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Glossary

Term Definition

ALVIN Automated Low Voltage Intelligent Network
HV High Voltage

ISD Intelligent Substation Device

ISP Initial Screening Proforma

LV Low Voltage

LM 1t u Low Voltage Common Application Platform

NOP Normally Open Point
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1. Introduction

In February 2016 EFechnology responded to a request from Western Power Distribution
(WPD) for ideas for Network Innovation Competition preged-ollowing this request, the
OpenLV Initial Screening Proforma (ISP) and subsequent Full Bid Submission were submitted
to Ofgem in April 2016 and August 2016 respectively. Ofgem confirmed the project would
be funded in November 2016.

In terms of the woking relationship between WPD and Eéchnology the following key
points should be noted:
1) Both companies worked in partnership to develop the OpenLV Full Bid Submission;
and
2) Both companies will continue to work in partnership to deliver the OpenLV project.

2. Background

LM/ 't v A& | RAAGNRAROMziISR AydStftAaSyOS ySisg2N]
as part of a lowcost network monitoring solution to enable network operators to reduce
data transmission costs and enable network automation in a-effsttive manner.

Local processing of monitored data, enables just the pertinent information to be
transmitted, significantly reducing communication costs incurred by the DN@ditional
benefits that arise from theiseof L\/ ! t are related tothe abilityto distribute data cost
effectively, to third party companiesnabling, the provision of additional services to the
network,and communitiesfor use in community energy schemes

LM/ 't v LI FGF2NY ¢ ITachnB&Pahd RoktisiRas paét of @l InnovateUK
project, and OpenLV will demonstrate the potential of the platform to provide benefits to
DNOs, customers and thighrty organisations.

Within the OpenLV Project, ¥V! t will be installed on rugged PCs suitable for installation
in a substation environment.

EATechnology will be responsible for managing and delivering the OpenLV Project on
OSKIfF 2F 2t5 FfGK2dzaAK |ff ¢2N] dzyRSNII 1Sy
Wk Qa aibl ¥FFo

EATechnology staff will provide esite installation support and undertake the
commissioning tests once installation is complete.

Page7 of 48
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3. System overview

The trial system being deployed in the OpenLV Project consists of a combination of
hardware andsoftware. The purpose of the project is to demonstrate the capability of a
software platform (LV ! t ©x0X G2 LINPOGARS RAAGNRAROAzi SR Ay
network and make useful data available to third party companies, Universities and
community goups.

LM/ 't v A& | KFENRgFINB | 3y2a0A0 az2Fdél NB LI I GF;
party applications can be run. The framework provides a number of core services for third

party application developers to utilise, including access to dataegathby the platform,
communications functionality and data storage.

ThelVW !'tnu a2FG6F NB LI FGF2NY gAftf 06S AyadlffSR
be provided via an ethernet connected modem. LV network data will be provided by a
connected LucyElectric GridkeyMCU520platform. Thermal monitoring of thdocal
transformer and ambient temperature will be undertaken using thermal probes.

3.1 Enclosure External

The overall solution is to be deployed within a suitable,-osonducting enclosure, capable
of being mountedvia multiple methods including direct wall mounting or magnetic
mounting on switckgear or a transformer.

Figurel shows an example of the enclosure mounted on a transformer, demonstrating the
magnetic bracket and mounting capability. Key features of the enclosure are highlighted in
the picture.

ALVIN Reclose™
Isolation switch

Mounting frame

Enclosure magnetic
mounting points

Padlock hasp

Enclosure

Figurel: OpenLV Solution Enclosure

PageB of 48
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The enclosure is a plastic based enclosure with an IP rating of IP66 and is capable of being
mountedvia multiple methods Figurel demonstrates the enclosure magnetically mounted

on the side of an item of switegear with a mounting frame supporting some of the weight.

If the enclosure is to be wathounted, the mountiig frame can be&emoved,and the same
mounting points utilised for bolting wall brackets to the enclosure, Sgeire2.

Enclosure wall-
mounting bracket

Enclosure
mounting point
Figure2: OpenLV Sation ¢ Enclosure mounting points

In the event the unit is to be mounted on top of the LV fuse board enclosure, the magnets
will still be utilised tgorevent accidental dislodgingf the enclosure.

The outside of the enclosure includes an isolation switche utilised for disconnecting the
'T+tLb wSOft2aSu RIIMOSE | UNRWN(I IO y[uNRt ad&aid
ondaAlS® ¢KAA agAGOK Oly 6S t201SR W2FFQ G2
of the system.

When deploying ALVINSROf 2 aSu RS@A0Sa Ay GKS admadliarzy
meshing, the front mounted isolation switch must be readily accessible in the event
isolation is necessary.

Sy
L

A padlock hasp is included to prevent unauthorised access to tHelLY »  LJt [ F2 NXY' T
the OpenLV Project team will have the ability to unlock the enclosure, once access to the
substation has been provided by WPD staff.

Page9 of 48
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3.2 Enclosure Internal

The enclosure contains most of the key components of the OpenLV solution, specifically the
industrial PC (Advantech UNX484G), the modem and digital 1/0O terminal providing
O2yySOiGA2ya (2 (GKS GKSNX¥Y202dzL)X Sa FyR !'[+Lb w

ALVIN Reclose™
Isolation switch

Power terminals
Advantech

UNO-2484G PC

Isolation switch
Router / modem

Alvin Reclose™
Connection
Digital I/0

Power supply
Ingress / Egress Glands

Figure3: OpenLV Solutiog Enclosure Internals

Connections to and from the enclosure pass through the cube glands at the bottom of the
enclosure and will be routed as appropriate on a-fijesite basis.

' The enclosure shown iRigure3 has a temporary power cable for direct connection to the power supply.
When installed orsite, the incoming power feed will be routed through theolation switch on the left,
allowing the paver to be disabled for all system components within the enclosure.

PagelOof 48
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3.3 Ancillary equipment

331! [ +Lb wSOft2aSu RS@OAOSa

[ +Lb wSOft2aSu 2 A gAtt 2yfte 0SS Ayadltft S
trial.

These devices will be connected to the-LlV t 1 LJX I GF2NY 6KSy Ayadl
system to control operation of the circuit breaker within eatgvice.

For the avoidance of doubt, the autonomous protection functionality within the devices will
continue to operate as normal and cannot be overridden by thé UVt n  LJ | G F 2 N @

9 7.9
J———

Pr—

Figure4: OpenLV Solutiom! [ +L b wSOts2aSu RSGAOS

! RSLI 228YSyid 2F | {da\yY 3 w AGHetaGSE T GY2AWFANR | Y {
automatically attempt to reclose the circuit breaker after opening in the event of a fault.

This functionality has been disabled, at the request of WPD, for the units being installed as

part of the OpenLV preft.

The installed units will instead open the circuit breaker in the event &dudt and will
require manual intervention by a WPD engineer to reenergise the circuit, in a similar
manner to replacement of a fuse.

Pagellof 48
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3.3.2 LV System monitoring Lucy Electric GidKey MCU520

Monitoring of the LV network within the OpenLV Project is via a GridKey MCU520 platform
that communicatesviththe LM/ ! t ®* KIF NRgl NB @Al +y SGKSNYySi

Depending on the substation arrangement, the MCU520 monitors either:
1. Allfeeders andummates the values to provide the total transformer load; or
2. The LV busbars and the single feeder (to be meshed).

The first option is always applied for Method 2 and 3 substations.

The MCU520 is designed to be installed via the use of magnetic mosiptirdirect walt
fixings. Each site inspected at the sstavey (phase 2) stage will identify the preferred
installation arrangements.

Figure5: OpenLV Solutiorg GridKey MCU520

Pagel2of 48
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3.3.3 Temperature monitoring

The dynamic rating application utilises
calculatedtransformer andmonitored Radiation Shield
ambient temperatures to model the

available and predicted capacity of

the transformer in question. The

ambient  temperature  will be

measured using a thermocouple

temperature probe installed within a

radiation shield (note that in the Temperature Probe
picture the probe is partially removed

from the shield) to prevent or

mitigate the effects of wind and direct

sunlight onthe thermocouple.

Figure6: OpenLV Solutiow Thermal probe & radiation shield
The internal temperature of the

associated transformer will also be monitoréw allow comparison of the calculated and
actual values)utilising a similar thermal prohéowever a radiation shield is not required in
this instance. Ingtad the transformer thermal pocket will be filled with oil with the probe
inserted into this.

Figure7: Example of a transformer oil pocket and cap

Figure8: Example transformer oil pocket and test paincluding thermal probe

Pagel3of 48
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4. Management of safety

4.1 Key documents

CKS F2ftft2gAy3 1 Se& R20dzySyida NBtFiGAy3 G2 2t5
times. If specific trial locations require working methods covered by additional policies,
theseshall ft a2 06S | RKSNBSR (29 LG akKlFftf NBYIFAY
I RKSNBYOS gAGK 2t5Qa alF¥S g2NJAy3a LINI OGAOSad
Standard Technique: SP2KD

Relating to the Retrd-itting of Monitoring Equipment In Live LV Cabinets.

Policy Document: GE21/2

Relding to Approval of Equipment and Software for Use as Part of the Distribution System
and the Conduct of Trials.

Generic Risk Assessment: Work Activit¥lectrical Fitting

Detailing identified hazards, their assessment, control measures and requiresteon
actions to avoid or mitigate them.

2t 5Qa 5Aai0NROGdziA2Yy { | FSGe& wdz Sa

WPD have a published set of Distribution Safety Rules (DSR's) which are in place for the
protection of employees and the safety of all who may work on distribution network
operator systens.

¢tKSaS NS o6FlaSR dz2y GKS 9b! Qa Rz mustbh& SR Wa
FRKSNBR (G2 Ay fAYS 6A0GK 2t5Qa y2NXNIf g2N]Ay3

4.2 Key working practices

The following key working practices / principles must be adherethitoughout all onsite
working in relation to the OpenLV Project.
3. Installation, maintenance of hardware and removal of hardware from the network
shall only be undertaken by WPD staff who hold suitable authorisation to
undertake the work. Thiapplies whether the equipment is being installed when
GKS 3a20AF0SR aasSda INB W[ AOBSQ 2N w5Si|
b2 62N] VYdzald 06S dzy RSNII 1Sy dzy RSNJ Wt 2yS g
5. All applicable afety rules and other procedures must be followed whilst
undertaking work in accaiance with this work instruction.
6. Prior to carrying out any work a risk assessment shall be carried out in accordance
with ST: HS 20A.
7. In addition to the use of the generic risk assessment, a task assessment to
determine location specific risks to be cateied. These shall include, but not be
limited to:
I.  Sources of possible bat&eds.

s

2 http://www.energynetworks.ordassets/files/electricity/she/ENA%20SHE%20Standard%2007%20
%20Model%20Distribution%20Safety%20Rules%20(2016).pdf

Pagel4 of 48
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ii.  Condition of the LV cabinet.
iii.  Are links between the neutral bar and LV cabinet earthing connected.

8. Safety precautions and procedures applicable to low voltage systems aitedah
section 8 of the Operational Safety rules shall be followed at all times.

9.  WPD control room will be advised prior to work starting and upon completion of
the work.

10. Personal Protective Equipment will be worn in accordance thghfollowing:
I. LV rubler gloves complying with ST: HS 8B.
ii.  Suitable Eye protectioocomplying with ST: HS 8D.
iii.  Flame resistant coveralls complying with ST: HS 8H.

5.  Summary of the site selection process

The process for identifying and selecting trial locations is fully detailechenProject
R20dzYSy i ahLISyYy[+ LRSYUGAFAOFIGAZ2Y 2F ¢NAIf
below.

The process consists of three phases:
Phase 1: Desktop Survey
Phase 2: Site Surveys
Phase 3: Detailed Desktop Analysis

5.1 Phase It Desktop Survey

Pha§ m O2yairada 2F | RSaiaz2L) Fylrfteéara
LINBRAOGSR ft2FR LINPFAESaAa YR RSOGFAfA 27F
The desktop survey prioritised sites for investigation based on the following factors:

1 Ground or polemounted: Ground mounted transformers (GMTSs) required within
the project. No polemounted transformers will be selected for use within the
OpenLV Project.

1 Estimated load as a proportion of transformer capadaityhigher proportional
usagewithin the asset rating, were preferred.

1 Substation has a feeder capable of being connected to an adjacent / nearby
substation.

1 Feeders are capable of withstanding loads likely to be transferred if meshing were
implemented.

1 Both substations are fed from ¢hsame HV network.

If all of these criteria arenet, then the site will be selected for a site survey in Phase 2.

Pagel5of 48
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5.2 Phase Z; Site Survey

The site survey in Phase 2 enables verification that the network and substations are suitable
for the OpenLV Projectotinstall the trial equipment. Consequently, the checks to be
undertaken onsite are:
1  Ability to install the equipment within the substation, considering space available
and structural capability.
Wireless communication (3G / 4G network) is suitable fojgmt requirements.
Phasing of the adjacent networks.
LV networks able to be physically meshed at the Normally Open Point (NOP).
lofS G2 Ayadarftt !'[xLb wSOf2aSu dzyAda Ay
board.

ISSi nlng & remov
27 2

= =4 -4 -4

5.3 Phase 3 Detailed Desktop Analysis

Orce a site is verified as suitable during a site survey a detailed analysis of the network will
be undertaken to calculate the fault levels and associated protection settings for the site in
GKS ySGg2N] Qa OdzZNNBy(d O2y TAJaéadiioli A2y | yR dzy RS

6. Installation

6.1 General requirements for installation

This method statement provides details regarding the installation of the IVt » LIt | (G F 2 NJ
trial equipment for the OpenLV Project. It focusses on the methods to be followed to make

the necessary amections to the LV network, enabling the trial equipment to be powered

and gather the required data for the trialsThis method statement provides guidance
regarding the provision of suitable enclosures and the positioningthef L\V/ ! t n
equipment withindistribution substation.

The instructions for the installation of the 4V! t © LJ I 0 F2N)¥a akKl ¢ 0
AyaaglryoSao ¢KS !'[+Lb wSOft2aSun SldZALIYSYld G2
only be installed in a small subset of the netwtm&ations used in the OpenLV Project.

S

Installationof the LVCAP Platform proceeds as follows:
1. ThelM 't v LIX FGF2NY gAtt 0SS O2y il bothfilRet 6 A G KAy
wall-mounting,the use ofmagnetic mounts or a supporting bracket

2. The mouwnting approach to be utilised will be determined and documented during
the site survey. This will be provided, including photographs of the installation
location inthe event tratthe LW/ ! t © Sy O fbe rclzited apPrbpyfately

3. The LW ! t » LJ h ih@ 2oNfdguTation utilised within the OpenLV Project
utilises an MCU52platform to monitor the LV Network. This data is then passed
totheLM/ 't v LI FOGF2NY OGKNRdAZAK |y AYyiGSNO2yySO

4. Current Referencesx All 3-phasé current values for the transformer will be
obtained by the MCU520 platform using fully insulated sensing transducers

® The neutral connection will be monitored where possible, also utilizing fully insulated
Rogowski Coils.

Pagel6 of 48
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(Rogowski coils). The sensors will be installed around the cable connections at
suitable locations as close as practically possgitbe MCU520 control cabinet.
If it proves impossible / impractical to directly monitor the feed from the
transformer to the LV fuse board then it will be necessary to monitor all active
feeders and summate the values to determine the total transformer load.
LV voltage monitoring will be achieved through connection to the LV network in
one of two methods:

0 The use of Schneider modified fuse carriers; or

0 The use of &lamps connected directly to the bbars.
In either case, the connections shall be fused andM@U520 platform will also
drawits power via the same connection.
Where a generic installation instruction is to be followed, a full assessment of
options for the connection of current sensors will be made prior to any work
commencing. o
Prior to work commeaqing, a visual inspection o
the connection points will be carried out witt
particular attention being made to positions wher:
current sensors are to be installed. If there is al
doubt regarding the condition of the connectiol
point, work shall notcommence, and the issue
shall be referred to the person responsible fc
instructing the installation.
Somesubstationsmay contain asbestosf this is
the case,a signon the outside of thesubstation 4
and at multiple locations within, will be clearl D g
present A folder will be present detailing the an er
location of the asbestos materials within th ASbeStOS
substation. No work shall commence until t i i
folder has been examined and the asbest
containing materials ientified.

Figure9: Asbestos Warning Sign

6.2 Order of installation

The exact arrangements for installation will depend on the individual sites. A site survey
will be required in each case to confirm the suitability of the location for use in the trials.
The order of site verification andstallation will be the same in each case.

The equipment will be prepared as far as practicable prior to delivery to site for installation,
with the intention being to minimise work required exite.

Once all equipment is on sjtall cable lengths and routing should be determined before
any items are secured in place to ensure all lead lengths are long enough.
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6.2.1 Installationof LM/ ! t v LJ I O F 2 NY

In all instances of trial locations selected for use in the OpenLV Prajsgstem ewrlosure
and Gridkey MCU520 platform will be installed. Pheposed method of installation being:

1. Initial site survey to verify suitability
2. Visual inspection prior to work commencing
3. Any civil work requirediidentified and agreed with WPD following initial site
survey)
Cable routes and ducting prepared and installed
Mounting of theLucy GridKey MCU520an accessible location
1  This will ideally be final installation location but if not, ensure sufficient
slack remains in the sensor tails to allow relocation of the enclosure post
setup.
6. Installation of CTs / Rogowski coftsonnect each cable to the MCU520 before
proceeding to the next)
7. Installation of modified fuse carriers, orotamps for voltage monitorm
f 2KSNBX Y2RATASR FdzaS OF NNASNBE I N8 NBI dz
for installation must be followed.
8. Installationof LW ! t 1 Sy Of 2 a dzZNB
9. Connection of Lucy GridK&8jClb20to LM/ ! t. n
10. Connection of power connections to4V! t u
11. Connection ofoint voltage /power connections to Lucy GridKey MCU 520
1  Terminate connections into the MCU520 and replace protective cover
before connecting thecable to the modified fuse carrier@&Clamp to the
busbar.
12. Add protective cover to the MCU520.
13. If necessary, relota the MCU520 enclosure to final location.
14. Undertake commissioning tests

o s

622 LyaidlftftlFdA2y 2F FTRRAGAZ2YIEf [ +xLb wSOf2a

ALV 't w LXFGF2NYa gAff 060S OFLIotS 2F [ £Lb
installation and commissioning of ALVIN Re&lS n  dzy A G & AppandiRE ALVINE SR Ay
wSOf 2aSu RS@PAO0Sa oAt -&yfodubsialondn fiva pairs) df JIR Ay |
project trial locatios and these locations will not be finalised until some months after the
otherLM/ ! t v LI F GF2NXVa& KiddBettmd$lSy RSLI 28 SR

It will be necessary to inform all staff working at the relevant depot area of the installation

2T GKS [ £L b s,wl@ihghdvetm man&ethed Presence in the event of a

fault on the connected network.2 t 5Q& O2y GNBf NR2Y Ydzaid I f a:
presence of an autonomously meshed network.

(0p))
X
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6.3 Onsite installation works

Once the site location has been confirmed, equipment installation willizertaken using
the below guidance

6.3.1 Detailed visual inspection

Regardless of the substation type, a detailed visual inspection shall be undertaken to
confirm nofundamental changes have occurred since the site survey. The following key
points must be verified prior to installation commencing:

1. There is sufficient space to safely install the enclosure such that access for working
is not impeded and a viable escapaite remains.

2. The existing substation assets are in good condition and do not obviously require
maintenance to make them safe prior to further equipment being installed.

3. Cable routes planned during the initial site survey remain available for use.

6.3.2 Installationof LM/ ! t ©* Sy Of 2 & dzZNB

The mounting arrangementofthe ¥V! t 1 Sy Of 2adzNB gAff RSLISYR 2
in which it is to be installedind comprse one of the below approaches, as determined
during the sitesurvey.

1. Directfixing to the wallutilising themounting points on each enclosyre

2. Magnetic mounting on substation assets;

3. Mounting on batons installed within the substation (e.g. on existing fence lane)
4.  Ground mounting within substation.

Direct walkmounting

The enclosure utilised fortheM/ ! t 1 LJX I G F2N)Y RSLI 28SR GAU0KAY
is capable of direct wathountingusingbrackets shown ifrigure2.

If a substation selected for the trialhas sufficient wall space, in a position suitable for
installation when allowing for cable routes and safe access and egress to the substation,
then a wall mounting arrangement, similar to that shown ifrigure 10 should be
undertaken.

The waHlmounting brackets enable installation to proceed without opening of the
enclosure, minimising the risk of damage to the equipment.

The enclosure shown iRigure10is2 yS 2F GKS dzyAda AyadlfftSR Ay
substations

The enclosure will be mounted to the wall usiMgsonry Anchor Loose Bolts or an
appropriateequivalent; these will be provided with the enclosure.

A fixing hole diameter of 14mm is required, of a depth 55mm, to securelymalht the
enclosure.
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Figurel0: Example of watmounted enclosure

Magnetic mounting

The encloste can also be magnetically mounte
on the side of substation equipment in th
absence of suitable wall space within t
substation. The enclosure is bolted directly to
frame, on wich the magnets are connected.

This approach utilises the frame to suppohe
weight of the enclosure whilst the magnet
prevent it from falling or becoming accidentall
dislodgel.

An example of this approach is providedFigure
11.

Figurell: Example of a magnetic mounting
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Ground mounting

If there is any Istory of a substation flooding, or it is not possible to mount the enclosure as
demonstrated in eitheFigure10or Figurell, Uni-StrutstyleF NI YS A G K & Cf SEA
used to raise thenclosureoff the ground Figurel2). This may be independently mounted,

as shown on the left dfigurel2, or mounted against the LV board as shown on the right.

Figurel2: E'xémples of frame used togroundmount an enclosure

Wherever possible, the enclosure shall be mounted such that it is secured against the LV
pillar, transformer or substation fence to improve stability, as showriguirel?2.

Wherever the cabinetis mountedthe necessary cable route shall be determined on & site
by-site basis and selected to minimise risk of damaging theesabkduce trip hazard
LR GSYdALFtfX YR LINB@GSYyid RA&ANHzLIIA2Z2Y (2 (GKS &dzm

Abovethe LV pillar

In some instances, the preferred method of installation may be to locate the enclosure on
its back directly above the LV board. Magnetic maucdan if required still be fitted to the

rear of the cabinet however they should be fitted with a thin rubber / neoprene gatsket
preventdamage to the top of the LV board. The position of fhe / éntlasureshould

be selected to best enable accesstiie enclosure and cable connections if required. Safe
access to the LV board, including opening of the pillar door lmeisbnsidered.

All cabling can be routed out the bottom of the-IM t ®* Sy Of 2 adzNB | YR Ydza (
such a way it does namterfere with access or operatn of equipment within the sub.

N>

LG A& AYLERNIFYy(G (G2 y20S tobdinstllkdat a lgter date it willS Of 2 &

be necessary for the isolation switch located on the front of the LVt 1 Sy Of 2 & dzNB

readly accessiblez KSNB AdG Aa LlRaaAroftsS (G2 Ayadarftf [ zxlL
+

board, mounting of the LM ! t ©1 Sy Of 2 & dzZNB 2 s ndt ArLdptipriis thisKk S [
would render the isolation switch inaccessible.
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In this situation, the M t 1 Sy Of 2 adzNB Ydzad o©S Y2dzydSR Ay |
of first installation or have sufficient spare cable lengths to allow an easy, safe, relocation of
the enclosure ifequiredat a later date.

Figurel3: Space ortop of a package substation arrangement
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