almost 800GWh enough to power 2 all of the ¢.180,000 3
private households in Cork, Limerick, Galway, Waterford and Drogheda
combined .

Y% Additional energy storage has the potential to reduce the PSO
Levy by 010-14 milion annually in 2030 #. By reducing dispatch
down , energy storage can reduce the amount of renewables capacity
needed to meet 2030 targets and lower the cost of the PSO Levy

% Power sector emissions could fall by c. 370 kt annually ina
scenario of 1.9GW of total energy storage by displacing conventional
thermal plant . Thisis al most equi valent to Water> ordos
and savesc . U 21 niiadnballyanr2030

1 EC/EU SysFlex, Financial Implications of High Levels of Renewables on the European

Power System , 11 March 2020.

2Assuming CRUGs househol d cons ofd200kWhihyear.st i mat e

3 CSO, Census 2016 Small Area Population Statistics , accessed 24 August 2021.

4 This assumes 80% of the 270MW onshore wind capacity that is not required to be built

in the 1.9GW total storage scenario is located in Ir
All-Island annual demand) and would have otherwise been supported by RESS at st rike

prices beSOwdWm & 6aG/MWh.

5 RTE, Waterford aiming to become Ireland's first decarbonised city , 21 April 2021.

6 Assuming a carbon price of U %.6/tCOs.
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% Energy storage is able to provide a low -emissions source of firm
capacity ,lowering t he SEM&6s reliance o-fredpeskingent i ona
plant . At current Capacity Market de -rating factors , 100MW of 6 hour
storage can offset c.80MW of OCGT capacity.

Y% 6 hour storage currently appear st o provide the-frest &éban
buc k' for society . Weather conditions across the island of Ireland mean
wind output is either very high or very low for around half of the year,
with periods of high  or low wind lasting  a little under 20  hours on
average . Longer -duration storage may be able t 0 provide greater value
but current Capacity Market de -rating factors limit the security of supply
benefits of longer -duration storage.

% Several barriers to the development of storage, particularly
longer -duration storage, in the SEM have been identified c (1)
uncertainty over the System Services regulatory framework; (2) a lack of
a level playing field for energy storage in existing support mechanisms ;
(3) a grid connection policy that implicitly disadvantages energy storage;
(4) a transmission network charging design that does not incentivise
flexibility; (5) a lack of policy emphasis on long -duration storage; and ( 6)
a complex market structure that is not conducive to streamlined decision
making.

% These barriers prevent energy storage from compe ting for the
value it provides to society. As things stand, there are significant risks
that the value provided by energy storage (and particularly long -duration
storage), will not be reflected in the market designs of the future.

% Best practice should allo w for storage to compete on a level
playing field for the value that it brings . Currently, storage is not
able to compete for this value and it should not be explicitly
disadvantaged because of : legacy choices regarding  the definition of
market actors ; mar ket design ; policy support ; network charging ; or
taxation policies .
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Exhibit 1.1 T Recommendations
Policy Develop Recognise the critical role of energy storage in EirGrid / 2021 -2022 Engage with all
comprehensive policy accommodating high levels of non -synchronous SONI, CRU, relevant
for energy storage renewable generation DECC stakeholders
CRM Address inconsistencies  Ensure that storage with durations >6hr receive de SEMO 2021 Submit Capacity
in the design of the rating factors similar to DSUs >6hr Market Modification
CRM Proposal
ECP Remove implicit Introduce a minimum number of connection offers for CRU Before Engage with CRU in
disadvantage from ECP  storage September 2022 relation to ECP -2.3
RESS Clarify rules for  hybrids (1) Retain ability to give hybrids a different ECF to the DECC August 2021 Respond to
underlying RESS technology RESS-2
consultation
(2) Introduce additional hybrid models
Flexibility Increase incentives for Comprehensive review of incentives for flexibility, EirGrid / 2021 -2022 Engage with all
incentives flexibility including (but not limited to): SONI, relevant
(1) temporal variation in transmission network charging ESB / NIE stakeholders
Networks,
(2) distinguishing between flexible and inflexible SEMC

consumption with respect to PSO Levy charges

(3) no vel System Services products that allow for better
storageds

use to be
congestion
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2 Introduction

2.1 Purpose of the study

AFRY Management Consulting (AFRY) has been engaged by the Irish Energy

Storage Association (IESA) to provide an independent analysis of the value

of energy storage by exploring a range of alternative future outcomes of the

Irish Single Electricity Market (SEM). This study specifically  explores the

impact on societal welfare (and a range of other key metrics) of different

levels of storage  capacity, with key assumptions on demand and fuel carbon

prices taken from reputable t hird party sources. We have also reviewed

barriers to storage deployment and regul atory
practiced.

2.2 Climate and renewables ambition

Both Ireland and Northern Ireland have progressive climate ambitions with

Ireland targetinga  net -zero emissions economy by 2050 7, and Northern
Ireland currently consulting on whether to target net zero carbon energy by

2050 8. To achieve these ambitions, it is clear that profound changes to the
power sector will be required, with renewable energy playing an increasingly
critical role. To that end, Ireland is targeting 70% of electricity demand being
satisfied by renewable generation by 2030 9, whilst Northern Ireland is
consulting on adopting a similar target 8.

2.3 Challenges facing the system

If the 70% renewables target is to be achieved, the All -Island power sector
will have to undergo profound change . At the heart of this need for change
are several technical challenges related to maintaining frequency, voltage

and rotor angle stability , congestion management and system restoration
amongst others . It is these challenges that underpin many of the more
widely reported  concerns, su ch as:

7 Government of Ireland, Climate Action and Low Carbon Development (Amendment) Bill
2021 , 23 March 2021.

8 DFE, Enerqgy Strateqgy for Northern Ireland I _consultation on policy options , 31 March
2021.

9 Government of Ireland, Climate Action Plan 2019 , 17 Jun 2019.
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% howto keep renewables curtailment to manageable levels (which in turn
lowers the cost of renewables to consumers and decarbonises the power
sector more rapidly  and cheaply );

% how to improve the balance between (historically inflexible) power
demand and (increasingly volatile) power generation (without which there
can be load loss or even complete black outs );

% how to ensure there is sufficient firm capacity to ensure security of supply
particularly at times of high demand and / or low renewables outpu t; or

% how to reduce the number of large thermal plants that must be kept on to
maintain system stability (which affects wind curtailment and increases

emissions).
2.4 The role of energy storage
Energy storage has a critical role to play as the power system tra  nsitions to

ever higher levels of intermittent renewable generation, because it is able to
address many of the challenges being faced. At a very high level, the ability
to store and release energy increases the flexibility of the power system. But
it is no tjust additional flexibility that energy storage can provide:

% Synchronous forms of storage are able to store kinetic energy and
provide inertia which slows the rate of change of frequency (RoCoF) when
a fault occurs, giving the system more time to bring on generation
reserves.

% Many storage technologies are able to respond to a fault very rapidly,
either generating or absorbing active power to stabilise grid frequency.

% Many energy storage technologies are capable of generating or absorbing
reactive p ower which helpsto maintain voltage stability.

% Synchronous forms of energy storage can help maintain rotor angle
stability by providing synchronising torque and damping torque.

% Longer -duration forms of storage sited in appropriate locations are able to
re duce network congestion by absorbing excess generation and injecting /
or avoiding consumption at times when demand is high. Longer -duration
storage is also able to provide ramping reserve to help mitigate against
increasing energy imbalance volumes.

A sum mary of several of the more advanced energy storage technologies
and their capabilities is shown in Exhibit 2.1.

AFRY MANAGEMENT CONSULTING January 2022
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Exhibit 2.1 7 Overview of  selecte d energy storage technologies and their potential  capabilities
Capability

Load |Synchronous |(Frequency |Voltage

Name Description shifting inertia response |stability |stability *|Congestion |Ramping
When a battery is charged, it causes electrons to flow from the
. batterybés anode to its cathode wher
Batteries electricity. When discharged, the flow is reversed resulting in the V U V V U

generation of electricity.

CAES Electricity is used to compress air typically into a cavern. When the

Electricity is stored as gravitational potential energy by pumping
water from alow elevation reservoir to a higher elevation

< < < <
< < < <

(Compressed Air  air is released, it spins a turbine connected to a generator to V V V V V
Energy Storage) produce electricity.
LAES Electricity is used to liquefy air which is then stored in insulated
(Liquid Air Energy tanks. When the air is warmed it expands and spins a turbine V V V V V
Storage) connected to a generator to produce electricity.
Pumped ) . . .
reservoir. This energy is released by allowing the water to flow
storage 9y °d Dy aflowing ; Vv V V V V
back down to the lower reservoir where it spins a turbine
connected to a generator.
Synchronous condensers are essentially a generator that is not
Synchronous connected to a turbine. Electrical energy is stored as kinetic energy
condensers in the form of a rotating mass that is synchronised to the grid, with U V U V V U U

this energy released as inertia when grid frequency fluctuates.

Electrical energy is used to heat a material (e.g. molten salt or
Al concrete ), with the stored energy released as the material is
t cooled. The released energy can be converted back to electrical V V 2 V 2 V 2 V 2 V V
SRS energy or be used as thermal energy. This can be of particular
interest to industrial sites that have significant heat demand.

1. Rotor angle stability ~ covers synchronising and damping torque.
2. Depending on unit configuration.

AFRY MANAGEMENT CONSULTING January 2022
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There are of course, other technological solutions that will be required en
route to achieving 2030 renewables targets and the longer -term transition to
net zero, but energy storage has the advantage of being a fairly mature

group of technologies as well a s being increasingly economically competitive.

As we show later in this study , energy storage can not only help solve the
challenges facing the All  -Island power system, but it cando so whilst also
saving money for consumers.

2.5 Structure of this report

The rest of this report is structured as follows:

% Chapter 3 outlines the approach usedin evaluating the benefits of storage
and how much storage migh  t be needed;

% Chapter 4 presents the results of  this welfare analysis;

% Chapter 5 discusses some of the barriers to additional storage
development;

% Chapter 6 pr ovi des an overview of storage Obest

% Chapter 7 contains the recommendations arising from this study

Further details regarding how the power market modelling has been carried
out and the key inputs used and resulting outputs can be foundin  Annex A ,
Annex B and Annex C .

AFRY MANAGEMENT CONSULTING January 2022
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3

Methodology

To determine the value of en ergy storage in Ireland we have performed

several simulations  of the All -Island power market  that allow usto quantify
the differences in societal welfare between different configurations of the All -
Island power system in 2030.

More specifically, we have posited a Reference scenario as well as five

Alternative scenarios that differ only in the amount of energy storage,

onshore wind and thermal peaking capacity (i.e. OCGTs) in each scenario. All
other inputs (e.g. demand, fuel pri ces, carbon prices, etc.) are the same in

all scenarios. Consequently, any differences in welfare between the scenarios

can be attributed directly to the changes in energy storage / onshore wind /

peaking thermal capacity.

The rationale for changing energy storage, onshore wind and peaking
thermal capacity (as opposed to simply changing the amount of energy
storage) is based on the hypothesis that by increasing the amount of energy
storage in the generation mix, the system will be able to:

% make more efficie nt use of renewables capacity (e.g. by reducing dispatch
down) and therefore require fewer MW of renewables to reach a 70%
RES- E penetration target; and

% require lessthermal peaking capacity due to energy storage being able to
provide firm capacity.

3.1 Defini tion of annual d&et welfare 6

We define the annual net welfare of an Alternative scenario as the sum of
the differences between the Alternative scenario and the Reference scenario

with respectto  three key categories of  annual cost (further details are
prov ided in Box 1):

Y electricity production  cost s?°;
% energy balancing and redispatch costs ; and

Y capital ** and operating expenditure (CAPEX and OPEX) on energy storage
/ renewables/ thermal peaking capacity.

10 Differences in production costs are the key driver of differences in typical assessments
of socio -economic welfare (see for example the underlying methodology and cost -benefit
analysis res ulis of ENTSO-E6s TYNDP 2020) .
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An illustration of the concept

the avoidance of doubt, any referen
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12 js shown in Exhibit 3.1 and Exhibit 3.2. For

ce to annual net welfare below describes

the difference between one of the Alternative scenarios and the Reference
scenario with respect to the year 2030. Values are quoted in millions of euro

at real 2020 prices.

Exhibit 3.1 i Cost categories that have
been assessed when calculating annual
Net Welfare

Net Welfare is the difference in production
costs, energy balancing and redispatch costs
and annualised CAPEX and OPEX between an
Alternative scenario and Refe  rence

um

Energy
balancing /
redispatch

Production
costs

Reference Alternative 1

Exhibit 3.2 T Drivers of differences in
annual Net Welfare

By examining the differences in the various
categories of costs, we can determine where
welfare is increased (in green) or reduced (in
red)

U m

Production  Energy CAPEX Net
costs balancing/ /OPEX Welfare
redispatch

3.1.1 The value of system stability

As described previously, energy storage will play a key role in ensuring the

network is able to handle high levels of intermittent renewable generation.

The value of system stability has been evaluated elsewhere ¥ at up to
million annually. In this study, we have not attempted to put a value on

system stability nor have we tried to quantify the share of value provided by

energy storage. However, it is commonly agreed that deployment of various

stora ge technologies will play a

critical role in delivering this system stability.

11 Capital expenditure (CAPEX) is annualised over the economic lifetime of a project at an

assumed hurdle rate.

12 Note that an alternative, but equivalent approach would be to quantify all end costs to
consumers (e.g. the cost of satisfying power demand, the capacity market, RESS, REFIT,

etc.).

13 EC/EU SysFlex, Financial Implications of High Levels of Renewables on the European

Power System , 11 March 2020.
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Box 1 The cost of power

When we talk about production costs, we are referring to the costs of producing the

electricity that is scheduled to be generated in the Day Ahead Market. Typically, these
costs comprise: fuel costs; carbon costs; and a range of other costs (e.g. variable

maintenance costs, the cost of starting power plants, and so on). Importantly, this

generation schedule is determined assuming there are no network constr aints (of which
there are several), and so it does not reflect the outturn generation mix.

In order to get to the outturn generation mix, we must subsequently adjust the Day

Ahead schedule to reflect the constraints on the power network. This involves incr easing
the output of some power plants and decreasing the output of others. The costs

associated with doing this are captured in our category of energy balancing and

redispatch costs. For the avoidance of doubt, these are also production costs, they are
categorise d separately.

3.2 The Reference scenario
The Reference scenario represents one vision of the All-Island power system
in 2030 , where:

Y% All-Island power demand reach  es ¢.53TWh 4, driven by an increasing
number of data centr es , themadand®00J000iheatn EVAsSs on
pumps installed.

% Gas prices at the UK National Balancing Point reach 58p/therm 15,
Y Carbon prices (EU ETS EUAs) reach U57/tCO 215,

% Renewables penetration across the SEM is 70%, with 8.5GW of onshore
wind, 3.7GW of offshore wind and 2.1GW of solar PV.

% EirGrid successfully manages to raise the System Non - Synchronous
Penetration (SNSP) limit to 95%, with significantly fewer system -wide
constraints than today

% There is 463MW of short  -duration (i.e. ¢.0.5hr) battery capacity reflecting

currently operational capacity as well as 't
anticipated to come online later in 2021 or under the DS3 Volume Capped
programme.

% Sufficient new build thermal capacity (1.2GW of OCGTs) is added to the

system to ensure demand can be met.

% Interconnection capacity increases following the completion of the 500MW
Greenlink and 700MW Celtic interconnectors with Great Britain ( GB) and
France respectively.  This increases the size of the largest loss and with it
the amount of operating reserves required.

Additional details on the inputs into the modelling exercise can be found in
Annex B .

14 EirGrid / SONI,  Shaping Our Electricity Future Technical Report ,8 March 2 021.
15 National Grid ESO, Future Energy Scenarios 2020, July 2020 .
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3.3 Alternative scenarios

In the alternative scenarios the only changes vs. the Ref erence scenario are:
% increased levels of energy storage;
% reduced amounts of onshore wind capacity 16: and

% reduced amounts of peaking thermal capacity.

The first of the Alternative scenarios is one where we have increased the

amount of energy storage capacit y to include all of the batteries that have
successfully secured Capacity Remuneration Mechanism (CRM) contracts (an
additional 363MW vs. Reference) . Thereafter we have added a further

500MW, 750MW, 1GW and 1.25GW of storage capacity in our scenarios. The
specific levels of energy storage, onshore wind and peaking thermal capacity

is indicated below in  Exhibit 3.3.

Exhibit 3.3 7

2030 nstalled capacity of energy storage, onshore wind and peaking

thermal capacity by scenario  (MW)

As SEM-wide energy storage capacity increases, the amount of onshore wind and peaking
thermal capacity is reduced

Alternative Scenarios
Contracted 1.6GW 1.9GW 2.1GW 2.4GW
Reference batteries storage storage storage storage
755

Energy storage 1,118 1,618 1,868 2,118 2,368
Turlough Hill  PS 292 292 292 292 292 292
0.5hr storage 463 463 463 463 463 463
1lhr storage 0 79 79 79 79 79
2hr storage 0 200 200 200 200 200
4hr storage 0 84 334 84 84 84
6hr storage 0 0 250 750 1,000 1,250

Onshore wind 8,490 8,440 8,308 8,220 8,178 8,126

OCGT 2,04 6 1,919 1,553 1,316 1,120 922

Note: 0.5hr storage is assumed to participate in the Day Ahead and Balancing Markets if it has a CRM contract.

For the purposes of the modelling study we have assumed that the additional

4 hourand 6 hour energy storage in the 1.6/1.9/2.1/2.4GW total storage

scenarios are Li -ion batteries with 85% round trip efficienc y. Thisis a
modelling simplification and is primarily driven by the availability of reliable

data on current costs for Li -ion batteries and a | oose
the trajectory of future costs for Li -ion batteries. It is important to add that

whil e our analysis suggests Li  -ion batteries are likely to be a cost competitive

form of energy storage at storage durations of up to 6 hours in 2030, there

are other forms of 4hr and 6hr storage that may be deployed instead.

16 We have chosen to reduce onshore wind capacity because we expect it to have the
lowest levelised cost of energy (L COE) and thus provide a conservative basis for our
analysis.

AFRY MANAGEMENT CONSULTING January 2022
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Ultimately, this study is relativ ely insensitive to the choice of technology
largely because we assume that the network is significantly less constrained
in the future (as a result of a successful System Services program) in all
scenarios. Of greater importance is the overall impact of ou r cost and
efficiency assumptions.

It is important to note that we have arrived at the onshore wind and OCGT
capacities above via an iterative process that has removed wind and OCGT
capacity until renewables penetration reaches 70.0% (after accounting for
dispatch down) and there is sufficient firm capacity to ensure no loss of load
inal -in-5 peak demand year. Our assessment of capacity margins reflects
de-rating factors as published for the 2024/25 T -4 Capacity Auction 17,

3.4 Power market modelling

In order to calculate the Net Welfare of the Alternative scenarios, it is
necessary to simulate the dispatch and redispatch of the SEM in 2030. We

have performed this using our own power market model, known as BID3. In
short, BID3 isa least -cost optimisation model that can be used to simulate
the hourly dispatch and redispatch of the SEM. It has been used to support a
wide range of our clients including TSOs, regulators, utilities and investors
amongst others. For further details regarding the modelling, please see

Annex A .

17 EirGrid / SONI, Capacity Market T Final Auction Information Pack FAIP2425T -4, 8
December 2020.
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Additional
energy storage
could save the
PSO Levy
60m per year

Increasing
energy storage
capacity to
1.9GW is a low
regrets option

Benefits of energy storage

In summary , our analysis demonstrates that energy storage can provide
significant value to society by making better use of low carbon renewables
generation , whilst reducing the need for high emissions conventional peaking
capacity. In comparison with the Reference scenario, and taking the
Alternative scenario where there is 1.9GW of storage on the system in 2030,

we observe:

% an overal/l increase in Net Welfare of 034 m
Y% 110-14 million annual reductionin  the PSO Levy 1&;
% 370,000 tonnes fewer carbon emissions from the power sector; as well as

% greater utilisation of the renewables fleet and interconnectors and less
reliance on conventional thermal peakers.

4.1 Net w elfare benefit

Our simulations suggest increasing the amount of en ergy storage in the SEM
can provide significant net benefits to society ( Exhibit 4.1). The results
suggest that society continues to benefit until there is around 1.9GW of

energy storage on the system. Thereafter, although net welfare benefits
remain significant , they begin to fall , as the cost of additional storage more
than outweighs the additional benefits arising .

Our analysis is dependent on our assumptions for CAPEX / OPEX of onshore
wind, OCGTs and storage . Although we believe our assumptions are both
reasonable and conservative (see Annex B.4 for details) , we have
nevertheless investigated how the results would look if we have

overestimated the future cost of onshore wind an d OCGTs and
underestimated the cost of storage . The results of this analysis are shown in
Exhibit 4.2.

At levels of storage capacityupto 2.4 GW, we see annual net welfare
benefits even if wind / OCGT costs are overestimated and storage costsin
2030 are underestimated. There is a noticeable drop off in the most punitive
sensitivity when total storage capacity is increased to above 1.9GW,

18 This assumes 80% of the 270MW onshore wind capacity that is not required to be built

in the 1.9GW total storage scenario is |located in It
All-Island annual demand) and would have otherwi se been supported by RESS at strike

prices between 045/ MWh and G55/ MWh.
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suggest ing the scenario with  1.9GW of total energy storage is a low regrets
option for the SEM.

Exhibit 4.1 7 2030 annual net welfare benefit vs. Reference scenario (4 millions, re
2020 prices)

Annual net welfare in 2030 increases ast  he amount of energy storage in the All -Island market
is increased, up to around 1.9GW of storage, after which benefits plateau

ugm
34

33

30
25
20
15
10

Contracted
Batteries

Total energy storage capacity

Exhibit 4.2 7 Sensitivity  of 2030 annual net w elfare benefit (vs. Reference scenario)

to CAPEX assumptions (0 millions, real 2020 prices)
Even if onshore wind / OCGT costs have been overestimated and storage costs
underestimated, a system with 1.9GW of total storage increases societal welfare

a

M = As modelled
mLow OCGT CAPEX
Low wind CAPEX
m High storage CAPEX

30 = Low OCGT / Wind, High storage

20

10

Contracted

batteries Total energy storage capacity

Note s:

1. Each column shows a different sensitivity under each of the five modelled scenarios .

2. Low OCGT CAPEX assumes costs areinlinewitha f r ame OCGT o f (Adno@elet &ssMmesa G55 0/ &o¥Y,

reflecting the average cost of a frame OCGT and an  aeroderivative OCGT ).

3.Lowwind CAPEX assumes a 20% reduction on 2020 costs of 01,150/ kW (As mo:¢
typical 2020 costs of 01,275/ kW).

4. High storage CAPEX assumes 15 -20% declines vs. 2020 (As modelled assumes 30 -35% cost red uctions).
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4.2 Drivers of Net Welfare benefits

There are two fundamental drivers of the value of energy storage:
Y% energy storage makes better use of the renewables fleet; and

% it reduces the need for carbon -emitting conventional peaking capacity.

These two fundamental benefits manifest themselves in several ways in our
simulations , including :

% reduced dispatch down which improves the capacity factor of
renewables generation leading to lower costs ;

% a smaller conventional peaking fleet which results in a lower -
emi ssions source of back -up power ; and

% lower production costs and carbon emissions resulting from the
displace ment of thermal generation.

We discuss these in greater detail below.

421 Reduced dispatch down

If 70% renewables penetration is reached, there will b e many times during
the year when the output of the renewables fleet exceeds demand as well as

what the network can handle. During these periods, renewables generation is
dispatched down and effectively wasted. If energy storage levels are

increased, the a mount of wasted renewables generation will be reduced

(Exhibit 4.3). This in turn can result in one of two broad outcomes

% either (as modelled in this study) fewer MW of renewable generation
capacity are required to meet the 70% renewables target (Exhibit 4.4),
which in turn could significantly reduce PSO Levy costs (see Exhibit 4.5

and Bo x 2 for additional details ) as well as energy balancing and
redispatch costs (Exhibit 4.6); or

% there will be even more renewables output resulting in greater
decarbonis ing of the power sector and reduced wholesale power costs.

Box 2 PSO Levy cost reduction

To quantify the potential impact on the PSO Levy requires assumptions for: (1) the
amount of wind capacity that would have been supported by RESS had it been built; (2)
the strike price of this capacity; and (3) hourly Day Ahead prices in 2030.

For wind capacity, we have assumed that 80% of the 270MW of avoided onshore wind is

l ocated in Ireland (i n | i n-dslavdidegmand)andghatalhod 6 $this h ¢
capacity would have been supported by RESS. Strike prices are assumed to range

between 050/ MWh a 6@MWih . Hourly Day Ahead power prices are an output of the

modelling study. By  comparing hourly day ahead prices to the assumed strike prices for

the c¢.215MW of avoided onshore wind supported by RESS, we can calculate the potential

savings to the PSO Levy.

AFRY MANAGEMENT CONSULTING January 2022
2021/OPP -0009400/0155

19



A F R Y THE MISSING LINK

AF POYRY
Exhibit 4.3 7 2030 a dditional renewables Exhibit 4.4 7 2030 0 nshore wind capacity
generation resulting from reduced not required vs. Reference  (MW)
dispatch down vs. Ref erence (GWh)
More storage reduces dispatch down resulting Higher capacity factors - fewer MW required
in higher renewables generation to generate a given amount of output
GWh MW
1,200 400
1,000
300
800
600 200
400
100
200
o ,
2 = = = = °
g¢| o | o | & | @ s 3 2 3 5
S o © S - N 35 © & b <
5 & — — o N 5 £ — i o o~
S & 53
O O oM
Total energy storage Total energy storage
Exhibit 4.5 7 Range of p otential 2030 Exhibit 4.6 7 2030 annual energy
annual PSO Levy reduction vs. Reference balancing and redispatch cost benefit vs.
(0 millions, real 2020 p Reference (U millions, real
Fewer MW of onshore wind could lower PSO Lower dispatch down, a smaller wind fleet and
Levy costs significantly storage providing a low cost source of energy
balancing / redispatch - lower costs
Um uUm
15 l 25
C :
10 . 15
5 10
| 5
0 0
B = = = = °
L9 o o o o 28 > > 3 3
8 g © © = N 35 @ ) e 5
5 £ - — N N far—t — — o [N
S & 53
O O m
Notes: Assumes 80% of onshore wind not required to be
built is located in Ireland and would have otherwise been
supported by RESS at st bO/N\wh p1
a n d 60éMWh.
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4.2.2 Smaller fleet of thermal peakers

Energy storage, particularly longer -duration storage, is able to provide firm
capacity, resulting in less need for conventional peaking plant (Exhibit 4.7).
Ultimately, this resultsin reduced carbon emissions ( Exhibit 4.8) worth
around 02 1° amiudlly iindhe 1.9GW storage scenario , and typically
lower production costs as the cost of charging for energy storage is lower
than the cost of natural gas and ca rbon for athermal peaker.

Exhibit 4.7 7 2030 OCGT capacity not Exhibit 4.8 i 2030 annual carbon
required vs. Reference  (MW) emissions benefit vs. Reference (kt CO 2)

Adding energy storage to the capacity mix As the amount of energy storage is increased,
results in fewer MW of thermal peakers being carbon emissions fall, despite there being no
required additional renewables output

MW ktCO,

1,250

400
1,000
300
750
200
500
250 I 100
0 0
=
0
(]
© : ; ] . .

Total energy storage Total energy storage

m

1.9GW
2.1GW
2.4GW
1.6GW
1.9GW
2.1GW
2.4GW

Contracted
Batteries
Contracted
Batteries

Note: Emissions are calculated on the basis of outturn
generation.

4.2.3 Lower production costs and carbon emissions

Our simulations reveal that even if renewables penetration is kept constant
at 70% (i .e. there isndét any additional l ow
additional energy storage lowers electricity production costs.

More specifically, when additional storage is introduced, the amount of
conventional thermal generation falls ( Exhibit 4.9), with imports to the SEM
increasing. In this study, the SEM is a net importer largely for the following
reasons:

Y% we assume significant amounts of low marginal cost renewables
generation is developed in Great Britain (GB) in the next de cade, driven
by ambitious 2030 targets (specifically offshore wind) 20;

WAssuming a carbon price of 056.6/tCO
20 We have taken a conservative approach to offshore wind uptake in GB and assume
6onlydéd 33GW of offshore wind is rgefofd0BM system in 203
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% the continued presence of a large (60GW) nuclear fleet in France that
generates at low cost; and

% high variable costs of gas generation in the SEM, driven by an increasing
tendency for gas capacity costs to be bid into the wholesale market as
renewables generation increases and thermal load factors fall (see Box 3
for additional details).

Exhibit 4.9 7 2030t hermal generation, imports and net storage by scenario (TWh)
As storage capacity is increased, the amount of thermal generation falls and imports increase
TWh
20
m Imports
15 P
10 B Thermal + DSU
5
B Storage charging
0
-5
Reference | Contracted 1.6GW 1.9GW 2.1GW 2.4GW
batteries
| | Total energy storage |
The reason imports rise as storage increases is largely related to our choice
of keeping renewables penetration constant across scenarios. This means
that rather than charging using increasing amounts of cheap renewable
generation in the SEM, energy storage charges using cheap interconnecto r
imports instead. When we have tested scenarios where renewables
penetration was allowed to rise above 70.0%, we found thermal generation
was displaced by renewables with interconnection playing a diminished role.
Consequently, we believe the finding of r educed production costs and carbon
emissions is robust.
The displacement of relatively high cost thermal generation by imports
results in lower production costs ( Exhibit 4.10) and carbon emissions (see
Exhibit 4.8 above).
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Box 3 Gas network costs in the SEM

Under the current tariff structure, gas generators have the option of purchasing gas
capacity on a daily basis. We have observed that low -merit CCGTs and peaking plant
typically take advantage of this and submit bids in the Day Ahead Market that are higher

than bids of high - merit plant by approximately the amount of the cost of daily gas
capacity.

Assuming the current tariff structure does not change (as we have done in this study),

we would expect an increasing conventional gas -fired capacity to reflect the cost of gas
capacity in their Day Ahead Market bids as renewables pe netration rises and load factors
fall.

Exhibit 4.10 7 2030 annual production cost benefit vs.Reference (0 millions,
2020 prices)

With relatively expensive thermal generation replaced with cheaper im ports, production costs
fall when more storage is added to the system

Ugm
60

50 Other
40
30 m Carbon
20

10 m Fuel

'

Contracted
Batteries
1.6GW
1.9GW
2.1GW
2.4GW

Total energy storage

Note: Other costs include : some maintenance costs ; start -upcosts ; and O6no | oad6 costs.

4.3 What type of storage provides the highest benefits?

The analysis presented above illustrates that an All -Island power system with
1.9GW of storage could bring significant benefits, even once the costs of

developing all of that storage are factored in. A further issue to be

considered is the type of storage that should b e built.

In short, our simulations suggest that once the batteries with capacity

contracts have been developed, the greatest welfare gains are associated
with the development of 6 hour duration storage . That is not to say that
storage of other durations ar e not valuable to society , just that they do not
provide the best trade off of costs and benefits.
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4.3.1 The role of 2 hour storage

A notable finding of our analysis is that 2 hour storage has only a small role
to play and that once the 2 hour batteries that hav e capacity contracts are
developed, the benefits of further 2 hour storage does not outweigh the
additional cost.

Exhibit 4.11 shows the net welfare benefits of several variations of the

1.6GW total storage scenario 2! (i.e. Contracted Batteries + 500MW of

additional storage)  in comparison to the Reference scenario. When 500MW of

2 hour storage is added on top of the batteries with capacity market

contracts, 2030 annual net welfare i ncr eases by ar o(@sskdowul mil |
by the height of the left most column compared to the dashed line) . When

500MW of additional 4 hour or a mixture of 4 hour / 6 hour storage is added,

the increase in welfare is an order of magnitude greater. Interestingly, this

analysis suggests that 6 hour storage provides greater value than 4 hour

storage.
Exhibit 4.11 7 2030a nnual Net Welfare benefits vs. Reference in the 1.6GW total
storage scenario under different mixes of storage duration (0 millions, real 202

prices)
Additional 2 hour  storage provide s little incremental value to th e system
am
30
s Study scenario

25  [—1Sensitivity

20 Contracted Batteries scenario
15
10 1
5
0 « : :

Reference Reference Reference
+Contracted +Contracted +Contracted
+500MW 2hr +500MW 4hr +250MW 4hr

+250MW 6hr
Given the weather conditions in Ireland and Northern Ireland, this finding is
perhaps not unsurprising. For example, consider the amount of power the
wind fleet produces during a typical windy or and calm week ( Exhibit 4.12).
It is apparent that wind output can be high for many hours or even days on
end, with the reverse also being true of periods of calm.
21 This scenario was chosen as it was the first to be modelled after the Contracted
Batteries scenario and was therefore the first opportunity to investigate different storage
mixes.
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Exhibit 4.12 7 Projected 2030w ind fleet output in a typical windy week and a typical
calmweek (GWh)

When itdéds windy, itds often windigarbwor many hours or ev
100%
90%
80%
Windy week
70%
60%
50%

40%

30%
20%
10%

Hours

r T T T T T T T T T T T T T T T T
AN MO AN MO AN MO W0 oI
T T NOO T T O O N~NMNOWO O

103 ~
109 -
115
121 -
127 -
133
139
145
151 -
157
163

Source: AFRY Management Consulting

When this analysis is expa nded to look at an entire year, the findings
include:

% around half of the year is at times when wind fleet output is repeatedly
high 22 or low 23 (Exhibit 4.13);

% the longes t period of repeatedly high wind output is almost nine days,
with the longest period of repeatedly low output around 7 days; and

% the average duration of periods of repeatedly high wind output is around
22 hours with average an duration of around 16  -17 hours for periods of
repeatedly low wind output.

With half of the year comprising periods that see 16 -22 hours of repeatedly
high or low wind output, this explains why 2 hour storage assets do not

provide as much  additional net wel fare benefit as longer duration storage:

they do not store enough energy to allow for high levels of utilisation ( Exhibit
4.15); and they do not  allow for much offsettin g of thermal peaking capacity
due to the high de -rating factors applied.

22 |.e. outputting at a capacity factor of greater than 50% f or 2 or more consecutive
hours .
23 |.e. outputting at a capacity factor of less than 10% for 2 or more consecutive hours
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Exhibit 4.13 7 Hours when  projected
2030 wind fleet out putis repeatedly high

Exhibit
periods when

4.14 i Average duration of
2030 projected  wind fleet

orlow (% of year) output is high or low (hours )
Wind output is repeatedly high or lo w for When wind fleet output is high, it tends to be
around half of the year high for 22 hours in a row on average
100% Hrs
25
All other 21.9
80% hours
20
60%
m Consecutive 15
hours >50%
40% 10
20% m Consecutive 5
hours <10%
0% 0
2030 Low High
Exhibit 4.15 1 llustrative storage utilisation across all  scenarios

(MWh injected / MW installed*8760hrs)

2 hour stora ge utilisation is significantly lower than

other storage durations

25%
10%
5%
I
O% r T T T 1
2hr 4hr 6hr 8hr
4.3.2 The role of longer -duration storage

When we perform a similar analysis examining the

benefits associated with different

total storage scenario, we again find that 6 hour

promising.

Exhibit 4.16 shows that 4 hour storage deliver
(as evidenced by the height of the two leftmost columns

than 6 hour storage

AFRY MANAGEMENT CONSULTING

annual net welfare
mixes of storage duration in the 1.9GW
storage appear s most

s smaller i ncreases in value
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vs. the dashed grey line compared to the dark blue column) . 6 hour storage,
whilst more expensive, is able to offset more thermal peaking capacity (due

to less pu nitive de -rating factors)  whilst having higher utilisation (Exhibit
4.15) and thus greater benefits on dispatch down and the related benefits

this brings.

Interestingly, when 8 hour storage is included instead of 6 hour storage (see
rightmost column) , Net Welfare benefits are slightly reduced. This is largely

a function of the higher costs of 8 hour storage and the fact that 8 hour

storage is currently unable to replace any more peaking thermal capacity

than 6 hour storage  because it receives the same de -rating factors as 6 hour
storage . 8 hour storage also does not have the same utilisation benefits over

6 hour storage that 6 hour storage has over 4 hour.

Exhibit 4.16 7 2030 annual Net Welfare benefits vs. Reference in the 1.9GW total
storage scenario under different mixes of storage duration (0 millions
prices)

, real 202

4 hour and 8 hour  storage generate s less soc ietal value than 6 hour storage in this study

U m
45
40 mEmmm Study scenario
35 1 Sensitivity
30 Contracted Batteries scenario
25
20
15
10
Reference Reference Reference Reference
+Contracted +Contracted +Contracted +Contracted
+500MW 4hr +250MW 4hr +750MW 6hr +750MW 8hr
+250MW 6hr +500MW 6hr
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Barriers to storage roll out in
Ireland

The fundamental barrier to future development of energy storage in the SEM

is the potential lack of a viable business model resulting from the benefits of

storage not being appropriately valued. There are multiple reasons why this

could be the case, ranging from markets that were designed for conventional
and / or renewable generation to regulatory instability, and so on.

Our analysis suggests there are several specific barriers that could impede
the development of storage (and particularly longer -duration storage) in the
SEM, including :

% uncertainty over the regulatory framework for System Services beyond
April 2024 |, which increases investment risks ;

% the lack of a level playing field in existing support mechanisms
(specifically RESS and the CRM) for storage , Which results in the benefits
of storage not being appropriately valued ;

% agrid connection policy that implicitly disadvantages energy storage

projects;
% a transmission network charging design that does not incentivise
flexibility;
% policy emphasis focussing on short -duration storage rather than long -

duration storage , which might suggest that not much more is required of
energy storage in the SEM  ; and

% a complex web of critical stakeholders that complicate decision making ,
which can slow progress on a range of critical actions

We discuss each of these below.

5.1 Uncertainty over future System Services regime

DS3 System Services are currently procured under the Volume Uncapped

Systgm (VU) Regulatory arrangements. Following a one year extension, the VU
SerVIce_s Regulated Arrangements expire on 30 April 2024. Beyond this, there is not
uncertainty currently a definitive regulatory framework for System Services and the
deters current discussions for the System Services Future Arrangements suggest it
investment could be significantly different from the existing VU Regulated Arrangements.
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Specifically, rather than being centred on price regulation, the System

Services Future Arrangements are expected to be  focussed on volume
regulation. In practice, this means that instead of the current regime that

has regulator -set tariffs for different System Services, the new regime may
impl ement volume -limited competitive tendering for a wide range of System
Services, including the majority of products of relevance to storage (i.e.

balancing capacity and ramping margin).

From an investment perspective, the critical issue is that the System

Services Future Arrangements may introduce short -term (potentially daily)
auctions that could result in significantly more volatil ity of income from
System Services for storage assets. While this may result in reduced costs to

consumers inthe eventtherei s sufficient supply of System Services, if there
are shortages of supply , this approach is unlikely to provide sufficient
incentive (even when coupled to other revenue streams) to develop new
capacity that can provide the required volume of System Services

5.2 Lack of a level playing field in existing support
mechanism s

In the SEM, both the CRM and RESS can be considered as financial support
mechanisms for thermal and renewables capacity that might not otherwise

be developed ?2* solely on the basis of energy mar ket revenue and System
Services income alone . The key issue is that storage , and particularly long -
duration storage, is not able to compete on a level playing field with other
technologies in the CRM and does not qualify for RESS.

5.21 CRM

The CRM, like most capacity markets in Europe , is based around the concept

of firm capacity. This differs from installed capacity because it takes account

of the probability that a generator will actually be available to provide its

capacity at times of greatest system stress. The adjustment applied toa
generatords install ed c apratiogifactgr. i s known as

For all generators, a part of the reduction in installed capacity will relate to
expectations for planned and unplanned maintenance. For thermal

generators, the impact of ambient temper atures is also reflected. For
technologies that cannot be dispatched, e.g. wind and solar, the de -rating
factor will also reflect what the wind speed and solar irradiation conditions

are expected to be when demand is at its highest.

The critical barrier we  have identified relates to the de -rating factors applied
to storage and patrticularly long -duration storage . Under the current
methodology for calculating de -rating factors, even six hour duration storage
is not considered comparable to a thermal generator with respectto de -
rating factors  Exhibit 5.1. Interestingly, demand side units (DSUs) with a
maximum down time of less than six hours (i.e. units that can have their

24 A similar argument could perhaps be made for the existing VU Regulated Arrangements
and short -duration storage, but this framework wi Il soon expire.
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-rating

factors as Other Storage Units (i.e. all storage that is not pumped storage) ,

whilst DSUs with a maximum down time of
treated similarly to thermal generati

greater than six hours are

on and hydro. Consequently, DSUs that

act like long -duration storage receive preferential treatment in comparison to

storage.

By contrast, in the GB Capacity Market, storage with durations longer than 5

hours are treated as broadly equal to thermal generat
understand there are methodological differences in the way de
are calculated between the GB Capacity Market and the CRM,

ion ( Exhibit 5.2). We
-rating factors
but these

m ethodological choices, along with the tools used in the CRM, do not appear

to provide a level playing field for long

-duration storage.

Exhibit 5.1 7 Comparison of CRM de -
rating factors for different technologies

Other Storage Units face more stringent de -

rating factors than other technology types,
including pumped storage

0.95

0.90

0.85

0.80

0.75

0.70 I

0.65 =
sfe BF 25§ 2%
532 28| %2 °

6hr Storage

Notes: De-rating factors shown are for a 50MW unit for
all technology types.

Source: EirGrid / SONI, Capacity Market i Final Auction

Information Pack FAIP2425T -4, 8 December 2020.

Exhibit 5.2 i Comparison
and SEM Other Storage de

of GB storage
-rating curves

GB Capacity Market storage de  -rating factors
are significantly more generous than those
applied in the CRM

1.0
GB
0.8
SEM
0.6
0.4
0.2
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Notes: De -rating factors for storage in the SEM is
calculated as the average de  -rating factor across units
ranging in size from OMW to 60MW.

Source: EirGrid / SONI, Capacity Market 1 Final Auction
Information Pack FAIP2425T -4, 8 December 2020;
National Grid ESO, Capacity Market Auction Guidelines
2020 four year ahead Capacity Market Auction (T -4),9
February 2021.

It is also worth noting that Other Storage Units receive lower de

-rating

factors than pumped storage of a similar storage duration due to the

application of system wide outage statistics rather than technology
values. Historically, this was justif
outage data for Other Storage Units

-specific
ied on the grounds of a lack of actual
. However as increasing amounts of

energy storage are deployed in the SEM, this position becomes more

problematic to maintain .
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Storage
reduces the
cost of RESS
but storage

c a n ®mpete
for this value

ECP-2is
implicitly
disadvantaged
against
storage

5.2.2

The RESS is a Contracts

RESS

The i
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-for - Difference (CfD) scheme that provides a degree
of price certainty for eligible renewable generation technologies for a period
of around 15 years.

nt ent i
generation of electricity from renewable sources

on

of
lo 2

tprormotegshe h e me i

The issue we have identified is that storage is not eligible to participate in
the scheme, despite the fact that:

% in a system with a very high level of renewables, storage does promote

the generation of

electricity from renewable sources; and

% by making renewables generation more effective, storage has the

potential to reduce the burden of the PSO Levy.

In short, storage is able to provide some of the benefits of renewables, but is

prevented from

providers of these benefits.

directly competing for the support made available to other

Identifying the solution to this will require further consideration, however

this

benefits of other technol

5.3

study highlights

the fact that storage is able to provide many of the

ogies and yet is not allowed to compete for support
in the same way as these technologies.

Grid connection policy

The framework governing provision of grid connections in Ireland is known

-2) 6. ECP-2 provides for 3
batch application windows for grid connections in 2020, 2021 and 2022, with

a target of 115 connection offers being provided in each batch. Of these 115
offers:

as the Enduri ng Connection Policy Stage 2 (ECP

Y5

% 15 are reserved for community

15 are reserved for

6nemat cho

projects and autoproducers;

applications,

-led renewables projects; and

wh i

% 25 are reserved for the largest (by MWh of output) renewables projects.

The remaining 60 offers are prioritised by

dat e

ot

and
her

no
system

mor e

service

t han

t he
ogy

of

earliest planning permission grant
10
technol

S € can

S

ch

be

to

ar

al

projectso.

Notwithstanding the cap on offers to storage projects, the prioritisation of

sion grant date implicitly disadvantages storage
projects as these tend to be amongst the newer projects. This in turn stems

from most energy storage technologies being less mature than onshore wind

-2.1 (i.e. the first batch of

offers by planning permis

or solar. More specifically, the success rate in ECP

25 Government of Ireland,

Renewable Electricity Support Scheme RESS 1:2020

Terms and Conditions for the First Competition Under the

, February 2020.

26 CRU, Enduring Connection Policy Stage 2 (ECP
2020.

-2) Decision (CRU/20/060)

, 10 June
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ECP-2) for all projects that had some energy storage capacity was only 17%
comparedto 60-70% success rate s for wind and solar  (Exhibit 5.3).

Exhibit 5.3 T Success rates in ECP - 2.1 by technology
Although energy storage is not explicitly disadvantaged in ECP -2, the rules appear to
disadvantage energy storage projects
80%
71%
9 67%
70% 62%
60%
Co e
50% All applications = 57%
40%
0,
30% 29%
17%
20% 13%
10%
0% r T T T
Other Wind Solar Battery Battery + Pure battery
hybrids battery
hybrids
5.4 Transmissionn  etwork charging design

The design of
TUOS charging
could be better

The current design of T ransmission Use of System (TUoS) charg ing in Ireland
provides locational signals  that incentiv ise the development of generation in

aligned with areas where network congestion is high .Itdoes not, however, take account

achieving of temporal variations in congestion. Consequently, a unit that imports at full

2030 targets capacity when wind output is high / demand is low is charged the same
amount as if it imported at full capacity when wind output is low / demand is
high. This results in a lack of incentive (with respect to TUoS charges) to
provide flexibility and potentially results in the charges applied to energy
storage not reflecting their true cost to the network.
We note that in Ireland, Distribution Use of System (DU0S) charges already
have scope for temporal variation with the possibility of separate day and
night tariffs, whilst in Northern Ireland , generator import charges vary by
season, day of week and time of day.

Policy 5.5 Lack of clear policy emphasis on storage

emphasis ) In the Climate Action Plan (CAP)?", there is a clear understanding that

needs to shift storage has a role to play in the transition to net zero and in achieving 2030

to long -

duration

storage
27 Government of Ireland, ~ Climate Action Plan 2019, 17 Jun 2019.
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targets. The CAPWewillestmengshéendhe poticy frafmework to

incentivise electricity storage and interconnection 0.

However, it appears that the focus of policy makers is curr ently on short -
duration storage and the role that this can play in ensuring network stability

rather than on storage more broadly. For example, in the CAP 4" progress

report 2t he Commi ssion for Regul atepodsgoodf Ut i
progress to -date on introduction of storage 0 with the status of this particular
acton® was mar ked as AMite ihip dbendamtly clear that good

progress has been made with respect to short -duration storage, the same
cannot be said for long  -duration storage. Given the current lack of long -
duration storage (in part because costs for long -duration storage remai  n

relatively high), the lack of explicit recognition of the value and role of long -
duration storage is a clear barrier to future deployment.

5.6 Market structure

There are multiple critical s takeholders inthe All-Island electricity sector

including, inter alia :
stakeholders v orid and |
complicates Y2 the TSOs, EirGrid and SONI;

and slows % the TAO s, namely ESB Networks and NIE Networks;

deCi_Sion Y% the regulatory authorities (RAs), with CRU in Ireland, the Northern
making Ireland Authority For Utility Regulation (NIAUR), and SEM Committee
(SEMC); and

% the Ireland and Northern Ireland governments.

Numerous key

The existence of a single market operating in two countries alongside the

consequent doubling of the number of critical stakeholders creates significant
coordination and  execution challenges with respect to all aspects of market

design, and particularly support mechanisms for capital assets in the power

sector. Consider for example, the delays to the introduction of new / updated

markets (e.g. ISEM, RESS, the lack of a sup port scheme for renewables
following the expiry of the Northern Ireland Renewable Obligation (NIRO)) T
although it is hard to be definitive, it seems reasonable that these delays

have been in part related to the complexities of the All -Island electricity

m arket.

Although there is a clear recognition of this issue by those involved, the
complexity of t he® rnopethelessraisasahe possibidity that
decision making could be delayed due to complex administration and a wide
range of competing intere  sts and incentives.

28 Government of Ireland, Climate A ction Plan 2019 Fourth Progress Report Q2 2020
®See Action 24, and s pRedewbfipdieyrejujatory framewsrk ferp
electricity storageé

30 Used in its broadest sense to cover all of the various markets, market participants,

regulators, g overnments, etc.
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6 Storage best practice

Best practice to  supporting or incentivising appropriate deployment of

storage is superficially simple: create a level -playing field for energy storage
such that its costs and benefits are fairly reflected and investors (either
private sector or government) can make appropriate capital allocation

decisions . In order to achieve a leve I-playing field, there are several areas
that should be considered, relating to:

% explicit defining of energy storage in primary legislation;
% network charging;

Y% taxation;

Y% market access; and

% support .

6.1 Definition of storage

It is critical that storage is expli citly defined in power  -related primary
legislation. Historically, the power sector has identified generators and
suppliers as two of its key actors which  has resulted in  issues for energy
storage, particularly with respect to network charging and taxation (see
below for additional details).

Given the role that energy storage will likely play, the definition of storage

should be addressed in primary legislation. In the case of Ireland, this would
provide a strong signal that reinforces the need to develop en during
solutions to several issues that have so far only had interim fixes

implemented (e.g. network charging). Critically, any definition of energy

storage should reflect the fact that energy can be valuably stored in multiple

forms (e.g. electrical, ther  mal or kinetic energy) by a diverse range of
technologies. It should not be equated with solely the absorption and

injection of active power.

6.2 Network charging

Network charges are typically determined on the basis of how much volume
a user consumes / injects or how much capacity to consume / inject a user

has. Because storage units both export and import power, they have often

been charged twice for use of the network in part because storage has not

been explicitly def ined in legislation and subsequent regulation. This was the
case in Ireland until as recently as 1 October 2020 at which point EirGrid
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