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30 Yatchew, A. (2000). "Scale Economies in Electricity Distribution: A Semiparametric Analysis." Journal of Applied
Econometrics 15(2): 187-210.
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(5) In(opex;) = By + By In(len) + B, In(cus) + ¢;

WUND

;W 1'7'02 NNaNN 7Y Nd7INN yuprna 71von nikxin — Opex
;N"Pa Nd7InN nwn IR = len

X122 DNIYWNN 97'n = CcUS

:N'0NAN NIRXIN 707

Regression Statistics
0.913841346 Multiple R
0.835106005 R Square
0.818616605 Adjusted R Square
0.448243478 Standard Error

23 Observations
ANOVA
Significance  F MS SS df
1.49E-08 50.64502 10.17571005 20.3514201 2 Regression
0.200922215 4.018444305 20 Residual
24.36986441 22 Total

pper 95.0%wer 95.0%Upper 95%Lower 95% P-value tStat  Standard Error Coefficients

27771 -7.6331 -2.77706 -7.63313 0.000234 -4.47177127 1.163989433 -5.2050945 Intercept

1.12087 0.44492 1.120868 0.444919 0.000101 4.831983542 0.162023201 0.782893443 n"m| nen 1IN
0.71454 0.07576 0.714535 0.07576 0.017854 2.580760065 0.153112799 0.395147398 MVA- NI

DATN2 NI71700 NINANN 7Y N27INN YUN2A NI7YN N'¥7119 ,N'0NANN NIXYINT DXNN]

Hahrzark

(6) Opex; = 0.00549 X lenio'7829 X cus; %391
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QNIYNN WIdN 22 (1NN 7V ARIYNIE DIND NIXXIN) NIINN NIRXINN NIAYY7 7100
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AWINY 2 70WNN NNaN 7w 70191 NIRYINY DXNN2 ANwY) DTpnn DT 3Lnhiny
oNIMN QNIYNN YIdDIN |'A2 NIMINN NIRXINYT 271N yujNna 71V9NN NIRYIN |2 oN'D

.2012-2016 nwa y¥inna nd71nY

YIDIN ['22 1IN NIXRXINI N27I00N yuzna 21yonn NIXXIN 21im 3 n'720
n1'y'a) 2012-2016 nawa 7vi9a 'nwnn 11an 7w nd2In7 onrnn Qnivnn

(

1.1055 363 9 26 329 2012
1.1249 448 10 40 398 2013
1.1276 343 10 29 304 2014
1.1922 374 10 50 313 2015
1.0854 381 11 19 351 2016
1.1271 yxinn

NN NIRXIN NI77D0 D270 YUNa 719NN NIRXIN 7Y NI7Yn NU¥719 107 DRkNN

N'D NRI7NY onrn gnivnn widTn aa
Nopex; + NNCapex, = 0.006186 x len;*”%%*° x cus; %3951
NIN2AN NIRXINYG N722m ni7yn n¥7192 2016 niwa mwnin 112N 1Ml Naxn

®) 0pex + NNCapex = 322 = 0.006186 x 5,50007829 x 33,4890395'

[INN NIRXINT DTN N771D0 DATN2 NNANT N'9'Y90N NIZVN N'¥Z1I97 DRNNA NI
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N271INN yopn 7iven Ny nxinwn L("nd71na naaronan 7iysnn niwwt) '
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yan? nn 2y 15% 2w qv'wa urnnt Mwnin nian 2wy mapont n''am nd7ina
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Munn nhan 7w 2iysnn N7y 7Y nd7ina nta'vninn 72ivsnn niw 4 n7ao

2012-2016 n1w7 ,2v19a Nd71nn yuna

DUNNIYISN  wIon ;‘;,;’; ’_’;‘,’:‘gﬂ mv
17.5% 64 | 363 | 299 | 2012
32.7% 146 | 448 | 301 | 2013
10.8% 37 | 343 | 306 | 2014
14.9% 56 | 374 | 318 | 2015
15.5% 59 | 381 | 322 | 2016

NZI7NN YO7Na 22'pn'¥1an NIRYIN 3.2

NI7YN N"¥191 DMTMn DX NTAR ,NPI7NN YOzNd 21'pan'Yian Ny iy
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) In(Opex;) = By + B1 In(len) + B, In(cus) + ¢;

NWUND
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Regression Statistics

Multiple R 0.9545
R Square 0.9110
Adjusted R Square  0.9083
Standard Error 0.3909

Observations 69
ANOVA
df S MS F Slgmf;cance
Regression 2 103.24 51.62 337.73 0.0000
Residual 66 10.09 0.15
Total 68 113.32
. Standard Upper Lower Upper
C ts P-val L 9
cepcients gy tStat  Pvalue LowerS3% - oce. 9500 95.0%
Intercept 1.9854 0.4086 4.8585 0.0000 1.1695 2.8012 1.1695 2.8012
len 0.2976 0.0789 3.7726 0.0003 0.1401 0.4551 0.1401 0.4551
cus 0.5540 0.0694 7.9864 0.0000 0.4155 0.6925 0.4155 0.6925

nanwnn 7w (Adjusted R Square) nnaxinnn NN20Mn NIIYA TINKRY NIXYYT N1
N'oNAN 7T 7w |0 NN nipnam nnte a1 (90.83%) nna XN n'onaMa
2% NIN 7Tmnw xxm ,qonma .(P-value) n'onan mTm 7w |ni (Significance F)
NXIN NDIYI TWKRD D2 ,7wUNn? 7D ,NITTIA NNAN 7¢ n7WUN2 'MINN [9IX2 NINWN 11'KI
D'NINN 0'7TaN 172NN X7 DATNA NI NI NIZITaN DNann X77 n'onan v

JIRXINA

DATN2 NI717ON NINANN 7Y NRI7NN YOPNA NI7YN D19 ,N'0NATN NIXXINT OXNN2

) hrarkith
(10) = 0.2976 0.5540
Opex; = EXP(1.9854) X len; X cus;

yupNa 71y9NN NIRXIN 1YAR' N'97 TWUKR 7nUNN NNAN7 NI7Vn N¥19 N NINY
QNIYNAN WIdDIN 22 (1NN 7V ARIYNI NND NIRXIN) NIMINN NIRXIND N7 Api7nn
nNann 7w npi7nn yopna nivn nxae? qoin ,(NNCapex) npi7n? onimn
onI'mN 9NIYNN YUidIN |22 NIMINN NIRXINN X XVANN DTN DTN NI7IdN
AVINY 72 70WNN NNAN 7w W19 NIKYINYG DXNNA NNWY DT N 32.api7nY
ONIMN NIYNN WIDIN ['AQ NIINN NIXXINT NPI7NN Y0O7na 71W9Nn NIRXIN |2 0N

.2012-2016 p1awa yximna npi7nY

NN 7 79192 NIRXIND 0'02 72V NNWYI NI7NY7 ONIMN qNIYNN WidIN A2 [INN DIRXIN DTpn nTnr. 32
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QNIYNN YIDIN A2 [INN NIRXINENRI7AN yONna 721V9Nn NIRXIN 1M ;1 010
 11"7'n2a) 2012-2016 n1awa 7vioa Mwnin Nan v ni?nt onmn
( i

L1 969 66 162 741 2012
L2 984 70 171 743 2013
L1 1,042 70 176 796 2014
Lo 1,026 58 175 793 2015
L1 1,018 63 175 779 2016
1.31 yxinn

NIMIN NIRXIN NI771D0 NRI7NN yON2a 719NN NIRXIN 7W NI7YN N'X7119 757 DRNNA

AN'D NPI7NY? oNIMnN QnIvNN widIN 1Al

(1) Opex; + NNCapex; = 95257 x len;°?%7® x cus; %5540

NINAN NIRXINYG N722m niyn n¥7192 2016 N1w? Mmwnin 11an 1M1 Naxn

(12) Opex + NNCapex = 864 = 9.5257 x 47,809°%2976 x 2,720,000%°°*°

[INN NIRXINT DTN N771D0 DATNA NINAN7 N'D'¥O0N NI7YN N'Y7197 DXNNA ,NI7D
N12N 7W NRI7NN yopna 721V9Nn NIRXIN [TAIR ,NRI7NT oNIMmn gnivnn widIn |2
[1"7'n 864 x1n 2016 Nniwa nwnin NNaN N7y [N 0Y71Y9NN 'KIN2 N7VI9N ,NYXINN
2w npI7nn yopn 2ivon Ny nrnwn L("a'tna naaronann 7iysna nity")
NN 2wvenn niv? (w ' 1,018 nana) 2016 niawa 2y19a Mmwnn n1an
yan? nm v 15.1% 7w 2y'wa 7y nn? Mwnin nnan vw napon? n''am npi7na

33.21'7n'¥12N NIKYINY DNNNA NYXINN NNAN 7¢ NIRXIND NNTY

Q102 'O TN IX7 N1'NY7 DD 70UNN NNANn WATIN NIPYUNNN 1YY 12T Mjzonn D Ly wr 3B

o'Tay 1,000-> w19 Dd7nna niytnn D% nvxa meunn nnan 2016 mw 17nnal 2015 mv
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2012-2016 n1awY ,2v192 np17nn yopgna

90 mby mby

LYY mnoyn Nyann Nyann
b
mMoy»nn nPONa npvna NNNIN

Y9139 Y190 nPIYNa
LIRS dsn]

15.5% 150 969 819 2012
15.6% 154 984 830 2013
19.3% 201 1,042 841 2014
17.0% 174 1,026 852 2015
15.1% 154 1,018 864 2016
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DInNnan
Australla.n Capital 2014 ActewAGL 1
Territory
2014 Ausgrid 2
New South Wales 2014 Endeavour Energy 3
2014 Essential Energy 4
2014 Energex 5
Queensland
) 2014 Ergon Energy 6
Australian Energy
Regulator (AER) South Australia 2014 SA Power Networks 7
Tasmania 2014 TasNetworks 8
2014 Jemena 9
2014 Powercor 10
Victoria 2014 AusNet Services 11
2014 United Energy 12
2014 CitiPower 13
Commission for
Energy Regulation Ireland 2015 ESBN 14
(CER)
2014-2015 Electricity North West Limited (ENWL) 15
2014-2015 Northern Powergrid (Northeast) Limited (NPGN) 16
2014-2015 Northern Powergrid (Yorkshire) plc (NPGY) 17
Western Power Distribution (East Midlands) plc
2014-201 1
014-2015 (WMID) 8
9014-2015 Western Power Distribution (West Midlands) plc 19
(EMID)
W P Distributi h W I
The Office of Gas 2014-2015 estern Power '(sst\:\'/t;\“LtE";; (South West) plc 20
and Electricity United Kingdom
Markets (Ofgem) 2014-2015 |[Western Power Distribution (South Wales) plc (SWEST)| 21
2014-2015 London Power Networks plc (LPN) 22
2014-2015 South Eastern Power Networks plc (SPN) 23
2014-2015 Eastern Power Networks plc (EPN) 24
2014-2015 SP Distribution Ltd (SPD) 25
2014-2015 SP Manweb plc (SPMW) 26
2014-2015 Scottish Hydro Electric Power Distribution plc (SSEH) 27
2014-2015 Southern Electric Power Distribution plc (SSES) 28
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2015 Florida Power & Light Company 29
2015 Ohio Power Company 30
2015 ALABAMA POWER COMPANY 31
2015 Georgia Power Company 32
2015 San Diego Gas & Electric Company 33
2015 AEP Texas North Company 34
2015 AEP Texas Central Company 35
2015 Tampa Electric Company 36
2015 Northern States Power Company (Minnesota) 37
2015 Arizona Public Service Company 38
2015 CenterPoint Energy Houston Electric, LLC 39
2015 Commonwealth Edison Company 40
Fe::grzllaEtr;?;gy United States 2015 Connecticut Light and Power Company, The 41
Commission (FERC) 2015 NSTAR Electric Company 42
2015 Public Service Company of New Hampshire 43
2015 Western Massachusetts Electric Company 44
2015 Consolidated Edison Company of New York, Inc. | 45
2015 Rockland Electric Company 46
2015 Duke Energy Carolinas, LLC 47
2015 Duke Energy Indiana, LLC 48
2015 Duke Energy Ohio, Inc. 49
2015 Duke Energy Progress, LLC 50
2015 Entergy Arkansas, Inc. 51
2015 Entergy New Orleans, Inc. 52
2015 Entergy Texas, Inc. 53
2015 Duke Energy Florida, LLC 54
2015 Alpine Energy 55
2015 Aurora Energy 56
2015 Counties Power 57
2015 Electra 58
2015 Electricity Ashburton 59
2015 Electricity Invercargill 60
2015 Horizon Energy 61
TES::::S:P‘ New Zealand 2015 MainPower NZ 62
2015 Marlborough Lines 63
2015 Network Tasman 64
2015 Orion NZ 65
2015 Unison Networks 66
2015 Vector Lines 67
2015 Waipa Networks 68
2015 WEL Networks 69
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"Network Services relate to services provided over the shared network used to service all
network users connected to it. Such services may include the construction, maintenance,
operation, planning and design of the shared network. Network Services are delivered
through the provision and operation of apparatus, equipment, plant and/or buildings
(excluding connection assets) used to convey, and control the conveyance of, electricity to
customers. Network Services also include the provision of emergency response and
administrative support for other Network Services. Network Services are a subset of Standard

Control Services that excludes Connection Services, Metering services, Fee Based and Quoted

Services and Public Lighting Services.">®

34 https://www.aer.gov.au/networks-pipelines/network-performance/annual-benchmarking-report-

distribution-and-transmission-2015

35 AER economic benchmarking RIN for distribution network service providers — Instructions and

Definitions. At: https://www.aer.gov.au/networks-pipelines/guidelines-schemes-models-
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Capital Driven Opex Non Repayable Line Diversions Omitted

Dismantling Omitted
Network Operations & | System control Controllable and included 17D
Maintenance Planned maintenance Controllable and included 17D

Fault maintenance Controllable and included glirh)
Asset Management Asset Management Controllable and included 27

Forestry & Wayleaves Controllable and included 27
Metering Meter Reading Omitted

QH Data Omitted

Data Aggregation Omitted

Customer Meter Operation Omitted

Keypad / Token Meter Omitted
Smart Metering Opex Smart Metering Opex No costs provided
Customer Service Call Centre Controllable and included

Area Operations Controllable and included 27

Customer Relations

Controllable and included

Provision Of Duos Billing & Accounts Receivable Controllable and included
Information MRSO Controllable and included
Market Opening Omitted
Commerecial External repayable: Omitted
Transaction charges Omitted
3rd party damages Omitted
Supply repayable Omitted
Other inter ESB Omitted
Other external repayable Omitted
Other commercial Omitted

Sustainability & R & D

Sustainability

Controllable and included

R&D Controllable and included
Other Network Rates Non-controllable

Cer Levy Non-controllable

Company Wide Costs Omitted

reviews/expenditure-forecast-assessment-guideline-regulatory-information-notices-for-economic-

benchmarking
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Corporate Charges & Corporate Affairs Controllable and included 36('OI'I' |9INJ) 217
Insurance Controllable and included yirs)
Legal Omitted 1
Pension Controllable and included girs)
Environmental Controllable and included '
Misc Omitted
Health & Safety Controllable and included girs)
Telecoms Controllable and proportioned at 25%
Depreciation Omitted
PSO Omitted
Restructuring costs Omitted
Market Support Costs Omitted
Manufacturing Omitted
Settlement Difference Omitted
Prior Year Adj Omitted
Pension Deficit Charge Omitted
Unabsorbed Overhead Omitted
Capitalise Pension Adjustment Omitted
Misc Omitted
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37, (Ofgem) 'v'an 07N T 7w 1w twx 2010-2015 vy
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Collectively includes the Activities of:
e Network Design and Engineering
e Project Management
Clos'ely The indirect operating costs that e Engineering Management and Clerical Support
Associated e System Mapping

Indirect Costs

support the operational activities of
the DNO.

Control Centre

Tree Cutting
NOCs Other

(CAls) e Call Centre
e Stores
e Operational Training
e Vehicles and Transport
Collectively includes the activities of:
e Trouble Call
Network e Atypicals — Severe Weather one-in-
Operating Costs twenty Events
(NOCs) e Inspections and Maintenance

Business Support
Costs (BSCs)

The indirect operating costs required
to support the overall business.

Collectively includes the Activities of:

Network Policy

HR and Non-Operational Training
Finance & Regulation

CEO etc

IT & Telecoms

Property Management

2"nIx
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37

Electricity distribution company performance 2010 to 2015. at:

:22'7n'¥11 ni7i7on

https://www.ofgem.gov.uk/publications-and-updates/electricity-distribution-company-

performance-2010-2015

38

Electricity Distribution (DPCR5): Glossary of Terms -Regulatory Instructions and Guidance:Version 3.

At: https://www.ofgem.gov.uk/ofgem-publications/46574/dpcr5glossaryoftermscleanl.pdf
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132 | 4. DISTRIBUTION EXPENSES
133 | Operation
134 | (580) Operation Supervision and Engineering 12
135 | (581) Load Dispatching 12
136 | (582) Station Expenses 12
137 | (583) Overhead Line Expenses 12
138 | (584) Underground Line Expenses 12
139 | (585) Street Lighting and Signal System Expenses
140 | (586) Meter Expenses
141 | (587) Customer Installations Expenses
142 | (588) Miscellaneous Expenses 12
143 | (589) Rents 12
144 | TOTAL Operation (Enter Total of lines 134 thru 143)
145 | Maintenance
146 | (590) Maintenance Supervision and Engineering 12
147 | (591) Maintenance of Structures 12
148 | (592) Maintenance of Station Equipment 12
149 | (593) Maintenance of Overhead Lines 12
150 | (594) Maintenance of Underground Lines 12
151 | (595) Maintenance of Line Transformers 12
152 | (596) Maintenance of Street Lighting and Signal Systems
153 | (597) Maintenance of Meters
154 | (598) Maintenance of Miscellaneous Distribution Plant |B)
155 | TOTAL Maintenance (Total of lines 146 thru 154)
156 | TOTAL Distribution Expenses (Total of lines 144 and 155)
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Opex

6.8. Operating costs are the costs associated with the day to day operational
running of the networks. For the purposes of the price control operating costs are
grouped into direct opex, closely associated indirect costs and business support.

6.9. Direct opex represents the inspections, maintenance and fault repair costs
associated with maintaining NGET's transmission network. Closely associated indirect
costs (CAI) represent the back office functions that support the inspections and
maintenance teams work on the network. Both areas of cost are driven, to some
extent, by the age and condition of the network and by proposed capex (especially
non-load-related).

6.10. Business support costs are the costs that support the overall business and
include: IS and telecoms; property management; finance; audit and regulation; HR
and non-operational training; insurance; procurement; and CEO and other corporate
functions.

271NN NWA 71W9N NIRXINA NITI7ON ARXINN NIMRA'VR NIAXM 707 7202

Business IT & telecoms

support Property managgment _
HR & non-operational training

Finance, audit & regulation

Insurance

Procurement

CEO & group management

Closely Operational IT & Telecoms
Associated Project Management

. Network Design & Engineering
Indirects System mapping

Engineering Management & Clerical Support

Network Policy (incl. R&D)

Health, Safety & Environment

Operational Training

Stores & Logistics

Vehicles & Transport

Market Facilitation

Network Planning

Direct costs Fault Repairs

Planned Inspections & Maintenance

Vegetation Management

Operational Property Management

BT 21 CN Teleprotection

Offshore Transmission Project
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AEMC Levy
Asset Management 12
Asset Works Program 12
Availability Rebate
Building Services 12
Corporate 12
Corporate Governance 12
Corporate Support 12
Customer Relations
Debt Management Costs
Easement Tax
Environmental 12
Field Maintenance 12
Field Operations and Maintenance 12
Field Support 12
Finance
Grid Planning 12
Grid Support 12
HR & Payroll 12
Information Technology 12
Insurance 12
IT 12
Maintenance - Communications 12
Maintenance - Land and Easements 12
Maintenance - Lines and Cable 12
Maintenance - Secondary Systems 12
Maintenance - Substations 12
Maintenance Support and Asset Management 12
NCIPAP
Network Maintenance 12
Network Operations 12
Network Support 12
OHS
Operations 12
Operations / Control Room 12
Other Corporate Services 12
Project write-off 12
Property Management 12
Rates & Taxes
Refurbishment 12
Regulatory
Revenue Reset
Self Insurance 12
Strategy and Business Development 12
Taxes and Charges
Transmission Operations 12

Transmission Services

5
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Opex Category and Portfolio wpm'Ema

Grid Maintenance Projects - Transmission Lines TL Aerial Line Survey 12
Grid Maintenance Projects - AC Stations ACS Buildings & Grounds 12
Grid Maintenance Projects - Transmission Lines TL Tower 12
Grid Maintenance Projects - Transmission Lines TL Conductor 12
Grid Maintenance Projects - Transmission Lines TL Foundation 12
Grid Maintenance Projects - Transmission Lines TL Insulators 12
Grid Maintenance Projects - Transmission Lines TL Pole 12
Grid Maintenance Projects - Transmission Lines TL Access 12
Grid Maintenance Projects - AC Stations ACS Power Transformer 12
Grid Maintenance Projects - AC Stations ACS Outdoor Circuit Breakers 12
Grid Maintenance Projects - AC Stations ACS Indoor Switchgear 12
Grid Maintenance Projects - HVDC Stations HVDC 12
Grid Maintenance Projects - Other MP Other 12
Grid Routine Maintenance RM Stations 12
Grid Routine Maintenance RM Transmission Lines 12
Grid Routine Maintenance RM HVDC 12
Grid Routine Maintenance RM Operating 12
Grid Routine Maintenance RM Training 12
IST Grid IST Grid IT Asset Management

IST Grid IST Grid IT Transmission Systems Plan

IST Grid IST Grid IT Telecommunication Services

IST Grid IST Grid IT Network Services

IST Business Support IST Business Support IT Corporate Services

IST Business Support IST Business Support IT ICT Shared Services

IST Business Support IST Business Support IT Security Services

Corporate Corporate CS Departmental (incl. ROCs) 12
Corporate Corporate CS Investigations 12
Corporate Corporate CS Insurance 12
Corporate Corporate CS Insurance (self insurance) 12
Corporate Corporate CS CGA indemnity payments 12
Corporate Corporate CS Ancillary Services 12
Corporate Corporate Demand response Platform 12

https://www.transpower.co.nz/node/10951/opex-portfolio- X7 NIPNMVP ¥ 720M v1eh 32
overview-documents
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The Commerce Commission m>rm TRANSPOWER 1
N"2VDIX ElectraNet 2

Australian Energy Regulator 7DD Ausilet Se_mces ’
(AER) N2I0DIN Powerlink 4

N"2VDIX TasNetworks 5

N2I0DIN TransGrid 6

The Office of Gas and miona NOET !
Electricity Markets (Ofgem) v SHE 8
n1vL1N21 SPT 9

nMan NMIXAN American Transmission Co 10

NM2N NIXIN American Transmission Systems 11

NMan NMIXAX San Diego Gas & Electric Company 12

nMan NIXAXR AEP Ohio Transmission Co 13

NMaN NIXX ALABAMA POWER COMPANY 14

NMaN NIXIN Northern States Power Co (Minnesota) 15

NM2N NIXIX New England Power Company 16

NN MIXAX Central Maine Power Company 17

NM2N NIXIX Commonwealth Edison Company 18

NN MIXAX Connecticut Light and Power Company, The 19

FederalCEnergy Regulatory N"M2aN NIXIX Arizona Public Service Company 20
Oglgl]rgnésé)lon NM2N NIXIN Atlantic City Electric Company 21

nMan NMIXAX Avista Corporation 22

NM2AN MXIX | Consolidated Edison Company of New York, Inc. | 23
nMan NMIXAX Duke Energy Indiana, LLC 24

NN NIXIX Duke Energy Ohio, Inc. 25
NMaN NIXAX El Paso Electric Company 26
NM2N MXIN Emera Maine 27
NM2N NIXIX Gulf Power Company 28
nMan NIXAIX ITC Midwest LLC 29
NM2N NIXIX International Transmission Company 30
nMan NIXAIX 31

Jersey Central Power & Light Company
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