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EXECUTIVE SUMMARY

This study outlines the traction power substation (TPS) requirements and estimates the
maximum power demand for the Toronto Transit City-Light Rail Plan (TTC-LRP).

Full implementation of the TTC-LRP will necessitate the construction of 73 TPSs and five
Storage and Maintenance Facility (S&MF) TPSs. Based on the proposed program
construction schedule, the first set of mainline TPSs would be commissioned in year
2013 followed by additional groups as shown below:

2013: 10 TPSs

2014: 12 TPSs; 22 grand total
2015: 2 TPSs; 24 grand total
2016: 21 TPSs; 45 grand total
2017: 11 TPSs; 56 grand total
2018: 9 TPSs; 65 grand total
2019: 8 TPSs; 73 grand total

The five S&MF TPSs would be commissioned between 2012 and 2016.

The cumulative electrical power demand during peak transit service levels (morning and
afternoon rush hour periods) is estimated at:

2013: 14.7 MW
2014: 30.2 MW
2015: 56.3 MW

2016: 120.1 MW
2017: 139.4 MW
2018: 156.7 MW
2019: 178.9 MW

The S&MF TPSs electrical demand will peak during non revenue periods when the entire
LRV fleet is in storage during severe winter conditions. The totalized estimated peak for
all five locations is 13.0 MW which is non-coincidental with the above service peak
period figures. If switchpoint heaters are installed at the yards, and powered by the
traction system, the estimated S&MF TPS peak is estimated at 17.0 MW.

The TTC-LRP TPS quantity and estimated electrical demand peak is presented for
discussion purposes only. Demand peak calculation excludes all non-traction power
requirements such as passenger station services and fire ventilation equipment.
Calculations were based on the proposed light rail routes, proposed transit service
levels, preliminary vehicle performance data, 1.5 km substation spacing and a
rudimentary traction loading algorithm.

Computerized train performance simulation is recommended to obtain more accurate
electrical demand peak estimates, and to refine the spacing, location, and capacity of
each of the TPS on the TTC-LRP routes.
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1. INTRODUCTION

The City of Toronto Official Plan, the TTC Ridership Growth Strategy, the Building a
Transit City Plan, and the Mayor’s ‘Transit City’ Platform (2006), have been distilled and
consolidated into one high-level plan for light rail for Toronto — Toronto Transit City —
Light Rail Plan (TTC-LRT).

The plan is premised on developing a widely-spaced network of electric light-rail lines,
each on its own right-of-way. The lines reach all across Toronto, all connecting with the
city’s existing and planned rapid transit routes.

In total, 120 km of service will be added over the entire city. By 2021, the new lines
would carry 175 million riders per year.

The seven routes suggested for the TTC-LRP are:

Don Mills — Steeles Avenue to Bloor-Danforth Subway

Eglinton Crosstown — Kennedy Station to Pearson Airport
Etobicoke-Finch West — Yonge Street to Highway 27

Jane — Jane Station to Steeles West Station

Scarborough Malvern — Kennedy Station to Malvern/Morningside
Sheppard East — Don Mills Station to Morningside Avenue
Waterfront West — Union Station/Exhibition to Long Branch

e o o o o o o

2. REPORT OBJECTIVES

This report outlines the traction power substation (TPS) requirements and estimates the
maximum electrical power demand for the TTC-LRP.

In addition to the seven routes identified above, the traction power assessment will
include the following:

e Scarborough Rapid Transit (SRT) Expansion and associated maintenance and
storage facility
e Four Transit City maintenance and storage facilities
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3. MAINLINE TRACTION POWER SUBSTATIONS

A traction power system must be capable of supplying adequate power at an acceptable
voltage to the transit vehicles while minimizing stray current activity, and step and touch
voltage hazards. Consideration for contingency conditions, such as a single TPS
outage, and future service growth should also be accommodated in the traction power
system design.

For this study, a TPS spacing of 1.5 kilometres has been selected for the initial quantity
take-off for the TTC-LRP. This provides consistency with the (Sheppard East) LRT
Operating Philosophy — Electrical System document prepared by Subway Operations.
The 1.5 km spacing is further validated upon review of transit systems listed in Appendix
A where the average TPS spacing for 750Vdc systems and less, is calculated at 1.8 km.

An exception to the 1.5 km spacing occurs along the Eglinton Crosstown below grade
portion. A spacing of 2.0 km was used in the Eglinton Crosstown LRT Conceptual
Design Report. Enhancements to the wayside traction distribution system may be
required to maintain acceptable voltage levels to the transit vehicles at this spacing.

Appendix B contains maps identifying the approximate location of each TPS on the
proposed routes. Aside from the 1.5 km spacing, placement methodology situates a
TPS at each end of a transit line, and at route intersections (thereby minimizing the
overall number of TPSs). A further reduction of six TPSs may be achieved by installing
the TTC-LRP traction equipment at four existing subway TPSs, and two proposed
Spadina Subway Extension TPSs. However more investigation is required to determine
the feasibility of this option.

The mainline TPSs are tentatively sized at 1.5 MW. This again is for consistency with
the above mentioned report, but also coincides with the smallest sized TPS presently
operated by the Commission. At TTC-LRP route intersections, double capacity TPSs
(3.0 MW) were positioned to service both routes.

Table 1 summarizes the number of mainline TPSs required for the TTC-LRP.

TABLE 1 - Transit City Mainline Traction Power Substation Summary
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* A total of three new TPSs are required for the SRT Extension; conversion of the
existing SRT TPSs are not included in this table (note that only 2 are indicated; a third is
included as a double capacity TPS built with the Sheppard East route).

** The majority of the Waterfront West route is presently serviced by the existing 600Vdc
traction power network. Therefore only two new TPSs are shown to improve two weak
areas along the proposed route. Computerized simulation may reveal a need for more
TPSs.

4. STORAGE & MAINTENANCE FACILITY TRACTION POWER SUBSTATIONS

The ‘Streetcar Maintenance and Repair Facility Master Plan’ recommends the
construction of four carhouses to service the TTC-LRP fleet.

Table 2 summarizes the S&MF TPS requirements along with the proposed SRT
Extension S&MF. Worst case electrical demand of 30 kW per Light Rail Vehicle (LRV)
would be experienced during non revenue service periods when all vehicles are in
storage during extreme winter conditions. These TPSs would require a minimum of two
rectifier branches for contingency conditions and maintenance requirements.
Standardized rectifier sizes of 1000 kW and 1500 kW are used.

TABLE 2 - Storage & Maintenance Facility Traction Power Substation Summary

S&MF LRV Capacity | 'paction dp(z"v'(,‘;' TPS Capacity (kW)
Sheppard 100 3000 2x 1500
Finch 60 1800 2x 1000
Eglinton 150 4500 3x 1500
Don Mills 60 1800 2x 1000
Bellamy (SRT) 62 1860 2x 1000

Total
Transit City Route Lenr\;z:t(im) In lS)eartzlce TPS Quantity Cg::ae:it;d

(MW)

Sheppard East 14 2013 10 19.5
Etobicoke-Finch 18 2014 12 19.5
SRT Extension 2015 2F 4.5
Waterfront West 11 2016 2 3.0
__Eglinton Crosstown 31 2016 19 33.0
Don Mills 18 2017 11 16.5
Jane 17 2018 9 13.5
Scarborough 15 2019 8 12.0

Malvern
Total 124 73 121.5

=D -

Subway and ICTS storage yards are equipped with switchpoint heaters which ensure
proper track switch operation during winter storm conditions. The heaters are typically
tubular type heater elements mounted on the rail. They are also typically powered from
the traction system because of the close proximity to the power rail.

Photo 1

Switchpoint Heater
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If it is determined that switchpoint heaters are required for the TTC-LRP storage yards,
then an additional 800 kW should be added to the estimated traction power demand for
each TPS shown in Table 2.

Alternatively, the switchpoint heaters could be supplied from an AC power system. The
heater demand would then be added to the carhouse and yard electrical demand peak
estimation rather than the traction system’s electrical demand.

5. OVERALL TRACTION POWER DEMAND

The greatest power demand for the TTC-LRP will be during the morning and afternoon
transit service peaks. The estimated power demand peak shown in Table 3, has been
developed using the individual TTC-LRP line in service dates, and the following factors
and assumptions:

e Peak load is calculated on the maximum number of LRVs operating on a TTC-
LRP route (ie demand is not calculated on the total connected TPS load)

e The maximum LRV number includes a 15% contingency for service growth.

e Power demand during LRV acceleration is limited to 740 kW (includes electrical
auxiliary system load of 100 kW)

e The traction demand peak algorithm assumes that 50% of the LRVs are
accelerating (at 740 kW each), and 50% are coasting or stopping (at 100 kW
each).

e Traction demand peak algorithm disregards regenerative braking.

e Electrical demand figures shown are for the traction system loads only (excludes
all ancillary AC loads associated with the LRT route such as passenger station
and fire ventilation equipment).

e S&MF traction load peaks do not coincide with the transit service peaks, and
therefore are not included in the figures listed in Table 3.

TABLE 3 - Yearly Traction Power Demand Peak Summary
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Poier Cumulative
Yiir Transit City Route | Number of Deinand Paik Power
In Service LRVs Demand Peak
(MW) (MW)
2013 Sheppard East 35 14.7 14.7
2014 Etobicoke-Finch 37 15.5 30.2
2015 SRT Expansion 62 26.0 56.3
Waterfront West &
2016 Eglinton Crosstown 152 54.2 120.1
2017 Don Mills 46 19.3 139.4
2018 Jane 41 17:2 156.7
Scarborough
2019 Malvem 53 22.3 178.9
=, 1

6. TYPICAL SUBSTATION CONFIGURATION

The Transit City program proposes to use prefabricated TPSs which are also known as
pre-engineered or container type TPSs. These are vendor designed and factory built
structures containing all the necessary electrical equipment to control and convert the
electrical utility primary voltage to the required traction power voltage. The completed
assemblies are transported to site as a packaged unit facilitating rapid installation and
quick placement into service.

Refer to Appendix C for a typical prefabricated TPS layout, dimensions, and building
elevations. Photos have also been included to illustrate how other transit authorities
have located and architecturally finished these structures. Note that the TPSs shown in
the photos are of unknown electrical capacity and should not be considered typical for
the size of the units required for Transit City. Drawings and photos were provided by
Siemens Canada Ltd.

7. RECOMMENDATIONS

1. The TTC-LRP traction power demands identified in this report are for discussion
purposes only. Itis recommended that a commercially available computerized
train performance simulation program be utilized to obtain more accurate power
demand estimates.

2. The TPS sizing and placement identified in this report are for discussion
purposes only. It is recommended that a commercially available computerized
simulation program be utilized to obtain a more accurate analysis of the TPS
requirements.

3. A study is recommended to evaluate the commercially available traction power
energy recovery systems and their applicability on the TTC-LRP program.

4. A study is recommended to establish the characteristics of a typical TTC-LRP
TPS. TPS features should be developed in conjunction with Subway Operations
to address maintainability and operational issues.

8. REFERENCES

1. Toronto Transit City — Light Rail Plan: Commission Report, March 21, 2007.

2. Streetcar Maintenance and Repair Facilities Master Plan: Transit City Vehicle
Maintenance Centres, Rev 9.

3. Transit City: Sheppard LRT East Operating Philosophy: May 9, 2008.

4. Eglinton Crosstown LRT Conceptual Design Report — Stage 1: TTC Engineering
Dept, August 2008.

5. Eglinton Crosstown LRT Conceptual Design Report — Stage 2: TTC Engineering
Dept, September 2008.

6. Siemens AG website.

7. One Break Point is Enough: Traction Power Simulation in Portland, D.L. Porter, T
Heilig



Transit City Traction Power Overview

1ol v Xipuaddy
oc'ec Aleusied 0SL 1% 8'8 ¢00¢ uolsusiXx3 Xdd pPuejiod
2 Ateualeo : R
gG°1L 1 0GL 9 €6 €£00¢ 81818191U| XIN| PUB[1I0g
oc'c Aleusied 08L ol (44 €00¢ euspesed
YT Aleualeo 0GZ g rAe) B|ENZBUBA ‘OUd|RA OJ19A
GL'L Ateusled 0SL 1% L 00¢ epeue) ‘Aiebe)
: 3I1IyD ‘uoisualxy
06'¢ 0SL [4 S 00¢ z aur] eIy obenues
81 0SL (X4 S0P €00¢ eulyp ‘jley Aug bullieg
) ) EREEID)
Gc'l 0SL oL Gg'cl G00¢ "UOISUBIXT 01O SUBUIY
puejiey] “Sjoybueg ‘walsAg
€6°L |'ed pliyy 0GL cl €C L'€¢C 6661 ysues] pidey paieaalg
|lebnuod ‘uogsin ‘waisAg
: A
8Ll Jeusled 0SL Ll 6l el 900¢ ysuel] ey 146 LS
) ) 021X3| ‘UoISualIxXy
€8°'C 0SL € L g'8 800¢ Z Ul 0138\ ABiISIUO
) A ) B[aNZAUBA |
oc'l kS 0sL g L €9 £00z aul BIOUd|BA WBISAS 0118\
(Ajuo
LL]L Ajeusied 0G./009 Ll G'6l G00¢ SSd1) uel| ‘peyysey LH1
. (AjJuo SSd 1) spuepayiaN
gLl 009 8 6 £00¢ Ul-nNA Aemwel | gAD
) (Ajuo SSd 1)
0g°L 009 9 6 ¥00¢ spuepiayiaN ‘Aemwel ) gAD
(Sd.L/uny) wajsAg abejjon Sdl suonels (uny) Yyibue ajeQ aur
Buoeds sd1 10B3U0D Alddng 2a Jo 1aquinp 1abuasseyd anoy 921AI8S U] Jisues ]
>
c
-]
w
(®))
=
< &)
% o
— w
o
w
< QO
_m.._ =
o 5
A -
(2
>
w
o=
(72}
C
@
| .
—




Transit City Traction Power Overview

7))
@
O
©
2 S
X =23
o o
N -
Ll =
o S
S <
£
[
| .
o
cioc¢ v Xipuaddy
; Lisiigags N ol|gnday uesiuiwoq
gv'e - 00§l 14 9l 8'¢cl 800¢ ‘0BuUILIOQ 0IUES 01BN
: Aieualed : SO
ve'¢ 1 00§11 L ¢l ol 000¢ ‘leyBueysg ‘Z auI 01BN
- Aleualed : euiud
LO"L - 00G1L 9l gl L9t G661 “eyBueys ‘| aur 018N
LE'C 0061 8 9l g'8l 6661 eulyd ‘noyzbuens ons
0oc'L Aleuaied 00§ ol 9l ¢l ¥00¢ sexe| ‘uoisnoH 1Y1
LV'C Aleusied 0041 L Lk 5Lk ¢00¢ Asxin] ‘esing Y7
. 9 €6
GG'l Aleualed 0001 91e1S191U| JONI |
¥8°1 Aleuaied 0S. g c'e Hodiy WBWIL
1G'L Aleualed 0S. 8l ¢'8e apISISaAA BN
Z29°1 Aleuaied 0S. Sl eve apisise] 19U
. y 0901y ouand ‘uenp
961 [led paiyy 0SL Ll 9 ¢Ll 00¢ ueg ‘oueqi Usi| OJBN
€971 0GL 8¢ LE LTV L00¢ uemie] ‘Bunisyoeyl os18\
eVl [led paiyi 0SL i 8l (04 700¢ puejiey “joxbBueg onsp
8L'¢C |led paiy3 06L 1% LL L'8 9661 Asxin) ‘eiequy 141
00'¢ Ateusieo 0GL 9 0¢ 8l 9661 Aaxin] ‘eAuoy 141
Sy gl & Ateuaieo 0SL 14 9 6'9 L00¢ elenzaua ‘oqiedeielN | Y7
(Sd.L/wny) waysAg abejjop Sdl suonels (wf) yibuan aieq aur
Buroeds sdi joBIU0D Alddng Ha J0 Jaquinp 1abuassed 21noYy ERIVVETNT] ysueaj




DR e

DG REF o

vert e

P
- : @
STEOLLS AVORK € # A ‘ , | %
MATCH LINE: A { 1
_______ . i :
| e
l
caston AORE & ; :
| 7 e ST PO Ml A= 0 T W [ N Sl SN e it R SER B ] Lt o O I I 1 0 S v S5k S5 S SO, — .., e P wn
¥ ! WINE € L
: | LCLONTON A
; § | § ST.OONS. ORVE
g £ E H
; ‘ : ; ), : E i
> | B % H 2
z 2 5 ]
Iz 3 f z
% £
2 ° .
FNGH AVENE £ L Iz
§ 3
&
{ T 5 QR
H
' ;s @
! 7
VAN HORNE AVEME | 1%
LAWRENCE AVENE E | |>
_ | I
| |
&
| 4
g | £ ¥4
| v |
: ‘ | H |
E : €€ [ {24 £CH I
R o BN
SEPPARD AVENE E 4 U v v EGUNTON AVDNE |
;w.mou AVENE € g M |
I 2 3 |
2
1 ] i |
) E : § : é
g caon WORE € | » g LEGEND
Moy oy 3 _ TRCTON PONER : ‘a‘
MATCH UINE: B PROPOSLD (AT é =13
= R ‘ol(:;
_____ A
VATCH CNET A Yo — L. B TRANSIT CITY TRACTION POWER [~ m'
— TRANSIT CITY TRACTION POWER [ T B lssued for information only ot o P PEzne pow i EGLINTON CROSSTOWN TORONTD TRANER CoRMBON
——_] u £ & 7 [T A ¥ oo = DN COPRTVENT
§ E Issued for information only E TR BRI o DON MILLS ToRGATO T oSS = B NOT FOR CONSTRUCTION 2 SRS T W e SUBSTATION LOCAIONS: SHEET 1 Secse | o
5 NOT FOR CONSTRUCTION 2 AR amelTE "'“rm:w 'l...“ = i - o CIPS
T T




0005 N,

werr v

DG o

a0 000 9V

KEELE stagey

({2
[0 couron e w
—

QYO NIV

i LN %
i z
! % B s gle i
| i g a1 W
I H E gl i
|§ @ ﬁ rz g
% E P
l:
i
(2]
K LEGEND
oooN ROKD u T s
PROPOSED LT
—— Poume
| —w— PROPOSID UNDCRGROUND
LRT ROUTE
o ATERNATE LRT
ROUTE
1
: |
3 I
Lo g g (2
=
§ i < | ﬁ‘
2 § |
; é |
I
I
I
g 15
3 g
ECS = €©r A IE
+ [ o § 10
I
I
|
s e
T T -~ - o A, et TRANSIT CITY TRACTION POWER
ne At NS &
. - Issued for informaticn only SRER P D EGLINTON CROSSTOWN S e it
- - NOT FOR_CONSTRUCTION R S LT PR Ry
5 - t E LOCATIONS: SHEET 2 = 1cTPs3 By

00 R e

s

e
I
I
I
| : : ; @
i R i g
21 2 E] 4 E
] : i i i
1
|
|
|
e ) g
: FINGH AVENE W E E i
)
................. 2 ,\!_;7
|
|
|
15
1=
Iz
Iz
|
1
|
; @
|
B
z x 2 I
§ | : ; ; 9 ¥
E H] H 3 z il
5 8 g H H : 8 g :
|
Yy, |
L] o = :
6 FINCH AVENE W ~IJ Bste
x
2 Ic
13
% ’
% l
Qo LEGEND
d
0 &R
PROPOSED LRT
ROUTE
v oo T
= T - ~ NoTE TRANSIT CITY TRACTION POWER
- = Issued for information only BY Ie ETOBICOKE - FINCH WEST WD#W
nj NOT FOR CONSTRUCTION PRELIMNARY S —
= - SUBSTATION LOCATIONS = ICTPS 4 T




u
)
&
H
4]

PEETEE

e e

¥ 13N HOLYAN

ANE_STREEY
= %
wttz

(=13
s ”‘A’y o
s

() Y

oG R e

CRA-FH

LEGEND

SUBSTATION

ROUTE

o

T —
j j Issued for information cnly &
T T NOT FOR CONSTRUCTION vareowa

== ——
al H TcPss |5

ﬁewu‘ 09

(=]

MUV aviree

s

TRACTON POWER
SESTATON

PROPOSED LRT
ROUTE

AR e

- — - e ; : LT S— TRANSIT CITY TRACTION POWER [

- - Issued for information only : e ares SCARBOR H MALVERN mﬁoﬁ

& & NOT FOR CONSTRUCTION i — orrae CoMTT
u [T e SuBSTATION LOGATONS ey I—s"




[TV

ert v

ARG

1 — |
’ | @ @
I 4 H § | W
| é ; B ] o (GuO0D CANVE g 5 z |
| 4 = £ § H ! 5
| z > 5 z 5 sevown) g . g 4 2 | 2
= 2 g
! E 2 & s QUEEN STRECT W < 4 g - g g g 2 g ! z
I3 3 s 5 3 ] g % 5 H | -%
X g i : B g ;LS : |
\ % § v stReEr w H q £ g ; > g |
k) - z “ ] v 9 2 SE3 ste s
I ® i ] 3 2 2 =0 1] sareso aewee 0 a |
| 3 q H 4 A .
| 3 |
| H i
| NSRS 200 I
I |
Az I
13 1=
2 13
l; I-
[N
EXISTING NEW EXISTING -
i T TRACKS AND OVERHEAD = T TRACKS AND OVERHEAD T TRACKS AND OVERHEAD - >
|
LEGEND
|
@ ] ] , ) ™ TRACTION POWER
l SUBSTATION
] PROPOSED LRT
5 I e
3 (3 £
H 1 i ]
& P 1 S 3
WORNER AVEWUE ? | i §
g |
i ' !
| >
A [ - H
l u SCISRT2 5t v) SE0
| SEPPAD AVDRE | .am a 1]
|
] | § g
LAKE SHORT BOULEVARD W |
LEGEND 4 : 3 ren avowe :
g TRACTION POWER E |.§.
SUBSTATION g
—  PROPOSED LN | o
EXISTING houte Iz
TRACKS AND OVERHEAD :;
e e T = ) e
r ) . i ron - TRANSIT CITY TRACTION POWER e - - . ot — L0 TRANSIT CITY TRACTION POWER
- - Issued for information only gw%%hmmn: : P e WATE NT WEST woﬂ ; B E Issued for information only 5: 5 SHEPPARD ﬁ'
= & NOT FOR CONSTRUCTION | | pticsil e s 35%‘«% = ' preneany Somuns cowass &l g NOT FOR CONSTRUCTION v R  oiverroa Gonr
g 7 Too = == ==, — = SUBSTATION LOCATIONS o (e
- e SUBSTATION LOCATICNS TCIPS-7 | 7 ; = =) CTPS-8 g




00 0 e

Transit City Traction Power Overview

0 rus e
FENNEDY ROAD
\ L a
h, —
°a B MOLAND AvENE i
] z
i g i
z >
3 z |
H i \
2 = SoWLY RO |
i ‘:
i \
3 Y
A |
NCCOWAN ROAD /
e /
B /
5 " T(“'m
\ | i
BELLAMY ROAD N g hew g g
4
Y o, & :
A b £
® 3 -
NABOAN ROAD
3
z
H
LEGEND
— 'SCARBOROUGH LRT EXTENSON E ORTON PARK ROAD
S i
TRACTION POWER SUBSTATION ;
H ELLESUERE 90K
- - - - o — L s TRANSIT CITY TRACTION POWER e
. Issued for information onl g TACTON POMER BBTINO (5 LOCATONE BOWN a4 e Sl R\
- - Y i ettt ‘3’2‘&%’: 25 weo v~ s ' SAT EXTENSION TORONTD TAANSIT
5 8 NOT FOR CONSTRUCTION | | Eifiinseuitisl Bty SRS . — - poidasyiioron
= 5 Vol —_— SUBSTATON LOGATONS R

Typical TPS Configuration

APPENDIX C

& Photos



06, REF o

BT e

DA N

eoe

b—— = JRSgp— TRANSIT GITY TRACTION FOWER 2= 'uw‘i
—1— Issued for information only ::«- SUBSTA

= ) NOT FOR CONSTRUCTION o ENHERNG DPARTVENT
- T NTS. LAYOUT AND ELEVATIONS “\T m I-—"—

e

Reveona

spupn

SpEpEEE

Issued for information only
NOT FOR CONSTRUCTION

H

TRANSIT CITY TRACTION POWER
TYPICAL SUBSTATION:

PHOTOS FROM VARK
TAANSIT AUTHORS

“reese |2






