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The Peterborough to Kingston Region includes Frontenac County, Hasting County, Northumberland County,
Peterborough County, and Prince Edward County.

The Needs Assessment (“NA”) report for the Peterborough to Kingston region was completed in February,
2015 (see attached). The report concluded that there were only two needs in the region and that they should
be addressed as follows:

a) Transformation capacity relief for Gardiner TS T1/T2 DESN1: to be addressed by a Local Plan (“LP”).
b) Loading constraints on circuit Q6S: to be addressed by Bulk System Planning and not as part of

Regional Planning.

An LP was undertaken by Hydro One Networks Inc. (Transmitter), Hydro One Networks Inc. (Distribution) and
Kingston Hydro to address the transformation capacity relief for Gardiner TS T1/T2 DESN1 . The LP
recommended re-distributing the load at Gardiner TS by transferring one feeder from Gardiner TS T1/T2
DESN1 to Gardiner TS T3/T4 DESN2. The estimated cost of this project is approximately $1.5M. An LP report
was prepared and published by the Working Group for the Peterborough to Kingston region in October, 2015
(also attached).

There are no other major development projects planned for the Peterborough to Kingston Region over the
near and mid-term

Consistent with a process established by an industry working group® created by the OEB the Regional
Infrastructure Plan (“RIP”} is the last phase of the planning process. In view that no further regional
coordination was required, the attached NA and LP reports will be deemed to form the (“RIP”) for the
Sudbury/Algoma Region.

The next planning cycle for the region will take place within five years of the start of this cycle (2014) or earlier,
should there be a new need identified in the region.

Sincerely,

Ajay Garg
Hydro One Networks

nager, Regional Planning Co-ordination

' Planning Process Working Group (PPWG) Report to the
Ontario Energy Board available at the OEB website www.ontarioenergyboard.ca
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Disclaimer

This Needs Assessment Report was prepared for the purpose of identifying potential
needs in the Peterborough to Kingston Region and to assess whether those needs require
further coordinated regional planning. The potential needs that have been identified
through this Needs Assessment Report may be studied further through subsequent
regional planning processes and may be reevaluated based on the findings of further
analysis. The load forecast and results reported in this Needs Assessment Report are
based on the information and assumptions provided by study team participants.

Study team participants, their respective affiliated organizations, and Hydro One
Networks Inc. (collectively, “the Authors”) make no representations or warranties
(express, implied, statutory or otherwise) as to the Needs Assessment Report or its
contents, including, without limitation, the accuracy or completeness of the information
therein and shall not, under any circumstances whatsoever, be liable to each other, or to
any third party for whom the Needs Assessment Report was prepared (“the Intended
Third Parties”), or to any other third party reading or receiving the Needs Assessment
Report (“the Other Third Parties”), for any direct, indirect or consequential loss or
damages or for any punitive, incidental or special damages or any loss of profit, loss of
contract, loss of opportunity or loss of goodwill resulting from or in any way related to
the reliance on, acceptance or use of the Needs Assessment Report or its contents by any
person or entity, including, but not limited to, the aforementioned persons and entities.
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NEEDS ASSESSMENT EXECUTIVE SUMMARY

REGION Peterborough to Kingston Region (the “Region”)
LEAD Hydro One Networks Inc. (“Hydro One”)
START DATE December 12, 2014 ‘ END DATE ‘ Feb 10, 2015

1. INTRODUCTION

The purpose of this Needs Assessment (NA) report is to undertake an assessment of the Peterborough to
Kingston Region and determine if there are regional needs that require coordinated regional planning. Where
regional coordination is not required, and a “localized” wires solution is necessary, such needs will be
addressed between relevant Local Distribution Companies (LDCs) and Hydro One and other parties as
required.

For needs that require further regional planning and coordination, the Independent Electricity System Operator
(IESO) will initiate the Scoping Assessment (SA) process to determine whether an IESO-led Integrated
Regional Resource Planning (IRRP) process, or the transmitter-led Regional Infrastructure Plan (RIP) process
(wires solution), or whether both are required.

2. REGIONAL ISSUE / TRIGGER

The NA for the Peterborough to Kingston Region was triggered in response to the Ontario Energy Board’s
(OEB) Regional Infrastructure Planning process approved in August 2013. To prioritize and manage the
regional planning process, Ontario’s 21 regions were assigned to one of three groups. The NA for Group 1
Regions is complete and has been initiated for Group 2 Regions. The Peterborough to Kingston Region
belongs to Group 2. The NA for this Region was triggered on December 12, 2014 and was completed on Feb
10, 2015.

3. SCOPE OF NEEDS ASSESSMENT

The scope of the NA study was limited to the next 10 years as per the recommendations of the Planning
Process Working Group (PPWG) Report to the Board. As such, relevant data and information was collected up
to the year 2023.

Needs emerging over the next 10 years and requiring coordinated regional planning may be further assessed as
part of the IESO-led SA, which will determine the appropriate regional planning approach: IRRP, RIP, and/or
local planning.

This NA included a study of transmission system connection facilities capability, which covers station and line
loading, thermal and voltage analysis as well as a review of system reliability, operational issues such as load
restoration, and assets approaching end-of-useful-life.

4. INPUTS/DATA

Study team participants, including representatives from LDCs, the IESO, and Hydro One transmission
provided information for the Peterborough to Kingston Region. The information included: historical load, load
forecast, conservation and demand management (CDM) and distributed generation (DG) information, load
restoration data, and performance information including major equipment approaching end-of-useful life. See
Section 4 for further details.

S. NEEDS ASSESSMENT METHODOLOGY

The assessment’s primary objective was to identify the electrical infrastructure needs in the Region over the
study period (2014 to 2023). The assessment reviewed available information and load forecasts and included
single contingency analysis to confirm needs, if and when required. See Section 5 for further details.
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6. RESULTS

Transmission Capacity Needs

A. 230/115 kV Autotransformers
e The 230/115 kV autotransformers (Dobbin TS and Cataraqui TS) supplying the Region are
adequate over the study period for the loss of a single 230/115 kV autotransformer in the
Region.

B. 230 kV Transmission Lines
e The 230 kV circuits supplying the Region are adequate over the study period for the loss of a
single 230 kV circuit in the Region.
e Under high Transfer East of Cherrywood and low water conditions in the east, P15C may be
loaded near its continuous rating under pre-contingency conditions. This issue will be further
assessed by the IESO as part of bulk system planning.

C. 115kV Transmission Lines

e  With the loss of 230 kV circuit P15C, the 115 kV circuit Q6S may reach its LTE ratings in the
near term based on the gross load forecast. The net load in the area is forecasted to decrease
from 2014-2023 with the inclusion of DG and CDM. No action is required at this time and the
capacity need will be reviewed in the next planning cycle.

e The remaining 115 kV circuits supplying the Region are adequate over the study period for the
loss of a single 115 kV circuit in the Region.

e With the loss of 230 kV circuits P15C and C27P and expected load additional loading in
Renfrew area in 2018, the circuit Q6S may be loaded beyond its LTE rating. This issue will be
further assessed by the IESO as part of bulk system planning.

D. 230 kV and 115 kV Connection Facilities

e Gardiner TS T1/T2 DESNI (summer peaking station) is forecasted to exceed its normal supply
capacity from 2014 to 2023 based on the gross load forecast (approximately 112% and 117% of
Summer 10-Day LTR in 2014 and 2023 respectively). However, based on the net load forecast
with planned CDM targets and DG contributions, the station capacity for Gardiner TS T1/T2
DESNI is adequate to meet the net forecasted load over the study period. It should be noted that
Gardiner TS T3/T4 DESN2 is lightly loaded. ~Hydro One transmission will undertake an
assessment of the need for load transfers as a local planning initiative and work with LDCs to
develop a plan to balance load between the two DESNs

System Reliability, Operation and Restoration Review

Generally speaking, there are no significant system reliability and operating issues identified for this Region.
Based on the gross coincident load forecast, the loss of one element will not result in load interruption greater
than 150MW. The maximum load interrupted by configuration due to the loss of two elements is below the
load loss limit of 600MW by the end of the 10-year study period.

For the loss of two elements, the load interrupted by configuration may exceed 150 MW based on the gross
coincident load forecast. However, based on the net coincident load forecast, the load interrupted by
configuration does not exceed 150 MW. No action is required at this time.

Aging Infrastructure / Replacement Plan
During the study period, plans to replace major equipment do not affect the needs identified.
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7. RECOMMENDATIONS

Based on the findings of the Needs Assessment, the study team recommends that

o “localized” wires only solutions be developed in the near-term to adequately and efficiently address
the needs associated with transformation capacity relief for Gardiner TS T1/T2 DESNI as indicated
above through planning between Hydro One Networks Inc. and the impacted distributors. See Section
7 for further details, and

e IESO to assess loading constraints on circuit Q6S for the loss of two elements, and P15C
under high transfers as part of their bulk system planning

viPage




Final Needs Assessment Report — Peterborough to Kingston Region February 10, 2015

TABLE OF CONTENTS
Needs Assessment EXecutive SUMMATY .........coocvieriiiiiieniienieeiieeie et il
TaDLE OF CONLENLS ...ttt et ettt et et e b e e saee e vi
List of Figures and TabIes........cc.oioiiiiiiiiiiiiieiieeie ettt ettt s ens vii
I INEEOAUCHION. ...ttt ettt e et e et eeteesnaeenbeesnseenseas 8
2 Regional ISSUE / TTIZEET ...uuiiiiiieeiiieeiie ettt ettt et e e sree e e aae e sree e saeeeenreeees 9
3 Scope Of Needs ASSESSIMENL.........cccuieriieeiienieeiieeiieeieeeeteeieesiaeebeeseaeeseessseenseessseenseas 9
3.1  Peterborough to Kingston Region Description and Connection Configuration ...... 9
4 Inputs aNd Data .......cccouiiiiiiieeie e e e e eaae s 13
4.1 Gross Load FOTECAST .....cc.eiiiiiiiiiiiiieiie ettt ettt et et e s ens 13
5 Needs Assessment MethodolOgY ..........occvieiieriieiiieniieiieeieeeee e 13
0 RESUILS ...ttt e 16
6.1  Transmission Capacity NEEdS........cocueruierieriieriieniieiie et eieeeeeeree e e saeesee e 16
6.1.1  230/115 kV AUtotransSformers. .......cccueeruieeiieriieiiieiieeieeiee e e sveeeee e e 16
6.1.2 230 kV Transmission LINeS........ccceeruieriiiiiiiiieiiieiesieeiese e 16
6.1.3 115kV Transmission LiNES.........ccccveeiiieriieiiienieeiiieiie ettt ens 16
6.1.4 230 kV and 115 kV Connection Facilities ..........cccceeriierieniienienieeieeieeene 16
6.2 System Reliability, Operation and Restoration Review ...........cccceeevvvviieennnenne. 17
6.3  Aging Infrastructure and Replacement Plan of Major Equipment ....................... 17
7 RecOMMENAAtIONS......cccuiiiiieiiieiieeieeiee ettt ettt ettt et e et e seaeebeesnbeeseessaeenseennns 18
I o AN (< o 1SRRI 18
LB XS (o) (<) 1 Lo TSP U USRS 18
LO  ACTOMNYIMIS ..ceeiiiieiiieeeiie ettt ettt ettt e e et e e st e e st eeeabeeenabeesnnaeessbeesnseeesaseeenns 19

vi|Page



Final Needs Assessment Report — Peterborough to Kingston Region

February 10, 2015

LIST OF FIGURES AND TABLES

Figure 1: Peterborough to Kingston Region Map.........cccecceeviieniiieiiienieeiieieeieeee e 9
Figure 2: Single Line Diagram — Peterborough to Kingston Region............cccceevvvennnen.. 12
Table 1: Study Team Participants for Peterborough to Kingston Region .......................... 8
Table 2: Transmission Lines in Peterborough to Kingston Region..........cc.ccceevevirenneenne. 11

vii|Page



Final Needs Assessment Report — Peterborough to Kingston Region February 10, 2015

1 INTRODUCTION

This Needs Assessment (NA) report provides a summary of needs that are emerging in
the Peterborough to Kingston Region (“Region”) over the next ten years. The
development of the NA report is in accordance with the regional planning process as set
out in the Ontario Energy Board’s (OEB) Transmission System Code (TSC) and
Distribution System Code (DSC) requirements and the “Planning Process Working
Group (PPWG) Report to the Board”.

The purpose of this NA is to undertake an assessment of the Peterborough to Kingston
Region to identify any near term and/or emerging needs in the area and determine if these
needs require a “localized” wires only solution(s) in the near-term and/or a coordinated
regional planning assessment. Where a local wires only solution is necessary to address
the needs, Hydro One, as transmitter, with Local Distribution Companies (LDC) or other
connecting customer(s), will further undertake planning assessments to develop options
and recommend a solution(s). For needs that require further regional planning and
coordination, the Independent Electricity System Operator (IESO) will initiate the
Scoping Assessment (SA) process to determine whether an IESO-led Integrated Regional
Resource Planning (IRRP) process, or the transmitter-led Regional Infrastructure Plan
(RIP) process (wires solution), or both are required. The SA may also recommend that
local planning between the transmitter and affected LDCs be undertaken to address
certain needs.

This report was prepared by the Peterborough to Kingston Region NA study team (Table
1) and led by the transmitter, Hydro One Networks Inc. The report captures the results of
the assessment based on information provided by LDCs, and the IESO.

Table 1: Study Team Participants for Peterborough to Kingston Region
No. | Company

1. | Hydro One Networks Inc. (Lead Transmitter)

Independent Electricity System Operator (“IESO”)

Kingston Hydro Corporation (“Kingston Hydro™)

Peterborough Distribution Inc. (“Peterborough Distribution™)

Veridian Connections Inc. (“Veridian”)

e A Al B ol B

Hydro One Networks Inc. (Distribution)
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2 REGIONAL ISSUE / TRIGGER

The NA for the Peterborough to Kingston Region was triggered in response to the OEB’s
Regional Infrastructure Planning process approved in August 2013. To prioritize and
manage the regional planning process, Ontario’s 21 regions were assigned to one of three
groups. The NA for Group 1 Regions is complete and has been initiated for Group 2
Regions. The Peterborough to Kingston Region belongs to Group 2. The NA for this
Region was triggered on December 12, 2014 and was completed on Feb 10, 2015.

3 SCOPE OF NEEDS ASSESSMENT

This NA covers the Peterborough to Kingston Region over an assessment period of 2014
to 2023. The scope of the NA includes a review of transmission system connection
facility capability which covers transformer station and line thermal capacity and voltage
performance. System reliability, operational issues such as load restoration, and asset
replacement plans were also briefly reviewed as part of this NA.

3.1 Peterborough to Kingston Region Description and Connection Configuration
The Peterborough to Kingston Region includes Frontenac County, Hasting County,

Northumberland County, Peterborough County, and Prince Edward County. The
boundaries of the Peterborough to Kingston Region are shown below in Figure 1.

- lorth Elmsley|

‘// ) ‘ Sathurst Burgess Sherbrooke
Minden Hills E\\!abellltmvan

HHORTHEROOKIDS . mmsmé\

Dysrt and Qthrsfs Bancroft Addingtopfighlang ARDOCH DS Wontagle|
arag = Larkmgm 4 prumme
Highlands E ast

Galyvay-Cavendish and Ha

- JUODGEROOMIDS)
Curve Lake F: ZWEL‘QQKW [ . mBATTERSEA DS
Smith b HARROWSMITHIDSECATARAQUINS

Kovortna L / PeterboroughitolKingston .

DGOBBIN|D.SHID!

PORIHORENTS)

Alnwick/Haldimand
Cramahe

Port Hope and Hope
Clarington Brahton

Cobourg )
Peterborough to Kingston
‘Transmission Line 03755 15 25 30 x
ISk O — — '4%-

pshawa —— 230 kV Kilometers
500 KV
- ission Stations

Figure 1: Peterborough to Kingston Region Map
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Electrical supply to the Peterborough to Kingston Region is provided through a network
of 230 kV and 115 kV circuits supplied by 500/230 kV autotransformers at Lennox
Transformer Station (TS) and 230/115 kV autotransformers at Cataraqui TS and Dobbin
TS. There are ten Hydro One step-down TS’s, eight high voltage distribution stations
(HVDS), and five other direct transmission connected load customers in the Region. The
distribution system consists of voltage levels 44 kV, 27.6 kV, 12.5 kV, 8.32kV, and
4.16kV. The main generation facility in the Region is the 2000 MW Lennox Generation
Station (GS) connected to Lennox TS.

The existing facilities in the Region are summarized below and depicted in the single line
diagram shown in Figure 2. The 500kV system is part of the bulk power system and is
not studied as part of this Needs Assessment:

e Lennox TS is the major transmission station that connects the 500kV network to the
230kV system via two 500/230 kV autotransformers.

e (ataraqui TS and Dobbin TS are the transmission stations that connect the 230kV
network to the 115kV system via 230/115 kV autotransformers.

e Ten step-down transformer stations supply the Peterborough to Kingston load:
Dobbin TS, Port Hope TS, Sidney TS, Picton TS, Otonabee TS, Havelock TS,
Belleville TS, Napanee TS, Gardiner TS, and Frontenac TS. There are also eight
HVDS that supply load in the Region: Dobbin DS, Ardoch DS, Northbrook DS,
Lodgeroom DS, Hinchinbrooke DS, Harrowsmith DS, Sharbot DS, and Battersea
DS.

e Five Customer Transformer Stations (CTS) are supplied in the Region:
TransCanada Pipelines Cobourg CTS, TransCanada Pipelines Belleville CTS,
Enbridge Pipelines Hilton CTS, Lafarge Canada Bath CTS, and Novelis CTS.

e There are 3 existing Transmission connected generating stations in the Region as
follows:

o Lennox GS is a 2000 MW natural gas-fired station connected to Lennox
TS

o NPIF Kingston GS is a 130 MW gas-fired cogeneration facility that
connects to 230 kV circuits X1H and X2H near Lennox TS

o Wolfe Island GS is a 198 MW wind farm connected to circuit X4H near
Gardiner TS

e A 910 MW gas-fired plant (Napanee GS) is expected to connect to Lennox TS at
the 500kV level in 2018.
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e Up to 535 MW of additional transmission connected renewable generation could be
in service in the Region by the year 2023.

e There are a network of 230 kV and 115 kV circuits that provide supply to the

Region, as shown in Table 2 below:

Table 2: Transmission Lines in Peterborough to Kingston Region

Voltage | Circuit Designations Location

230kV | X1H, X2H, X3H, X4H Hinchinbrooke SS to Lennox TS
X21, X22 Picton TS to Lennox TS
H23B Belleville TS to Hinchinbrooke SS
H27H Hinchinbrooke SS to Havelock TS
X1P Dobbin TS to Chenaux TS
C27P Dobbin TS to Chat Falls GS
H24C, H26C Cherrywood TS to Havelock TS
C28C Cherrywood TS to Chat Falls GS
P15C Cherrywood TS to Dobbin TS
B23C Cherrywood TS to Belleville TS

115kV | P3S, P4S Dobbin TS to Sidney TS
Q6S Cataraqui TS to Sidney TS
B1S Barrett Chute TS to Sidney TS
Q3K Cataraqui TS to Frontenac TS
B5QK Cataraqui TS to Frontenac TS to Barrett Chute TS
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4 INPUTS AND DATA

In order to conduct this Needs Assessment, study team participants provided the
following information and data to Hydro One:

e [ESO provided:
i.  Historical 2013 regional coincident peak load and station non-coincident
peak load
ii.  List of existing reliability and operational issues
iii.  Conservation and Demand Management (CDM) and Distributed Generation
(DG) data
e LDCs provided historical (2011-2013) net load, and gross load forecast (2014-
2023)
e Hydro One (Transmission) provided transformer, station, and circuit ratings
e Any relevant planning information, including planned transmission and distribution
investments provided by the transmitter and LDCs, etc.

4.1 Gross Load Forecast

As per the data provided by the study team, the gross load in the Peterborough to
Kingston Region is expected to grow at an average rate of approximately 0.4% annually
from 2014-2023.

4.2 Net Load Forecast

The net load forecast takes the gross load forecast and applies the planned CDM targets

and DG contributions. The net load is expected to decrease at an average rate of
approximately 0.6% annually from 2014-2023.

5 NEEDS ASSESSMENT METHODOLOGY

The following methodology and assumptions are made in this Needs Assessment:

1. The Region consists of both winter and summer peaking stations. Therefore, this
assessment is based on both winter and summer peak loads, as appropriate.

2. Forecast loads are provided by the Region’s LDCs. LaFarge Canada had provided a
load forecast for LaFarge Canada CTS. Load data was not received by the other
industrial customers in the region (Enbridge Pipeline Inc, TransCanada Pipeline Ltd.).
For these stations, the load was assumed to be consistent with historical loads.
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3. The LDC’s load forecast is translated into load growth rates and is applied onto the
2013 summer/winter peak load as a reference point.

4. The 2013 summer/winter peak loads are adjusted for extreme weather conditions
according to Hydro One’s methodology.

5. Accounting for (2), (3), (4) above, the gross load forecast and a net load forecast were
developed. The gross load forecast is used to develop a worst case scenario to
identify needs. Where there are issues, the net load forecast which accounts for CDM
and DG is analyzed to determine if needs can be deferred.

A coincident version of the gross and net load forecast was used to assess the
transformer capacity needs (section 6.1.1), 230 kV transmission line needs (section
6.1.2), 115 kV transmission line needs (6.1.3) and system reliability operation and
restoration needs (6.2).

A non-coincident version of the gross and net load forecast was used to assess the
station capacity as presented in section 6.1.4.

A coincident peak load forecast and a non-coincident peak load forecast were
produced for each gross load and net load forecasts.

6. Review impact of any on-going and/or planned development projects in the Region
during the study period.

7. Review and assess impact of any critical/major elements planned/identified to be
replaced at the end of their useful life such as autotransformers, cables, and stations.

8. Station capacity adequacy is assessed by comparing the non-coincident peak load
with the station’s normal planning supply capacity assuming a 90% lagging power
factor for stations having no low-voltage capacitor banks or the historical low voltage
power factor, whichever is more conservative. For stations having low-voltage
capacitor banks, a 95% lagging power factor was assumed or the historical low-
voltage power factor, whichever is more conservative. Normal planning supply
capacity for transformer stations in this Region is determined by the summer or
winter 10-Day Limited Time Rating (LTR), as appropriate.

9. To identify emerging needs in the Region and determine whether or not further

coordinated regional planning should be undertaken, the study was performed
observing all elements in service and only one element out of service.
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10. Transmission adequacy assessment is primarily based on, but is not limited to, the
following criteria:

With all elements in service, the system is to be capable of supplying forecast
demand with equipment loading within continuous ratings and voltages within
normal range.

With one element out of service, the system is to be capable of supplying
forecast demand with circuit loading within their long-term emergency (LTE)
ratings and transformers within their summer or winter 10-Day LTR, as
appropriate.

All voltages must be within pre and post contingency ranges as per Ontario
Resource and Transmission Assessment Criteria (ORTAC) (Section 4.2)
criteria.

With one element out of service, no more than 150 MW of load is lost by
configuration. With two elements out of service, no more than 600 MW of load
is lost by configuration.

With two elements out of service, the system is capable of meeting the load
restoration time limits as per ORTAC (Section 7.2) criteria.

15|Page



Final Needs Assessment Report — Peterborough to Kingston Region February 10, 2015

6 RESULTS

This section summarizes the results of the Needs Assessment in the Peterborough to
Kingston Region.

6.1 Transmission Capacity Needs
6.1.1 230/115 kV Autotransformers

The 230/115 kV autotransformers (Dobbin TS and Cataraqui TS) supplying the Region are
adequate over the study period for the loss of a single 230/115 kV autotransformer in the
Region.

6.1.2 230 kV Transmission Lines

The 230 kV circuits supplying the Region are adequate over the study period for the loss of a
single 230 kV circuit in the Region.

Under high Transfer East of Cherrywood and low water conditions in Eastern Ontario,
the 230 kV circuit P15C may be loaded near its continuous rating under pre-contingency
conditions. This issue should be further assessed by the IESO as part of bulk system
planning.

6.1.3 115KV Transmission Lines

With the loss of 230 kV circuit P15C, the 115 kV circuit Q6S from Invista Jct to Sidney
TS may reach its LTE rating in the near term based on the gross load forecast. The net
load forecast in the area is forecasted to decrease from 2014-2023 with the inclusion of
DG and CDM. No action is required at this time and the capacity need will be reviewed
in the next planning cycle.

With the loss of 230 kV circuits P15C and C27P and expected additional loading in the
Renfrew region in 2018, the circuit Q6S may be loaded beyond its LTE rating. This issue
should be further assessed by the IESO as part of bulk system planning.

The remaining 115 kV circuits supplying the Region are adequate over the study period
for the loss of a single 115 kV circuit in the Region.

6.1.4 230 kV and 115 kV Connection Facilities

A station capacity assessment was performed over the study period for the 230 kV and
115 kV TSs and HVDSs in the Region using either the summer or winter station peak
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load forecasts as appropriate that were provided by the study team. The results are as
follows:

Gardiner TS

Gardiner TS T1/T2 DESN1 (summer peaking station) is forecasted to exceed its normal
supply capacity from 2014 to 2023 based on the gross load forecast (approximately 112%
and 117% of Summer 10-Day LTR in 2014 and 2023 respectively). However, based on
the planned CDM targets and DG contributions, the station capacity for Gardiner TS
T1/T2 DESNI1 is adequate to meet the net forecasted demand over the study period.

It should be noted that Gardiner TS T3/T4 DESN2 is lightly loaded. Hydro One
transmission will undertake an assessment of the need for load transfers as a local planning
initiative and work with LDCs to develop a plan to balance load between the two DESNs

All the other TSs and HVDSs in the Region are forecasted to remain within their normal
supply capacity during the study period. Therefore, no action is required at this time and
the capacity needs will be reviewed in the next planning cycle.

6.2 System Reliability, Operation and Restoration Review

Generally speaking, there are no significant system reliability and operating issues
identified for this Region.

Based on the gross coincident load forecast, the loss of one element will not result in load
interruption greater than 150MW. The maximum load interrupted by configuration due to
the loss of two elements is below the load loss limit of 600MW by the end of the 10-year
study period.

For the loss of circuits X2H and X4H, the load interrupted by configuration at Gardiner
TS may exceed 150 MW based on the gross coincident load forecast. However, based on
the net coincident load forecast, which accounts for CDM and DG, the load interrupted
by configuration does not exceed 150 MW. Therefore, no action is required at this time
and this will be reviewed in the next planning cycle.

6.3  Aging Infrastructure and Replacement Plan of Major Equipment

Hydro One reviewed the sustainment initiatives that are currently planned for the
replacement of any autotransformers, power transformers and high-voltage cables.
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During the study period:

e Replacement (like-for-like) of both transformers (T1 and T2) at Gardiner TS
DESNI is scheduled in 2020. The replacement plan does not affect the results of
this NA study.

e Replacement of two autotransformers, T2 and TS5 (78 MVA and 115 MVA
respectively), at Dobbin TS with a single 150/250 MVA autotransformer is
scheduled in 2019. The third autotransformer (T1) will remain the same. The
replacement plan does not affect the results of this NA study.

e There are no significant lines sustainment plans that will affect the results of this
NA study.

7 RECOMMENDATIONS

Based on the findings and discussion in Section 6 of the Needs Assessment report, the
study team recommends that no further coordinated regional planning is required.

Rather the study team recommends the following to address the identified needs:
a) Hydro One transmission will lead the assessment and develop a local plan
(“Gardiner TS Load Balancing”) with the relevant LDCs to balance load between
the two DESNs at Gardiner TS; and,

b) IESO to assess and develop a plan for the contingencies associated with circuit
Q6S for the loss of two elements and loading constraints on circuit P15C under
high transfers within the context of a bulk planning study for the area.

8 NEXT STEPS

Hydro One Transmission and impacted LDCs will address the recommendation in
Section 7a and develop a local plan.

IESO to initiate a bulk planning study for the area.

9 REFERENCES

1) Planning Process Working Group (PPWG) Report to the Board: The Process for
Regional Infrastructure Planning in Ontario — May 17, 2013

i1) IESO 18-Month Outlook: March 2014 — August 2015

i11) IESO Ontario Resource and Transmission Assessment Criteria (ORTAC) — Issue 5.0
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10 ACRONYMS

BES Bulk Electric System

BPS Bulk Power System

CDM Conservation and Demand Management
CIA Customer Impact Assessment

CGS Customer Generating Station

CTS Customer Transformer Station

DESN Dual Element Spot Network

DG Distributed Generation

DSC Distribution System Code

GS Generating Station

GTA Greater Toronto Area

HVDS High Voltage Distribution Station

IESO Independent Electricity System Operator
IRRP Integrated Regional Resource Planning
kV Kilovolt

LDC Local Distribution Company

LTE Long Term Emergency

LTR Limited Time Rating

LV Low-voltage

MW Megawatt

MVA Mega Volt-Ampere

NERC North American Electric Reliability Corporation
NGS Nuclear Generating Station

NPCC Northeast Power Coordinating Council Inc.
NA Needs Assessment

OEB Ontario Energy Board

IESO Ontario Power Authority

ORTAC Ontario Resource and Transmission Assessment Criteria
PF Power Factor

PPWG Planning Process Working Group

RIP Regional Infrastructure Planning

SIA System Impact Assessment

SS Switching Station

TS Transformer Station

TSC Transmission System Code

ULTC Under Load Tap Changer
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DISCLAIMER

This Local Planning Report was prepared for the purpose of developing wires-only options and
recommending a preferred solution(s) to address the local needs identified in the Needs
Assessment (NA) report for the Peterborough to Kingston Region that do not require further
coordinated regional planning. The preferred solution(s) that have been identified through this
Local Planning Report may be reevaluated based on the findings of further analysis. The load
forecast and results reported in this Local Planning Report are based on the information and
assumptions provided by study team participants.

Study team participants, their respective affiliated organizations, and Hydro One Networks Inc.
(collectively, “the Authors”) make no representations or warranties (express, implied, statutory
or otherwise) as to the Local Planning Report or its contents, including, without limitation, the
accuracy or completeness of the information therein and shall not, under any circumstances
whatsoever, be liable to each other, or to any third party for whom the Local Planning Report
was prepared (“the Intended Third Parties”), or to any other third party reading or receiving the
Local Planning Report (“the Other Third Parties”), for any direct, indirect or consequential loss
or damages or for any punitive, incidental or special damages or any loss of profit, loss of
contract, loss of opportunity or loss of goodwill resulting from or in any way related to the
reliance on, acceptance or use of the Local Planning Report or its contents by any person or
entity, including, but not limited to, the aforementioned persons and entities.


http://www.hydroone.com/RegionalPlanning/GTA_East/Documents/Needs%20Assessment%20Report%20-%20GTA%20East%20Region.pdf
http://www.hydroone.com/RegionalPlanning/GTA_East/Documents/Needs%20Assessment%20Report%20-%20GTA%20East%20Region.pdf
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LoCAL PLANNING EXECUTIVE SUMMARY

REGION Peterborough to Kingston (the “Region”)
LEAD Hydro One Networks Inc. (“Hydro One”)
START DATE April 10, 2015 ‘ END DATE ‘ October 7, 2015

1. INTRODUCTION

The purpose of this Local Planning (LP) report is to develop wires-only options and recommend a
preferred solution that will address the local needs identified in the Needs Assessment (NA) report
for the Peterborough to Kingston Region. The development of the LP report is in accordance with the
regional planning process as set out in the Ontario Energy Board’s (OEB) Transmission System Code
(TSC) and Distribution System Code (DSC) requirements and the “Planning Process Working Group
(PPWG) Report to the Board™.

2. LoCAL NEED ADDRESSED IN THIS REPORT

The Needs Assessment (NA) report for the Peterborough to Kingston Region indicated that Gardiner
TS T1/T2 DESNI is forecasted to exceed its normal supply capacity in the near term. Gardiner TS
T3/T4 DESN?2 is lightly loaded. The local need addressed in this report will be how to best alleviate
the station capacity issue at Gardiner TS T1/T2 DESNI.

3. ALTERNATIVES CONSIDERED

The alternatives considered were:

1) Transfer load from Gardiner TS T1/T2 DESNI1 to Gardiner TS T3/T4 DESN
2) Do Nothing

4. PREFERRED ALTERNATIVE

Transferring load from Gardiner TS T1/T2 DESNI1 to Gardiner TS T3/T4 DESN2 is the preferred
alternative as it addresses the station capacity issue at Gardiner TS T1/T2 DESN1. Transferring some
of the existing load at Gardiner TS T1/T2 DESNI to Gardiner TS T3/T4 DESN2 is the most straight
forward and cost effective option.

5. RECOMMENDATIONS

Hydro One Distribution will proceed with a detailed estimate for the load transfer work at Gardiner
TS. The detailed estimate for the load transfer work is expected to be completed mid-2016. The
expected in-service date for this work is end of 2018.



http://www.hydroone.com/RegionalPlanning/Peterborough/Documents/Needs%20Assessment%20Report%20-%20Peterborough%20to%20Kingston%20-%2010_Feb_2015%20(FINAL).pdf
http://www.hydroone.com/RegionalPlanning/Peterborough/Documents/Needs%20Assessment%20Report%20-%20Peterborough%20to%20Kingston%20-%2010_Feb_2015%20(FINAL).pdf
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1 Introduction

The Needs Assessment (NA) for the Peterborough to Kingston Region was triggered in response
to the Ontario Energy Board’s (OEB) Regional Infrastructure Planning process approved in
August 2013. To prioritize and manage the regional planning process, Ontario’s 21 regions were
assigned to one of three groups. The NA for Group 1 and 2 Regions is complete and will be
initiated for Group 3 Regions later this year. The Peterborough to Kingston Region belongs to
Group 2. The NA for this Region was triggered on December 12, 2014 and was completed on
Feb 10, 2015. The NA for the Peterborough to Kingston Region was prepared jointly by the
study team, including Local Distribution Companies (LDC), Independent Electric System
Operator (IESO), Ontario Power Authority (merged with IESO as of January 2015 and herein
referred to as IESO), and Hydro One. The NA report can be found on Hydro One’s Regional
Planning website. The study team identified needs that are emerging in the Peterborough to
Kingston Region over the next ten years (2014 to 2023) and recommended whether they should
be further assessed through the transmitter-led Local Planning (LP) process or the IESO-led
Scoping Assessment (SA) process.

This report was prepared by the Peterborough to Kingston Region LP study team (Table 1) and
led by the transmitter, Hydro One Networks Inc. (Hydro One). The report captures the results of
the assessment based on information provided by LDCs and Hydro One.

Table 1: Study Team Participants for Peterborough to Kingston Region

Organization

Hydro One Networks Inc. (Lead Transmitter)

Hydro One Networks Inc. (Distribution)

Kingston Hydro (Embedded LDC)

2 Regional Description

The Peterborough to Kingston Region includes Frontenac County, Hasting County,
Northumberland County, Peterborough County, and Prince Edward County. Please refer to the
NA Report for further details. The Peterborough to Kingston Region and its approximate
boundaries are shown in Figure 1. The facilities in the Region are depicted in the single line
diagram shown in Figure 2.


http://www.hydroone.com/RegionalPlanning/Peterborough/Documents/Needs%20Assessment%20Report%20-%20Peterborough%20to%20Kingston%20-%2010_Feb_2015%20(FINAL).pdf
http://www.hydroone.com/RegionalPlanning/Peterborough/Documents/Needs%20Assessment%20Report%20-%20Peterborough%20to%20Kingston%20-%2010_Feb_2015%20(FINAL).pdf
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3 Peterborough to Kingston Region Needs

As an outcome of the NA process, the study team identified a need to address the normal supply
capacity at Gardiner TS T1/T2 DESNI1. Since this need can be clearly addressed by a
straightforward wires solution, the study team agreed that it should be further planned directly by
the impacted LDC and the transmitter through the LP process and that further coordinated
regional planning was not required. Hydro One with the impacted LDCs further undertook
planning assessments to develop options and recommend a wires only solution(s). Gardiner TS
(230/44 kV)

3.1 Gardiner TS (230/44kV)

Gardiner TS T1/T2 DESNI is forecasted to exceed its normal supply capacity from 2014 to 2023
based on the gross load forecast (approximately 112% and 117% of Summer 10-Day LTR in
2014 and 2023 respectively). However, based on the net load forecast which takes planned CDM
targets and DG contributions into consideration, this issue will be avoided. Nevertheless, the
station will still be loaded at 100% of its thermal capacity at that time. The load forecast
provided by LDCs and the CDM and DG forecast provided by the IESO are attached in
Appendix A.

4 Options Considered

This section describes the options considered to address the local need described in section 3.1.

4.1 Gardiner TS Load Balancing

Prior to the regional planning process, Hydro One Distribution had already planned on re-
distributing the load at Gardiner TS by transferring one feeder from Gardiner TS T1/T2 DESN1
to Gardiner TS T3/T4 DESN2. This would alleviate the loading concerns at Gardiner TS T1/T2
DESNI for this study period. The preliminary budgetary cost estimate for this project is about
$1.5M.

4.2 Do Nothing

Do nothing is not a viable option since it could result in the violation of transformer ratings at
Gardiner TS T1/T2 DESN1, which is not acceptable.
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5 Recommendation

The study team agreed that transferring one feeder from Gardiner TS T1/T2 DESNI to Gardiner
TS T3/T4 DESN2 would relieve the thermal loading at Gardiner TS T1/T2 DESNI1. This is a
cost effective solution that will ensure that any additional load growth during the study period at
Gardiner TS can be accommodated without exceeding the station thermal limit. Hydro One
Distribution will be proceeding with the development of a plan to transfer the load along with a
cost estimate for the work by the end of 2015. The expected in-service date for this feeder load
transfer is end of 2018.

6 References

1) Planning Process Working Group (PPWG) Report to the Board: The Process for Regional
Infrastructure Planning in Ontario — May 17, 2013

i1) IESO Ontario Resource and Transmission Assessment Criteria (ORTAC) — Issue 5.0

i11) Peterborough to Kingston Region Needs Assessment Report



http://www.ontarioenergyboard.ca/oeb/_Documents/EB-2011-0043/PPWG_Regional_Planning_Report_to_the_Board_App.pdf
http://www.ieso.ca/imoweb/pubs/marketAdmin/IMO_REQ_0041_TransmissionAssessmentCriteria.pdf
http://www.hydroone.com/RegionalPlanning/Peterborough/Documents/Needs%20Assessment%20Report%20-%20Peterborough%20to%20Kingston%20-%2010_Feb_2015%20(FINAL).pdf
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Appendix A: Load Forecast for Peterborough to Kingston Region

Table Al: Gross Load Forecast (MW)

Transformer Station | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

Ardoch DS T1 23 23 23 23 23 2.2 2.2 2.2 2.2 2.2

Battersea DS T1/T2 94 94 94 94 9.3 9.2 9.1 9.1 9.0 9.0

Belleville TS T1/T2 | 141.5 | 131.7 | 131.4 | 131.1 | 130.8 | 129.8 | 128.7 | 128.6 | 128.3 | 128.0

Dobbin DS T1 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6

Dobbin DS T2 6.3 6.2 6.2 6.2 6.2 6.2 6.1 6.1 6.1 6.1

Dobbin TS T3/T4 83.5 | 832 | 83.0 | 83.0 | 82.7 | 81.6 | 80.5 | 80.3 | 799 | 79.5

Frontenac TS T3/T4 | 100.8 | 101.5 | 102.3 | 103.3 | 104.0 | 103.8 | 103.6 | 104.4 | 105.0 | 105.5

Gardiner TS T1/T2 | 125.3 | 124.9 | 124.8 | 125.2 | 124.8 | 122.9 | 121.2 | 120.9 | 120.4 | 119.8

Gardiner TS T3/T4 158 | 158 | 159 | 159 | 16.0 | 158 | 15.7 | 15.7 | 157 | 15.7

Harrowsmith DS T1 9.0 9.1 9.1 9.2 9.2 9.2 9.3 9.3 9.3 9.4

Harrowsmith DS T2 9.0 9.1 9.1 9.2 9.2 9.2 9.3 9.3 9.3 94

Havelock TST1/T2 | 63.5 | 63.3 | 63.2 | 63.2 | 63.1 | 624 | 61.8 | 61.7 | 615 | 613

Hinchinbrooke DS T1 | 6.5 6.5 6.5 6.5 6.5 6.4 6.4 6.3 6.3 6.3

Lodgeroom DS T1 5.1 5.2 5.2 5.2 5.2 5.2 53 53 53 53

Lodgeroom DS T2 5.0 5.0 5.0 5.0 5.0 5.1 5.1 5.1 5.1 5.1

Napanee TS T1/T2 55.1 | 52.6 | 52.5 | 53.1 | 533 | 53.0 | 52.7 | 53.1 | 534 | 53.6

Northbrook DS T1 6.8 6.8 6.8 6.8 6.8 6.8 6.7 6.7 6.7 6.6

Otonabee TS T1/T2 | 43.6 | 43.4 | 43.1 | 43.1 | 429 | 424 | 419 | 41.7 | 415 | 413

Otonabee TST1/T2 | 84.3 | 83.8 | 834 | 834 | 83.0 | 81.8 | 80.8 | 80.5 | 80.0 | 79.6

Picton TS T1/T2 54.6 | 464 | 46.6 | 47.0 | 472 | 46.8 | 464 | 46.7 | 46.8 | 46.9

Port Hope TS T1/T2 | 53.1 | 49.7 | 493 | 494 | 494 | 489 | 48.5 | 485 | 484 | 483

Port Hope TS T3/T4 | 64.1 | 63.4 | 63.2 | 63.2 | 63.0 | 62.1 | 61.3 | 61.1 | 60.9 | 60.6

Sharbot DS T1 43 43 43 43 43 43 4.2 4.2 4.2 4.2

Sidney TS T1/T2 64.1 | 639 | 63.8 | 640 | 639 | 63.1 | 624 | 624 | 622 | 62.1

LaFarge Canada CTS | 21.0 | 21.0 | 21.0 | 22.0 | 17.0 | 17.0 | 17.0 | 17.0 | 17.0 | 17.0

Enbridge PL Hilt CTS | 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

TCPL Cobourg CTS 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1

TCPL Belleville CTS | 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
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Table A2: Net Load Forecast (MW)

Transformer Station | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

Ardoch DS T1 23 23 2.3 2.3 2.4 2.4 24 24 24 2.4

Battersea DS T1/T2 10.0 | 10.0 | 10.1 | 10.1 | 10.1 | 10.1 | 10.2 | 10.2 | 10.2 | 10.2

Belleville TS T1/T2 | 148.9 | 149.3 | 149.6 | 149.9 | 150.3 | 150.6 | 150.9 | 151.3 | 151.6 | 152.0

Dobbin DS T1 5.6 5.7 5.8 5.8 59 59 6.0 6.1 6.1 6.2

Dobbin DS T2 6.3 6.3 6.4 6.4 6.4 6.5 6.5 6.6 6.6 6.6

Dobbin TS T3/T4 843 | 84.6 | 849 | 853 | 856 | 859 | 862 | 86.5 | 86.8 | 87.1

Frontenac TS T3/T4 | 106.2 | 107.6 | 108.9 | 110.3 | 111.7 | 113.0 | 1144 | 115.8 | 117.2 | 118.5

Gardiner TS T1/T2 140.5 | 141.3 | 142.2 | 143.1 | 143.7 | 1443 | 1449 | 145.5 | 146.1 | 146.7

Gardiner TS T3/T4 16.0 | 16.1 | 162 | 164 | 165 | 16.6 | 168 | 169 | 17.1 | 17.2

Harrowsmith DS T1 9.0 9.1 9.1 9.2 9.2 9.2 9.3 9.3 94 94

Harrowsmith DS T2 9.0 9.1 9.1 9.2 9.2 9.2 9.3 9.3 9.4 9.4

Havelock TST1/T2 | 640 | 642 | 644 | 64.6 | 649 | 65.1 | 653 | 655 | 65.7 | 66.0

Hinchinbrooke DST1 | 6.6 6.6 6.6 6.7 6.7 6.7 6.7 6.7 6.8 6.8

Lodgeroom DS T1 5.1 5.2 5.2 5.2 5.2 53 5.3 5.3 5.3 5.4

Lodgeroom DS T2 5.1 5.1 5.2 5.2 5.2 5.2 5.2 53 53 53

Napanee TS T1/T2 711 | 72.0 | 728 | 73.6 | 744 | 752 | 76.0 | 769 | 77.7 | 78.5

Northbrook DS T1 6.9 6.9 7.0 7.0 7.0 7.0 7.1 7.1 7.1 7.2

Otonabee TS T1/T2 | 45.5 | 45.6 | 45.7 | 458 | 459 | 46.0 | 46.1 | 46.1 | 462 | 46.3

Otonabee TST1/T2 | 88.0 | 88.2 | 88.3 | 88.5 | 88.6 | 88.8 | 88.9 | 89.0 | 89.2 | 89.3

Picton TS T1/T2 55.1 | 55.7 | 563 | 569 | 57.5 | 582 | 58.8 | 594 | 60.0 | 60.6

Port Hope TS T1/T2 | 53.7 | 54.0 | 543 | 545 | 54.8 | 55.1 | 554 | 55.7 | 56.0 | 56.3

Port Hope TS T3/T4 | 64.7 | 65.0 | 653 | 65.5 | 658 | 66.1 | 664 | 66.6 | 669 | 67.2

Sharbot DS T1 4.4 44 4.4 44 44 4.5 4.5 4.5 4.5 4.5

Sidney TS T1/T2 773 | 777 | 780 | 783 | 78.7 | 79.0 | 793 | 79.7 | 80.0 | 80.3

LaFarge Canada CTS | 21.0 | 21.0 | 21.0 | 220 | 17.0 | 17.0 | 17.0 | 17.0 | 17.0 | 17.0

Enbridge PL Hilt CTS | 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

TCPL Cobourg CTS 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1

TCPL Belleville CTS | 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1

10
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Table A3: Conservation Demand Management (Percent of Gross Load)

2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
C&S 00% | 02% | 05%]| 06% | 11%| 16% | 19% | 23%| 25%| 2.6%
TOU 02% | 03%| 04% | 04% | 04% | 04% | 04% | 04% | 04% | 0.4%
EE programs | 0.5% | 08% | 1.0% | 1.1% | 13% | 21% | 3.1%| 32%]| 3.6% | 42%
Total 1% 1% 2% 2% 3% 4% 5% 6% 6% 7%

Table A4: Distributed Generation (MW)

Transformer Station | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

Ardoch DS T1 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.2 0.2

Battersea DS T1/T2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Belleville TS T1/T2 6.7 16.2 16.2 16.6 16.6 | 16.6 | 16.6 | 16.6 | 16.6 | 16.6

Dobbin DS T1 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Dobbin DS T2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Frontenac TS T3/T4 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6

Gardiner TS T1/T2 13.8 14.2 14.2 14.2 142 | 142 | 142 | 142 | 142 | 142

Lodgeroom DS T1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Lodgeroom DS T2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Napanee TS T1/T2 15.5 18.3 18.7 18.7 189 | 189 | 189 | 189 | 189 | 189

Otonabee TS T1/T2 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7

Otonabee TS T1/T2 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1

Picton TS T1/T2 0.0 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4

Port Hope TS T1/T2 0.2 3.5 3.9 3.7 4.0 4.0 4.0 4.0 4.0 4.0

Port Hope TS T3/T4 0.0 0.46 0.52 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Sidney TS T1/T2 12.7 12. 12.7 12.7 127 | 127 | 127 | 127 | 127 | 12.7
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