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ABBREVIATIONSND ACRONYMS

EUSYSFLE PanEuropean System with an efficient coordinated uséeibilities for the integration
of a large share of Renewable Energy Sources (RES)

DS3 Delivering a Secure Sustainable System

DSM Demand Side Management

DSO Distribution System Operator

DSR Demand Side Response

DTS Dispatcher Trainin§imulator

EED Energ)Efficiency Directive

EV Electric Vehicles

GSM Global System for Mobile Communications

NC Nodal Controller

POAS Power Off and Save

POR Primary Operating Reserve

PV Photovoltaic

QTP Qualification Trial Process

RTU RemoteTerminal Unit

PPM Power Pak Module

SMS Short Message Service

SOR Secondary Operating Reserve

SNSP System NofSynchronous Penetration

SPAYG Smart Pay As You Go

SSRP Steady State ReactiRower

TOR Tertiary Operating Reserve

TSO Transmission System Operator

WFPS Wind Farm Poer Station

WP Work Package
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EXECUTIVE SUMMARY

This reportpresentsthe learning and the outcomes of activities carried out under the-&$Flex Qualification

Trial Process (QTR) Ireland and Northern Ireland, T4.3 of the H20203/dFlex projecBuilding on the 2017/2018

trials, the 2019/2020 trials focussed on Solar, Residential Services and enhanced communication protocols for ne
and existing technologyolfowing a succesul procurement in 2019, the TSOs conducted three new trials focussing
on proving technology, measurability and capability in embedded technology. Table 1 below outlines the industry

partners that were part of the successful tender apgion for the 20B/2020 trials.

Trial Trialists

Lot 1- Solar Bann Road Solar (Green Coat Cap

_ _ ) Energia
Lot 2¢ Residential Services

SMSormerly Solo Energy

o Energia
Lot 4¢ Telecommurtgations

VIOTASormerly Electricity Exchang

TABLE

Each of the trials has demonstrated valuable learnings to the TSO. Firstly, the solar trial has shown that sola
photovoltaic technology can delivaystemservices of FFR, POR, SOR and TOR1. In addition, the trials have
identified opeationa complexities associated with solar technology. These primarily relate to the ability to provide

reactive power at night, forecasting of response and testing of units to demonstrate capability.

Two participants were successful on the residentid@l$r Energia and SMS (previously Solo Energy). Both
participants implemented a different methodology and range of technologies as part of the trial demonstration of
System Services capability. Each trial successfully demonstrated that a subgsteaf grvices is possible from

the technologies in domestic properties. Each trial delivered an aggregated response for SOR, TOR1 and TOF
Currently, FFR and a complete POR response seem unlikely unless frequency meters are located onsite wil
upgrades requiredn the metering hardware to allow for millisecond monitoring, measurement, and validdtion.

is a finding of the trialsthat fastacting services could be achieved by allowing more suitable;effesttive
frequency meters and metering requirements te lised to avoid a significant negatiimpact on the cost to

manufacture and install theequired technologies

6] 75
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Since these trials commenced, battery technology manufactures have developed-rsgtending solutions,

which could be used in future demsinations to deliver the full suite aystem srvices. However, more significant
research and knowledge are required in the area. The trials locations were geographically dispersed participants
across Ireland, so they did not assess the impact of resalesgirvices providers at scale. Therefore,the Q& F dzNJi
need to understand the implications and the complex interactions of residential dessidednanagement.

Finally, the report discusses the learnings and outcomes of the telecommunications priotaisolin total, two

trials took place, focssing on alternative forms of communication protocols. Both Energia and VIOTAS brought
F2NBINR yS¢g az2fdziAzy RSaAdaya (KFG KIFI@S KSfLISR GKS
and outcome have identified several operational comptes for integrating alternative telecommunications
protocols. This primarily focuses on security, protdeased communications, standardised end to end
telecommunications and communications to control centr€le key findings from the trials will helpwlop a
NRIRYFLI F2NJ St S02YYdzyAOFEGA2ya 06SG6SSy (GKS RAAGNRKOG«
0KS KStLI 2F GKS UGNRFfas GKS ¢{hQa KI @o8s affa@Sdn@haB R |
they could be implememd. These findings will help steer our course towards a more efficient telecommunications
YSGg2N]L @ 2KAES aSOdNAGE O2yOSNya IINB adAatt I AAIyA-
work needs to be carried out in collaboratiaith our security partners and the broader industry to help deliver

suitable solutions.

The following sections of the report provigla detailed overviewVork packagé, the Qualiication Trial Pocess
(QTP),each trial and the individual learning and outcomes. Every trial is presented in a manner that permits
individual reading for each. The background to each wialject objectives, learning, and outcomes are presented
for each trial. Section 5 of the rept presents the Solar Trial. Sectiérpresents the SMS and Energia trials for
residential services. Finally, Section 9 outlines the communication.thiaséhould benoted the learningand

outcomesdiscussedn the report are those athe trial participans and will be consideredn the future by theTSO

7175
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1. INTRODUCTION

| WORK PACKAGE 4

The ELBysFlex project seeks to enable the European power system to utilise efficient, coordinated flexibilities in
order tointegrate high levels afenewable energy soues. One of the primary goals of the project is to examine

the European power system with at least 50% of electricity coming from renewable energy soureg3. (RES

In order to reach at least 50% RE®n a Ewpean scale, it will brecessary to integrateery high levels of variable
non-synchronous renewable technologies such as wind and solar. Transitioning from a power system which has
traditionally been dominated by large synchronous generating units st with high levelsfovariable non
synchromus renewable technologies has demonstrated complex system operational challenges in providing the
necessary system resilience and reliability. This is due to thesyilochronous nature of these technologieswaell

as the variable ad uncertain nature othe underlying resources.

The integration of norsynchronous renewable generation results in the displacement of synchronous generators;
this can consequently lead to technical scarcities in power systenosdém to address thesecarcities, it will be
necessary for new and existing technologies to provide flexible system services. In this regard, Work Package
(WP4) acts as a gateway, providing the technical platform to trial these services and tectmalugjiprovides a

route to an enduring market. W4 will also develop the system operator decision support tools required to operate
the system in a secure manner with a high penetration ofRB&d system services. WP4 will also assess the system
operator training needs for opetting a system with a gh penetration of REE and system services through a

Dispatcher Training Simulator (DTS) of a significant part of the EU network.

WP4 interacts with other W&within the EUSysFlex project; the project strure can be seen in kige 1. WP2 will
identify the system scarcities associated with operating the system at high levels of renewables. In WP3 products
will be designed to meet the needs of the scarcities identified in WP2. The decision support tdopdehia T4.1

will use he services identifieth WP3. The DTS in T4.2 will model a subset of the services identified in WP3 and will
be based on the scenarios identified in WP2. The Qualification Trial Process in T4.3 will trial new and innovative
technobgies wishing to proveapability to provide sstem services and T4.4 will develop the operator protocols
required for specific system and market conditions. This will act as a key input into the flexibility roadmap developed
in WP10.

8| 75
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e wer)(wes 2 |[wes elering )

Coordination of Coordination []
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wpo  elering
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.
/'
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Ethics requirements _/

FIGURE- EUSYSFLEX WORK PLAN

EIRGRID

T4.3WITHIN SYSFLEX

The Qualification Trial Proce<3TP in T4.3providesthe technical platform to trial resilience services from new
technology providers and provides a route to an enduring services marke@QTPprovides the linkhat facilitates

the transition from fossil fuel tradition, to a sustainable renewable power system. It is a central piece of a much
broader programme of work led by th&rGrid and SO meet the objectives 0f0% electricity fron renewables

in Irelandand Northern Ireland bg03n @ ¢ 2 RF 83X LNBfF YR 9 b2NIKSNY LNBfIy
capable of delivering0% of instantaneous electricity demand from nsynchronous sources including wind and
solar.
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| MAIN CHALENGES LINKED TO HIGSERPENETRATION

In seking to meet Ireland and Northern Irelands renewable objectives 802€he power system needs to be
capable of operating at up to three quarters of the power being delivered fnmmsynchronousrenewable
technologies. As the cume operational limit of70%is increasedo 75%(currently being trialled)relianceon new
technologies to provide the resilience of the systewll increase Today, Ireland and Northern Ireland are
addressing thehallenges that Europe will likely seedhe future. As Europaims to achieve over 30% of its overall
electricity needs from new renewable sources by 2030, this poses challenges to traditional system operation and

new technology integration;

w How should a power system transitiom order toobtain or procurethese resilience services from new
technologies when no one else in the world is seeing these issues?

w Howwill this transitionsucceedwithout threatening the security of the power system?

w How cana route to marketbe created tofacilitate investment in demonsttions to satisfy technical
scarcities?

w Can this be done ia way that links the commercial, technical and system integration aspects of not the
one or the few, but thdarge-scaledeployment of these new technologies?

T4.3 will &cilitate the reaftime technology trials of new technologies for relevant system service provision on the
Ireland and Northern Ireland power system. This will help to identify and to resolve operapoutaicols,
technology capability and communicatiohatlenges and work witindustry through a technology integration
forum to address further system integration challenges. More generally, the trials will also consider the challenges
associated with theadrge scaleoll out of these new technologies. Theutput of this task is lie appropriate
solutions on operational protocols, dispatch tools and scheduling processes to qualify the new technology for
system service provision on a large scale in the IredamttiNorthern Ireland system in a prudent manner.

10| 75
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2. MANAGAGING THE TRANSIN TO NEW TECHNOLOGIES

Over the past ten years, the Transmission System Operators in Ireland and Northern Ireland have seen increasir
changes in the technology that makes up elarctric power systenBehindthe-meter technologis such as rooftop
solarPV, Battery Storage, Vehicle to Grid Charging and energy management sgsteamgjing the power system.

The need for greater transparency of data and information will also @inaage across the sector. As renewable
generation predominantlywind & soér in Ireland and Northern Ireland), displaces conventional generation on the
systemthese new technologies must also provide System Services to maintain resilience

A transitionto a power system with high levels of nggnchronos generation will restin new system scarcities.
These scarcities are due to traditional providers of services (such as conventional generation) being displaced ¢
times of high levels of neaynchronos generation. This drives the need for system sess/ftom an enhanced
portfolio of service providers, consisting of a mixture of the existing services provider and new service providers
with enhanced capabilities and new technologies.

A level of confidnce and understanding of existing service provifersii S OK y 2 f 2 ik W ahroégh yeard S Sy
of operating the power system witimcreasingreliance on these technologie€onfidence has beedeveloped
through operational practice, learnings and cawi@l improvementEirGrid and SONilso have well g¢ablished
policies, tods and systems in order to schedule, operate, remunerate and monitor the performance of these service
providers. However, many new technologies fundamentally challenge these gxmticesses and operational
confidence.Therefore,the transition to an enanced portfolio of services provider needs to be managed in a
prudent manner, allowing the TSOs time to study and assess their impacts. This helps to ensure that outcome of a
enhanced portfolio of services provider, whilst alss@ing the system is mamged in a secure, reliable and
efficient manner.

11| 75
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3. THE QUALIFICATION TRIAL PROCESS

TheQTRis the mechanism through which the TSOs in Ireland and Northern Ireland are managing the transition to
a wider portfolio of system service prioers. The aim is to ideifly operational complexities that may be associated
with new technologiesor delivery of new Systeme8rices. In doing so, theirGrid and SONBkn develop a deep
understanding of theseomplexitiesand suggest solutions on how best integrate these tehnologies at scale on

the power system on the Island of Ireland and Europe. The trial process is depicted bEiguré2 ¢ Visualisation

of how QTPfacilitates changes in system operation

New Services &

Technical .
. New Service X ..
Scarcities . Proof of Service Provision
Providers
Cecreased Systen nerta &

Safe and Secure
System Operation

FIGURR ¢ VISUALISATION OF HQWPFACILITATES CHANGES IN SYSTEM OPERATION
TRIAL PRINCIPLES

There areseveralkey principles which underpin tH@TP

1. The trials are run at small scale allowing participants to demonstrate provision of sgsteives in small
volumes. This demonstrates provision of services under real system operational conditions, botdthe
scalenature of the trials also ensures security of the power system.

2. Outcomes of a technology trial will inform whether tB&Grd and SONtonsider a$ OKy 2t 238 Q& |
provideseveralsystem services within a service category as proven. An egaohhis is that a successful
participation in a primary operating reserve trial may be considered as proof of the capabilitgoto al
provide secondary.

3. The trials will inform whether the TSOs consider the capabilities of a technology classctassab proven
to provide a system service, and not a specific service provider or original equipment manufacturers. An
example of thisd that if a wind farm &s been deemed to be proven under the wind category of trial for a
service, this means that wind agexhnology class has been deemed to be proven.

4. The failure of specific participant in tgT PFdoes not necessarily exclude its eology class from prasion
of the service forever. Depending on the reasoning for the failure of aHiegrid and SOMhay elect to
run a future trial with a separate service provider or alternatively consider other ways that may inform
whether the BOs consider the capéibies of a technology class or salass as proven.

5. Successful participation in@TPdoes not guaantee that a service provider will obtain a contract in the
main procurement process. This will be subject to the technical req@ngsnset out as part othe
procurement process.

12| 75



‘ QUALIFICAITOTRRIAL PROCESS FOR TECHNOLOGY INTEGRATION AND TRIALLING OF SYSTEM SER
) DELIVERABI&G

EU-Sysl

THE TWO CORE OBJECTIVES:

1. Toidentify if the participants technologies could provide a response to an event in line with the definition
of the System Service(s) being demonstrageu

2. To identify any opergonal complexities dvien by the provision of servic&ystem Servicesom these
technologies and provide suggestions on how to approach or resolve them.

Objective lis considered a minimum requirement for a technology class to be considered as poovee f
provision of retvant system services through tkETP To achieve thisbjective, participants were required to
demonstrate responses to real system events that occurred during the trial period, in line with the System
Services definitions.

Objecive 2requiresmore caeful consideration of how each technology provided #egvice being trialled

and what impacts they had on curreBirGrid and SONFocesses and systems. The outputs of objective 2 will
inform the development o SCstandards and mrcesses to manage systeservices from different
technologies.
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4. DS3 SSTEM S&VICE PRODUGJIRELAND AND NORTHERN IRELAND

New technologies seeking to demonstrate service provision and thereby fulfil the objectives set out above must
show responses to sisn conditions and/or ést injections which satisfy the local System Senviledmitions in
Ireland and Northern Ireland:hese are:

FAST FREQUENCY RESPONSE

Fast Frequency Response (FFR)he additional MW output or MW reduction required compared t@ thre-
incident MW outpa or MW reduction, which is fully available from a providing unit within 2 seconds after the start
of an event and sustainable up to 10 seconds after the start@ttrent. The extra energy provided in the 2 to 10
second timeframe mast be greater than anlpss of energy in the 10 to 20 second timeframe due to a reduction in
MW output or MW reduction below the pracident MW output or MW reduction

RESERVE

Primary (perating Reserve (POR3$ the additional MW output and/or reductiom demand) required athe
frequency nadir (minimum), compared to the gireident output (or demand) where the nadir occurs between 5
and 15 seconds after an event. If the actual frequemadir is before 5 seconds or after 15 seconds after the event,
then for the purpose of PR monitoring the nadir is deemed to be the lowest frequency which did occur between
5 and 15 seconds after the event.

Secondary Operating Reserve (S@Rhe addional MW output and/or reduction in demand) required compared
to the preincident output 6r demand), which is fully available and sustainable over the period from 15 to 90
seconds following an event.

Tertiary Operating Reserve 1 (TOR4}he additionaMW output and/or reduction in demand) required compared
to the preiincident output (or denand) which is fully available and sustainable over the period from 90 seconds to
5 minutes following an event.
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2019 QUALIFICATION TRIAL PROCHSS (

Following the completion of th®TPin 2017and 2018 EirGrid and SOMbpliedseveral othe learnirgs based on
the feedback from trial participants. As a result, the TSOs expanded the scope@T e incorporate a wider
range of topics. The purposerfthis is to develop a centralised workstream to identify commercial andhieah
considerations fothe large-scaledeployment of new technologies onéfpower system for 2030. In 2018ree
projects were selected to examine these barriers. The tf@las onthree technical considerationsgtwork, and
communicationand futurebarriers.

Trial 1¢ Solar photovoltaic (PV)generation has become a more economically viable form of electricity generation
in Ireland and Northern Ireland in recent yeardsltikely that large scale solar Rl connectto the system at an
increasimy rate from the mieR020s without the need for a subsidy due to decreasing capital céérsd and solar

are anticipated to become the dominant renewable technologies on theegyshat will aid Ireland and Northern
Ireland achieving its net zero targets 2050.

Trial 2 ¢ Resdential ServiceProviders- EirGrid and SONire now investigating the operational complexities
associated with automated response framhome technology The objective is to investigate the potentidd and
challenges involved ileveraging the flexilel capability of the residential sector to provide System Services in the
future. The TS€envisage real benefits from DSM in reducing peak demands toavepsystem and the provision

of essential System Servicasd recognis¢he importance of Demand SidMlanagement to the delivery of energy
efficiency targets. The system operagawill use the project to investigate the potential delivery of wiskale
residential DSM which has benefits in assisting Ireland to reach its renewadnigyetargets by providg greater
flexibility in operating the power system with up to 70% renewable generation, which will require the ability to
operate the power system withs much as 95% of generation from renewables at times.

Trial 3 ¢ Communicatia - Due to the increasig use of renewable energy sources, TSOs worldwide are seeing a
shift from operating @entralsed portfolio of large conventional fosdiliel generators to a more widely distributed
network which includes smadicale generation. Theurrent communicationmethod was designed for larger
generators, which has resulted in a communication solution that may be inflexible or expensive for small scale
generation or other service providers on the system such an aggregator. This project seaati@-way
communicatdn between asmallscaleservice provider or aggregator and tegstemoperator.

The following sections of the report provide a detailed overview of each trial and the individual learning and
outcomes. Every trial is presented in a manner that permi#vidual reading for each. The background to each
trial, project objectives, learning, and outcomes are presented for each trial. Section 5 of the report presents the
Solar Trial. Section 7 & 8 presents the SMS and Energia trials for residential sEmalls.Section 9 outlines the

communication trials
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5. OLAR TRIAL

This section of the report detailhe works that Bann Road Solar Project Ltd. (Bann Road) has undertaken as part
of the Qualification Trial Process. Treport details how solar technolgy can provide the DS3 services of FFR, POR,
SOR, TOR 1 and SSRP. The report details how the solar farm performed during the trial and what lessons can
learned for future trials.

TRIAL OBJECTIVE

The overall objectivés to prove solar technology cabke of providing a range of the DS3 System Service products
- FFR, POR, SORORlunder theQTPand identify any operational complexities. During fr@venabilitytrial,
EirGrid and SONMionitoredthe provision of the Seices in response to real events the power systems of Ireland
and Northern Ireland or the response to dispatch instructions issued to the ProvidingSdniice provision or
testingwas conducteds per the current DS3 test procedures to measure thpabiity.

DEMONSTRATION OF SER.

The Fast acting services of FFR, POR, SOR and TOR 1 involve the delivery of additional power to the grid durin
dip in Frequency. Bann Roadndemonstrate theFast Acting Services of FFR, POR, SOR, and TORId wielta
turbine technologies cahJN2 A RS CCw YR t hw @Al | LBdReRaiz® therd aye2 6 y
no moving parts in the solar project the provision of Emulated Inertia is not possible. The Services of FFR, POR, S
and TOR 1 may onl\eldlemonstrated when the Solar far is curtailed. Table 1 provides details on the four fast
acting services that were tested during the trial.

Service Name Acronym Short Description

Fast Frequency Response @ FFR MW delivered between 2 and 10 seconds in
responsdo automated frequency triger

Primary Operating Reserve POR MW delivered between 5 and 15 seconds in responst
automated frequency trigger

Secondary Operating SOR MW delivered between 15 to 90 seconds in response

Reserve automated frequeng trigger

Tertiary Operating Reservé | TOR 1 MW delivered between 90 seconds to 5 minutes

response to automated frequency trigger
TABLE. DESCRIPTION OF FAST ACTIVE SERVICES
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| 5.1.1FAST ACTING SERVICES MONITERINEBMENT
The power qulity meter originally instaB R 2y aAGS RAR y20 YSS{ -BekKd®mahtB |j dzA |
MeasurementDeviceStandarddor-FastActing{ SNIBA OSa¢ ® LYYSRAIFGSt& FFFG4SNI &
meter was procured and instat SR 2y aAfi&dy Si¢ aWVRT Mo thé GTs &nd YTy thel SR
connection point. Three additional analogue signals were also connected to the meter to facilitate the remote
testing of the site.

T MW Availability (Available Active Power)
1T % MW Cuaailment Setpoint
1 Frequency Simulated Value

5.1.2FFR, PR, SOR AND TOR

The Solar Farm can only provide under frequency response when the solar farm is curtailed. SONI can curtail th
Solar farm by using one of two curtailment methods

1 Emergency Action ON
T %MW Curtailment

|— KW _Setpoint Actve g —— Irradiance — P
3000 +
2500 +
2000 +
kw 1500 +
— ¥, N [
1000 + \ 1 . 1 3 A L v - ..1..
\ LR _ |: A ,
s00 1 | } 1---1 Y f
11
0 it
}
14:42°00 14:57:00 15:12:00

FIGURES3. BMERGENCY ACTION ON CURTAILMENT

5.1.3EMERGENCY ACTION ON CURTAILMENT.

To curtail the Solar farm using Emergency action on SONI send a MW setpoint to the Solar Farm controller alon
withatimeda SGGAYy 3 Y26y I aSNDIdANLG ® A ¢ KS yidavdlRidga deleghihes hawxagt S

the Solar farm ramps to the MW setpoint. Figure 1 shows the solar farm initially ramping down to a setpoint of O
MW and then up to a setpoint of 250KWotNshown in the graph is where SONIENvould have turned Emergenc
Action Curtailment on and off. It can be assumed that emergency action on was enabled when the output of the
solar farm decreased to OMW (approx. 14:52). It can also be assumed thaterogmrtion on was disabled when

the slar farm ramped up from 25@W (approx. 15:07). Currently renewable generation units connected in
Northern Ireland are not required to provide under frequency response when curtailed using emergency Action
ON. As thisype of curtailment is used in reneWwbe generation connecteih Ireland a modification was made to

GKS &a2ftFNJ FINY O2yGNRtfSNI G2 SyloftS AlG (G2 RSY2yail
| OGA2Y hbéod
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Bann Road % MW Curtailment

)))))

(((((((((((((((((((((((((((

MW Availability (MW) Active Power {(MW) % MW Curtail (%)

FIGURR. % MW CURTAILMENT

To Curtail theslar farm using % MW curtailent SONI issue a setpoint from 0% to 100%. In the example given in
Fgure 2 a 50% MW curtailment setpoint was issued. The output of the solar farm then ramps down to an output
of 50% of itdMW Availability (Available active pew. The output of the solaiarm is constantly adjusted so that

50% of MW availability is maintained while % MW Curtailment is activated.

The frequency response characteristics of Bann Road are currently set uppidatce with the SONI/ NIE Grid
code.The Solar farm operates todeadband of 50Hz to 50.1Hz when % MW Curtailment is not enabled and a
deadband of 49.985Hz to 50.015 Hz when % MW Curtailment is on. The solar farm will provide under frequency
response wkn in % MW curtailment mode.

5.1.40PERATIE RESERVE TEST % MW CURTRILME

To demonstrate Bann Roads capability to provide thedating services of FFR, POR, SOR and TOR 1 while curtailed
using % MW curtailment an operating reserve test was performed. 8stgptocedure that was used to defitiee

test parameters was thexact same template that is used for the operating reserve test of windfarmstebhe
report followsthe same template that is used when determining the contract volumes of windfarms fotjcan
operating reserve test.

Figure3. below shows a graph oféhFFR portion of the test. FFR is defined as the response to a frequency event/
injection 2 to 10 seconds after the event/ injection occurs. For existing PBar&Modules (PPM)s to quajifto
provide system services they mystovide greater than 1 MW afesponse within 2 seconds. The graph below
shows Bann Road providing 2.94 MW of response within 2 seconds.
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Bann Road Operating Reserve Test FFR 50% MW Curtailment 49.8 Hz Injection
18.00 50.05
e Greater Than 1MW
of response provided .
10,00 2 seconds ?f?er .
frequency injection
of 49.8 Hz
12.00
49.95
10.00
= ~
s & FFR Test Duration. we =

2 to 10 seconds after
Frequency Injection

Lowest MW response
during FFR Test window
was 2.94 MW Recorded

6.00

2 Seconds after
4.00 frequency injection.

2.00 /
45.8

45.85

0.00 ﬂ/

Gl F T Pe Po To To Th. Thl T T Th T T e e T el Tl e P T e T T S S S Tl T B CE
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> q"j\ v [, ) ‘{r G > 03 @ d?.S‘ <4 .?$ “] Q_f v e d r?J > a:s_ v T, gy ‘5.‘_5\ RPN = ).5- 4 d}dﬁ o .s?& 7}
2.00 49.75
Time (Seconds)
MW Availability (Mw) Active Power (MW) — Response —FFR = Simulated Frequency (Hz) % MW Curtail

FIGURB. OPERATING RESERVE TEST % MW CURTAIMENT FFR

Table 1. Belovindicatesthe volumesof each of theast-actingservices that Bann Roatkemonstrated successfully
based on the operating reserve test report.

1 Proposed Maximum FFR Available Volume| 2.94 MW
2 Proposed Maximum POR Available Volume| 2.72 MW
3 Proposed Maximum SOR Availableuviue 2.54 MW
4 Proposed Maximmm TOR1 Available Volume | 1.97 MW

TABLE. PROPOSED FAST ACTING SERVICES VOLUMES FROM % MW CURTAILMENT TEST.
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5.1.50PERATING RESERVE EMERGENCY ACTION ON

G9YSNBSyOe ! OiA 2y isédyy SOMNINbrihdrnYia@id/idisémilak té thedzipe of curtailment that

is used b¥irGridin Ireland. As the SONI grid code does not require under frequency response to be provided when
cutt Af SR 0& AG9YSNHSyOe ! OlAzy MRS (2 (.SYyi2 NikediioRervsg R IF]
that under frequency response when this type of curtailment is implemented could be demonstrated. Figure 4.
below shows a graph of the FFR portion loé test. The graph below shows Bann Road providing 2.38 MW of
response within 2 seconds.

Bann Road Operating Reserve Test FFR Emergency Action ON 49.8 Hz Injection

5 50.05

50

Greater Than

1MW of response
/ provided 2 49.95

seconds after

frequency
injection of 49.8
Hz

MW

Lowest MW Output

FFR Test 4985

Duration.
2 to 10 seconds
after Frequency

during FFR Test
window was 11.38
MW Recorded 2

5 Seconds after
frequency 498

injection.
This is a response
of 2.38 MW

o 4375
230 235 240 245 250 255

Time Seconds

— W Availability (MW) — Active Power (MW) — FFR —— Simulated Frequency (Hz)

FIGURE. OPERATING RESERVE TEST EMERGENCY ACTION ON

Table3. below presentsthe volumes of each of thiast-actingservices that Bann Road would be eligible to contract
for based on the operating serve test report.

1 Propose&l Maximum FFR Available Volume | 2.38 MW
2 Proposed Maximum POR Available Volume| 2.97 MW
3 Proposed Maximum SOR Available Volume| 2.86 MW
4 Proposed Maximum TOR1 Available Volumeg 2.62 MW

TABLB. PROPCED FAST ACTING SERVICES VE® BROM EMERGENCY ACTION ON TEST.
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PROVISION OF STEADY STATE REACTIVE POWER.

Bann Road is currently set up to import and export VARsliage Control, MVAR control and Power Factor Control
modes. The system will only import export VARs while the siie exporting Active Power. The performance of
the Solar Farm in exporting and importing VARs was assessed throughout the duratiopraij¢ice

Data collected during the reactive power capability test performed during gideé compliance testing was ed

G2 O2YLX SGS GKS .absfraport{shestandard eeiort tiNab it diediviien determining contracted
volumes for SSRBr Transmission connectedt a. While Bann Road Solar is not transmission connectedhttie f

that the report can be ampleted using the data from the same test that is performed when assessing SSRP volumes
on transmission connected sit@gdicatesSolarPlantsmay be capabléen providingSSRP.

VARS AT NIGHT

The inverters on Bann Road Solamf have the ability to prodie VARs at night. During the application phase of

the trial the possibility of testing the supply of VARSs at night was investigdtagever, the provision of Reactive

t 2SN G YyAIKG oFftaz (yz2dy¢ 0 D2dad Rl § 2 ybecBUSdiBANT REISIES Iy \ii
not originally designed for it. To provide reactive power at night DC the inverters will switch a DC voltationto

DC side of the inverter. The Q at Night exposes the PV modules to Voltage potehtalatst possible time (cold

and damp) and therefore increases the Potential Induced Degradation (PID) risk. PID is a phenomenon that cause
significant damagetddS t + Y2 Rdzf S& &2 G&KESAYAUIKEE ARG NBY dA NBIRIPA &
t L5 (1 AG¢ NByltazn NISearthigéakamngément. Moreover, the installation of Insulation Monitoring
Devices (IMD) is needed to safely operate thedifthing. Changing to an IT earthing system would have required
construction works, a nevearthing study to be carriedut and changes on the way the solar farm must be
operated.Therefore, it vas decided not to demonstrate reactive power at night as pathe project.
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| SSRP TEST REPORT

Data collected from the grid code compliartesting that was performednmor to the commencement of the trial
was used to compile an SSRP test report for the site. Graph shows the reactive power capabdisitef Tablel
presentsthe SSRP volumes that the site would be eligible to contract.

Bann Road Solar Reactive Capabiity

30

* e auld o @ ¢ 20 ¢ o000 0 RS omith

25

2 i
jg 15
' 4
10
5
e of®e ol - e - D Sole ¢ S D oW o Wd MV EF ¢ 2 GBS
-15 -10 -5 ’ 4] 5 il 15
Reactive Power MWAr
GRAPH. REACTIVE POWER CAPABILITY FROM MEASURED DATA
Reading Value Comment
Registered Capacity 29.81MW
P range 1MW to 29.81MW
-9.71 MVAr to +9.69 MVAr = | (Qmin to Qmax as identified above in Secti
Qrange 19.4 MVAr 7.3)
(29.81MW¢ 1MW)/29.81MW = . .
RP factor 0.966MW Insert Calculation and value per Section 5
SSRP volume (9.71 + 9.69)*.966=18.74 I5n;ert Calculation angalue as per Sectiol
Q range at 0 MW OMVAr to OMVAr
Cable Network Charging Capacitar 0 MW, _ +1.12 MAr Solar Inverters Not generating due to lack
includindfilters, etc. Sunlight i.e. at night

TABLE. SSREONTRACT VOLUMES
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Below are sample graphs showing typical reactive power import whileiteevas producing active poweThe
graphs show active power export in green and reactive power import in red. From analysis of grdpbhvas
recorded in January of 202the site was set by SONI/ NIE to control the import of reactive power in p@etorf
control mode (Reactiveower import in proportion to active power outputln comparisonGraph 3 shows the site
operating in MVAr contl mode importing a constant 10MVArs for the entire time that the site was exporting
active powelin August of 202.
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| OPERATIONAL COMPLEXITIES

Frequency response services being provided f8oiar Farms introduces two maoperational complexities. These
complexities are similar to operational complexities experienced mdWarms. Both are discussed below.

| AVAILABLE ACTIVE POWER SIGNAL ERROR

A calculation of Available Active Power (AARY@vided by all Solar Farms the TSOs as a rei@the signal. This

signal is calculated based on Pyranometers and Reference calisdahroughout the site which measure the solar
irradiance. An analysis of the AAP signals was carried out to deterherecturacy of the availabéetive power
calculation. Three days where there was significant fluctuation in active power outputghoait the course of the

day were chosen. Graphs of the days that were analysed are shown in Graphs 8, 9 and 10. Wardfeemsred

to provide an Asilable Active Power (AAP) signal to EirGrid. The accuracy of this signal is monitored by comparing
the calculated AAP signal to the actual output of the windfarm when the wind farm is not curtailed. The actual v
predicted outpt is compared using a Nornsgéd Root Mean Square Error calculation. The formula used in this
calculation is given below.

The dailyRoot Mean Square Error (RMBis calculated for Unit U on day d as:

2FTP(APy;, — MGy, )?
D

RMS,,; =

The Normalised Root Mean Square Error (NRMSUj) dioit U over a period p is:

RMSy,
max(Installed Capacity, MEC)

NRMS,, =

Where installed capacity is the MW capability of the installed turbines on the side and MEC is iimaimaxport
capacity as defined in the connection agreemértie Normalised root mean square formula was applied to the
data for the three selected daym Bann Road. The results are contained in Table 5.

DEVY, NRMS Error

08/05/2021 0.69 %

15/05/2021 0.77 %

17/06/2021 1.06 %
TABLE

The current requirement on windfarms is that the NRMS error skealéss than 6%. The resultsrh the analysis
show that an accurate available active power signal caproeided by Solar Farms. When curtailed the amount of
FFR and POR that is available can be determined by the difference between AAP and Actual output.
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Bann Road Solar Available Active Power V Actual MW 08/05/2020
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Bann Road Solar Available Active Power V Actual MW 15/05/2020
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Bann Road Solar Available Active Power V Actual MW 17/06/2020
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FORECASTING OF AVAILABILITY
For Solar farms the certainty of availabilitynist there given the variabtli of the resource providing it. Graphs 8

to 10 show how the output of aolar farm can vary significantly over the course of a day. Forecasting of reserve

services from a solar farm requires the following to be predicted.

1. Avdlable Active Power of the & Farm
2. Whether the Solar Farm will be dispatched down.

Whether a solafarm is dispatched down is at the discretion of the TSOs and is not possible for the operators of
solar farms to predict. It is possible to provide aefwast of Available Active Pew In order to provide a forecast

of solar farm output for a timeframefavithin an hourground-basedsky imagery in conjunction with complex time
series and machine learnidgorithmsare required. The accuracy of a foreéagtsystem for solar was npart of

the scope of this trial.

26| 75



‘ QUALIFICAITOTRRIAL PROCESS FOR TECHNOLOGY INTEGRATION AND TRIALLING OF SYSTEM SER
) DELIVERABI&G

J-Sys

| TRIAL OUTCOMES AND LEARNINGS

It is a finding of the trial that solar photovoltaic technology should be considered as proven technologyfést-the
actingservices of FFR, POR, SORT&R1 following a review byhe Transmission System Operat®his ability of

solar photovoltaic tgrovide these services was demonstrated by conducting an operating reserve test while the
site was curtailed.

It is a finding of the trial that solar photoltaic technology should beonsidered as proven technology for the
provision of the DS3 service®f{ 4 S R& {GF S wSIOUGABS t26SNEP ¢CKAA &
were utilising the reactive power capability of Bann Road to supportgeltn the grid throughout theuration

of the trial.

Testing of solar technology during winter mhbatis extremely difficult to complete due to the prevalence of
frequent sudden dips in power output when clouds are passing over the site. On severanstests had to be
restarted/ abandoned due to reduction in power output. To mitigate againstttiesfollowing is recommendefibr
consideration by the TSO:

a. Current operating reserve test templates for wind recommend curtailment to 40% MEC. For solar a
curtailment to 20% MEC iscemmended for the TSO to consider.

b. Perform testing during the summer mths is the most suitable approach, however, it is recognised this is
not always possible due to various factors.

c. Itis a recommendation of Bann Road fiee TSO to investigate theopsibility of service providers being
able to carry out unwitnessed opating reserve tests at short notice (i.e. less than 2 hours), given the
variable nature of solar technology.

There is potential that Solar farms coul®p@ A RS & + | Wwéwevs ithe ififiaBetectricabdesign of the site
g2dZd R KI @S GFARKD®S OkELIwWaAL MGe ATVheaddidoRdNARSSRigHt vy (12 § K!
capability in certain circumstances after a site has been constructed potddtially incur a large ammt of

cost.

Forecasting of output from Solar Farms within an hourzwrirequires the implementation of groudzhsed sky
imagery technology. It is recommended that consultation with industry on the exact implementationewitiab
forecasting solutionss carried out
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6. RESIDENTIAL TRIALS

Following on from the success diet EirGrid Power Off and Sgw@ject, operational complexities associated with
automated response frormm-home technologys now being investigatedThe djective is toexplorethe paential
challenges involved in leveraging the flexible capability of the residential sector to provide System Services in the
future. EirGrid and SONhvisage real benefits from DSM in reducing peak demands to the power sgstéthe
provision of esental System Servicesdrecognisethe importance of Demand Side Management to the delivery

of energy efficiency targetsThe system operator will use the project to investigate the potential delivery of
residentialgrid servicesat scalewhich has baefits in assisting Ireland to reach its renewable energy targets by
providing greater flexibility in operating the power system with up to 70% renewable generation, which will require
the ability to operate the power system with asuch as 95% of generati from renewables at times.

In the 2019QTR two participants were successful; Energia &MS (previousl$olo Energy Both participants
implementeda different methodology and range ééchnologiesas part of the trial demonsttion of System
Services capality.
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7. ENERGIRESIDENTIAL TRIAL

| INTRODUCTION

Toreduce the impacts of climate change energy systems are changing dramatically as electricity generation is

becoming increasingly decarbonised and decentralised and elegtsojiply movesowards a digal customer

centric model. Traditionally electricity is generated at large centralised fossil fuel power plants and passed to
OdzaG2YSNA OAlF GNIXyavYAaairzy FyR RA&GNROzi A 2ndtionfoh y S &
distributed wind fams which supply the grid with renewable electricity. Today with the reduction in solar PV and
battery costs and Government incentives individual consumers are starting to install their own Solar PV and battery
systems to redue their carborfootprintandd I @S Y2y Se 2y St SOUGNROAGEIT TAADAY

Consumers are installing batteries alongside their solar systems to store surplus electricity generated during the
day which can then be used using renewable eletyripénerated fom sunlight wien required. Coupled with this

{ h fdst manage power with decreasing conventional fossil fuel generation and with an increase in intermittent
non-synchronous renewable generation on the system. One solution to this is toysapgliem servEs using
battery storage. Already large batteries are providing these serdndsn some markets such as Germany, Japan
and the UK residential solar and battery systems are being investigated to manage frequency, voltage, anc
constraints @ the grid. Though this Quafication trial Process@TB we will be joining these countries by
investigating the viability of residential solar and battery systems to deliver flexible generation for the delivery of
system services and explore the valoglie end consmer and grid perators.

OBJECTIVES OF THE PROJECT

This project involves the distribution of solar PV systems with smart battery storage solutions. This will include 20
Residential installations on the island of Ireland. The objectivethif®project ae as follows;

9 To prove aggregated residential electrical appliances as a technology class for the delivery of DS3 syster
services.

1 To assess the operational complexities of the technology and the impacts this has on current TSO processe
and systems.

1 Investigate the hrriers to System Services market entry for residential demand sites and investigate
possible solutions.

M Operate the sheme with no adverse effects on the comfort of the consumer due to their involvement in
the scheme.

1 To maxinse the value of smart prodts and develop a platform that facilitates individual residential
customers to participate in demand side response daliver DS3 system services.

1 The knowledge captured from the QTP will help shape service developmenfiriureand enable EirGrid
to adapt quickly to emerging digital trends in the residential energy market.
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TABLA. SCOPE FOR THIS TRIAL PROJECT

Technical overview of the
trial

The trial will test whether the @livery of DS3 system servisas possible using
domestic batteries. EirGrid and Energia will-operate throughout the trial to

fully understand the capabilities of DS3 system services and Demand Sid

Management (DSM) in Ireland and the challenges it face

What technology is
instaled

Each home will be equipped with at least 2 k¥\Tier 1 Solar PV panels
connected to the grid witlan DC to AC solar inverter and a separately AC cou
Moixa Smart Battery fitted with a 2.4 kW inverter and 2 x 2.4kWax(4.8kWh)

LiFePO4 battery dis. The battery is fitted with Ethernet, Wi and GSM
communications for remote monitoring and contrdhe battery is also equippe
with meters to measure the output from the solar panels and battery and mor
in-home dermand. The meters provided by M@ comply where possible with thg
DS3 Performance Measurement Device Standards

Services provided

The service provider will attempt to provide Secondary Operating Reserve (§
Tertiary Operating Reservel (TOR1) & Tert@aperating Reserve2 (TORR) a
frequency event the batteries are expected to respond as an aggregated u
within 15 seconds.

How the services are
provided

A drop in frequency below 49.8Hz is measured using frequency meters. T

resultsinatriggeti 2 6S &Sy d ( 2 Platf®rmn EhiriturDimghers
the batteries to begin discharging to first theme and then the grid. The

batteries can distribute charge for a maximum duration of 20 minutes.

Performance and data
reporting and
management

The GridShare platform willipply data for the project.

The data from each event is stored on the GridShaat#fd? to carry out
necessary performance assessments.

For each event the expected response and achieved response will be meas
The extent dthe difference between thexpected response and the achievec
response will determine how the Demand Side YBiBU) performed for each

event.

The performance of individual batteries will be reported at a sampling rate of
(1 second granularity) indtches every 30 seconds.

What are the key results

To prove residential units can deliver DS3 product with negeesk effects to the
end consumer

Scope to trial Primary

Operating Reserve (POR

and Fast frequency
Response (FFR)

Potentially but issues with aggregatirige responses and communications mal
create latency problems wittelivery. To overcome these latency issues
Hardware (H/W) and Software (S/W) upgrades may be required which may
to be a significant cost barrier.

11a asa 2dz

Ay

(s $PerfbrinhlibeN@agure mehDalrveStyindardeor-FastActing ServiceQhtti://www. eirgridgroup.com/site

files/library/EirGrid/DS3erformane-MeasurementDeviceStandardsfor-FastActing Services.pdf

213 RSTAYSR Ay

(i BS3Sy@temBdDy/NdedRotoSobR EndiediAfringethents_fina&httid://www.eirgridgroup.com/site

files/library/EirGrid/DS35ystermServicesProtocotRegulatedArrangements _final.pdf
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What other services can Potentially over frequency response.
be provided

ScopeforESBNandNIl . 240K 5{hQa OFry G1F1S fSINyAy3aa TFNER
involvement Alternating Current (AC) coupled battery storage and solar systems wimeere
battery and solar system arclassed as 2 separate generators. Depending ¢
interest in the poject there may also be scope to install batteries in areas wh
the DNO are experiencing problems (due to constraint for example) and exg
the use of reslential DSRo potentially sae cost through deferred grid upgrade

Determine grid code, | We require a derogation from ESB for clause 4.7 as it is not applicable to dor
metering code, connectior smallscale generation andnergy storage.

derogations requirements We also requirelerogation from ESB for the requirement to reduce generatior

2%/0.1Hz between the frequencies of 50.2Hz and 50.5Hz as it is not applica
micro-generation at the domestic level.

Both have been granted for tH@TPby ES.

Assess barrier to entry High prices of systems.
Not enough benefits to encouragdmttery uptake.

Cost effectiveness.

PROJECT APPROACH

The project has run for 18 months with Energia taking full responsibility of the operations throughout. The trial
project was distributed to 19rergia Group customers. Industry and customer researefe used to identify the
consumer segments based on their experience and willingness to provide services. The sites chosen in the trial ar
the vendors responsible for éhdelivery of key services (M@ & House2Home) were at the discretion of Energia.
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| PROJECT SCHEDULE AND PROGRESS AGAINST PLAN

This section outlines the progress against the project plan. The project was rolled out in a phased approach with

each phase biding on the next. This secticummaries these sections and key deliverables to.ddtere were

5 main phases to delivering this project detailed with progress below;

Phase 1
1

Phase 2
1

Phase 3
1

Phase 4

Phase 5
1

Mobilise the project- Relevant stakeholders agreed the project scope and objiéees and were

successful in fulfilling th©TPrequirements.

Testing the technology After installing the technology, the selected test participants went through

the MoixaGridShare Flex integration and test phageshable frequencyesponse sevices.

GolLive- Once all installations were satisfactory with the test participants, the remaining installations
were carried out an@TPperiod officially started when they were all operational. Energia worked
with EirGrid to ensure that the dekrables as outlined inok 2 of theQTPare delivered. This meant
ensuring appropriate signal requirements and measurement devices are operating as per the DS3
System Services Regulated Arrangements where possible. Thefftestdential batteries

sucessfully went live to theeaktime grid frequency events on 30 March 2020.

Measurement and reporting of Data to EirGricEnergia was responsible for exporting data

recordings in compatible Microsoft Office Applicatiformats. Frequency triggelata was sent

following ewents in electronic reports via a secured connection email to the TSO immediately
Fft26Ay3 Iy SOSYyildd LYGSNIINBOGlIGAZ2Y 2F (GKAA& RI
depth understandig of the potential for the ragential storage systemsa ilreland to provide greater
flexibility in operating the power system with higher levels of Ngymchronous power generation.

The battery fleet successfully responded to e frequency events, sasurement throughout the

evert was successful and weseiccessfully reported t&irGridas expected. Analysis of data was

carried out from bothEirGridand Energia with investigation around expected and achieved responses

Trial Publication and Catusiong The final report iglelivered with theresults and analysis of the

trial. The solar PV and battery systems installed as part of the trial will continue in business in the
usual manner (generating electricity sustainably during the day whiche&atobed by the battery for
night-time use). If he value and/or revenue streams become available in the future the functionality

for delivery of system services can beimstated.
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KEY DELIVERABLES AND MILESTONES FOR THE REPORTING PERIOD

This project amed to deliver upon the requements outlined in Lot 2 of th@TPnamely;
1 The provision of DS3 System Services from residential battery units.

1 Investigate the barriers that exist in the current regulated arrangements to allow participation f

residentialService Providers in the futl

The list of Key Deliverables for ta Ptrial with work streams, description and status is listed in table 2 below:

TABLE. KEY DELIVERABLES AND MILESTONES REROREING PERIOD

Phase Type Description Status
Legal & Rgulatory On boarding; Privacy Policy, T&C's, Customer Contracts Gomplete
Legal & Regulatory Installation- Products and Installer Accreditation Complete

People & Organisation = Recruitment & OnboardingMarketing, Marké&ing Plan, Marketing Complete
Material

People & Organisation Customer Communication Plafre, During and Post Pilot Gomplete
Communication

Process & Fulfilment Installer ReadinessProcesses, Systems, Training Complete
Process & Fulfilment Instdlation - Supply chain, purctsg and deliver stock GComplete

Process & Fulfilment  Installationsg installations and Commissioning of Solar and Batte Complete

Systems (IEonly)

Process & Fulfilment = Monitor & Reporting Data capture, management, integgion and =~ Complete
analysis

Technology Installation- Integration with Moixa GridShare GComplete
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KEY ACTIVITIES AND ACHIEVEMENTS

7.1.1PARTICIPANRECRUITMENT

Energia recruited the participants usisgveraimarketing tools withindustry and custorar research to identify the
consumer segments most likely to be interested and available to participate in the trial e.g. early adopters and
consumers witha preference for Electric Vehicles and Solar PV. If a customer expressed interest an eligibly
gquestibnnaire was completed, if theustomer was considered eligible a site survey of the home was completed to
further determine eligibility and design a besgokystem for the customer. If the home was eligible and the
customer was happy to proceed the instdibn took place shortly aftethe grid connection was granted.o
encourage Energia customers to participate in the trial they were offered a discouni@tb8d Battery system on

the basis they were willing to provide data and feedback over the coursigearial. A communication tsategy
successfully recruited 19 interested and willing Energia customéredamd and one participant in Northern Ireland
(NI)wasalso been recruited however a grid connection was not granted in the time frames QfftRe

7.1.2TECHNOLOGY DELIVERY

All paticipants received a Moixa Smart Battery and a Solar PV system (Figure MpiXa&mart Battery features

an integrated optimisation and control algorithm built on Al and machine learning called GridShare as well as a wek
dashboard and app which allowsagiicipants to see exactly how much electricity they are generating and
consuning and how much solar energy is being used in the homedsefumption), stored in the battery, or
pushed to grid (exported).

All required traning was carried out by produdnstallers to ensure they were competent to carry out the
installations. Thi included training to become Moixa Accredited Installers and completing all the required training
to become part of the SEAI renewable installagiséer and be eligible to inall systems for the SEAI domestic solar
PV and battery grant scheme.
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AGUREL MOIXA SMART BATTERY AND SOLAR PANEL
Field management software was used to develop a seamless survey and installati@sspiocluding quality
assurage, customer communications around appointment setting and the delivery efaat paperwork to the
participant (e.g. SEAI grant application).

FIGURR INSTALLED MOIXA BATTERY, SOLAR PV IN\ FIGURB. INSTALLED SOLAR PV
AND OTHER ANCILLARY EQUIPMENT IN PARTICIF
GARAGE
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