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Workshop Agenda

Welcome and Introductions

P2/6 Review Presentation

*  Wider context (Martin Queen)

* P2 background and review process

*  Supporting studies and reports

* Key conclusions and recommendations for reform
11:30 Coffee

Overview of reference studies (Part 1)
* Imperial College network planning and cost benefit analysis.

13:00 Lunch

Overview of reference studies (Part 2)
Review of the broader regulatory framework.
Industry questionnaire response analysis.

“ Panel Session - Question and Answers

Concluding Remarks
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Goran Strbac

Richard Druce

Colin MacKenzie
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P2/6 Review Presentation

Review of Engineering Recommendation P2/6

Martin Queen
Colin MacKenzie
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P2/6 Review Presentation

Wider context (Martin Queen) Martin Queen
P2 background and review process

Supporting studies and reports

Key conclusions and recommendations for reform
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P2/6 Wider Context

P2/6 Stakeholder Engagement
Day

Martin Queen
09/03/16



P2/6 Context

|.  Wide Ranging Systems Changes
II. Low Carbon Technologies and DG Uptake & Impact
Ill. Changing Network Operation & Control

IV. Looking to the future of power systems in GB
a. Flexibility/Smart Project
b.  Smart Grid Working Group
C. Future Power System Architect
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A Changing World

NGET System Operability
Framework 2015
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http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/System-Operability-Framework/
http://www2.nationalgrid.com/UK/Industry-information/Future-of-Energy/System-Operability-Framework/

Flexibility/SMART Project

Flexibility/SMART Project

Encouraging the Elizolliy [EEEsEE Examining the
Clarifying the role . .g g I&C participation . ¢
transition from . evolution of
of aggregators in DSR

DNO to DSO roles " distribution tariffs
opportunities

Clarifying the legal
and commercial
status of storage

Drivers for this work:
* Changes to supply and demand require different approaches to system operation

* Increasing non-synchronous generation reducing system inertia
* New technologies enable different business models that may need clarification in

regulation/law

e Call for Evidence publishing in Spring, jointly with DECC

 Ofgem Flexibility position paper
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Founded and supported by Ofgem and
DECC

Aims to identify future challenges for
networks and system operation

9 separate work-streams ranging from
future scenario creation to Supply chain
and innovation needs

Important learning on future
operation/planning of the network out
to 2030 and beyond

Smart Grid Forum site

Smart Grid Forum
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http://uksmartgrid.org/

Future Power System Architect

* |ET and Energy Systems Catapult
funded by DECC

* |dentification and evidence for
functions needed to improve the
future power system

* New functions driven by changing
technological and business
landscapes in GB

— Non-synchronous intermittent
generation, DG, Electrification of
heat and transport etc.

* Time horizon of 2030 but looking
to 2050 too. Final report due soon.

* ESC FPSA site
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https://es.catapult.org.uk/what-we-do/fpsa/

V.

Conclusion

The system is changing

How the system is being used is changing

Traditional methods of planning and operating need to be
reviewed in light of these changes

Ofgem and DECC are supportive of the P2/6 review
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P2 Background and review process
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Process

|
DNV-GL|
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Process
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Process Key Project Team Members

DCRP P2 WG

Consortium Project Manager

Colin Mackenzie

Goran Strbac (IC PM and technical

Imperial College London

lead)

DNV GL

Alan Birch (Stakeholder
engagement)

Colin MacKenzie
(Technical/Operational lead)

NERA Economic Consulting

Richard Druce (NERA PM and lead
economist)
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P2/6 Review Presentation

Supporting Studies and Reports

Colin MacKenzie
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Supporting Studies and Reports
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Supporting Studies and Reports
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P2/6 Review Presentation

Key conclusions and potential recommendations
for reform

Colin MacKenzie

The Voice of the Networks




High Level Options for Reform

The Voice of the Networks
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Key conclusions

|
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Key conclusions
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Key conclusions
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Key conclusions
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Key conclusions
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Key conclusions
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Key conclusions
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Key conclusions
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Further key conclusions

The Voice of the Networks
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Potential recommendations for reform

The Voice of the Networks
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Potential recommendations for reform
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Potential recommendations for reform
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Potential recommendations for reform

The Voice of the Networks
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Coffee break.
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Workshop Agenda

Overview of reference studies (Part 1)

. . Goran Strbac
* Imperial College network planning and cost benefit analysis.
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Overview of reference studies (Part 1)

Network planning and cost benefit analysis

Imperial College

Goran Strbac, Predrag Djapic, Rodrigo Moreno, loannis
Konstantelos, Dimitrios Papadaskalopoulos, Jose Calvo, Danny
Pudjianto, Simon Tindemans, Sana Kairudeen, Yang Yang, Hadi
Karimi, Enrique Ortega, Marko Aunedi
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* |s the present network standard cost
effective?

 What should be the network redundancy
for Distributed Generation?

* What is the value of automation ?

 What is the contribution Distributed Energy
Resources to network security?

* What would be the benefit of smart
emergency demand control to support
management of network loading?

DDDDDD



e Can network utilisation be enhanced?
How about voltage standards?

 What is the impact of construction
outages ?
* Should network resilience be considered?

* How should network be planned under
uncertainty?

* What is the long-term optimal design /
redundancy of distribution networks?

DDDDDD



Potential weaknesses of the present
standards
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Fundamental approach to determining
optimal level of network security




Economically efficient network design
- Incremental network reinforcement
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Degree of Redundancy
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Cost of interruptions
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Customer Damage Functions & VolLL

Recent UK Survey
London Economics

Mix domestic and SME

Domestic

SME

Industrial

Sector — UK
Survey 1990

Residential

Commercial

Industrial

Large user

The Voice of the Networks
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Importance of VolLL
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Cost effectiveness of the present
network security standard /1
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Cost effectiveness of the present
network security standard /2

Degree of Failure rate
redundancy (%/km.year)

21,462

The Voice of the Networks
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Low load factor

N-0.75 5,822,100
2,462,326
N-0.5 928,626
251,237
N-0.25 405,725
95,765
N-0 117,881

High load factor
336,473

85,349
38,581
6,605
30,430
3,141
6,148
0



Cost effectiveness of the present network
security standard /3

Degree of Restore time Low load factor | High load factor
redundancy (hours)

N-0.75 5,822,100 336,473
1,348,185 82,920

N-0.5 928,626 38,581
227,110 9,583

N-0.25 405,725 30,430
100,444 7,567
N-0 117,881 6,148

29,290 1,530

The Voice of the Networks

57




Cost effectiveness of the present network
security standard /4

Degree of Peak Demand
redundancy (kW)
N-0.75 5,822,100 336,473
38,842,345 3,467,322
N-0.5 928,626 38,581
6,654,313 549,738

Low load factor High load factor

N-0.25 405,725 30,430
2,710,372 337,035
N-0 117,881 6,148
921,565 152,047

The Voice of the Networks
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Cost effectiveness of the present network
security standard /5

Parameter Case A Case B Case C Case D
Construction Overhead Underground Overhead Overhead
Failure rate (%/km.year) 5 10 20 5
Switching time (minutes) 2 and 30 2 and 30 2 and 30 2 and 30
MTT Repair (hours) 24 24 24 24
MTT Restore (hours) 24 24 3 3
Least-cost degree of redundancy N-0.25

Case Redundancy level CML (min/cust.y) Case ACML, ST=30 ACI\{IL, ST=2
ST=30 min  ST=2 min minutes minutes

8.4 ~0 A

A 9.8 1.6 B

. 17.2 ~0 C
39.5 23.7 D

C 33.1 ~0
46.8 17.1

b 8.4 0

14.9 7.7

59 |
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Cost effectiveness of the present network
security standard /6

Number of years in 100 years for

Degree which CML is above specified
of value in minutes/customer.year
redund.

20 30 40 50 100
N-1 64 37 30 18 1
P 70 57 50 38 9

The Voice of the Networks
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Cost effectiveness of the present network
security standard /7

Voltage level Overhead lines | Underground cables

N-0:N-1

N-0.25:N-1
N-0.75:N-1
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Cost effectiveness of the present network
security standard /8

HV network degree of redundancy

Benefit/cost (Em)
N-0.75 N-0.5 N-0.25 N-0

HV network 1,755-2,708 3,234-5,740 5,186-7,072 6,215-7,099

EHV and 132 kV networks 1,773-3,922 2,715-4,181 2,715-4,181 2,715-4,181
Losses 690 — 780 1,219-1,705 1,419-2,287 1,423 -2,451
Customer HV 11-17 219 — 389 978 -1,334 1,172 -1,339
outage cost EHV and 132 kV 776 — 1,458 776 — 1,458 776 — 1,458 776 — 1,458

Total 2,051 -4,375

3,249 -6,855 | 3,860-7,042 | 4,531 -7,060

62 |
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Generation driven distribution network
iInvestment /1

Voltage level Overhead lines Underground cables
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Generation driven distribution network
Investment /2

(/ Transformer repair time of 10 days & 0.02 transformer

failures/year
—e—/OLL=£30000/MWh &
Communication
relisbility=0.8

30,000

25,000
—a—VOLL=£30000/MWh &
20,000 Perfect protection

15,000
10,000

5,000 —a—VOLL=£16000/MWh &

Perfect
0

1 2 3
PV farms connected to the protection system
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Value of Automation

[o0e}

Savings of automation vary

()}

I

Indices Manual

site (£k)

N

0 \

0% 20% 40% 60% 80%  100%

Percentage of feeders
—VolL (£17,000/MWh) VoLL (£34,000/MWHh)

<
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automation per secondary

Cost of automation
VolLL (£E/MWh) VolLL (£/MWh)

17,000 34,000 17,000 34,000
58% 80% 56% 83%
28% 58% 20% 56%

2% 28% 5% 20%
0% 2% 0% 12%

The Voice of the Networks

per site (Ek/year)
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Contribution of DER to Network
Security /1
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Contribution of DER to Network
Security /2
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Contribution of DER to Network
Security /3
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Contribution of DER to Network
Security /4
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Enhancing network assets utilisation /1
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Enhancing network assets utilisation /2
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Enhancing network assets utilisation /4

Yoltage Proile

— Thermal Limit
Voltage Limit

30 100 430 200 250 300 320 400 450 500

Distance imj [ b )
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Impact of construction outages and

asset replacement

25% 50% 75% 100%
New transfer capability (%)
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Distribution network resilience /1
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Distribution network resilience /2
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Distribution network resilience /3

Emtergenc'g.ir supply

Network

HILP
Reliabilit | MTT
EENS Cost of EENS Cnst of EENS Ccrst of
y R (MWh/event) EENS (MWh/event) EENS (MWh/event) EENS
(Ek/event) (Ek/event) (Ek/event)

fmero | X5 | 81 | e7 | 18 | 306 | 30 | 510 |
x5 | 852 | ese4 | 47 | 798 | 182 | 3264
(x10 | 1578 | 26826 | 57 | ses | 272 | 4824 _

The Voice of the Networks
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Smart management of network overloads through
disconnection of non-essential loads /1

The Voice of the Networks
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Smart management of network overloads through

disconnection of non-essential loads /2

Network Reliability| Security Level

36,700
8,200
3,100
1,200

185,900

56,700

Low

Medium

15,200
6,100

386,400
85,000

32,700
13,100

High

|
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Low Flex

Mid Flex
141,700
29,000
9,200
3,400
725,600
196,200
48,300
17,300
1,487,500
303,600
101,200
35,400

High Flex
875,000
182,100
59,000
21,500
4,375,000
1,275,000
312,500
113,300
9,296,900
1,961,500
625,000
229,700



Smart management of network overloads through
disconnection of non-essential loads /3

Benefit/cost (Em) Smart load reduction

HV network 1,767 — 1,331
EHV and 132 kV networks 1,522 -2,278
Losses 200 -550
Customer HV 18—-114
outage cost EHV and 132 kV 151 — 684
Total increase 2,073 -3,372

The Voice of the Networks
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Long-term optimal design of
distribution networks /1

Economically efficient
Asset maximum network
loading (%)

Cables

OH
lines

Economically efficient degree of redundancy

Voltage Overhead Underground
level networks networks

N-1 N-1

N-0:N-1.75 N-1

N-1:N-1.75 N-1:N-1.75
N-1:N-2 N-1:N-2

The Voice of the Networks
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Long-term optimal design of
distribution networks /2
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Long-term optimal design of
distribution networks /3

The Voice of the Networks




Key Findings /1
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Key Findings /2
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Key Findings /3
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Key Findings /4

86

Voltage level

Overhead networks Underground networks

LV

N-1 N-1

HV

N-0:N-1.75 N-1

EHV

N-1:N-1.75 N-1:N-1.75

132 kV

N-1:N-2 N-1:N-2
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Lunch

|
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Overview of reference studies (Part 2)

* Review of the broader regulatory framework.

* Industry questionnaire response analysis.

The Voice of the Networks




Workshop Agenda

Overview of reference studies (Part 2) Richard Druce
*  Review of the broader regulatory framework. ' _
* Industry questionnaire response analysis. Colin MacKenzie
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Overview of reference studies (Part 2)

Review of the broader regulatory framework.

Richard Druce
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NERA has been responsible for developing an economic
framework for assessing options and considering interactions
with other regulations

Economic framework for assessing
reform options

Considering other constraints on
reform and unquantifiable factors (eg.
simplicity, transparency)
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The starting point for our work is the premise that regulation
should encourage the “economically efficient” provision of
reliability, which encompasses three concepts

93

|
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As much reliability as customers are willing to pay
for is provided by DNOs, ie. balancing the costs of
provision and the value customers place on
reliability

Reliability is provided using the cheapest mix of
inputs, including network and non-network

solutions

Productive and allocative efficiency should be
achieved in the long-term, ie. trading off current
and future costs and benefits

The Voice of the Networks



P2/6 is a form of regulation intended to
promote the efficient provision of reliability

The Voice of the Networks




There are two main approaches to
regulating reliability in distribution

The Voice of the Networks
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Distribution reliability is regulated in
different ways across jurisdictions

Incentive scheme Guaranteed Detailed asset Different
of revenue at standards Planning management Separate treatment for standards for
Jurisdiction Reliability standards scheme standard plan "worst circuits” urban/rural

SAIDL, SATFI S 1o

NSW SAIDL SATFI cte deterministic yes - standards for
2014 ’ mndrvidual feeders

deterministic, ;
Queensland ~ SAIDI, SATFI y ves i crm.llms nlic-. yes 10 - reporting only
mternal only
SA IDI, SATFI, maximum outage . determinist
= duration ‘ y mternal only

i . expected 1
Tasmania SAIDI, SATFI no, expected m

WVictoria SAIDI, SATFT MATFI o ° yes probabilistic

. , expected

NT no standards of any kind no. expectec
SAIDI, SATFI, maxmmum outage
duration

IDI, SATFI for mvestor-owned o deterministic, worst performing

New Zealand _ ) res ) s
distributors mternal only ' regions are highlighted

yes, but m
UK SAIDI, SATFI q yes practice 1
exceeded

program to encourage
mvestment

Netherlands  CAIDISAIFI res (3% ves ne yes no
Ttaly SAIDI, SATFI Vi ves ves; recently mtroduced yes
California SAIDI, SATFI
New York SAIDI, SATFI

Not all jurisdictions apply
deterministic planning standards
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P2 interacts with a range of regulations, especially
the RIIO settlements (including the I1S)

Interruption
Incentive
Scheme

RIIO Price

Controls NETS SQSS
EU Network Distribution
Codes losses
Guaranteed
Standards of Who'isile
Performance marke

The Voice of the Networks
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We have identified five high-level options
for reform of P2/6
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Option 1: The evidence we have prepared suggests some
revision to the current standard should be considered

What are the pros and cons
of this option, and when
would it be most appropriate?

|
DNV-GL|
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Retain P2/6 without change

What would be needed for
implementation?

The Voice of the Networks

What are the key interactions
with other aspects of the
regulatory regime?



Option 2: Further work would be required to assess whether
new deterministic obligations can be codified precisely
enough to achieve efficiency

@

Retain the nature of P2/6, but define new deterministic requirements to better achieve efficiency
and to account for new technologies

What are the pros and cons What would be needed for What are the key interactions
of this option, and when implementation? with other aspects of the
would it be most appropriate? regulatory regime?
—

The Voice of the Networks
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Option 3: A range of approaches could be followed in
implementing this option — further work would be required to
develop it

3

Oblige DNOs to plan in accordance with CBAs, with no deterministic requirements

What are the pros and cons What would be needed for What are the key interactions
of this option, and when implementation? with other aspects of the
would it be most appropriate? regulatory regime?
102 S The Voice of the Networks
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There are a number of alternative ways to
design CBA obligations (options 3 or 4)

The Voice of the Networks
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Option 4: In principle, this option strikes a balance between
options (2) and (3), in particular as an interim measure
before the price control is reset in 2023

@

Apply only minimum deterministic requirements, and oblige DNOs to perform CBAs to justify
further anything above this level

What are the pros and cons of What would be needed for What are the key interactions

this option, and when would it implementation? with other aspects of the
be most appropriate? regulatory regime?
I

The Voice of the Networks
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Option 5: This option would place much greater reliance on
other mechanisms that regulate reliability, most notably the
Interruptions Incentive Scheme

5

What are the pros and cons What would be needed for What are the key interactions
of this option, and when implementation? with other aspects of the
would it be most regulatory regime?

appropriate?

Abolish any formal planning standard

The Voice of the Networks
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Removing the planning standard entirely (option 5) only
makes sense if other regulations can ensure the efficient
provision of reliability

The Voice of the Networks
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A framework for assessing the options

Is the cost "gap" between P2/6
and the efficient solution large?

Can the "gap" be reduced Adobt
with new deterministic 0P
. Option 1
requirements?

Is the "gap" variable Do the costs of less deterministic ]
depending on planning requirements justify the
circumstances? potential efficiency gains? J

Adopt Will other regulatory instruments ]
Option 2 promote efficiency without P2/67?

Is it possible to define minimum
requirements without introducing
material inefficiency?

Adopt

Option 5

Adopt Adopt
Option 3 Option 4

107 The Voice of the Networks
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Contact Us

\| \

CONOMIC CONSULTING

The Voice of the Networks
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Overview of reference studies (Part 1)

Industry questionnaire response analysis.

Colin MacKenzie
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Three main sections of the
guestionnaire

1
=3 - SECTION-1---DEVELOPING-A-BETTER-UNDERSTANDING-OF-

P2/6-STRENGTHS-AND-WEAKNESSESY|
1

In- this- section- of- the: questionnaire,- we: seek: views- and- feedback: to- aid- a- clearer:
understanding- of- the: (perceived)- strengths: and- weaknesses:- of - the- existing-
standard.q

1

Question-1.1:x

Is-the-present-network-design-standard-gfficient?-q
Does:it-deliver:valuefor-money-to-all-nework-customers?-
In-other-words,-does-it-balance the-cost-¢f-network-infrastructure with-the-security-
benefits-delivered-to-distribution-networl-customers?x

Responses= | 5 - SECTION S REALTIME-NETWORK-OPERATION-AND-SECURITY
-, oOFsuFA¥

__ : 1
_ In- this- section: of: the: questionnaire,- we: seek: views: and- feedback- regarding- the:
__ changes-in-real-time- network:- operation-and- control-that: could- be-facilitated- through-

Response-Status-(pleaseindicate):{ new-software-applications-and-supporting-ICT-infrastructures- that-will-be-available- to-

X-Response-to-remain-anonymous-(defapilt).q facilitate-the-transition-to-a-"smart-grid”- paradigm, - with-specific- focus-on-the-impact-
J-Share the-response-but-without-reference-to-company-or-project.q on-security-of-supply.-|

1
Question3.1:x

What-are-your-experiences-of-the-impact-on-security-of-supply-as-a-result-of-changes-
in-real-time-network-operation-and-control-in-support-of-the-deployment-of-"smart”-
devices-on-the-network?x

Additional-Comments:x

Response-Status-pleaseindicate):q|
X-Response-to:remain-anonymous:(default).q

O-Share-the-response-but-without-reference-to-company-or-project.q

[J-Share-the-response-with-other-respondents-willing-to-share-their-informationx

110 ] The Voice of the Networks



Final section as a “catch all’

*6 - SECTION-4:-ADDITIONAL-QUESTIONS-AND-POINTS-FOR-
CONSIDERATIONY

1

Are-there-any-additional-points-that-you-believe-should-be-considered-during-the-
analysis-phase-of-the-project-or-included-in-the-wider-review?y

These'may-include: q
« - Transparency-and-practicality-of-the-future-standard.q
» - Acceptability-and-application.q
+ - Others-related-issues.§

Please-complete-any-additional-tables-as-required.q

Question4.X:x

Response:x

Additional-Comments:x

Response-Status-pleaseindicate):|

X-Response-to-remain-anonymous-(default).q

O-Share-the-response-but-without-reference-to-company-or-project.
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Invited stakeholders

Electricity North West Limited
Northern PowerGrid

GTC-UK

Energetics Electricity Limited
ESP Electricity Limited
Transmission Capital Partners

Scottish and Southern Energy - Power distribution
Scottish Power Energy Networks

Western Power Distribution Power Con

GTC-UK

RES

SmartGrid GB
RenewablesUK

Uk Power Network
Northern Ireland Electricity
National Grid

Ofgem

DECC

Scottish Renewables

Renewable Energy Association
British Hydro Power Association
British Photovoltaic Association
Solar Trade Association

Energy UK

Energy Storage Network

Renewable energy systems Ltd (RES)
UK Demand Response Association

Association of Decentralised Energy
Energy Innovation Centre
Primrosesolar

Smart Energy Demand Coalition
AMPS
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Remain sufficiently intuitive and easy to audit — Some respondents noted as a benefit of the
existing standard the ease with which it can be explained in legal proceedings, such as
wayleave hearings or disputes, which can minimise dispute costs and delays. Further, it helps
DNOs to demonstrate ESQC compliance.

New network technologies must be fully represented — it is clear from all parties that the
revised standard must consider both demand and non-demand sites and other network
technologies. This should include (but are not limited to) energy storage devices, DSM, DSR
and other commercial arrangements. It is important that such devices and arrangements
are included in the standard to enable them to be part of the network design process and
provide their range of services to the market and the network. This will enable the future
network work design to consider the benefits that are provided by such devices with a view
to fully utilising their capabilities to maintain the required level of security while minimising
the cost of such services to the network operator.

DNV-GL
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10.

Introduction of Cost Benefit Analysis — the requirement for CBAs should be introduced in the
new standard to help inform decision making and guide optioneering but only as one
component of the overall process and the method should be used within a closely defined
context.

Treatment of network losses should not be included — Most respondents took the view that
the security standard should not be adjusted to explicitly consider network losses, but
suggested that the interface between other industry standards/regulatory initiatives should
be enhanced to ensure that any incentives work correctly in conjunction with the security
standard to support its intent of ensuring the efficient provision of security of supply.

Statements of requirements should remain prescriptive — Many respondents took the view
that the description of the requirements imposed by the planning standard should be
prescriptive, ensuring all DNOs are designing to the most economically efficient and stated
common sets of planning methods. This will provide a level of supply security that offers the
best value for customers but also balanced with adaptability to facilitate new/innovative
methods of managing the network / network demand.
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