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Our objectives

* Share our plans and experience
and seek your views on:
— current domestic storage solutions
— emerging and innovative solutions
— getting you connected quicker/easier

* Seek your views on topics that would
benefit from similar workshop events
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Your objectives

* What do you want to get out of today?

— feedback forms
* Help us to meet your objectives
* Open discussion is encouraged

* Opportunities for private discussion during breaks
and after the workshop
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Energy storage systems

* A system capable of repeatedly storing and releasing energy in a
controlled manner

— has an input as well as an output
 Thermal
e G@Gravitational
* Kinetic

* Pressure
e Chemical

Elastic, magnetic, electrical, nuclear, sound...

e— " "
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Electrical energy storage systems

* A system capable of repeatedly storing and releasing energy in a
controlled manner

Requires both import and export capability (i.e. it is a load and a
generator) to charge and discharge the system
— Batteries

— Pumped hydro
— Flywheel
— Compressed air

mm—
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Domestic / small scale applications

* Battery storage is the developing market
* Applicable at domestic and commercial level

* Typically used to offset rooftop solar installations
— reduces exported power at midday, by charging battery
— reduces imported power at tea-time, by discharging battery
— reduces annual electricity bills
— need to consider initial capital cost and life expectancy
— works well within an export limiting scheme
— good for both the customer and the network operator
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Large scale applications

* Battery storage is the emerging market
— Some historical pumped hydro schemes

* Generally offering network balancing services to National Grid
— Enhanced or firm frequency response (EFR/FFR)
— Peak network load support (capacity auctions / STOR)

* Enquiries vary from 1MW up to 100MW
* Trend towards larger installations
* Low acceptance rates

-
HQRIHERN
POWERGRID

NEm—T O



Components of a basic storage system

, Control system
Northern Powergrid

connection @ s cscscsssssoa- =

Customer DC/AC converter DC battery
. Power limit (kW) Storage capacity (kWh)
consumer unit e of ongine ® cize of tank
% =
POWER

12V 75Ah 610 A
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Components of a complex system

|
Controllable &=
load . S swn, Solar panel
(water heater) il (DC)
' Control
_____ 4 Storage|* S
Norther.n . POWER
Powergrid 2 %
Connection 12V 75Ah 610 A
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Sizing and Systems
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Sizing and engineering recommendations

e Application route and which EREC to apply under depends on the size of the connection.
* The ssize is the total combined capacity if adding to new or existing generation.

Sizing

Does the combined generation }_No ° S 1ZIN g Cu t' (0] ff:

onhae it — <=16A/phase equates to upto 3.68kW for single phase and
classification
L 11.04kW for three phase
Category o Do ot o " 1 No — <=75A/phase equates to upto 17kW for single phase and 50kW for
application 75 A per phase of less? ’

three phase

e Sizing cut-off leads to EREC classifications:

— @G83
* SSEG <= 16A/phase
* Type tested and installed in acc with G83/2

— G59
* SSEG > 16A/phase

Yes Does the combined generation No

I unit meet EREC G597 l

If export limiting is required consult EREC G100

Does the combined generation
unit meet EREC G83?

Mi ti L al i . . .
TS e T N eey +  Type tested and installed in acc with G59/3
(EREC G83) (EREC G59) . .
- * Category ofappllcatlon:
- e, —  Micro-generation, large scale and major scheme
1@@ Fy L ) ’
it mEEREE
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G83’s and multiple premises

e If the electricity storage falls under G83
than further checks required to confirm Hierosenerion ERECCEY
network parallel operation.
° As shown in the diagram if pa rallel [ Is the electricity storage parallel with the network? J
operation is required than rules of EREC . .
G83 single and multiple premises apply. :Coumedasmoremmelf\\

¢ and commissioned 28 days
before or after

1
° Tvpical | f llel , other installations are: {
ypical examples of non- paralle A : < tempicaion ]
i . 1 asingle premises? do not apply
operation: !
1
)

— Storage designed to be operational for short
periods of time ex: 5 minutes only

Yes No

— Islanded systems found typically in rural
Single Multiple
networks premises premises
(ERECGB3) | | (ERECG8Y)

* Witness testing not required at EREC
G83 standards. , L

13 http://www.energynetworks.org/assets/files/news/publications/ENA%20Electricity%20Storage %20Guide.PDF ‘.@9‘5&%'6‘




Notifications vs. Applications

* No central registration schemes like FITs or RHI nor any
certification schemes like Microgeneration Certification Schemes
(MCS) currently.

* Reliant on G83/G59 notifications/applications respectively.

* G3&3:

— G83/2 Commissioning Confirmation Form along with SLD to DNO within 28days of
installation

— Multiple premises G83 requires application prior to installation

* G59:

— Application prior to installation

NEm—T O
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AC coupled domestic energy storage system

EXISTING INVERTER

ﬁ s If—]
SOLAR
ARRAY
SOLAR ENERGY
ARRAY STORAGE
ISOLATOR ISOLATOR

INVERTER

#:i . om
%L_J

ENERGY
STORAGE
ISOLATOR

1
: BATTERY
1 BREAKER

/ \\\

. HOUSE
S ' LOAD
1

1
1 BATTERY
1

15 https://www.solarchoice.net.au/blog/ac-vs-dc-solar-battery-storage-explained

U

GRID

Connected on AC side of the DG system
invertor

Solar as well as Grid chargeable

Access to better tariffs and other grid
services; hence potentially better returns

Slightly higher costs as connection via a
second separate inverter

Easy install for new or existing systems

G83/G59 notification/application
depending on system size

Less physical constraints

NEm—T O
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DC Coupled Domestic Energy Storage System

EXISTING INVERTER

¢ Connected on DC side of the DG system invertor; n
typically betwe-en DG and inverter e . v
e Stores power directly from the DG SO INVeRTER
ISOLATOR GRID

*  Potentially used for islanded system or as back up; R it ;
but at FITs loss | R [] !
e Typically cheaper as needs only one inverter and !

controls
! DCSS
. Potentially G83/G59 not needed on retrofit install i . =
unless inverter change 5 LOAD
. New install via certified installers and to confirm | BATTERY i

BREAKER

compatibility to existing -

*  Can’t benefit from smart tariffs and grid services - -

BATTERY

. More physical constraints as next to DG inverter
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Project Background
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Two sessions!

* Project background and battery technology

* Project goals and lessons learned so far




LV generation application process (G83)

* Small-scale generation to a single premise
— < 16A or 3.68kW per phase
— Notify within 28days of commissioning

* Small-scale to multiple premises
— < 16A or 3.68kW per phase
— Apply for approval before connection

v’ -
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Assessment of multiple premises

* Declared Voltage limits: 230V +10/-6%
— Load: 216V \_A AN
— Generation: 253V :

* \Worst case

— Max Generation &
Min Load

——
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2015 — Oxspring, Barnsley

' z}}f—f: Feeder2 - 37properties, 15with PV (42% penetration)
Feeder3 - 55properties, 11 with PV (20% penetration)
:‘___. 00 > D PV installed
R - PV refused

e 2.7kW - 3.68kW
* Connected 27




2016 — Oxspring, Barnsley

Feeder2 - 37properties, 15with PV (42% penetration)

Feeder3 - 55properties, 11 with PV (20% penetration)

|:| PV installed
- PV refused

 1x BESS in 23 properties with PV
e 2x BESSin 4 properties with PV

* O9x BESS in properties without PV
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xspring, Barnsley

Notes:

House No. 1: Connected to a
separate feeder

House No.24: DC Circuit

- Battery & PV
. Battery Only

. Neither Battery or PV
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EnergiseBarnsley

* A community energy project involving Northern Powergrid, Gen Community Ventures and Moixa.
* Part of Barnsley Council’s Anti Poverty Action Plan 2015-18
* Focuses on social housing
* Reduce householders’ energy costs / provide opportunity for income through grid services
What'’s in it for Northern Powergrid?
* Regen SW: 2030 70-80% of rooftop PV installed with storage
* Develop an understanding of the impact PV/storage combination on network design
* Understanding the network benefits (if any) of storage behind the meter
* Supportive of Barnsley Council’s Anti Poverty Action Plan
What are the costs?
* £300k financial contribution:
* Purchase & install 40x batteries
* Substation monitoring equipment

* Data analysis and network modelling

‘NORTHERN
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Innovation strategy

Project fits within the scope of our Innovation Strategy Portfolio

Investigates the utilisation of customer flexibility to contribute to:
— Future proofing for LCTs
— Provide faster, cheaper connections for customers
— Being socially responsible organisation

-
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Community engagement

Update PSR — Priority Service Register
DC Lighting
— Electrically dependent individual
— Lights stay on if Power Cut
Energy heroes
— Fully sponsored 6 week school program
— Improves pupils data handling and problem solving skills
— Support communities reduce their energy costs
Community Event

— Meet with tenants and discuss their savings

—
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High level project plan

v @D Gen Commu.nity
PSwincrio PQMOIXa i

EnergiseBarnsley

Project plan for Energise Barnsley - Distributed energy storage and services

2016 2017 2018 2019
High-level Plan =B EEEE EEEEREEEEE FEEEE R EE R E R EE EEE EEEFEERE
1 Agremn?ntt_o proceed in principle / internal July
authorisation
2 |Collaboration Agreement August
3 |Agree project outcomes, data requirements, plan, etc August
4 [Customer Enagement Plan J Data Protection Strategy Oct - Now
5 |Engage stakeholders & tenants and confirm cptin Cec - Jan
6 |MASLOW Battery installation (40 properties) Feb - Mar
7 [Install Network Monitoring (1 substation) Mar
Specifc Tri! objectives D] || [ eepmiona || PR | vomeppeios
reduction reduction
9 Interim reports Waricus | | |
10 (Final report f dissemination event Aug-19

Monitoring
. Reporting |:|

Mobilisation |:| Installation |:| & Control
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How the battery works

Store excess solar energy as well as
Economy 7

Il;

Aggregate batteries to create ‘virtual
power station’” & release power to the
network g a

2

—

L |
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Financial benefit

£250 ° PV
g 200 * ToU Tariff
* Fe e Grid share
¢ £100
E': £50
-

Salar time GridShare
chift benefit




Moixa smart battery

e Lithium Iron battery (LiFEPO4 or LFP — Lithium ferrophosphate)

— Balance between price and cycle life

e 10 year warranty & projected life of approx. 20 years (10,000
cycles) — dependent by charge/discharge cycles

* Battery cells are sourced from China and assembled in UK
(Hastings)

* Chemistries used in EVs continue to grow they might become
competitive for static storage

-
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Moixa Factory - Hastings
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Sizing the battery

Meter install - meters in separate case *2-3kWh Battery (up to 7hrs worth)

PN | o unt *430W output inverter (per battery)

* How many bedrooms / occupants?

([ isolat *PV present?

P | ' * < 2kWp: likely 2kWh battery
*> 2kWp: likely 3kWh battery

N_[R ] e g *E7 or ToU tariff: likely 3kWh

‘ NORTHERN
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Thank you!

Any Questions?
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Distributed Storage & Solar Study (DS?)
Project Goals and Lessons Learned

Paris Hadjiodysseos




Potential DNO learning

* How clusters of domestic batteries can increase capacity on the electricity network and enable
more homes to install PV

* How a battery can affect the peak output of a PV installation & reduce peak load consumption
* What battery penetration is needed to make a difference to PV constraint & peak load
 Whether a de-rating factor would be appropriate for PV installations that have a battery

*  Whether different design parameters would be appropriate to new housing estates with
batteries

e @Gaining a DNO understanding of the Moixa Cloud aggregation platform and how a DNO can
interact with it to dynamically manage DNO constraints

NEm—T O
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Analysis

* Impact of batteries on network current flows and voltage:

— Trial 1: Default algorithm to maximise the benefit of storage for tenant
— Trial 2: Alter algorithm to maximise DNO benefit

* |s there any change if the batteries are providing other grid services

* How does this compare to the benefits of DNO owned storage on the
network?

 Recommendations for designers:

— Can designers accept more PV if there is aggregator controlled storage behind the meter
— Can designers design to a lower ADMD if storage is installed in premises

NEm—T O
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Moixa platform - overall

&« C 1} | & ntips//gridshare.moixa-data.com

P9 moixa GridShare

CELC TS ELTEE Current power flow (kW)

My moixa
System data

Logout

59.7kWh _ - _
Diagram uses snapshot data, you may see transitions between states. For analysis use

{OUt Of 1 DOkWh) Devices page.



Moixa platform — Property view

& C ) | @ https//gridshare.moixa-data.com

@Y moixa

My moixa

System data

Logout

GridShare

Advanced filter

Berneslai Homes DMCU 075f¢

’ # Show Fullscreen 5 min ~ Avg ~
tpiink .~ acpv inv va.11s|SHIIRINNGN

Berneslai Homes DMCU 07df50 smartrail/1/v v
tplink ~Acpv INv va.11s ] SHRNRINNGH

. 2017-08-27 00:01 2017-08-27 23:00
Berneslai Homes DMCU 0a7873

tplink ACpv INV v3.118

Berneslai Homes DMCU 0c8efc
tplink ACpv INV v3.118

Berneslai Homes DMCU Oecbe5
tplink ACpv INV v3.118 “ﬁ 243.05
Berneslai Homes n/a 13a656 T T T T T T T T T T 241.17
tplink IWRELEE s R c | 01:09 03:27 05:45 08:03 10:21 12:39 14:57 17:15 19:33 21:51

Berneslai Homes DMCU 14637e Download device-set aggregate

tplink ~'ACpv INV v3.115,

Berneslai Homes DMCU 185cae
tplink ACpv INV v3.118

Berneslai Homes DMCU 1d602b
tplink ACpv INV v3.118

Berneslai Homes DMCU 200bf9
tplink INV v3.118

-l
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Substation monitoring

<« C {} | & httpsy//www.nortechonline.net/ihost/index.php?redir

WZ NORTHERN
POWERGRID

User: Paris Hadjiodysseos (Northern Powergrid - DS3)
Q.

i all Units bt

4- 3 Default Group
- [§ D88039AD4D Ambient Temperature

Voltage L1
Voltage L2
Voltage L3

Firmware Version
Real Power L1
Real Power L2
Real Power L3
Reactive Power L1
Reactive Power L2
Reactive Power L3
Current L1
Current L2
Current L3
Current N

L1 Current H(3)
L1 Current H(3)
L1 Current H(7)
L1 Current H(9)

o
o

-113 mm—————— -51 (-99 dBm)
-20 e 70 (17.80 °C)
0 e— 500 (244.60 V)
0 e——— 500 (245.00 V)
0 e— 500 (245.40 V)
0 C—————————1 40000000 (0.03)
-200 —) 200 (20.55 kW)
200 — 200 (12.34 kW)
-200 — 200 (17.37 kW)
-200 w— ) 200 (0.22 kvar)
-200 = 200 (-3.57 kvar)
-200 w— 200 (0.45 kvar)

0 m—————— 600 (84.00 A)
0 m—————— 600 (71.00 A)
0 E——————— 600 (40.00 A)
0 1 600 (6.00 4)
0 C—— 600 (0.00 A)
0 1 600 (0.00 A)

(
A
(
(-
(
(
0 m—————— 600 (53.00 A)
(
(
(
(
(
0 —————————— 600 (0.00 A)

System Overview | Events | Maps | Reports

SIM Serial Number  unknown
D~ Network Operator  unknown
Network Type unknown
Network Registration unknown

Trends | Interactive Trends | Messaging | Configuration | System Status | Refresh : Gn | Log

‘NORTHERN
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Lessons learned — Non-technical

* Unexpected issues with accessing the properties
e Some tenants did not have broadband
e Some tenants switch off their routers

* Some tenants not tech savvy therefore not
engaged with technology




Lessons learned — technical

e Unstable communication link
— Intermittent and unreliable data
— Battery control limitation o

* Reverse polarity

-
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Data analysis

* The next slides discuss the impact of PV size

* Data from houses 65f60b & 07df50 on the 26t of
August 2017




3.68kWp solar — 26/08/2017

The sudden increase in capacity is odd, but even
without the issue the battery would be full before
the end of the generation period.

3500 . -3 100
S 3000 \‘: ) gy B
= 2500 Pk = ac-solar-production
g 2000 I 60 © .
= 1500 20 S ——ac-consumption
— ©
S 1(5)88 o —— meter-to-battery
o 0 2 - - - capacity
o &
O O O O O O O © O © O O
© © © © © © © © © © © ©
O N < O 60 O N < O 0 O
S O O © O dH dH =+ +H «d & N
Time

* Despite battery capacity being low, strong solar production charges the
battery quickly

——
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2.7 kWp solar — 26/08/2017

3500

N
(O
(@)
(@)

1500

500

Power flow [W]

00:00

02:00
04:00
06:00
08:00
10:00
12:00
14:00
16:00
18:00
20:00
22:00

Time

100
80
60
40
20
0

S

>

=] .
o ac-solar-production
Q .

S ——ac-consumption
g —— meter-to-battery
hd

hd .

© - - - capacit

8 pacity

* Low battery capacity and high house consumption
* Store part of the generation over the entire period

——
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Data Analysis

* The next slides discuss the impact of:
— Battery capacity in the morning

e All data is from house 07df50, for three different days:
241 26t and 28t of August 2017

-
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24/08/2017

3500 o —k 100 _
E ______________ : \\ 80 |°\_°.
‘E‘ 2500 N = ac-solar-production
'\ 60 © i
= 1500 S 20 § ——ac-consumption
g o —— meter-to-battery
5 500 - MJ\A& 20 F -
Q. = - - - capacity
0 ©
@
P I PP LFLTLLPIPLS

ST T E P AT R AT RO AT A
Time

* Low consumption and high battery capacity
* Unable to store much of the generation

‘NORTHERN
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26/08/2017 (same as before)

100
80
60
40
20
0

QQQQ@,QQQb‘QQQ(oQQQCbQQ QQ'\’){-Q.Q,\?QQ'\@)QQ&QQ,&QQWWQQ
ime

X

= ac-solar-production
(8}

S ——ac-consumption
©

Y ——meter-to-battery
S

Q .

£ - - - capacity

C

0

e Strong consumption and a low battery capacity in the morning.
* Able to store part of the generation over the entire period

‘NORTHERN
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28/08/2017

3500 100 _
— LT TN X
% 2500 ,,/ =~ - 80 F ac-solar-production
= 1500 aris 60 § ——ac-consumption
. e 40 & ——meter-to-battery
2500 | __________ e 20 =~ ~capacity
S T AN AT N S S AP 2

0 &

© © O O O & O O
PSPPI PSPPI
S PP O A

Time

S LS

NOT NPT ADT Y

Low consumption and a low battery capacity in the morning
Able to store part of the generation over the entire period
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Data analysis

* The next slides discuss the impact of:
— Battery capacity in the morning

* All data is from house b0Obfc4, for two different days:
26/08 and 28/08

-
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26/08/2017

— 3500 100

E 80 = ac-solar-production
> , -

g 60 £ .

= 40 8 ——ac-consumption

g 20 8 ——meter-to-battery

) 0 > .

o @ - - -capacity
d

P TP PP PSPPI SS =

SRS RN HN N SN RN SR ¢

- Time
The battery follows the consumption pattern at

night which is odd.

e Battery capacity of nearly 50% in the morning
* Unable to store generation over the entire period

NEm—T O
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28/08/2017

3500 100 _
~ X
2. 2500 80 3
3 60 S
= 1500 40 § ac-solar-
o © duction
produc
% >00 20 qh>). ——ac-consumption
Q. =
0 ®
\ @

QQQ ,LQQ b‘QQ (OQQ %QQ QQQ ,\,QQ b;.QQ G.QQ %..QQ Q.QQ %QQ The battery follows the consumption pattern
A QY O O O N AN NN N VY Y at night, but values should be negative and

capacity should decrease

Time
* Battery capacity at 10% in the morning
* Able to store part of the generation over the entire period.

* Ensure battery is empty by the morning through an active agreement
between DNOs & customers . - L
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Data analysis

* The next slides discuss the impact of having two
batteries installed

-
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Batte/ries charging _,One battery full

3000 m—

; Batteries discharge

=, 2000 to supply load

_g 1000 o
=0 e

2 -1000

g -2000 Batteries full

PSP IFP PSPPI SPS

S® &SSO
SIS PSS
AN CH I

¢ O &
R
>R R RN

QQ QQ QQ QQ

Battery charging/discharging depending on generation & load

DAY A

|

Power Flow [W]

S IFPIIPPIPIPS
S° OSSO
QQQQ,\QQ
v S

S S

QQ

S>
S S
SRS

S S

QQ

S° O
S
D7 Ay

Household with two
batteries installed - 25/08
0a7873 & Oc8efc

smartrail/1 - PV
——smartrail/2 - Grid Import/Export
—core/power/dc/battery total

—core/power/ac/ac-consumption

07df50 - 25/08

smartrail/1/W -PV
—smartrail/2/W - Grid Import/Export
——core/power/dc/battery

—core/power/ac/ac-consumption



Household with two

2 batteries installed - 25/08

g 0a7873 & Oc8efc

::J smartrail/1 - PV

§ 5000 —smartrail/2 - Grid Import/Export

ST LSS S O —core/power/dc/battery total
O O O O O O O O O O O O O
PO PSS PSS PSS

A U\ CHIE AR\ TN NN BTN RN A g

At 13:00 the export of the two homes is similar, even though there

is almost no consumption in the house with two batteries

—core/power/ac/ac-consumption

z 3000 07df50 - 25/08

=, 2000

g 1000 smartrail/1/W -PV

pu 0 ——smartrail/2/W - Grid Import/Export
2 -1000 -

5 5000 ——core/power/dc/battery

—core/power/ac/ac-consumption



Data analysis

e What about the substation?

‘ NORTHERN
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26/8/2017

lon —

Busbar Voltage

ion substat

ibut

tr

POWERGRID
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Voltage
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26/8/2017
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Thank you!

Any Questions?




Vé NORTHERN
POWERGRID

G59 and G83

David van Kesteren
Senior Asset Management Engineer




G83 / G59 — Why two standards?

* Electricity Safety, Quality, Continuity Regs 2002 (ESQCR)

— Section 22. Parallel operation of generation

* If LV connected and total installed generation is <=16A per phase (3.68kW
single phase), customer does not need:
— specialist knowledge / procedures
— To comply with any site-specific connection requirements
o Doesn’t need to apply in advance

* But, customer must ensure that:

— Equipment self-disconnects for loss of supply and meets current British Standard requirements
(inherently safe)

— Equipment complies with the DNO general connection requirements
— Installer notifies the DNO at or before time of commissioning

NEm—T O
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G83 — domestic / small commercial

* G83 provides guidance for installers (and end customers) on how
to ensure compliance with the ESQC Regs.

* Correctly installed equipment that has been manufactured in
accordance with ER G83 will comply with the Regs

* (83 has a suite of simplified protection requirements and settings,
which cannot be changed by the customer (preset in the factory)

* ENA holds a register of equipment that has been type tested by
manufacturers in accordance with G83

* No need to apply, but need to notify

-
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Multiple G83

* Clusters of small DG can cause voltage issues on the network

* Installer needs to apply (not notify) to allow DNO to check
network

* If no reinforcement, installer can progress

* If reinforcement is required, installer may have to wait, or initally
install less DG

* DNO pays for any network reinforcement and carries out work in a
programmed manner

-
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G59 — anything >=16A per phase

» Standard protection requirements are more complex

* Alternative protection settings may be required by the DNO in the
future

* Site-specific connection requirements can be required
e Customer (or their installer) requires more expertise

* Type tested units have been developed for <50kW installations to
simplify protection installation
— ENA register of type approved equipment

-
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G59 relaxation

* Where total installed capacity >16A per phase:

— Customer must apply for a connection / modification
— Customer must install G59 protection

* If customer applies to install multiple G83 compliant units then
NPg will not insist on full G59 protection requirements

* Connection is still subject to an application and design study

NEm—T O
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Export Limitation Schemes (ELS)

e Solutions for generators

- where there is limited export capacity on the DNO network
- network reinforcement is unviable in terms of cost and/or time

e Used for customer energy management

- By letting over-sizing generation
- Increased flexibility of onsite demand at peak

* Customer’s controller diverts generated power into a load to avoid or
limit export

- Hot water immersion heater
- Battery storage system

* Generator reduces output / turns off to ensure export agreement is not
exceeded
Can be set for zero export if required .
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Engineering Recommendation G100

e EREC G100 published in 2016 :

- Guidance for customers as well as DNOs for connection of customer ELS operated in parallel to DNO systems
e Contains a functional specification for scheme requirements
* Customer responsible for proof of design and installation
e EREC G100 applies mainly to HV/LV; other voltages at discretion of DNO
 NPg COP for ELS; IMP/001/015 mirrors G100.

* Maximum Power Station Capacity (DG size) is smallest of the three:

- Equipment Thermal Limit: Based on plant and equipment rating (mostly cut-out in domestic scenarios;
default is 60A if info not available);

- Protection Assessment: Limits the total generation to 125% of the highest of the import or export agreement;

- Voltage Assessment: Limits the total generation so that highest network voltage to be no greater than
“Statutory Voltage + 1%” i.e. 230V+1%=255.3V at LV.
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Export Limitation Schemes (ELS) example

A domestic Customer wishes to install a PV system but the DNO has restricted the Agreed
Export Capacity to 3.68kVV due to concerns over voltage rise. The cut-out fuse rating is 80A.
An ELS is to be installed so that the capacity of the PV installation can be maximised.

Substation Large Domestic PV Installation
= B0A cut-out
* 3 .63kW export limit

PV PV PV

PV

N .y 253V {(max)
PV v

P

PV
'\25 2V (max)

‘NORTHERN
POWERGRID



Export Limitation Schemes (ELS) example

Therm al A=s=ssmeaent:

The cortimnou=srating ofthe cut-out and as=rvice Gahble are both in excessof S02 01 S 4k and
the 5= rating is sub stantially higher than this. The DO determ ines that the thern al rating of

the NnsAallation does not, in practice, lim it the Povwwer Station Capac iy

Protection A=ssessmenit:

The protection assessment resgtrid=the Power Station Capacity to the hig her af

= 1 25 = Agreaed Import Capacity = 11 25 < 202 < 2200 = 22 0k
= 1 .25 x Aagreed Export Capacity = 1 .25 x« 3 63K = 4 5KV

The higher ofthe twao walues s 23500

ol age As=esorm ent:

The highest waltage that can be acocepted on the LW nietwaork Coduring the S=s perod befors the
ELS operastes and restrica = the export]) i= the upper Statmorny Yolhtage Limat + (132 aof the
Homanal valtage) = 255% + 190 of 230% = 255 5.

The DHO caloulate=that wwWhhen 10k aof generation is connected at the propedythe valtage at
the end afthe circuit reache=s 255 5%,

Concusion

If anmn EL= i=installed thiat limitsthe export to 3 658WY the maxdmum acoept able Powvwer Stad o
Capacity i=the lovwer the resubd=s from the thermal assss=ment, protedion asses==sment and
wolbage as=es=sment. INn thi= cas== the Powveer Station Capacity, i .=, the aggreg aste rating of the
P~ inverters, must be no higher than 1 0k
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Export Limitation Schemes (ELS)

Limitations due to fault level exceedance and any transmission still apply.

Default export capacity for LV connections 16A per phase; greater than that with
ELS must be fail safe.

Reverse power protection required at HV metered connections as back up and at
LV only if DNO deems the ELS is not fail safe.

responsibility determined by

<3.68kW Not required
manufacturer of the ELS.
L . 3.68-50kW Discretionary
ELS = within 5 sec operation.
>50kW Compulsory*

Back up systems must have +/-3%
accuracy and operate within 5 sec.
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ELS application flowchart

Cimte mer requests connection withan
Export Limimtion Sche=m=

1

Customsr provides information on
Export Lim itatic n 5cheme

Do the Export Application rejmcted as Expre

mitation Schemedos not mest

this policy? critarm

Do unconst mined
gEn=mticn resubt in the
pros pEcthes fautt kewsl oceading
theca @ bility onany @ rtof
the sy=te m>

Application rejected on the s of
& ukt kevel cmcoaded

k the pointofeonnection Yes
=ubject to tra nsmEsion
oo nstrints >

Dt rrnine Masimum Inst lhed
Capmcity

b upstream
netarork satu@ ted >

Dtz rmine Maximum Insta led
Capmcity.
Femee e poses r Flow rely ma ndato .

Dizt=rmine Maximum Instali=d
Capacity

D=termine Type of con nectio n
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Published August 2017

Purpose

Reference for practitioners
Understanding of the common terms and operating modes
Detailed info on all phases of design and operation

Scope

Electrochemical (battery) storage systems...

...in low voltage power systems (AC and DC)

Industrial, commercial and domestic installations

Alignment with existing standards, regulations and guidance

-
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Topics

 Components and architecture www.theiet.org
e Operating states and applications £60
* Batteries (ET

e Other system components "‘s:“a;éfffé

« Safety and planning considerations

* Specification and design - =
 Network connection and DNO approval . f

* Installation, inspection & testing -
 Handover & documentation

* QOperation & maintenance

——

77 http://www.theiet.org/resources/standards/eess-cop.cfm?origin=video ‘ Wm


http://www.theiet.org/

Section 10 — Network connection

 DNOs consulted on process for getting connected
 Combination of on-site solar and storage often triggers G59
— E.g. 2kW of solar, plus a 2kW storage (AC coupled) = 4kW total
capacity
 Domestic storage can reduce network impact of other on-site DG (eg
peak output from solar) if designed and installed correctly

* DNOs recognise benefit at domestic level and want to make the
application process easy and slick

» A fast-track process will be developed for simple DG / storage
combinations (up to 16A for DG and 16A for storage

-
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Aims

* To facilitate and expedite the LV connected small scale energy
storage.

e Current 45 day GSoP timescales for providing LV generation quote;
bit excessive for small scale storage.

* Short term process change; keeping in mind the possible long
term solutions.

* Improve customer experience, project viability without sacrificing
visibility.

NEm—T O
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G59 fast track process

(559 Fast Track Process

W
I

[ How many sites are you applying for?

| Centaet Details [ Provide here - | . . . . .

e — A | *  Typically 1ph connections with existing

‘ or new G83 DG and G83 storage via

| A—— | separate invertor would be G59: 45d.
ER— U — * Installation complies with requirements

Total ted ity of the 5 i Units, Includ thi ket 164 Higher th 32 A . .
capacity of the swrage unie, o 0| dnesaa | ererren s of EREC G100 and export limited to
v
| Are you installing the equipmant To imit yoLr export capscity to ‘ Ves | No H 16A/ h
164/ phase (3.68kW)7 | p .
hd
[ will yeu ke installing & GLOD compliant export limiting scheme? [ ves [ Ne F——> . . . .
v *  Upper limit for total generation being
will all of your Gen erating Umtstmc\umgg storage units) ke ‘ Yes MNe
G
connected via G83 type tested i mvertors - >—> 32A/ph (16A for DG & 16A for Storage)
Will your Generating Unit cperate in island mode? MNe Yes f k H H H k
| | | — under fast track process to minimize risks
hd
Pl ide the following: k
-I:?iitssk?:ivcli :neregvoReos\::]riestDER]techno\ogv/primawenergv Total DER capacity (limited by invertar to networ S'
source where appropriate)] 2324/ phase and all
+DER capacity by technelogy units G233 type tested (Upload type test

«Inverter caparity by technology certificates] wh ere this is provided F k | H | H h
385 type test inverior refercmes number procaed - where not previded then ° ast track application applies wit
follow the G539 route . .
- , automated approval within
ease provide details of your export [im ting scheme: Type tested limiter, with m ax export S16A
G100 Type test referen ce: J phase (3.68kW) (upload type test
Maximum export setting: certificates oreqguivalent) 10 davs rather than 45 davs.

Otherwise — goto G59 application provess
W
Provided | Mot provided | ——

Please attach & schematic diagram fer the proposed scheme

*  EREC G100 changes pending.

Use G59 Fast Track Process Use Standard G59 Process

What isyour planned commissioning date ? Must be at least 10 working days from the date of application,
kutnet mere than 3 menths in advance (eur connection offers are

enlyvalid for 3 menths),

81



Connection application summar

Installation Type Type of Metwork EREC G59 Export Limiting EREC G100
Application Impact Witmessing Scheme Desighed Withessing
Required’ Assessment Required to EREC G100 Redquired
Required®
LY installation where total aggregated Energy Sources are = 164A50hase and use EREC G&3 Mo Mo Mo Mo
Type Tested Inverters Stage 1
Fultiple L installations where total aggregated Energy Sources are = 164A75phase EREC G&3 rES Mo Mo Mo
and use Type Tested Inverters Stage 2
L% installation where total aggregated Energy Sources are = 16A/phase but EREC G558 ALtomatedy Mo = Mo
Generation is = 16Aphase and Energy Storage is £ 16A50hase and all use Type Fast Track Fasttracked
Tested Inverters® but export is limited to a maximum 164/ 0hase
Fultiple LY installations where total aggregated enemgy EREC G539 Yes Mo Yes it matedal impact First Device (if
Sources are greater than1eA/phase but Generation is = to 16A0hase and Energy on the network material impact on
Storage is = D16AMp00ase and all use Type Tested Inwverterss. the network)
L installation where total aggregated Energy SOUrces are > 16Aphase but= o EREC G539 rES Mot normally, but “es if materal impact Mot normally, but at
S0k TEMY threessingle phase and all use Type Tested Inverters and do not at the discretion® on the network the discretion® of
meet the requirements of 3 or 4 aboves. of the DMO® the DMO®
LY installation where total aggregated energy Sources are greater than EREC G&9 Yes “es nomnally, but “es if matedal impact | Yes narmally, but at
S0k 7MY threessingle phase and all use Type Tested Inverters®. at the discretion® on the network the discretior” of the
of the DHO® DNGC®
H% & EHY Installations of any size. EREC G539 rES ves® Yes it matedal impact ves®
on the network or
managed MECS
tan norrtype tested equipment requires a G459 application regardless of size. With the exception of G283 Stage 1 all applications reguire consent from the DNO before connecting.
a0 non-type tested equipment requires a network assessment regardless of size.
FUnder G5 4-1 Customer's Ly Equipment having an Aggregate Load or Rated Current greater than 16 & per phase will need to comply with the emission limits of Stages 1 or 2 of IEC Technical Report B1000-3-4 may
to allow connection without assessment, subject to the fault level at the paint of common coupling being at least egqual to the minimum value required in that Technical Report.
fThe DNO may choose to withess, orwaive itsright to withess, depending on previous experience with developer, and the overall impact of the scheme on the netwark.
“The DMO shall charge the generator for attendance of staff, for withess testing at its own commercial rates.
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Close

Thank you for your participation.




