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Housekeeping

- Fire alarms and exits

- Please put your phone on silent
- Sli.do T Download the free app to vote and ask questions #PP2018

- Visit the exhibition stands
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Agenda

1 Introductions and welcome 10:007 10:10
Keynote speakeri Dame Fiona Woolf 10:107 10:30
3 Why the Power Potential Project? Duncan Burt and Suleman Alli 10:307 10:40

The technical solutioni a DNO/DSO enabling DER to address

4 transmission challenges - Rita Shaw 10:401 10:50
5 éz V%ec:i;tgigﬁ;:; zr:gjregg/t ;e:r%l;chi,av;/?y would | participate in the 10:507 11:00
6 Project team Q+A 11:007 11:30
7 BREAK 11:307 11:55
8 The power of diversity - Keynote speaker Louise Kingham 11:557 12:10
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Agenda

What needs to be put in place technically to facilitate the DSO

? transition? Enda Mimnagh 12:101 12:35
10 Lunch and networking 12:357 13:45
o : N

11 How does Power Potential fit into the wider DSO transition~ 13457 14:10
Randolph Brazier

12 How can Power Potential help future mark_et design a_nd reduce 14107 1450
costs for consumers? Goran Strbac and Michael Pollitt

13 Reaqtlve power market; what are the respective benefits of market 14:507 15:50
solutions verses network investment?

14 Closing summary 15:507 16:00

15 Networking drinks and exhibition stands 16:007 17:00
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Your World First

c/'M’'S/

Law.Tax

Power Potential T a transformational projectin a
changing world

Fiona Woolf, CMS, London
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The Trilemma of electricity market design

The ATril emmado Achieving the
Simultaneously juggling of market objectives

r

\ Enter

Reliability your text
here

Decarbonisation

Affordability

J
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three competing objectives: ‘

Trade off v keeping all balls in the air

The Journey
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The long and winding road to Nirvana in England & Wales
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Clean flexible
assets and
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Paradigm shift from redundancy
in assets to intelligence

Eroded margins ->
Capacity and CfD

mechanisms introduced )

Success in renewables
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Global Transmission Expansion i Recipes for Success (2002)

A Deregulation of the power supply system called into question the best use scarce transmission capacity and how to
create incentives for transmission expansion i successful use of the recipes was limited

A In 2002, distribution systems still regarded as infrastructure for one-way flows to consumers i distributed energy
resources (DERs) were not regarded as an ingredient

A Chapter 3 looked into the store cupboard and regulatory incentive schemes to get more out of the system to minimise
investment. The National Grid's response to the transmission services scheme (TSS) was the most successfulin
reducing the cost of congestion, balancing and certain ancillary services at that time i network, not market solution

A Some ancillary services were supplied through consumer response, but little thought has been given to searching
further in the store cupboard for smaller scale resources

A Over a decade later, the academics began to write about it
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Power Potential Unwrapped

A The Power Potential project is a world first trial in using distributed energy resources in distribution
networks to provide dynamic voltage control to the transmission system i a combined technical,
commercial and business solution

A Technical i it provides active power support for constraint management and system balancing
A Commercial i it creates a new regional reactive power market from DERs

A Business i involves the transition from a DNO to DSO business model

A Awhole-system approach can be beneficial for everyone from network operators to generators to end
consumers i proof of concept trial

A On the path to cleaner, smarter flexibility
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Area of focus

== 275 kV
== 400 kV
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Using what is in the store cupboard
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The Pantry of Design Ingredients

versus

The Bookshelf of Design Cookbooks

Each market should judiciously
form design ingredients into a
recipe based on their unique
circumstances...

...rather than mix incompatible
design ingredients from
different recipes




Demonstrating approach & establishing its commercial viability

The principles are:
1. Market efficiency

B w
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I. Level of stimulusto DER T promote participation

ii. Efficientallocation of budget & in line with project budget

Examples:

A Reward the DER that is most effective

A Pay a fair price that reflects the need for investment to provide the service

A Avoid placing participants in an unfairly beneficial position going forwards

Operational

I. Maintain system security by not utilising trial volume to secure system

li. Trialsto follow operational profile requirements (natural systembehaviour) for reactive power
Continuous review of applicability to business as usual i to provide projections for future use
Market testing, fairness and accessibility are key to establishing viability

October 2018 |



Lessons learned so far & observations

A

A

A

Collaboration between two network companies with different functions and backgrounds requires effort
Each network is different

Innovation has to be tempered with keeping the lights on

Exploring the individual needs of potential participants is key

Issues such as cyber security, confidentiality and access to data are hidden complexity

Network reinforcement may be deferred rather than avoided , but options are kept open

Financial viability coupled with market transparency are key to feasibility and sustainability

Trialling the market based solution does not automatically guarantee success or its application to other aspects of the
electricity supply chain but it is worth doing for the learning

October 2018 |



The Potential is Powerful

A Change is a constant in all aspects of electricity markets

A The learning will be useful for a wide range of purposes

A The concept could have application to many aspects of the supply chain

A It will create market opportunities for renewables (stacking) as well as DERs and consumers

A 1t should help to incentivise the smarter investment

A A new paradigm for flexibility (and focus) is likely to emerge which will be more sustainable

A The T and D network operators could develop their roles and
out comeo

A We can learn more about aggregators i key to unlocking small DER and customer flexibility

A Consumers could become more responsive without a massive behaviour change through smart meters and appliances

A Everyone gets the benefit of the learning i the key to effective collaboration

14 October 2018 |



The road ahead
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Quickly and efficiently
achieving the Nirvana

Market
efficiencies

®
o O
/" Ideally, the "\ \/\ f

objectives should be
met simultaneously [ Innovation ]

Collaboration is
critical if you are
in a hurry!
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C/M /S, Law-Now" C/M /S/

Law . Tax Law. Tax
Your free online legal information service. Your expert legal publications online.
A subscription service for legal articles In-depth international legal research
on a variety of topics delivered by email. and insights that can be personalised.
cms-lawnow.com eguides.cmslegal.com

CMS Legal Services EEIG (CMS EEIG) is a European Economic Interest Grouping that coordinates an
organisation of independent law firms. CMS EEIG provides no client services. Such services are solely

provided by CMS EEI Gé6s member firms in their respective jurisdictions. CMS EEI G and each of its
member firms are separate and legally distinct entities, and no such entity has any authority to bind any other. CMS EEIG and each member
firm are |liable only for their own acts or omissions and e wedttoréfdntms e of each other. The brand name ACMSo and the term Afirmodé ar

some or all of the member firms or their offices.

CMS locations:

Aberdeen, Algiers, Amsterdam, Antwerp, Barcelona, Beijing, Belgrade, Berlin, Bogotd, Bratislava, Bristol, Brussels, Bucharest, Budapest,
Casablanca, Cologne, Dubai, Duesseldorf, Edinburgh, Frankfurt, Funchal, Geneva, Glasgow, Hamburg, Hong Kong, Istanbul, Kyiv, Leipzig,
Lima, Lisbon, Ljubljana, London, Luanda, Luxembourg, Lyon, Madrid, Manchester, Mexico City, Milan, Monaco, Moscow, Munich, Muscat,
Paris, Podgorica, Poznan, Prague, Reading, Rio de Janeiro, Riyadh, Rome, Santiago de Chile, Sarajevo, Sevile, Shanghai, Sheffield,
Singapore, Skopje, Sofia, Strasbourg, Stuttgart, Tirana, Utrecht, Vienna, Warsaw, Zagreb and Zurich.

cms.law
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National Grid

Suleman Alli
Director of Safety, Strategy
and Support Services

UKPN
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Rita Shaw | | e - P LIWETTT
Project Lead - i [P, ] .
UK Power Networks
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The technical
solution

DSO enabling
DER contribution
to transmission
services

nationalgrid




Unl ocking DEROGs potential to

400KV

Coordination and control of @w ual Power Plant
Distributed Energy Resources

(DERS)

Why seek reactive power from DERs?
How the solution works

How we are turning this into reality?

UK = : .
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The trial region and criteria for part|C|pat|on

We are looking for: [Fas s
generators >1MW ot

fed from one of the 4 grid supply points below

capability to produce and absorb Mvar

ability to achieve 90% of change from full lead (importing

reactive power) to full lag (exporting reactive power) W|th|n =

2 seconds

Too T Joo To

UK
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Dynamic voltage control

Self-dispatch: Enhanced control :
A egin a fault, local voltage decreased. A New voltage set point.
A Reactive power output increases. A Reactive power output changes to adjust

to localised voltage.

Voltage Voltage
Ag A

Reactive

Reactive
Power Power

I !
! i
21 Q Min Q Max Q Min Q Max
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Whole-system process and communications

DER substation

nationalgrid=S0 Fower ——F5»

Platform <> | DERMS

for

Ancillary \

Services UKPN Network _&ibs
(PAS) Management  qump

System

DER provision of
REACTIVE POWER
and
ACTIVE POWER
transmission services
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Participation information

Visit our project website: nationalgrid.com/powerpotential
And contact the team: box.powerpotentiall@nationalgrid.com

And now al soé
e o . the DER Commissioning Test Specification

Optional laboratory test Jan 2019

DER commissioning Feb-April
ahead of May trial start

UK -~ l )
- e =2 nationalgrid




Power Potential: DSO enabling DER services to ESO

1. Show co-ordination/ co-operation between ESO and DSO

2. Develop DERMS as an enabler of the service
A significant data volumes to process

3.l ntegrate DERMS with UKPNOGsSs net wor k
A Not just an isolated proof of concept for an innovation trial
A Preparation for UKPN to support DERMS beyond the Trial

U ~=gss

Power -j ' *
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As a distributed
energy resource,

why would |
participate in
Power Potential?

nationalgrid




Why participate in Power Potential?

nationalgrid



Overview of reactive power trials for 2019
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Wave 1:

technical
trials

Objective:
Demonstrate proof
of concept .

DER will receive a
fixed participation
payment, in line with
the number of hours
they are available for
during wave 1.

Wave 2:
price
discovery

Objective:

Establish the
commercial viability
of this approach

DER will compete
with each other in day
ahead auctions.

\WENCESS
Transition to
Business As

Usual

Objective: Prepare DER
for a transition to current
business as usual
operations

DER will compete with
each other and the
mandatory market in day
ahead auctions.

nationalgrid



Summary of final payment models for trial
Reactive Service

Participation Availability payment | Utilisation payment
payment oI|c '

polic
1 Up to £45,000 per site,
linked to availability
2 N/A Driven by market bids  Driven by market bids
3 N/A Assessed in line with other options available to

the ESO

Active Service

Participation | Availability payment | Utilisation payment
pa ment oI|c polic

Competitive

Driven by market bids
bidding

28
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Provision of multiple services

Other service Reactive Power Active Power
(MVArs) (MWs)

Nati onal Gri ddos Bal an: ‘

Can | Participate?

Firm Frequency Response
Short Term Operating Reserve

Demand Turn Up

Capacity Market Contract
Flexibility services to UKPN

Non-Firm Connections O

@ " w22 nationalgrid
Yes Conditional



Why participate in Power Potential?

ww=> nationalgrid
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How to participate in the 2019 Power Potential trial

Visit www.nationalgrid.com/powerpotential andw_
read DER Market Information, Technical ;

Guidance and DER Trial Participation documents.

Please send questions to:
box.PowerPotentiall@nationalgrid.com

UK
Power

B2 nationalgridESO
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Team members:

Rita Shaw, Project Lead
Biljana Stojkovska, Project
Lead

Amy Boast, Commercial
Workstream Lead
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BREAK

11:30 7 11:55
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AORVARSNEN WOMEN

THE POWER OF DIVERSITY

Louise Kingham OBE FEI
Chief Executive, the Energy Institute

Power Potential Conference 30 October 2018



CURRENT STATE OF PLAY

powerfulwomen.org.uk



2018 BOARD STATISTICS

ORVAN SN WO MEN

powerfulwomen.org.uk

ALL BOARD SEATS

in the top 80 UK energy companies

&

50%
of companies
have an all
male board
o7
30%
of companies
have two or 20%
more female of companies
board members have only
one female

board member

50% of the top UK energy
companies have all-male boards

1 3% of board seats are occupied
by women

EXECUTIVE BOARD SEATS

in the top 80 UK energy companies

86%

executives

o
4%
of companies

have two or 8%

more female of companies
executive have one
board members female executive
board member

86% of the top UK energy companies
have no female executive directors

Only 6% of executive board seats
are occupied by women

of companies
have all male

36



2018 MIDDLE MANAGEMENT STATISTICS

powerfulwomen.org.uk

Women in Management:

Hampton-Alexander: 33% women in FISE 350 execulive pipeline by 2020
POWERful Women: 40% of middle management fo be female by 2030

— OO OE 1 28

entities have achieved
—I— the PiW target so far

12 out of 124

entities have achieved

30% or above in the
top pay quartile

BUT
— 66 of the 124

entities have <15% in
the top pay quartile

— 40 of the 124

entities have <10% in
the top pay quartile

Using GPG top pay quartile as a proxy

ORVAN SN WO MEN
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WHAT WOMEN IN ENERGY SAY POWER ful

energy gl - */NES New research on career trends & challenges

A Engineering is most commonjob type, with only 1/5
Opinkd jJobs

A Majority say their company
(but power sectorleads on inclusiveness)

A Biggestchallenges: lack of suitable roles, lack of
mentoring, lack of flexible working

WOMEN IN ENERGY A Working in energy does not deter women from having
GLOBAL STUDY children and nearly 2/3 are bread-winners

S A Vast majority would still recommend a career in

energy
I powerfulwomen.org.uk 38



powerfulwomen.org.uk
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BUSINESS BENEFITS OF GENDER DIVERSITY POWER ful

|mproving For companies .
- . with the most .
Better Decision Making performance | wormen on a :
Forsom_pc;mes board compared *
Equal gender diversity ratios ranking in 1op. to the least® .
correlate to higher innovation® | t quartile diversity .
'gher innovat Qgﬁggilgs VS those in the .
=Y
' . . that have bottom guartile . 0 .
Different view points and one woman I-T .h oo 1- ¢ o o 0
perspective prevent “group think” on board! : igher rie Iurn
and brings new thinking® on capita
e ® & & ¢ & 0 0 0
o More likely
O « to outperform
® ¢ 9 9 & 0 ° 0 9 0 0 0@ 9C|DIE‘[II]! |. “
Share
price and ethics

Just one female on the
board cuts the risk of
going bust by

20%




WHAT DO WOMEN BRING?

ORVAN SN WO MEN

powerfulwomen.org.uk

RESEARCH

A LEADERSHIP COMPETENCIES

A COLLABORATIONAND COMMUNICATION
A PLANNING AND MULTI-TASKING

A ENVIRONMENTALPRIORITIES

A THE CONSUMER PERSPECTIVE

Greater diversity can rebalance and therefore
strengthena t eam, tapping wo
meet the energy challenges ahead.

41



DIVERSITY CREATES OPPORTUNITIES POWER ful

1 o R T Tomorrow’s
N G = g (o, - Engineers
| | 0 ok WS Week
= ‘, 4 4 AN 5-9 November 2018

2018, THE YEAR OF

INGINCEAING

I powerfulwomen.org.uk



https://youtu.be/WaVs9lBjcnk
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https://youtu.be/WaVs9lBjcnk

WHAT NEEDS TO HAPPEN

powerfulwomen.org.uk



TARGETS ON GENDER DIVERSITY POWER ful

A Davies/Hampton-Alexander: 33% women on FTSE 350 boards by 2020
A PfW: 30% of energy executive board positions to be held by women by 2030

A PfW: 40% of energy middle management roles to be held by women by
2030

What gets measured gets managed!

powerfulwomen.org.uk 45



POWERFUL WOMENOG S WO R K rower ful [N

POWERful Women encourages progress through:

A reporting: celebrating success and showing room for improvement
A practical advice and mentoring for aspiring women
A corporate leadership (sponsors and pledges)

A working with government (BEIS leadership)

Joinin! @_PfWomen

I powerfulwomen.org.uk 46



THE ENERGY LEADERSO COALI Trohero EFEEI

P sse

O
good energy U

':':;‘ innogy
€DF

ENERGY
|t 6s time to shift 1t wup

nationalgrid

Orsted

SCOTTISHPOWER

I powerfulwomen.org.uk 47



WHY DOES ALL THIS MATTER?

powerfulwomen.org.uk



THE ENERGY CHALLENGE

ORVAN SN WO MEN

NEW SKILLS FORA TIME OF UNPRECEDENTED TRANSFORMATION

powerfulwomen.org.uk

o To Do Do Po

Decarbonisation and new sources of energy
Emerging markets: eqg flexibility

New structure of the industry

Changing customer expectations and affordability

The role of technology and new innovation

National Grid and UK Power Networks - and the Power
Potential Project- andthe smart new energy future.

49



AND FINALLY é POWER ful

n At Nati onal Gri1 d we under st

diversity of the workplace is crucial to ensuring we have
the best and most talented p

I powerfulwomen.org.uk 50
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Development Manager i go= e g '."_
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Making the Smart Grid Real

T&D Network
Grid Management
Automation Solutions

Protection Global

COﬂtF_Ol Solution
Metering / Provider

AZI\/IS a provider of innovative products solutions to the

power industry for more thar30Years
& A team of more tha|500 professionals
& With presence |r85 countries
A 7 manufacturing facilities

A 15 client support centers

A Complete automation solutions

53
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Making the Smart Grid Real
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Global references
85 countries

oncdesa b
gasNatural
fenosa

Zamudio (ESP) Dublin (IRL)
Barcelona (ESP)
Madrid (ESP)

Grenoble (FRA)
Paris (FRA) Mexico (MEX)

New castle (GB)
Chicago (USA)
Niteroi (BRA)

7 Manufacturing facilities & 15 client support centers

Singapore (SGP)
Dubai (UAE)
Bangalore (IND)
KSA

Indonesia
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Power Potential : Flexible Services




Active POWE@ Q
Reactlve POWG&

Active Power Services

Power Potential P Service Reactlve POWer SerVICes
Power Potential Q Service




System Architecture




Potential Central Controller

DNO Control Centre



Central PP Controller DERMS Central Serve

' ;‘_Re}dundant Server

High Availability Architecture
A Hot Standby
A Hold Mode
A Hot Update/ Failback
A Multi -site Deployment
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Power Potentialz SCADA Communications

PowerOn Link
AICCP Connection



PowerOn

»
»

ICCP
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SCADA Control of DERS

SCADA Link : DNP3

DERMS Controller




4 Application

System

External / Field

ICCP

DERMS P Mode
DERMS Q Modge

PowerOn




RT RT

4 Application

System Protection

System

ICCP

PowerOn

External / Field




Network Analysis Engine

API Load Flow Optimiser

Optimisation
Algorithm

------
......
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Network Analysis Engine

API Load Flow Optimiser




Network Analysis Engine

API Load Flow Optimiser




Network Analysis Engine

API Load Flow Optimiser




4 Application

System

?

External / Field

RT

RT

Network: Ukpn_Maidstone_5_gensVcontrol
Auth

Created: 25 Sep 2018 10:04:

UUID:  {b1b246b-bd89-4c82-b189-T774544d142c}

Maidstone Grid 33kV Terminal(3) &

34.42kV

05 61
9.90MW 14 11MW
-0 9TMVAr 2 55MVAr

AppManager: [ANM-Module]
AppServer 12 442

(411
-23.32MW
9.49MVAr

Maidstone Grid 33KV Terminak(2)
34 2kV

X172

idstone Grid 33kV Terminal(14123_ 32MW
42kV

7.99MVAr

G5
1MW

2 S5MVAT

Maidstone Grid 33kV B2
34.42kV

2018-16-29T88 CIM triggered extension data updates

2018-16-20Te8 Running analysis...
2018-10-20Te8 Analysis complete

Connected

Extensions

Maidsione Grid 33KV [fenminal(5)
34426V

Maidstone Grid 33kV Terminal{10)
34 42kV

12
29 46MW
-4 GTMVAr

Maidstone Grid 33kV B3
34.42kV

extensions
Name

CGHeartbeat

Default MaxV'

Default_MinV
DifferentialOutputFlag
EnableDirDemandCalc
FullUpdateInProgress
GenFAILSAFETimeSecs
GenHOLDTimeSecs
GenToCircuitSenseFactorPC
GlobalFAILSAFETime Secs
GlobalHOLDTimeSecs:
Inactive_Generator_Ramp_Secs
Inactive_Generator_Timer._Secs
IpsafnalysisRunningError
IpsaBackgroundProcessFlag
IpsaBackgroundProcessinterval
IpsaConfigEmor
IpsalastAnalysisFileErmor

Last update: 08:20:28




DERMS User Interfaces

DERMS I\/‘Iana}'geme_;nt

Management Links
A NGET Service Dispatch
A UKPN System Management



