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Executive summary

This report descriteand evaluatsthe approach taken to install and integrate the Esprit technology

in the My Electric Avenue Technical trials, with a view to assess the most appropriate form of
integration and suitable cycling timeshe report seeks to provide a response the objective set

out in the Project Direction:

9.7 An assessment of the most appropriate integration of the Technology for different applications
and suitable cycling times or reasons why this is not possible if the trials are not successful.

The reportdraws on learning from installations arfdedback from key stakeholders including
participants, automotive manufacturers, and charging point manufacturers.r@port also draws

on learning from additional analysis undertaken by the team on voltage \ariand cable thermal
ratings to provide anetwork perspective The team has also endeavoured to provide a view of how
best to integrate the technology for other applications (i.e. heat pumps) by engaging with heat pump
manufacturers.

Installation o the technology

Esprit has been successfully instaltedLow Voltage (LV) networksross two Distribution Network
Opeator (DNO) Licence areasSouthern Electricity Power Distributio(SEPD and Northern
Powergridareas Theteam has adapted ensors and techiquesalreadyused forretrofitting outage
free substation monitoring

Esprit is unique, as it manages and contraswork demandat a local level and does not require a
central control centrePivotalto this is the use of Power Line Carrier (PLC) conmication.A much
greater understandingf the limitations ofPLC communication has been generated in the. tifdlC
Repeatersin theory, should establish 100% communicatidfiowever, ly applying PLC at scale in
My Hectric Avenue on a variety of netwdt construction types, topologies and customer loads,
communicationis not guaranteedeven when repeaters are deployediternative, overthe-air
communications (using the GSM network for instangelld add complexity and cost into Esprit for
a Business aBlsual Bal solution therefore PLC is justified for the purposes of the ttilingwide
area communication networks such as GSM ddesvever, open up the future possibiliés for
Esprit to be used in wide area demand side response schaméshould ot be ruled out of a final
solution, particularly if PL€annot be made more reliable

Most appropriate integration with charging equipment

The trial has successfully installed and integrated Esprit with charging pointsmestio and
commercial premisedn the trial, Espritontrols charge output byemovng power from theentire
charging point. Howevergédback from charging point manufacturers to date has suggested that
any solution which simply removes power from tkatire charging point(which ofen includes
ancillary management and communication functions not palatable. Instegdthis group has
suggestd accessig and maximisingthe use of control features already in charging paints
restricting output to the vehicle whilst maintaining power tbe other functions This report
ddZa3Sada GKS Yz2ad FLLINRBLNARFGS FLIWINZFOK (2 AyidS3al
AYQ RS Jh@&SsessterptoKimity pin circuitfixed in charging points A switch in the
proximity pin circuitry,when opened on command from the Monitor Controllé¥C) at the
substation, would cause the contactor (available in all charging points) to ophen closed,
charging would resumeAs a removable item, thi¢’ LJA dz3 R Svalikd Prévide a useful toolof
demand responsd Y Wy S g2 NJ] TwNahS8ollR bedsRapped duthiB 5Nt date when
there is no longer a need for demand side response at that locadiwhreused elsewhere.
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The trial has demonstrated the considerable range of proceasdsskills required in recruitment,
management and retention of customers to provide domestic demand respdnsée near future,

it is envisagedthat demand side response services, aggregating demands from a number of
customers, will be offered by thirgarty service poviders This will reducehe need for DNOs to
develop inhouse expertise specifically for this purpos€&he use ofa project lead, supported by
various project partnerperforming specificlutiesin the trial provides a potential bluepmt for BaU

Esprit falls firmly in this domestic demand response space, all the more so as it applies to new
equipment for which restricted use may be more acceptable to custertt@an for established
practices. Weherefore anticipatethat commercial ineégration will followthe template set out by

the trial. DNOprocurement (and latecommercialcontracting) ofdemand response servicéargely

relies onthe smart solution delivering the desired response &dwaer cost than thecheapestviable
alternative Anyother technical and commercial solutions, in common whike Esprit solutionwill
needto be designed such that they can Wvitchedoffafter a period if no longer required

Suitable cycling times

The cycle times for sharing EV charging loativben customers at times of network stress is a
trade-off between customer acceptanc#e risk of vehicler chargerdamage the risk of network
damage andpower quality issues caused by coordinated device switch@gly a few participants
have contacted the projectwith enquiries about the Esprit systenor tried to override the
curtailment by resetting their Esprit Intelligent Control BE62B) the inference is that the majoritig
accepting ofa degree ofcurtailment. Vehicle manufacturers dvised against a&harge cycle of
shorter than sixninutes They also advised against interrupting during cell balancing at the end of a
charge cycle.Charge point manufacturers were concerned only that power was not interrupted to
the charging point managnent functions. Simulations using network loading data from rifeest
heavily loaded trial site and a cable thermal modelling tool led to recommendations that the cycle
time used in the existing Esprit algorithm was limitecatmaximum oB0 minutes. Simiations using

a power flow analysis toobn the same networkshowed that power quality issues due to
simultaneous switching could be caused by cycle titases thantwo minutes and, independent of
charge timeif more than five 3.5kW chargers were switch&dhultaneously.

The project recommends ¥ A Y A YdzY W2y GAYSQ 2F wmp YAydziSa |yl
minutes for demand response using Espriiese cycle times are consistent with those embodied in

the present Esprit algorithmand used in the trialon phases with high populations of EVs
Coincidentally, iese timings are also consistent with the findings from a depkanalysis exploring

the application of theEsprittechnology to heat pumps. Based upon the power quality analysis, the

project further recommends that on highly penetrated networks, no more tfiga active 3.5kW

chargers (or two active 7kW chargeasg simultaneously switched.

Most resistance to the curtailment cycle times was met on the workplace cluster. Here, the flat load
profile over the entire working day did not allow sufficient charge to be delivered to vehicles with
long daily commutesWe conclude thathie Esprit algorithm isot particulaty suitable on etworks

with flat load profiles;other methods of sharing load (e.timersor use of building management
system controlswould be moreappropriate in these cases
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1 Introduction

1.1 Purpose

This report accompanies a suite of reports that comprise the My Electric Avenue (I2EV) Successful
Delivery Reward Criteria (SDRC).

The report provides an assessment of the most appropriate integration of the technology which is
currently installed and under trial. The focus provided by the Project Direction (the project contract
with Ofgem) is stated as:

9.7 An assessment of the most appropriate integjcn of the Technology for different applications
and suitable cycling times or reasons why this is not possible if the trials are not successful.

For the purposes of this report, this SDRC will be broken down into two distinct topics:
1) An assessment of thmost appropriate integration of the Technology
2) An assessment of suitable cycling tires

Whilst addressing each of these questions, this report will also cover the related learning points
captured in the Project Direction:

C1.1.3-what is the interface ad management process for other manufacturers?
T.1.1.2- will customers accept direct control and under what circumstances?
T.1.2.4- how do the needs of EV charging (or other loads) affect the settings?

(a) Views of the OEM community of the impact (if gnthat cycling of EVs (or HPs) may have |on
their product(s) and end of life

(b) Recommendations of suitable cycle times for EVs (and possibly Heat Pumps) for desiged
response

(c) Evidence of whether this solution would be feasible or not combiniegrning from 9.5, 9.6.

And related technical aims:

W Develop and trial the equipment to ascertain its ease of installation.

W Develop the integration of the Technology into the EV charging points including how

existing intelligence and attributes in chging points can be harnessed to reduce the cost and
improve the performance.

z A A

Ly NEf Iniagsessmeni & thabhost appropriate intation of theTechnolog2 = G KSNB | NB
types of integration Theseaequire clarification:

'LJdy Am gssessment of suitable cycling times or reasons why this is not possible if the trials are
not successfdlSchedule to Project Directid?EV
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1) Technicalintegration of devices from different manufacturers (ensuring a technically
viable system i.e. correct functianjor examplethe physical installation of the ICB,
associated connections to the charging point, and associated communications with the
MC at the substation

2) Gommercial integration of devices from different suppliers (ensuring a commercially
viable system) For example the contractual relationships required between
organisations.

This report also differentiateand defines betweerdifferent applications. Two apipations are
mentioned with the I2EV Project Bid document: heat pumps and electric vehicles. The latest agreed
version of the I2E\Bchedule to Project Directidintroduced a restriction on recruiting customers

who had, or were interested jinstalling dmestic heat pumps and as a result the trials were limited

to testing the Esprit technology with electric vehicles (EV) and EV charging. The result of this early
change in scope that this project is unable to provide evidence of the integration of #hehhology

with heat pumps Nevertheless wavill endeavour to provide a vieWwased on interviews with heat

pump manufacturers and our own expertise in the area

Therefore this report will focus on the functional and commercial integration of the Esprit
technology with EV charging equipment, based on the learning from the trials. However, relevant
learning which can be applied to integrating the technology with heat pumgisagrovided.

1.2 Document Structure

This report summarises the learning captured framegrating the technology with EV charging
points during the My Electric Avenue Technical trial. In total the progsruited 111 €chnical trial
participants who agre¢o have their EV charging controlled in response to mekvndemand. Each
participanthasthe trial technology installed alongside a free charging point.

The successful completion of the SDRC is evidenced by successful installation and integration of the
technology in residential properties and commercial setting. The project has sudhewssftalled 96
units across nine residentially R 2y S g2 NJ LX I OS WOt dza i SND

{ SOSNI f LINPLISNIASE K2dzaS (62 dafifeivdrkplacd Btéie ( KS
participants outnumber the unitssix units have been installetb monitor and manage 13
LI NOAOALI YyG&aQ OKINBAY3

In addition, the report provides an insight into the relevant learning applicable for Distribution
Network Operators (DNOsjhen installing and activating a system of demand control, as trialled in
My Electric Avenue, ith EV charging points (and where applicable, heat pumps).

2 http://myelectricavenue.info/sites/default/files/I2EV_%28My_Electric_Avenue%29 Project_Direction_0.pdf

NJ
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The report is structured as follows:

Section 2provides the background to the project, with an overview of the aims and objectives of the
project, includingthe potential problem EV charging may represent for future networks.

Section 3Provides an overview of Esprit functionakityd how this differsromWy 2 NY' I £ Q OKI NHA

Section 4ists and describes th#/¢ SOKy 2f 238 St SYSy (i & QWwhithiméke ipK S LIK &
QALINARG AY AGE&A Od2NNByld F2N¥YO ¢KAa aSOlAzy If &z
stakeholdersnvolved in the setip of Esprit within the trials.

Section 5describes how the technology has been successfully integrated aralléasfphysically)
within the trials, including the relationship between the associatt¢ S OK Y A O listed9if SYSy i &
Section 4.

Section 6provides an assessment of learning captured from the approach taken to intdgsatit
This includes learning frosubstation installations, as well as at commercial and domestic premises

Section 7describes the current commercial interface whimovides the basis for Esprit functionality
inthetrials¢ KA & Ay Of dzR SammaidamSNBNIOS af Ki2id YR Ay {SO0GA2Y n
Section8 provides an assessment of the commercial interfaceaegdfor the trial, and recommends

a commercial template foEsprit to be used iBusinesss Usual(BaU)based on trial learning.

Section outlines feedbak from Technical trial participants on the approach taken to integrate the
technology with their charging points. Feedback has been collated directly from engagement with
customers during the trials to date, and indirectly as anecdotal evidence provigdelMontfort
University as part of their programme of social research interviews.

Section 10explores potential (alternative) approaches to integratiBgpritand an evaluation of
these physically and commerciallyy comparison with the current appreataken in the Technical
trial.

Section 11describesand evaluates theycle timesused in the current form of Esprithe evaluation

draws on feedback from automotive manufacturers and EV specialists, charging point
manufacturers, and heat pump manufacturers. This section also dvavike learning from Section

9, and outlines analysis conducted by the team on impactpaténtial cycle times on the LV

network. ¢ KS &aSO0A2y TFAylLfte LNRPOARSaA (GKS GSIFYyYQa NBC
above considerations.

Section 12finally, this section provides a complete overview of the feasibility of the technology in
light of meeting and exceeding recruitment targets for the trials

Section 13¢ Conclusion.This section pulls out each of the questions, requiremetashnicaland
commercial learning points and related learning aims from the Project Diredtioder each pait,
it provides summary responsesith references tavhere more detail is located in this document
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2 My Electric Avenue project overview

My Electric Avenue ign innovative project that will provide a solution to the potential impact that
the rechargingof electric vehicles (EVs) may have on the local electricity netwidr&. project is
Fdzy RSR 6& h¥3aSYQa (LEMFand/  Nb2y bSGg2N) a

2.1 My Electric Avenue aims and objectives

The projectis delivering two strands of innovation. Firstly, a new commerciabhagementis under
developmentwhereby a noAlDNO manages a LENndproject an behalf of a DNOSecondly, two
separate trialsare being conducted to assess the impact of EVs on local electricity netwidrkse
are called the My Electric Avenue Technaad Social trials.

The Social trial is designed to provide a comparison control group to the Technical trial in terms of
EVcharging and driving behaviour.

The Technical trial ainte simulate a 2030 netwotkwhenit is anticipated that a number of Evfsay

be charging on a single feedeks EV uptake increases, it is anticipated that demand on the low
voltage (LV) network will also increasehereforethe trial hast NJIA FA OA L f £ & ONBI (SR
drivers toexplore the impacts of charging, amdal a technologyto help LV networksope with
increasedeEVuptake

Thetechnologyis monitoring theimpactof a Blustebf EVs in daily operatioacross ten locations,
including nine residential areas (charging at home) and one business location (cletrging<).
These locations coverrban, suburban, rural and commercial network types.

C2NJ KS LJzN1lJ2 4 Sa 2cal triakkK A@A INIS LE NI EK S, KafterMyarS@BRK AN K G 2 -
W{20AXdf G NRI §

2.2 Esprit Technology

The technology is defined as @2 YO A Y| GAYViS2FAHBGY & /agdya@BR § A (i 2 HQ
/| 2y (NPt { OoeiDer thesé twe uts provide the current form oV 9 & LaNAuio@atic
demand side response systemhich isnstalled as part othe Technical trial

The Espritsystem automatically controls the EV charging equipment provided free of charge to
participants in the Technical trialThe project provided standard, commercially available charging
points to participants; no additional changes were made to the chargingpeent prior to the trial.

The Technical trial is testing Esprit with two different types of charging equipment:

1 Residential charging poingsRolec (Wallpod EV Ready single)
1 Commercial charging postsElektromotive (Single and Dual)

The Technical trial is testing two methods of integrating the ICBs with charging points. In the
domestic clusters, ICBs are installed in close proximity to the charging point. In the workplace
cluster, ICBs are installed within the casing of a commeris&bmng post. This second method was
possible in the workplace cluster, because the model and specification of commercial charging
points ordered at the start of the trial had available internal space inside the charging point casing.
Newer versions and tise from other manufacturers are tending towards reduction in size and have
little space to accommodate additional equipment.

This document combines learning from integrating Esprit with both charging points listed above, and
using the two methods of ingration described above.
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3 Esprit Functionality

Esprit implements Demand Side Response (b$Rjrectly curtailing loads, specifically EV charging
within the Technical trigl by switching off the power supply preveng them from consuming
electricity at tmes when the demand on the network is higiithin the Technical triglparticipant€
charging points have been controlled directly by Esprit, and curtailed fower removed) in
response to monitored loads at the substation.

This setup is illustrated n Figure 1. During such times of curtailment, Esprit cycles the power
supplies of different chargg poins on and off to ensure that cars plugged in will receive some
chargeperiodically.

EV Battery

EV charging point EV battery ManagementSystem

Power supply

o 7

Regular setup

Esprit
R’

Esprit control

Figurel: Esprit interrupts regular charge of the EV battery, which is managed by a Battery Management System (BMS)

4 Current Integration of Esprit

4.1 Technology Elements

To describe and explain how Esprit has been successfully integratedhaitling equipment within
the Technicatrial, there is a need to first identify and define the elements which interact with each
other to support the integratiomnd operation of Espritheir location and functionality.

These Technology Element®g) sit between the power supply and the vehicle and work together
to allow Esprit to worKTable 1)

4.2 Commercial Actors

Equally as important as the technical integoat of Espritwithin the trial, there is also a need to
identify and define theorganisations and contractual agreements in place within the trial sefting
Esprit to function. Table 2 provides an overview of the CommeaaidActors (CAs) involved ihe
trial form of Esprit integrationThe CAs are described in generic tefmased on their responsibility
within the trial.

10
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Technical

Element

Monitor
Controller
(MC)

Intelligent
Control Box|
(ICB)

Infrastructure

Distribution
Substation

Additional
trial
monitoring
equipment

Location

Distribution  (HV/LV)
substation

In the home Installed
in seriesbetween the
consumer unit and
charging pait.

SVl / dza G 2 YSNE Q

Distribution  (HV/LV)
substation

Distribution  (HV/LV)
substation, within the
Esprit enclosure next
to Monitor Controller

Functionality

The monitor controllefMC) measures the 3 phase currents on the LV feeder which isubject of controlWhen a phase curren
exceeds a threshold, control signals are sent to ICBs active on that phase to elicit a vehicle charging load rAdpatdtisation
algorithm seeks to share the constraint between the connected ICBs andirdpg@intssuch that each vehicle will get a share of t
available capacityNo constraint is requested if the phase current is below the threshold.

The Intelligent Control Box (ICB) is installed between the consumer unit and the electric vehiciecimaigt - § G KS C
premises.On receiving a constraint request from the MC, the ICB disconnects the supply to thengh@otnt reducingthe load on the
constrained phase.

The ICB reports back to the MC periodically with its identification, the state of the switch, the cumulative duratiobeehamnergisec
since last startedand measurements of the phase to neutral voltage and loading on the charging circuit.

The charging infrastructure used in the project is a standard EV charging setup. It comprises a vehicle chargitypipaliyt waH

Y2dzy SR Ay F 3JIFNI3IS 2N gKSNE GKS @GSKAOfSa FINBE LI NJSR ®a

(consumer unit) with a suitably sized circuit breaker for protection and isolation. The distribution bogycallyy near the incoming
supply to the property. The ICBs deployed for the trials are installed between the distribution board (consumer unit) ehdrdfieg
point ¢ typically alongside the charging point. The charging infrastructure includes a resisluent device (RCD) for safety agai
electric shock.

A distribution transformer feeds an ld¥stribution network

All Esprit equipment in the substan is housed in an enclosure bolted to thebstation wall or floor

A Nortech Envoy unitRTU) is connected to each MC via an RS232 serial inteflaeeMC sends data to thenvoy where it is locall
stored (SD card) and periodically uploaded to a remote central IHOST server via GSM communications (3G AutG&RE). users
amongst the project partners can access the data on iHOST for trial analysi

For network control validation, the Envoy independently measures the three phase feeder power flows vl BiNunted power
meters on a separate serial budB this equipment is for trial verification onljhe Esprit system is designed to operatéonomously
gAGK2dzi GKS ySSR T2 Nordtitaiaimetig en@piEnR Q 02y ySOiAz2Yy

Tablel: Technical Actors enabling current form of Esprit integration
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Commercial Role/Actor Responsibilities

Esprit DeveloperManufacturer Manufacture components and assemble
EspritSupply Supply of assembled MC and ICB

Project Lead/ Service Provider (BaU) Management of all project related activities
Provision of vehicles Delivery and management of dealerships
Management ofEV lease and delivery Customer service

Management of CP/ICB installation Customer service

Subcontract installation

Subcontract CP sourcing/procurement

Installation (CP/ICB) Installation on site and commissioning

CP Procurement Sourcing CPs and delivery

CP Manufacturer Manufacture charging points components and assemble

Substation installation Deliver, or subcontract:
Access to substation

Installation in substation of MC (and associated equipment)

Datatransfer and management Provision of data from RTU, online access to data,-bpckveekly download of data

Distribution Network Operator (DNO) Provide network assessment; identify networks for DSR (Esprit)

May provide substation installation

EVuser/customer Charge vehicle according to Esprit

Government Enforcing mandatory charging point standards

Table2: Commercial Actors enabling current form of Espritegration
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5 Current Functional Interface

This section describes the functional integration of Esprit with reference to the TEs outlifabtléen
1: Technical Actors enabling current form of Esprit integratiblescribes how each TE interacts
with another in the current form of integration, which enables the Esprit systeoptwate.

5.1.1 EspritMonitor Controller with Distribution Substation and equipment therein

The MC is installed with the Env&emote Teminal Unit (RTU)within a metal enclosure on the
inside wall of indoor substations or in a suitable location within the comma of outdoor
substations(Figure 2). One of the trial sitetransformershad an wnusual earthing arrangement
(separate LV and HV earnhshich requied the design of an insulated enclosif@ass Il) for safety
against touch and step potentials that could occur dunegwork faults. This same design was used
in the pole mounted installation for the same reason.

Figure2: Trial Monitor Controller Enclosure

The connections required for the MC are essentially those required for any LV substation manitor.
its present form, the MC has connections for a single set of three phase current sensors. It is
therefore dedicated tahe monitoring and control of a single three phase asget. the Echnical

trial, this asset waone of the LV cables; the oneeding a cluster of EV chargets.could
alternatively have been selected as a distribution transforméRogowski coils wereekected as
current sensors instead aplit core Current Transformers (CTd)e to their adequate accuracy and
resilience for this applicatigrbut mostly because of their ease of installatigrparticularly inthe
shrouded LV distribution boards whereagfor retrofit current sensors is minimal.

G-clamps with fused leads are used to provide a retrofit voltage connection to LV distribution boards
which do not haveinbuilt test socket&erminal block for access to the busbardhe voltage

13
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connectiony3 phase and neutralare used to provide power for the MC electron{esd miniRTU).
They are also used farovidethe point of connection for transmitting and receiving tRewer Line
Carrier (PLCyignalson each of the phasebat allow communications between the MC and ICBs via
the LV feeder cable in this application.

Figure3: Example of &lamps fitted to 3 phase and Figure4: PoleMounted Trial MC Enclosure and
neutral busbars LV Distribution Board Connections

The voltage and signal injection connections in the pole mounted substation were made via piercing
connectors used on the insulated Aerial Bundled Conductor LValiriee ABC distribution bgxn

the first pok out from the transformer Hbole. This arrangement prevented congestion on the
Transformer pole, reduced the risk of combining separate eaatits simplified acces#\ separate

IP65 rated box was used to accommodate the 2A fused terminals near the connections to the ABC
to protect the MC voltageabling

5.1.2  Esprit Intelligent Control Box with EV Chargiimdrastructure

! RSRAOFGSR OANDdzA G Aa NXzy 7T N tandakdShai@gizoiit2z Y SN a
SlidzA LIYSy a4 Ay (GKS Odza (2 viddiflarant ta8 lanyJdahestic2BNI cHaydx S 6 | &
installation. For the residential trialsthe Intelligent Control Box (ICB) is installed into this circuit

typically before and alongsidine chargng point (Figure5). The ICB acts to interrupt the supply to

the charge point for a period when it receives a curtailment comman@k@ommunications from

the MC at the local substation.

% 1P65 Rating; Unit is protected against ingress of dust and water projected by a nozzle (6.3mm) against
enclosure from any directioto avoid anyharmful effects.
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Figure5: ICB InstalledAlongside Charge Point in Residental Cluster and in Charge Post in Workplace Cluster

In the workplace clust, the same principle applied with ICBs introduced into the charger supply
circuits.In thetwo dual charger posts, there was space at the bottom of the post to accommodate
two ICBs (one for each of the charge points in the pdste remaining two (of theixsICBs installed

in this cluster) were installedlongside the distribution boarthat fed all sixcharging pointsin the
commercial chargingposts, there is additional electronics thateters individual usage for
accounting purposes. During curtailmerihe series connectedCB removes the supply to the
electronics as well as the supply to the B\though user account information is saved athe
sessionresumed when the supply is reinstated,etmemoval of power to the entire unit is sub
optimal anddemonstrates a disadvantage of the simple serial connection.

5.1.3  Esprit Monitor Controller with Esprit Intelligent Control Bo

The MC at the substation and ICB®nnected to the substation by the distribution network
communicate usindg’LCAt times of high nevork load where a phase current exceeds the et
threshold, the MC is able to issue curtailment (OFF) commands to ICBs on the affectedmphase
phases Upon receiving an OFF command, the ICB operates a norohadlyd relay to remove the
supply to thechargng point thus reducing the load on the overloaded netwdflcar charging is
taking place

LT y2 TFdz2NIKSNJ hCcC O2YYlIyRa INBE NBOSAOSR 0STF2NB
setting, the ICB relay is @mergised and reverts back ¥©nQ

The ICB reports back to the MC periodically (curremiith software version 1.6.04&very 10
minutes) with its identification, the state of the switch, the cumulative duration it has been
energised since last started and measurements of the phase taalewdltage and loading on the
charging circuit.

Whether or not the ICB receives an OFF command is determined by the Esprit Control Logic (ECL),
which is written in the MC software. The MC currently operates aorarol cycleof 15 minutes
(software verson 1.6.04). Every 15 minutes, it assesses the state of load on each of the phases and
enters one of three modes of operation, which act independently on each phase.
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These modes are:

1. Normal Mode
2. Curtailment Mode
3. Reforming Mode

The MC logic is describedlbe, with the following symbols

Phase current ‘O
Phase current threshold ‘O
Phase current hystere$is O
No. of ICBs on a phase 0

Charge Point Nominal Load O

Normal Mode ¢ this mode operates when the feeder phase curresitbielow the phase current
thresholdand the MC has completed any active Reformingdd cycleThe Phase current threshold
is set in the MCNo curtailment of ICBs occurs in this mode.

‘0<0O

Curtailment Mode ¢ this mode is activated when the phase current, averaged over a 10 minute
period (software version 1.6.04), rises above the phase current threshold. When it enters this mode,
the MC sorts ICBsased onthe amount of energy that has passed through therRTE ICBs that
have had the least EPT are given high priority and vice versa.

If'O 'O han OFF command will be sent to all of the ICBs except the ICB with the highest priority.
At the next control cycle (15 minutes later) the highest priority WilBbe switched off and the next
highest priority switched onEach ICB on the affected phasées turns tocycle ON until the load
drops below thelower threshold © O ‘O ) or all ICBs on that phase have been cycled.
When all ICBs othe affectedphase have been cycled, thmiority orderis recalculated and the
highest prioritylCB isswitched on, followed by the next highest and so Buiring curtailment only

one ICB is switched on at any time

Reforming Modec this mode is activatedf the phase current drops below the lower phase current
threshold, at the 15 minute control cycle interval.

0 O ‘0

In Reforming Mde, the MC acts in the same way as Curtailment Magteling through each ICB on
the phase but each ICB igft in the ON state when the next ICB is allocatezharging period. The
Reforming Mvde actsuntil all ICBs are switched back ét.this point the MC enters Normal Mode.
The Reforming Mode time takes a maximum of p tp uminutes. In Reforming bde, no
reordering of ICB priorities occurs.

*The Plase Current hysteresis is set to the nominal charger load plus 1A (i.e. 17A for the chargers controlled in the trial). It
is used to limit the number of switching actions as a phase current transitions around the current threshold. The current is
required to drop below the threshold by this amount or more before the MC drops out of Curtailment Mode and enters
reforming mode.
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6 Assessment of Current Technical Integration

This section provides an assessment of the current functional integration of Esprit. It provides
practical learning from the installations in the substationdomesic and commercial properties. It

also outlines the communications requirements to enable appropriate operation. Finally, it provides
an evaluation of the approach used to integrate Esprit thig,aased on the learning gained.

This section will provide r@sponse to learning points:

Cl1.1.3 - what is the interfface and management process for other manufacturers?
Related Technical AinDevelop and trial the equipment to ascertain its ease of installation

6.1 Esprit Installation Learning: Substation

Summarylearning PointsSubstation

9 Insulated enclosures overcomissues associated witkouch and step potential in the
minority of UK ground mounted substations with separate HV and LV earths

9 The insulated enclosures could be used at every site and shouldlsahdard

I Sensors and techniques used by others for outfrge retrofitting of LV substation
monitoring have been adapted for use in this project in the deployment of monitoring| and
controlling equipment.Sharing and refining these techniques betweer thow Carbor]
Networks Fund projects isontributingtowards making the installation of LV monitoring and
control equipment a potential Biness as Usual (BaU) activity

1 Not all substations are suitable for the voltage taképoints to be fitted using\e-working
techniques on safety grounds. One substation in the tedirtigal required an outage fo
this to be donellt is hypothesised that monitoring of a subset of LV substations is much
more likely in future than not and that procurement of switchibds to which such
connections can be easily made, at marginal additional cost, is justified

9 Access to conductors for monitoring and supply on overhead networks is likely to involve
more site specific design than for ground mounted substations

I Even groundnounted substations are sufficiently different in design (particularly the range
of LV distribution boards) to prevent a totally standard installation pack to be defjred
comprehensive prénstallation design visit and/or sufficient extra materials andhorized
installation personnel to accommodate site idiosyncrasies are inevitable.

6.1.1 Substation Earthing Arrangements

It should be recognised that there are a proportion of UK substations which, due to the earth
impedance at the site, require electribaland physically separated HV and LV earthiuglitional
equipment added in, or modifications made to the existing equipment at these substations, must
maintain that separation to avoid electric shock hazards to both operational staff and the general
public that could arise during network faultdletal cabinets in substations are required to be
connected to the HV earth to create an equipotential zoRee LV earth is also present in the Esprit
equipment. Though the MC device itself has an insulated cagh no need for equipotential
bonding, it was built into a metal enclosure for the purposes of the projHtat enclosure, whilst
suitable for the bonded earth substations, had to be redesigned for the site with separate earths.
The insulated design thatesulted could be deployed at all sites and would become the standard
should this be rolled out further.
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6.1.2 Process RequirementsPole Mount Esprit Enclosures

The trial included one rural location where thacal network was supplied bgverhead lineln this
location special considerations were required on how to attach the MC to tbk Rlounted
Transformersafely, out of reach to members to the public, but still able to provide reasonable access
for contractors. The method statement and approach regditook some considerable tim& be
approved, causing longer installation lead times than for EV clusters with ground mounted
substations. This waa result of the complex nature of the installation and Dsb#Pety and access
considerations requiredPole Mounted Substations are much more likely to require separation
between the HV and LV earths than ground mounted substations making installation on the already
congested transformer pole even more complicatdéd.the project we were able to utilise the
network design which had a short LV span of ABC to gorily)/pole where the LV neutral earth
connection was made and from which the properties containing the electric vehicles were supplied.
This pole was used to successfully house and connect theAvi@her site may have required
another designAccess to conductors for monitoring and supply on overhead networks is likely to
involve more site specific design than for ground mounted substations

6.1.3  Fitting Monitoring Equipment

Twotrial substationsWylamand Your Homes Newcastldyave modern (circa 199Q@)V Distribution
Boards These are enclosed within a metal shroud, which prevents accidental contact witivehe
conductors reducing the risk of electrocution. The shrouds extend to the base of the feeties pil
providing less space to fit current monitoring sensors to the phase conductors than for feeders
connected to open busbarsAn outagefor customers éd by the LV feedewas scheduled to allow

the saferemoval of the shrouds, providing access to the distribution boarda@ps andRogowski
Coils RC3were then fittedat this time, ahead athe MC installation date.

The lowest cost option for the independent trial powereters installed alongside th#C, used
split-core currenttransformersto connect to the phase current3hese could not be fitted in these
two substationsand had to be replaak by the more expensivdRCvariant. This resulted in a
separate site visit, increased travel and staff tiowsts and an unanticipated delay in installation.
For future current monitoring on shrouded busbars, RCs over CTs wibeeifiedas standard.

Not all LV distribution boards are suitable for the live access to the busbars for voltagefftae
PLGCcommunications connectiondt is hypothesised that monitoring of a subset of LV substations
is much more likely in future than ngtand that procurement of switchboards to which such
connections can be easily made, at margimalditional cost, is justified.

6.1.4 Contractors and Ancillary Equipment

Outage free installation of LV monitoring equipmeatuired W A @S & 2 NJtdibg Aréviddds & 2 dzNDO
by the DNO or their contractor during installation of the MC, as it requires physically attaching the G
clamps to the livébusbars under an approved liwveorking procedureDuring the trial installations

this requiredtwo SSEC stafiuthorisedfor workingin substationsavailableon site at the substation

during the installation.Alongside this, staff from both ANDTr and EA Technology were present to
commission the equipment and witness the workse setup costs for each MC installation were

therefore high, increasing the importance of having sufficient materials, expertise, authorisations

and authority to overcome unanticipated site specific issues and not to have to reschedule.

Working with both SSEPD and Northern Powergrid on this project, EA Teghnedoe able to
benefit from the other LCNundprojects which also involved retrofitting monitoring equipment to
LV substationgor which designs and installation methods had beenwere within the process of
being approved.Sharing and refining thestechniques between thd_ow Carbon NetworkFunded
projects iscontributing towards making the installation of LV monitoring and control equipment a
potential Business as Usual (BaU) activity.
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6.2 Installation Learning: Domestic property

Summary Learningoints: Domestic

9 Space constraints at the EV charging point are an issue with the standalone ICB

1 A proportion of chargers have ancillary electronics for metering, communications or pther
functions that would be best kept on supply whilst the supply toEheis interrupted

1 A practical solution would be to include the ICB components within the EViebgrgint
with access to the EV charging circuit so that supply to the gigppint as a whole could
be maintained. This is however beyond the scope &f fthbject

9 Troubleshooting communications issues is #iovial and requires specialist knowledge and
equipment to be present during ICB commissioning

9 Involving installation staff in preparation of the method statements improved installation
process

6.2.1 Desdgn and Installationof ICBs

The Esprit equipment has been developed as an autonomous LV BigRtsolutiorfor adding
diversity into new loads to avoid asset damage or premature aging during peak loads. As such, it has
the basic elements of a communiaati layer, a logic layer and a relayo deploy it on thélechnical

trial, it was natural to insert this active element into the circuit supplying the load to be controlled.
Whilst this has redced complexity in getting theethnical triabff the ground, ti has also introduced

some issuewhichare recorded here.

Use of the standalone ICB allowed the project to use commercially availablanchaant units,

reducing project risk and exploring the possibility of retrofitting tBiSRsolution to existing

installations. It allowed a clear demarcation between the fully commercialised and the more
prototype elements of the system allowing thetlat to be relatively easily swapped out if required.

The standalone ICB is also able to indicate its status topiigicipants.The ICB has two LED lights
FRRSR G2 G(KS tAR 27T ( Rdbver® 2 EBroviting tissR lightOhasielged W[ 9 5 O
the participants to report the context of a suspected fault (what they can see on the ICB). This has
allowed the project team to quickly identify the cause of the interruption to charge and recommend

or take appropriateaction.

Issues arise in the installation of the standalone ICBs due to the space and additional work
required at customer&premises. It has been noted that integrating the technology into the
charging point is a more ideal solution from the point of vief practicality of installation.
Furthermore charging points that have metering and other ancillary electronics included are best
being kept on supply wdn the circuit to the EV is interruptedVhilst the ROLEGIomestic charing

points used in the resideial trial do not have additional metering or control electronics, other
domestic chargers (and all commercial chargers) do.

Running practise sessions (prior to installation) with staff proved invaluable for highlighting potential
issues in advance of thastallation and helped refine the commissioning sequence. EA Technology

® When the status button is pressed, the power LED will light if there is power to the ICB. The Protection LED
lights if the ICB is curtailing (i.e. the ICB relay is open and supply to the EV interrupted)
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carried out spot checks of early ICB installations and the commissioning process was adjusted to
streamlinethe installations. The methodiaements were amended to reflect these clges and
passed on to all relevant contractarsanaging and conductingB installation.

Following identification of a defect imne ICB, all ICBs were recalled. This required initial by{fass
maintain charger functionality)removal modification and then reinsta#dtion between July and
October 2014. Briefing documents and rehearsal days were provided specifically for installation
contractors carrying out the ICB reinstallations. There was a marked improvement in the quality of
work during the raistallation, proving the benefits of holding training sessions and involving
contractors in development of athod statements. Whilst this may seem obvious, Method
Satements are often prepared in advance of selecting installation contractors for claritgodpe

and to determine skill and equipment requirementsThe learning point here is the value in
revisiting them with the installation staff following several pilot installations.

The ICBs are enclosed invaterproof (P65 rated polycarbonatebox, butinitially, condensation

was a concernCondensatioroccuis when the box is sealed in a warumid environment When

the units are placed in an environment that becomes cold, the water condenses and forms water
droplets inside the IP65 rated boXo mitigae this risk to equipment, drain holes were drilled into
the bottom of unitsinstalled outdoordo allow condensed water to escape. The project decided that
this was the best solution for reducing the risk of condensation at the expense of slightly ingreasi
the risk ofwater ingressAlthough the box is no longer IP65 ratetist simple solution has proved
effective for the trials.

6.2.2 Commissioning

Reduced time on site promotes customer satisfaction, confidence in the technology and in the staff
conductingthe installation. ICBs were paonfigured for each address before arriving on site, which
reduced the installation time per property, but necessitated the need for careful labelling/packaging
before deployment, so that the correct ICBs were installedhat tight property.Carrying spare
standard domestic electrical ancillary equipmefdr example junction boxes, trunking and cabling

on site facilitatedlexibility where location and layout of the property varies widelis allowed for

more equalbalane between customer requirements/requests and functional requirements for
operation of Esprit ICBs.

During ICB commissioning it is necessary to establish th&LCcommunications hee been
establishedwith the MCat the substation. It is recognised that shprovides only a snapshot in time

of the feeder PLC capability, but provides an insight into which properties may or may not be able to
communicate with the MC and whether network repeaters are necessary $smion 6.4).
Investigation of PLC issues required specialist knowledge and equipment not available to general
charger point installation teamsncreasing the complexity of organising customer instaltats.
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6.3 Installation Learning: Commercial property

Summary of Commaeial installation learning

9 Similar space constraints experienced as per domestic installation; whilst a dual charging
post could accommodate an ICB, a single charge post could not.
1 Al commercial chargers have ancillary electronics for metering, communications or agther
functions that would be best kept on supply whilst the supply to the EV is interrupted

This section highlights learningde Y SR FNRBY Ay adl f € | anijvlogkplaceiclusiek S ¢ SO
and commercial installation, Your Homes Newcastle.

The Your Homes Newcastle site already had two siBlglktromotive charging postastalled anda

further two Elektromotive Dual 306 SNBX Ay aidl £ £t SR | & LIhaddicomircidl KS W¢
charging posts include meteringpéd.communications facilities for account management and billing.

5dzNA y3 W/ dzNJallpavierdtye spedcifie dh&ding poilsremoved. Whilst an interrupted

sessionis re-established without issuavhen poweris restored this is clearly suloptimal. The

double charging posts hathe advantage oiternal space at the foot of the post that was able to
accommodate two ICBs. It is entirely possible that other pdst®iot have spare spaci them;

which was indeed the case with the single charging palséady installed at Your Homes Newcastle

For these posts th&CBswvere installed at the distribution board remote from the charging points

necessitating the removalf all power to the post, inclding the account management electronics.

During the trial, the project has engaged witharging pointOriginal EQuipment Manufactures
(OEMs)to understand their views on the potential impact of cycled charging on other charging
equipment available on # UK market. This will be explored more fullysectionl1.2

6.4 Installation Learning: Communications

Summary ofCommunicationlearning

1 We have created a much greater understanding of the preskmitations of PLC
communicationson a variety of representative LV networks with varying construction,
topologies, customers connected, equipment and load cycles

1 In general,communication can & established over distancdslow 200mbut cannot be
guaranteed

9 Installation of repeaters, in theory at least, should establish 100% communication ability but
not necessarily for 100% of the tinfdepending on other factors)nstallation of repeaters
onthe trial networks hag, however, not achieved thiMore work is needed in this area

1 There isa correlation between activéhotovoltaic (F) systems and communication failures
on some sitesbut not all indicating a issue with some forms of PV invarte

9 There is a correlation between network high loadanyl issues with communicationt the
time of compiling this report, the reasons are ryatt clear.

1 Confirmation of phase altation for each EV customerrequired on networksvhere Esprit
is to bedeployed

9 Existing street furniture is the best option for installation of PLC repeaters

Opting forPLCcommunications rather than GPRSMAax, Radio or other forms of communications
brought a combination of both benefits and drawbackshe Technicatrial.

PLC has the advantage that the communications medium required, i.e. the electricity network,
already exists and is already owned and operated by the M&l@vailability is therefore not subject

G2 F GKANR LI} NI& LINE @A BoSaldomkstradig Opataiontl EXpdnditireSiNy a 2 N.
minimal. For power to be supplied between the substation and the premises with the EV, it is
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reasonable to surmise that a conducting pa#imd hence a communication patmust be available.
Should PLC perforrwell enough, the benefitare expected to outweigh thedrawbacksfor all
stakeholders.

The scale of the deployment of PLC in this project has generated significant learning. Whilst more
work is planned in this project to analyse the PLC reliability anerehitte the suitability of PLC for

DSR application®n LV networks such as those in theedhnical trial some initial general
observations can be made on the trial data to date:

1 There is a dependence between communication reliability and distance fronubigtation
o0 Below 200m, communications is generally achievable but cannot be guaranteed
1 Some forms of inverter connected devices appear to affect communications, but not all
1 There appears to be some correlation between general network loading and communication
reliability ¢ lower reliability during higher loads.

Each ICB on a network also acts as a repeater so in theory at least, a high concentration of EVs on
the network evenly spaced between the substation and the end of the network on each phase,
should achieve 100% penetration. Also, standalone repeaters can be deployed to extend the
network communications where ICBs are out of range.

Within the trials there are betweenr® and seven ICBs on a single phase. At the design and
recruitment stage, it wasiot determined which phase customers were on and also how they were
spread along the feederThis is entirely rpresentative of the wayEVs willappear on future
networks.

The project undertook PLC checks prior to submitting results (see SDRRL: BHase checks were

also carried out prior to ICB installation using a KelVt&etracewhich is a device used for feeder

and phaseidentification. This involved a team of tw®NO employees, one stationed at the LV
adzoaldldAz2y FyYyR GKS 20KSNJ gA0GKAY ( KoSe minliteNgeh OA LI y
property and required access to a domestic 13 amp socket.

In three areas (Chiswick, Wylam and South Shields) the distarigé 6 SSy LI NI A OA LI yia
and the substation were on the edge of the expected PLC range. Following negative PLC checks for
some properties over 200m away from the substation, the project team commissioned the
installation of repeater unit¢Figure6). These units share the same PLC technology as the ICB boxes,

but only act to repeat attenuated signals at their original signal strength.

® Available ahttp://myelectricavenue.info/projectdeliverables
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Figure6: PLC Repeater Unit

These repeater units were installed in an underground caljr@hiswick; a modified DNO link box
South Shields; and a water meter cabinet (existing street furnityk&ylam.

Due to conservation are@quirements in Chiswick, the project was limited to underground repeater
solutions which were subject to planning approval and inspection resulting, in this iesianan

eight month delay in establishing communication&lthough South Shields did notave local
planning restrictions against the use of an above ground distribution pillar to house the repeaters,
local residents objected to the proposal and the modified link box solution was designed and
installed. In Wylam, the project was able to make o$ a water meter cabinet to house a repeater.
Access to the water pumping station only required liaison with the local water company. This proved
significantly quicker than installing new assets of bespoke design, with public or council approval.
Therefae it is recommended that existing street furniture be considered as a first option for
repeaters, where possible, in future innovation work.

For future solutions using PLC, whichever apprdaalsed to house repeaters, close working with
the DNO, locahuthority and/or street furniture asset owners is required. Consultation with the
residents in the immediate vicinity of any new above ground equipment should be sought to avoid
installation delays and extra planning and design costs.

Figure7: Underground cabinet fitted with Repeaters for Chiswick
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6.5 Impact of current technical integration

Summary ofcurrent technical integration impact

i The lack of reliable communications owame clusters in the tridk the biggest technica
issue that has been mét the project

9 Esprit is unique in that it attempts local area control without the need for intervention from
a controlcentreor wide area control system

9 Overthe-air communications could be used to adapt Esprit to become paat wide area
network demand side response scheme. Additional management softwatdd however
be required to manage the connectivity model (which EVs are fed from which phgse of
which substation)

9 No control room communications were established in thaltrin BaU systepalarms from
MCs would be required

1 With future development of the Esprit algorithm, asset thermal models rtaeepotential to
reduce the number of times curtailment is required

There isvery little stopping DNOs deployimgonitoring sdutions into LV substations nqvapart

from the commercial considerations of cost and value. Methods adopted in a humheENFund
projects have established the means and methods to measure and record LV substation parameters
These methods havalsobeen successfully adapted and used in the installation of the EBfEit
Oneimpact of the MC installation was the potential to compromise separate HV and LV earths in
substations with high earth impedance. This was overcome by the use of an insulated enclosu

In the Technical trialthe MC is used to monitor a single outgoing feeder; it could, with little
modification have been used to monitor and therefore protect the distribution transformer if that
was the asset felt to be most at risk of damage or pramatging from the impact of EVs.

Esprit is unique in that it attempts autonomous local area control without the need for intervention
from a control room or wide area control systerRLCcommunications between customes
premises and the substationsmains an attractive pposition, rticularly for semautonomous
network control However,a number of factors present problems for PLC communications in its
present form; these include communication over the required distances, cable joints, load, and the
degree of penetration implementedrhe addition ofPLCrepeaters to extend the reliability of the
communications has not been simple or inexpensiwéh the most practical solution being to
integrate repeaters into existing street furniture. Further woik ongoingto determine the
reliability, and match it against what would be reasonable for a direct demandrsgfonse action

such as Esprit

Communication between a network substation and the customers connected to it is entirely possible

using other mans the alternative W¥ I @2 dzZNA 1SaQ NS o0SG0SNIGBMRSNA G 2
networks or licensed or unlicensed radio commutiaas do not carry the cost overhead and delay

2T RSRAOIFIGSR WgANBRQ O2YYdzy M@ ktiillicar Aduitiohay usaye dR A & ( N ¢
infrastructure costs Thesealternative communication mediare more suited to wide area control

where data is centrally gathered, control decisions made and dispatched to customer premises or
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elsewhere Critically, such systemgquire intervention to manage which customers are connected
to which substations

Upstream communications from the substation in the project were accomplished by use of-a mini
RTUNOo direct links to the host DNO control room were requinedBal thiswould not be the case

as some indication of status (alarms) would almost certainly be requiteshrning from other
project$ implementing remote technologies for the first timpoint to the value in having two way
communications to the remote control dies to be able to reconfigure the devicemmotely,
should the needs of the network change.

The use of independent settings for each phase of the monitored cable seems reasamble
network loading is not balancedhere is a case for balancifiy/sover the phases tomaximise
network capacity This is currently impeded by lack of reliable information on LV Network Diagrams
regarding the phase connectivity of individual propertiBg. having independent set pointsVson

the most heavily loaded phases have a more equal chance of charging under high load conditions.
Overall cable heating (and therefore potential for damage) is a more complex phenomenon involving
the heat generated in all three phases (and neutral),dbdity of the cable system to dissipate heat
into the surroundings and the system thermal capacB8pme usehas beenmade of the thermal
inertia of the asset being monitored in the choice of control cycles Getion Cable Thermal
Ratingd1.52). Realtime cable thermal models are being depdalyin a number of projects by UK
DNOsIt is considered that the integration of these thermal models into the MC control algorithms
in the future would reduce the overall duration of potential customer disruption during curtailment
mode operation.

" Other LCNrundprojects such as Customked Network Revolution (CLNR) (GUS Wide Area Network Control System) and
Thames Valley Vision (Distribution Management System) hrapéeiented connection models to provide functionality
such as this.

8 Other LCNrundprojects such as Flexible Plug and Play have provided related recommendations.
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7 Currert Commercial integrationSupply Chain)

This section describes the commercial integration of Esprihe Technical trialvith reference to

My Electric Avenue (I2ZEYBSET205

the Commercial Actor@CA)outlined earlier(Table2). It describes how eadBAinteracts with each
other in the current form of integration, to enable the Esprit system to operdteis section
provides contextto the learning point:

C1.1.3-what is the interface and management process for other manufacturers?

1

1

All activities are managed through a Project Lead;Rigect Lead holds the main contra

with the DNO

Specific organisations aibcontracted to provide a key role within the project, carry

Summary ofcurrent commercial integration impact

out specific tasks. Each orgsation reports to the Project Lead.
Whilst specifically developed for the My Electric Avenue Project, this arrangement provides
a template for how Esprit couldork in BaU.
Activities relating to vehicles have been essential to the project, but would not necessarily

be required in BaU. However, vehicle manufacturers would need to formally pr

agreement to the level of curtailment expected.

Ct

ng

pvide

The diagram below indicates the relationship between @sinvolved in the integration of $prit

within the Technical trial

Esprit
Development
& Supply

Project Lead — management of all activities

Provision of

Management of EV lease and delivery

vehicles

Delivery/
Management
of dealership

Customer service:
Lease
Delivery
Maintenance

Substation
Installation

Management of CP/ICB installation

EV user
Customer

Data Transfer
Data management

Customer service:
Repair
Maintenance

Domestic/
Commercial
installation

Trial management responsibilities

CP
Procurement

Key:
Partner contract

Supplier contract

‘Prime’ contract <:>

Network approval

Figure8: Commercial relationship between ‘Commerciattors' within Technical trial

The diagram aba@ summarises the interaction between project partners, project suppliers, the
participating DNOs and customers (EV drivers) within the TechnicalTinese agreements have

been developed specifically for delivering the My Electric Avenue project, butytipeovide a

powerfultemplate forintegrating Espriinto BaU activities.

Essentially the Project Ledelivers the project by providing all required services via project partners
and suppliers. Esprit is supplied and installed alongside charging equigmweproject suppliers
under the overall management of the Project Lead. The Project Lead, via the project partners,
provides an interface between the DNO and the customer; customers contact the Project Lead or
partners if they have queries or concerns ab&sprit(or other elements of delivery)lhe DNO does
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not liaise directly with customers bampowersthe Project Lead to appropti@ly manage customer
engagement on their behalf.

The Project Lead provides an overall management facility for activities outlined in Figure 8. Project
partners are contracted to provide these services as part of the trial and report back to the Project
Lead on progress and issues. It is assumed thatitesi related to delivery of EVs are crucial for
delivering the trial, but would be considered separate to the main scope of service delivery, should
Esprit be used in BaU (Seigure9).

‘ Project Lead — management of all activities ‘

Esprit 4 A EV user
Development -
2 SuEpIy — Provision of ‘ Management of EV lease and delivery Substation ‘ Management of CP/ICB installation ‘ Customer
e ; Installation l i
: Customer service:
Delivery/ L

Management 5 T_ESE - Customer service: Domestic/
of dealership elivery Data Transfer Repair Commercial
MEITETETEE Data management maintenance installation

v

CP

Service Provider responsibilities

Network approval

Figure9: Commercial relationships excluded from assumeal Bactivities

Procurement

Whilst these activitiegblue background text boxeis Figure9) would not be required irBal it is
acknowledged that the vehicle manufacturée(Nissan) has agreed to Esprit interrupting during re
charging. Therefore it is likely that a similar agnent would need to be in placacross all EV

manufacturers, for Esprit to be used with any plogvehicle. The most appropriate format of this
agreement would need to be considered separately.
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8 Assessment of Current Commercial Integration

This sectiorprovides an overview of the challenges and benefits of the commercial relationships
outlined above. Using the learning gained through the trial, it evaluates the commémmmaéwork
used in the trials, and provides recommendations for how it could trémstao BaU.

Therefore, this section provides recommendations for a commercial arrangement which could be
used by other manufacturers, thus responding to the learning point:

| C1.1.3 what is the interface and management process for other manufacturers?

Summary ofcurrent commercial integration assessment

1 Concerns over IP protection camldaconstraints toinstallation, limiting the amount of
preparatory work which can be done in advance of a site visit.
I As warranty can be invalidated if unauthemd peisons open the charging points, this can
also limit options for carrying out work in advance of the site visit. It also requirgs an
authorised person on site for each visit (i.e. troubleshooting) which can increase costs.
9 There is a need to understand hovffdrent DNOs manage work conducted in substatigns.
Depending on the work in hand, other contractors used by the DNO may be required on site.
In this instance one size does not fit all.
9 The commercial arrangements in place allowed for a clear escalatite which was useful|
for installations. However, using different subcontractors for specific tasks meant| that
parallel escalation routewere createdwhich could be made more efficient in BaU.
9 Calling on specific organisations to carry out tasks inwiitle their usual line of business
meant that less reinvention was needed for the project; there was little need to create| new
processes and ways of working which were specific to the project, as each subcontractor
brought their own wellestablished procegs and documentation to the table.

8.1 Commercialearning from Installation

The trial installations highlightegotential constraints in the current commerciatructure. The
bespoke nature in which DNOs provide access to, and commission substation work lagids of
complexity which would benefit from better visibility of DNO requirements upfront.
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8.1.1 Warranty and maintenance

Warranty and maintenanceconcerns, if not covered contractuallycan limit the amount of
preparatory work which is feasible prior to # site installation.

In the commercial installations, where ICBs were installed inside the EV charger posts there were
additional constraints imposed he warranty and maintenance contracts provided by the Evgedn
manufacturer and suppliesire at risk viaen their charger units are opened by unauthorised persons.
This meant that a representative from these organisations was required at the installation, and
therefore little preparatory worlcould be completed before the site visit

For future integration,t is useful to note that if the Esprit system is installed within the charger
units, there will be a need for an arrangement with the EV charger manufacturer and supplier which
protects the manufacturer warranty and maintenance responsibilities.

8.1.2 Access ad authorisation

There are complex contractual arrangements surrounding installations in DNO substations.

Althougha DNO owns the assets within the trial period, roles and responsibilities vi#ftilcan add

further complication to project activities. In the southern clusters, the ICB and charging point
installer were also authorised to provide access to network assets (substations) and install the MCs.
This means that they were authorised to allow egs; and also physically fit and attach the cabinets
housing the equipment to the substation inside wall, and attach thela@ips to the substation
equipment.

In the northern clusters however, Northern Powergrid were able to provide access to inside their
substations, but unable to provide resource to install the cabinets housingritheequipment.This

is because brthern Powergridsubcontract specific site worlgny hardware or physical changes

inside the substation are negotiated by a third patiyt software updates (via access to hardware)

Oy 0SS dzyRSNII 1Sy 6AGK b2NIKSNY t26SNANARQA LIS NN
Therefore it is recommended that a separate commercial arrangement, specific to installation, is put

in place between the organisation providing Esprit, and the DNO which specifies preferred suppliers

for substation access.

8.1.3 Facilitating easier management

The value of having one project partner responsible fostallations of equipment in domestic and
commercial propertieshould not be overlooked.

Having defined roles and responsibilities acrdss project partners facilitatethetter management
of the irstallation processCommunication between Projetkad, project partner and supplier was
supported by clear escalation routes and nominated contadtsvever, MC and ICB installatfon
were managed separately which created a parallel escalation route anof sentacts.

It is recommended that a single project partner takes responsibility for arranging ICB (or equivalent),
charging point, and MC installationséasure efficient escalation and avoid duplicating contact

8.1.4 Readymade documentation

The commerd £ | NNJ y3ISYSyd fft26SR GKS LINB2SOdG G2 YI
expertise in relation to established processes and documentation.

Very few bespoke processegere developed to report and evidence installation activiti€areful
selection,and contractual arrangemenisllocatingresponsibilities to eaclpartner has allowed the

trial to adopt already weléstablished and proven procedures and approaches to working. These
facilitated arelativelysmooth roltout of technology under tight timecales (summer 2014).
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It is recommended thatcommercial arrangements are made to allow Esprit to benefit from similar
WNEYIRRSQ LINE OS & 3 Gesielopey &trodsIMdiugirii incOrfosated intaBaU
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8.2 Recommended Commercial Integration within BaU

Summary ofrecommendedcommercial integration

1 Indicative traditional reinforcementostwould set thebenchmarkfor other serviceso beat

1 hy ServikePNE @ AwkuldNeRler a contract with a DNO to provide load shedding services
via a number of tools, whilssubcontracting activities out to other orgaations with
dedicated specialist resource and skills

I TheDNO would identify critical networks anse an opendnder process to find &ervice
Providerto resolve network constraint®©ne option would be for the DNO to offer payment
for a service which reducespercentage of loading at peak times

1 TheService Providewould have a suite of different network solatis as part of its offering
(including Esprit).

1 By purclasing a service from &ervice Providerthe DNO would not need to be involved
the recruitment element, or customer engagement and tBervice Providewould choose
which DSR tool would be most appriate for that network.

1 Monitoring would be required to provide evidence of the benefits of such a service, and to
provide KPI¢i.e. load shifted as per contract).

f The Service Provide©2 dzf R LR G SY G Al f fadsQ A ¥ Of dziKS IMPNINIOY |
building management services, smart metering or vehicle to grid solutions.

in

The commercial structure outlined Bection 7 Currert Commercial integratioriSupply Chain{see
Figure9) could be further refined to incorporate Esprit within a wider network management service
provided for DNOs.

For exampleDSRorganisations or charging point manufacturers may wish to inm@ate Esprit into

a wider service encompassing home energy systems and smart meteuroio manage the

demand placed on networks within targets defined by DN@sthis scenario, Esprit could either be

procured separately to the charging point, orfeaoging point manufacturer could be contracted to

LINE ARS WOALINAG Syl of SRQ OKIFINRBAY3a LRAydGa G2 | W]

These organisations could act aService Provideilo managespecificnetworks for DNOsBased on

the diverse range of skills and expertise required, it is recommended that a main contractor (i.e. a
Service Provider) is responsible for the service, but outsources or subcongeitigies This
arrangement has been successfully applied withie My Electric Avenue trials.

A main contract would be held between tiservice Providesnd the DNO, with partner contracts or
subcontracts in place between theervice Provideand other organisations These would provide
similarfunctions as the pr@ct partners in the trials, deliverg activities with the relevant skiet
and experience.

In this scenario, it is anticipated that the DNO would hamdicative costs for traditional
reinforcement, and invite DSR solution providers to offer an alt@raasolution for a reduced cost.

As part of the contract between the DNO aBérvice Providdr W& SNIDA OS f S@Sft | ANBS
set up perhapsechoirg existing DSR agreements with industrial and commerastbmers. The

Service Providewould agree ¢ reduce the demand by a certain level, by expected response times

® There are already some organisations offering a similar service, for example Coimyergeww.comverge.com/
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and if applicable, pay associated penalties for not meeting these (payment for sewctiog as
reward).

It is anticipated that this kind of service would be open to tender, encouragingpetition between
different organisations providing an alternative solution to traditional network reinforcement.

The low voltage feeders in the trial were proposed due to the level of customer interest in the
project. Due to recruitment constraints, thgroject was unable to further limit recruitment based on
feeder characteristics. Therefore they were selected for the trial by chance, rather than design. All
proposed networks were submitted to the DNOs for agreement, prior to acceptance on the trial.
This was to ensure that Esprit would not be trialled on networks which were inappropriate for
testing new technology, i.e. those deemed too close to cable capacity based-tmapraodelling.

In a BaU scenario, it is anticipated the DN@uld identify netwaks which are close to capacity and
share these with th&ervice ProvideAlternatively, should a DNO associate the bulk of the network
load experienced tde due to increase&V charging, thegould use the information provided by
OLEY, which identifiesvhere charging points have been installed, to prioritise potential networks
which may require monitoring and control due to high EV penetration.

Either tre DNO or the Service Provideowd install monitoring equipment (MCs) to enalalegoing
monitoring and control, as well as customer supptfrthe former, the DNO would need to provide
network data to the Service Provider as part of the contract

Should other manufacturers wish to provide a similar service as that providéweroject Lead in
BaUc¢ i.e. acting as the Service provider described abdhere are two potential commercial
interfaces that could be adopted, summarised below (Birirel0andFigurell).

Service Provider— management of all activities
| Building Energy
' "l systems & devices
y |
Esprit Substation ) i ‘ 3 Smart meter
Management of CP/ICB installation |
Development Installation g / — Maintenance/ EV user
& Supply DNO v v Management Customer
. . v Customer service: Domestic/
Charging point Data Transfer and data Repair Commercial 3 Vehicle to Grid
Development management maintenance installation Y system
& supply i
>{ Electricity tariff ‘
Service provider responsibilities Potential add-ons
DNO Electricity Retailer

Y
‘ Network Priority List

Figurel0: Potential Commercial interface for other manufacturers (Option 1)

10 Al charging point installations which draw on grants made available by the government are provided on receipt of a
complete application form (including name, address etc.) which is thbmited to OLEV. Therefore access to this bank of
information could potentially be made available to DNO#ittps://www.gov.uk/government/publications/domestie
chargepointgrantguidancefor-chargepointsuppliers
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In this scenaridFigure10), the DNO contracts the Service Provider, and identifies networks which
require DSR serviceShe DNO therefore funds the service provided by the Service Provitiech
incorporates Esprit.

The Service Provider procures Esprit from the Esprit Developer/Manufacturer and charging points
from a Charging Point Manufacturer. The Service Provider would then be responsible for all
installation, repair, maintenance work on the charging points ari8l (@ equivalent hardwaré
software), monitoring and collecting data and customer service. The DNO would not have any direct
contact with customers; all customer engagement would be handled by the Seruidgder.

Whilst taking overall responsibilityll @activities would be subcontracted but managed by the Service
Provider to deliver an overall DSR service to the DAEsprit would form part of the overall DSR
solution, the Service Provider would also choose the most appropriate Esprit algorithrh qfeve
interruption) to be activatedi 2 YSSG GKS 5hhQa NBIdANBYSY(a

‘ Service Provider— management of all activities ‘

Building Energy
systems & devices

A A A
Esprit Substation : . Smart meter
Management of CP/ICB installation I

Development Installation g / - > Maintenance/ EV user

& Supply DNO 1L v | Management Customer

) . X Customer service: Domestic/

Charging point Data Transfer and data Repair Commercial Vehicle to Grid
Development management maintenance installation | | " system

& supply

b{ Electricity tariff

Service provider responsibilities Potential add-ons

x T

‘ DNO ‘

‘ Electricity Retailer

A4
‘ Network Priority List ‘

Figurell: Potential commercial interface for other manufacturers (Option 2)

In this scenaridqFigurell), the Service Provider would tender for charging points which are Esprit
enabled(outlined in Sectiorl0)."* However, all other contractual arrangements are similar to the
first proposed commercial option.

It is possible thatvhere networks are identified as requiring DSR solutions, customeysaineady
have charging equipment which is not Esprit enabled. Therefore it is anticipated that the Service
Provider would replace the existing charging point with one which is.

A contracted network management service for DNOs could complementtneent smart meter
roll-out and related ancillary service€harging pointscould be connected to home energy

" For example, either the ICB is installed inside the charging point as a single unit, or the charging point has a
ALISOALTte Sylof SRy REIADS @SS WP SINA Y &A LINR (0 @
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management systems or similéire. CES Ne¥) controlling household demand, including power to
charging points. The Esprit system coeddilyoperatel & | -A WKt dz2 (KSaS aSNBAOSa

Equally, there has been some suggestion amongst Northern Powergrid aRD@@&terring to offer

DSR services to contractors, rather than manage theimouse. Northern Powergrid has reported
their preference to outsource management of storage systems and DSR via control systems as
stated in the CLNR report, Optimal Solutions for Smarter Distribution Busirésses.

In the LCN Fund Tier 1 project, NINES, SSEPD outsourced the design, supply and installation of a
1MW, 6MWh NA®attery energy storage systemhich wadrialled by Scottish Hydro Electric Power
Distribution (SHEPD) in the Northern I18te¥vhilst the storage system does not (in itself) represent

a DSR solution, this commercial arrangement has set a precedent for other DNOs to follow the same
route for procurement, installation and potentially management of other low carbon technology.

12 https://lwww.2degreesnetwork.com/groups/2degreeommunity/resources/es20159-technologiesget-

excitedabout

¥ P11 Executive Summary Custoried Network Revolution report: optimal solutions for smarter distribution
businesses, available: http://www.networkrevolution.co.uk/wp-content/uploads/2015/01/CLNR 248
Optimatsolutionsfor-smarterdistribution-businesses.pdf

“ pP7, LCNF Tier 1 Clddewn Report; 1MW  Battery, Shetland, SSET1001,
availablehttps://www.ninessmartgrid.co.uk/wpcontent/uploads/2015/04/NINEEMW-Battery-Shetland
CloseDownReport.pdf
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9 Social Acceptance

| T.1.1.2- will customers accept direct control and under what circumstances?

This section highlights the feedback participants have given to date, either directly with the Project
team, or anecdotally reported through thiaceto-face interviews which form part of the social
research conducted by Ddontfort University.A full response to this learning aim will be available

in SDRC 67",

9.1 Feedback on current form of integration

Summary ofFeedback on integration

9 Minor concerns about noise and aesthetics of the ICB have been raised by participants, but
overall the current form of integrating Esprit has been accepted Teghnical trial
participants.

To date, thecurrent form of integration has been largehaccepted amongst Technical trial
participants.

The project has receivecesWw comments and complaints from participan@@igure 12). The main
concernis thenoise geneated from the relays physically switching the power to the charging point
Four participants (out of 84 domestic participants participatinghave mentioned this in
correspondence with the Project team. A secondary concern is the anodgpiace required fothe
ICBsn their current form

Interviews conducted by De Montfort University with Technical trial participants have provided
FAdz2NIGKSNJ AyaAaAdaKid Ayid2 O0dzadi2YSNBRQ | OOSLIilyOoS 27
(direct control) of Espribver their EV charging.

When interviewed, rast participants had no concesror comments about their ICBne participant
mentioned that the ICB made a thud when the charger turned off, one participant mentioned that
the ICB was quite large and ugly, anagrarticipant wondered whether it would bother a potential
purchaser should he sell his house.

!> http://myelectricavenue.info/sites/default/files/I2EV_%28My_Elgct Avenue%29_Project_Direction_0.pdf
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Figure 122 Quotes from tial participants in Chiswick, Wylam and Chineham clustegtsimagery @2015 The
Geoinformation GroupMap data@2015 Google
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