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Dedication

This report is dedicated
to the memory of the late John Bruce McCullum,
President of Transport 2000 Ontario (now Transport Action Ontario)
from 1988 to 1992.

Visionary, ecologist, and sustainable transportation advocate.
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Executive Summary

Today, North America has re-awakened to electrification’s potential. Part of this renewed interest revolves around the
spate of high-speed rail projects now proposed in the U.S. Also, faced with automobile-fed urban sprawl, rising energy
costs, uncertain future oil supplies and continued environmental degradation, there is a growing public call for the
expanded rail electrification. There are currently 19 commuter rail electrification projects and proposals under way in
North America.
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The benefits and the means of electrifying GO have been studied on numerous occasions in the past. Each of the
previous studies contains data still relevant to the issue today.

The first series of studies was carried out in 1980-1982 and concluded, !"#$%&'()*+,$%-#(./0%&'$&1'$%2('%2.3.'$% #¥3-4$%56
(78&/$8+4%,."$+3%&/1++*+4%-3.0*$-%1+0%,1"6*+4%(.'%0$31*/$0%0$-*4+%(2%9+1+,*1/%*7 &/$7S+318{+%-3.0*$-%+$$0$
)L/*013$%1+09%*7&/$7$+3%%/$,370, 18(+9%(2%63#$%: 1:$-H#(' $%&('8(+%(2%3H#$%<=%"1+-*3%,(77.35'% 1*/%+$3>(";°@

A detailed implementation plan followed. However, the plan was derailed by the Province’s insistence that GO use the
unproven, made-in-Ontario Advanced Light Rail Transit (ALRT) technology. By the time it was determined that the cost of
ALRT was excessive, the momentum for electrification had been lost.

In 1992, another comprehensive study clearly spelled out the virtues of electric traction. Electric multiple units (EMUs)
vis-a-vis electric locomotives received serious study. It was concluded it was not possible to convert GO’s non-powered
bi-levels to self- propelled EMU operation, as there was little under-floor space for traction equipment. It was suggested
that new motorized driving cars could be paired up one-for-one with the existing bi-levels. The study team
recommended the preferred traction power system to be +/-25,000 volts AC (now known as 2x25 kV). The report also
dealt extensively with emissions and noise, demonstrating that electrification would result in significant reductions in
both types of pollutants.

Exhaustive though it was, nothing came of the 1992 study, even though the government of Premier Bob Rae was
philosophically supportive. The global economy had receded and there were no provincial funds available to move
forward.

The GO electrification issue slumbered until 2001, when an opportunity arose to purchase surplus electric locomotives
from Mexico. A study confirmed the incremental capital and operating costs for electrification from 2004 to 2021 would
be less than $100 million. This did not account for the significant health, environmental and ridership benefits. Although
GO electrification had never been more affordable, the government of Premier Mike Harris did not act.

<"# '2+),&=)+1(-2>

Metrolinx is the provincial government agency established in 2003 to plan and coordinate transportation within the
Greater Toronto and Hamilton Area (GTHA). A takeover of provincially-owned GO Transit was later added to its mandate.

In 2007, prior to release of the Metrolinx Regional Transportation Plan, "#$%A*4%B(}8e Premier released his Move2020
plan, an $11.5 billion commitment to 52 priority transit projects in the GTHA, including !*+,'$1-*+4%-&$$0%1+0%'$0%*+4
$7*--*(+-9%56%%/$5,3*26*+4%3#$%<=%:1;$-#('$%/*+$%1+0%SC&1+0*+4%,1&1,*36%(+%1//%<=%/*+$-@7?

The government’s endorsement of electrification escalated in 2008 with its acceptance of "#$%A*4%B()$xpress rail,

defined as #*4#%-&$$0%3'1*+-D%36&*,1//6%%$/$,3"*,D%-3$")*+4%&*71*/6%/(+4E0*-31+,$%'$4*(+1/%3"*Bo-%>*3#%3>(E>16%
-$")*,$@was a cornerstone of the plan. "#$%A*4%B%oposed express rail on GO’s Lakeshore and Brampton lines within

15 years and on the Milton and Richmond Hill lines within 25 years. Additional express rail service was identified for

beyond the 25- year planning horizon.
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Introduction

"#$%8&" () %"

“Make no little plans; they have no magic to stir men's blood and probably will themselves not be realized.”

Daniel Burnham

In the late 1950s, the Government of Ontario faced a daunting challenge. The rapid growth of Toronto had placed
tremendous pressure on the region’s existing transportation system. Major choices about its future direction had to be
made. As with many North American cities that boomed in those heady postwar years, most of the growth beyond the
boundaries of the old, transit-dependent city was being fuelled by the automobile.

How would the province respond? There was pressure from many quarters to follow the example of U.S. cities such as
Los Angeles, Houston, Atlanta and Detroit by recasting this urban region as one whose transportation destiny would be
surrendered to the automobile. A few lonely voices argued for a response that leaned heavily on transit expansion and
urban development policies designed to support it.

Both Premier Leslie Frost and his successor, Premier John Robarts, remained unconvinced that automobiles and highways
alone should define the future of the Metropolitan Toronto Region. The cost and consequences of the land acquisitions
for a highway-based transportation system would have been staggering. Cities that had done so, such as Los Angeles,
were already drowning in the cars that merely continued to feed the sprawl and consumed all new highway capacity.

On May 19, 1965, Premier Robarts announced his bold plan. Ontario would create an 84-kilometre experimental
commuter service over the upgraded Canadian National line from Pickering to Toronto Union Station and on to Oakville
and Hamilton. It would be called GO Transit and it would be North America’s first new commuter rail service in decades.
The public hailed the premier’s decision, even while many highway-minded civil servants and planners scoffed at it.

Launched on May 23, 1967, with Premier Robarts at the controls of the first train, GO was — to paraphrase the legendary
Chicago architect and planner, Daniel Burnham — “no little plan.” The impact of the initial Lakeshore Line on the
communities it served was swift and dramatic. The two-year ridership targets were reached within six months. A visiting
delegation of politicians, civil servants and planners from New Jersey declared GO to be “Toronto’s transportation
triumph: The right thing, done at the right time and in the right way.”
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Chapter 1

1.0 Rail Electrification’s History of Excellence
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"Our electric train is creating quite a stir," Werner von Siemens proudly wrote to his brother on June 12, 1879. His
experimental electric train — generally regarded as the world’s first successful design — was demonstrated to eager
Berliners 132 years ago.
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1.1 Harnessing ‘White Coal’
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1.2 Taking Wealth from the Air
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BBOHBUVSE, HH*+EH#2'(*8) 3(BA" H+$ HO*HSH. 'BH#I"2 #0*$. $&,#1"&#+)[+<'1()'.(64#8$)2&"S,)./9

1.3 The EMU: A Whole Train in One Car

FO* "7+ & H &Y (+.) ($2#,) D'& . (O5H*+#*+&"#Q'BH]' &=HO60* ;0#0+$& #:$.6#%68&).() %2 0H#S. H(+$&S(*' &) OH O+
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*8$). OH*+SHH"&))).$* #"&H¥ &) B H'T*0), Hr+#2' (&) 3 HF' 'OH>'+). HO*S:H#' 1) OOHP T*H#1"&H1SO*SH1&HT' * (" &
0'&-)(HB)*+) A+ +"0H" O5#*+ #*+&"#&S) 28$60#0'2' (' #0'21<%&"%'22" 5HOT>B$6<2)="#'2' (&) (#;724%2'#7 ) *#Z OXK[#($&09
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Many first and second generation North American EMUs delivered reliable and cost-effective service for

decades. Typifying this longevity were the Blueliners of the Philadephia-area commuter service of the Reading
Company, which entered service in 1931 and weren’t completely replaced until 1990. Photo from the Joe Testagrose
Collection.
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1.4 Electrification’s Advantages

1.4.1 Emissions and Noise Abatement

| HT&>$ HE& SOSH+1#7)00)" O#$. #.") O'HL&" HOX $#' /). O#BSOSH#S #> 0*5#$#.7)0$. (4., SHE*#8"QO*SHGH+ SR +#+$$&,9
02'(*8)3' #78>$.#83)28$60#&) #() 404" 1#".2). #%"2274" #$. #&' 7( #.")0'#(".0), &$>269

S&)A(OHY") HH T H*+$HI"22T 4" #)OHOA22H(&'SH HEHH"0). H/ ' &$A.IHO*SA" O5HB+)(+#) HQ&*+HF; &) (SHB'&HI'. &$226H#("$2<
3&' HH & $2HY2$ *0H, T&) [H2'(*&)3($4" AOH $&26#6'SLOIHHG "S- &5#'-' H'S&26H#I&),<("..'(*' HOBO* ,0#(" - &*' #;1&H"1

U RIH) HHH("S2H) FHY&" T(A-H+"80'V%"S &t +$ HBF0HY"00)> 2 HB)* +# 724%2 HOX'$:#2" (", "4-'O#" 1#-$&6)./1#£'/&"0
"LH(">TO04" #1()' . (BOHHFOHSHE 0T 245H'2' (&) (H&S) 2#2) . O#(".07;' #2'00#("$24% &H+"80'%%"8'&HS. HY6&" 7 (' #2'00#%"2274".9

S2'$./&HY"S'EHI &SA" 4+ OSHYSRA(T2B&26H#+6, &"SHE' T(' #H+H(BE&>" #1"*06&) " 1#:$.6#2'(*8)3' #&$) 24" %' &$4".09
FHGD0HL&" HHH L& H, W' (" HGHO).[2H | &IGHO" T&(IHHI+)0HY6E"), OHO* &S 1) (H96"2) (6#>" /301" &#*+"0'#ES$) 28$60
70)./4&' '8$>2'54." <1"00)2#17'24#0" 7 &('OHHW" &H# CS: %2 SHO+"&*$/'OH" 1#); %" & #("$2H1"&(' HSHE' T(A" #) #*+HO*$: <+$72",
0'&-) (‘04" 1#++#B8)00HW','&S2HES) 28$60#, 78) /#*+H#W) KO #R" &2, #HRSEOHHF #$//& 00)-'#%6" 0*8$EH2'(*&) 3(PH" #%6& &S #:$,
B8)*f&2S., A0#&S)28604)., %", M 1#1"&) # . &IGH>6HS, Vol J#," 04(HY"8' &HO"T&(OHL" &#-)&* T$2264#$2 24" 1#)*0#&" T*09

1.4.2 Tunnels

1+#, 88> S(=OH"H' Yo' &BA.[HON $;#2"(";"4-'0H) H2" H*T . 20HS& H">-) " TOMHHR+ &' H)*HBSOH, " SH)*#"p' #+$ #2)1'<
&S ) (" O'HT' (O#1"&H#*&S) #(& BOHS. #%$00' /' &OHS2)="SHSOHBS0H, " 0*&$* #>64*+HQIS AOHYS&=HF- 717 .2

("22)0)". OHHT 70 HS0H'2' (&) 3($A" HE'0"2-' H*+HY&">2' " H*+$H2).'SHO H) ) 1" &H"*+' &H*T ' 2H" %' &$4" OSHSBHE 2 24#$0#; $=)
2" #7208 #0'- &$2#.'8#2).'0#1'$0)>2'0

Grand Trunk’s St. Clair River Tunnel electrification was the first in Canada, opening in 1908. It replaced a dangerous
and inefficient steam operation between Sarnia, Ontario, and Port Huron, Michigan.
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VEFHHBSOHY' H) HP@ PKHS. )X OH"%' &$A" HBSOH" 264#96"00)>2'#>'(ST0H" L+ HV SH(S* $&6H'2'(*&)3($A" #"1#*+'#3-'<

=) 2" QX" T HEE S 21T . 2OHHF OHB 2254+ HQ SH] &=HS' *&S2A0HV &) HE)-'&#IT .. 2#>'*8" #R).,0"&5#a. *B&) "5HS.,

V& VBHX) (+)/$. 5HBSOH %' #) #2 @ IMHSOHSH*+) & HESB) 24V SH'2' (&) (#'"%'&$4".9

#

O2'(*&)3($A4" HBSOHS H#'-' HIQ'SH &H>"" H 1+ H" Yo' &SA" #"1HOT & Yo' AOH2" [H*T . 20#7 . &H*+HF 2%) ' #%$00'05H#) 27 ). [+
B);%2" #Z?@IK#=;[5#"J+$&HZ?_#=;[SH *O(+>'&IHZ 2I0jH=;[#$. HF&2>'®IHZIMOD_H#=;[ Ot *#2$* &S, #%"00)>2' 1+

(" O*&T(4" H" 1 #2" [ &HOT>*&ES.'S H&$) 28$6#+7 . 205H0 T (+HSOHTS%S$. AOHB)=$HZ_LIK_#=:[#>"*8" #*+#)02$.,0#"1
G".0+7#$. #G"==$),"SH+HS+7.."24Z_M9_#=[#2).=).[#0.12%. #$. HWES.(SHS. #+#.'8H#e"J+$& #PSO'HIT .24 \H=i[5

8+)(+#8) 224> H*+'H#8" &2, ADH2" [ O*#8+ H#) "%’ O#) #2$*#DM?\9

1.4.3 Steep Grades

FO#*+'#"&))).$2#P a#P$24;" &'#P'2*#M).'#3. #O'-' &$2#' $&26#07&"%'S.#"%'&$4".0#%&"- 5#'2'(*&) (#2"(";"4- O#P&L H$%0$>2'#"1
(".H7'&).[HO*"%o#&S, O#*+$*#8"7 2, #>'# ) |(T2*#"&#'-' #),%"00)>2'#1"&HO*' $;#$. #"*+'&#1"&; 0" 1#;"4-'H%"8' &O##

O2'(*&)(H2"(""4-#$. HOXKOHSE HS>2'H¥"H,'2)- &#+)[+#$. #(" 0*$ H*EB(4-# D&M +& TI+H#$#8), ' 8HO%" HESH#*+$.
OF S &, ) 0" 242" (" A OOHHWE HEHO*S. ). JHOX S H*+& T I+#-"H+)[+#0%%" O5H*+#2'(*&) (' T*U THH(" - &> #-HS(* IS 2H%722)./

18" HO*SA" O#S. #*+H0":).[26# D"&*2'004#F0( <" 1H0*" VH/&S, DO+ H8& 07 2+#)0HB+$*#8$)28"'$, &OH"D' H&'L' &H*HSO#*+#ch$ (=
&$>>)*dHS(('2'8$4" #HTS2)4' 04" 142" (*&) (#+&$).09
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)HH(S%S()*OH" L) *OHE&S(4" HOBOX HS. H*+HS,"T < LH2'(*&) ()*6H>").JHL "+ 1+&S) OF1&"#"0). #I'. &$4./#0*$4" 09

FOHSHE'0T2*54'2'(*&) 3($4" HBSOHS, "Vo* #>6#,$.648$)28$60#0'&-)./#,"7 *$)."TOH#* &&)*" &B5HOT (+HSOH+ HQ 8L "2=H #R'O*'&.
$.,#U)&/).)$.H#8$)28"$,0) #*+HF%%S2$(+)$.4#X"7 *$). O5HS. #++'#X) 28$7="HE"S, AO#B 0 & #*&$.0(".4.' *$2#2.'5#8+)(+
(800" #3-'#;"7 *$) HES./ OH" H)*OH& T H#*"#Y 7/*#B"7.,9

I+#X)28$7="HE"$ #$20"H#).*&" 7( #$ H).."-$4" #*+$H&"$). OHSH="6HS,-$ .S/ H" 1#'2'(*&)3($4" . OH#r."8 #$D

&1\ &SA-H>8$=).ISH)H(" - &* O +H*&S$) AOH-&B(A" #,"*"&OH) *"#/' &$*" QOHS+ #H>&$=) JH"&#,0("..).HSHI&S, 5H1'Y./

D' (*&) ()*BH) K+ H(GH SEBH H+ 206HY S &+ &H* &) OHS. HE&' () JHE'SEH" #++H$)&H>&$="#0B0*;,00HHE ' ' &S#-#>8%$=)./
($H&! (- & & H+$ HIMHY &H( " 1HSH*ES) AOHY "8 &H) *$="0

#

1.4.4 Capacity Expansion
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I+HO'HS, -5 S OB & H. " H2"OH" H+HY'..062-$. ) SHES) 28", #Z Y EE[SHB+) (+#1$( #S#;Sh"&H(" /04" #Y%&"> 2" HS*H) HOHP&"S,
B*&"HB*$4" #) HY+)2$, 20+ SHS* -+ HOS; HA: H)*HBSOHIS).) H'CU'&)' .(HB)*+#)*OHQ'BH]'&=HY'. #B*$4" #%&" NH*OHH#P&"S,
B*&"HBS0H+$.,2). 14" & H*+$.#_NMMH#,$)26#*8$).04>6#2 @ ?LHS. #178&*+ &H#' C%$.0)" #8$0#):%"00)>2' O#H#Q" 8HBS0H*+'#.") 0'HS.,
06" 2274" #18&"#+) 0HO* S #+8SBI (HS%%& (B #>64#Y+)2$, 2%0+)$.00##1+'#$.08'&HBS0H 2'(*&)3($4" OHH#P])..) JH #2@?_5H*+'
YEE#%&"/&'00)-"26#2'(*&)3' #+)0#, 0H(";: 7 &HO'&-) (#8)*+#$ #22EMMMHE-"2* #F S#($* . $&BHOB0Y #$. #);%&"- #OXK09

FOHYEE#$.$/ &0#=.85#72'(*&)3($4" #$20"#6) 2, #+)/+' &HO%" OH" TH" #++'#:5) #2). 00HH#I+#$- &S/ HO%" #' 1###Q'S
['&=H#S' *&S2A0H(";: T+ EH*ES).0#).(&'S0' #_MHYL' &H(' HHB)* +2'(*8) 3(SA" SH*+$.Z0#*"H#++#+) [+ &HS((2 &$4" #SU#>8$=)./
&S OH)H#:$, HY6"00)>2 OHHWT &*+'&;"& SH*+H0%" H#($%$>)2) 4 0#" 1#2' (*&) (H*&S). O#+$ #$28'S, 6#>" #'C%2" & #'C*.0)-'26#).
©'&;$.601Ha HSH- O S(=H. S&HP' 82) SHS H#'CI'&);' *$2#'2' (&) (H(S&HO*HSHOY" #&' ("& #' 1#DIMOH=;1+"7&#) #?@MLO

1.5 The Pennsylvania Railroad: Mother Road of Electrification

HHBSOHL CHS22H" 1+ 0'HE'SO" O+ S+ HYEEH(";;) I #)*0' 2 1#+" #8+GHH#8" T2 #>' (", -+ H2$ &I OX#$. #,"0*#.n7".4$2
'2'(*8)3($4" H' L+ HY& <B'(". #R'&2 HRS&HY'&)" Ottt H? @DKSH+ HYEEHS'I$ #2'(*&)16).[H*+# A8&'H) ¥ &()*B#%$00"./'€5
("7 8HS. HL&) "Y' &SA" #" #)*OH1"T&<*&B(SHC>&"S HOSO AH L& HQ'BH] &=H*"H#RSO+)./*" SHSOHB 224S0H)*O#8) #2). #1&";
Y+)28, 206+ $H HG $&&)0>7 &I OH#1+) OHBSOHE Y T+ ##>"#-+'#8" &2 AOH#>T0) 0*#8$) 2856#060% 48, SHE+#++#lb_M#;)22)".
2'(*&)3(BA" HE. 1), 068"} MY ' (*SH)HB T2 #- XT$226#>"H#(".0), & #*+'#8"&2, AOH#3.'0*9

I+ H#Y EEH#2'(*8) 3" #8) -+ + #2725 MMMA-"2#F S#($* $&EH060* #S$. #,-'2"%' #0'-'&$2#. 85H#+)/+<%"8'& #2"("#4-'05
).(27.). 2L @#" L+ H#02"=H#ee P05H#0" H" 1#8+) (+H#&S #,8) 26HS H TV #2AMH=t+" T &H1"&H;"& H*+$ #_M#6'SGOIHHFOH#E'225H;"8
*+$ HMMHOXKOHS & H>T) 21" &H(";; T+ &HO'&-) (H) HQ'BH]' &=5#Y +)28,'2%+)$5#P$24;" &' #$. #R$O0+)./*" 5#VISY

K., &HSH&"22).[H):%2"; *$4" #9%2$.5#*+HYEEADH2' (&) 3($4" H%&"N'(H1$27&' #2648+ #*+'#e&'$*#\V'%&'00)" #£0(.",

) H#B'Y*>'85H?@b@ IHHP (STOH" 1#2' (&) 3($4" ADHY&"- #$>)2)*6H+"#HT) (2648 Yo$6H)*OH($Y6)*$24("0*OH IR #' Yo' &34 1#0$-
A HKOBOM"-'&.; HH&" B+ H& O(THS. #*+HI& N (*HBSOH (%2 #) #? @ LKOHHFH#+T/H>' '3 HBSOH*+ H(& 'S4 #" 1#i_

)22)" #:$.<+"T&OH" 1H#:,%2"6;' *#,7&)./#)*0#(". 0*&7(4".9

The undisputed monarchs of pre-war electrification were the Pennsylvania Railroad’s 139 sleek, swift and strong
GG-1s, many of which remained in 160 km/hour service for nearly half-a-century. Photo from the Joe Testagrose
Collection.

No Little Plan: Electrifying GO Transit 9




Chapter 1

FH)*0#0b' $=54+ #Y EEH'2'(*&) (#'% ' &$4" #("- &' #. $& 264252 MMH&" 7+ <=)2"; & O#$. #LEDMM#*&$(=<=) 2% * &' 09##:*#8$0#0"
07(('0017 24+ $*#*+'#Y EEHBSOHS> 2 H HE VoS OH* + HI"- &.; *#2"$. O $&2) &H*+$ H'CYo'(* HL&" H*+'H' %' &$4.1#0%-)./09##KIBY
B'(&*S&OH" LH*+'1: X&) "QHCSE"2 H#: (= OH($22' #*+0H2"S. Of+'1> 04+ H["- & *#'-' &S, BH0%' (| $226H) H2)B*#" 11+

%8 "TOH#-"2T; " 1 &SI (#++)Ot) * .0)-#&$) 285640625 *#2$+ &#t+$.,2' #,7&) [+ #B'(". #R"&2 #RSQHHCS #." #BS&A;'

&BA") JHS. #:3.T1S(*7&).1H%E&) &) A'OH) ¥ &-'.! SH+H2'(*&)3(SA" #,"0*#2)="264#8" 72 #+$-'#>" #($&&)' #8'0*H#MM

=) 2" & OH" HH+HHO"%626</8$, SHL"TE<+ES(=H;$) #2). H'- &+ HF 22'[+' 6#X"T *$). O#1&" HGS&E) 0> T &IH*"#Y)J0>T &I+

I+ H("%$.6<067>2) 0+ HHS HHYE () Yor$+,-(+.($/" (0" #H*- 1&HY6 & (2 8L+ #EBH(" - &O)" H-"#'2'(*&) (H' %' &$4". #

(T8 HO ™+ 265H " HT St +1&" " TOH BN (Hr+SH+S (" 4. TH:-) JH H+H:$) #2) OHS. H+& T+ #
(":%2'CH*&:) $2#1$()2) 404, 7&) [H(". 0% & T (4" O HS20 . H*+S+H#'2' (&) (H*&S(4" #)OHO"H#17 ., $; *$226#,)DI& *#1&";
"h G "& OF LH " A- HY6" 8 &HCH+ SHISHE -)0)" H " 1H#' V' &S4 [HY&B(A(OHS. H#;*+" OH) #:$.6#8 0% (*O#BSOH. (00 S&BH" #*+'
'2'(*&)3' #2). O0H) 48, &H"# 0T & HSH&" T>2'<1&"#(".- &O)" HH+$HE,) #."+) ¥ &1 & HB)*+# $6<*"< $6#"%'&$A" GO #*+'
' BH'2'(*€)3($A" HCO™ A4 HHO+" BHSHY' &1 & $. (- #>' T & +$ -+ H [)."QO#+$ #'.-) 0%/, 9d

| 0%6)& H#>6H+HOT((O0HS. -+ H#>8'S *+#" 1H#*+ #YEEH%E&" N (*5#2'(*&)3($4" #n"7&) 0+ #"-'&0'SOH) #++) 0HY0' &) S#*"" OH#F O#".
“HHYEES#2'(*8)3($4" #'- &0'SOH#("-'& #$224$0%0' (*OH" 1#'%'&SA" ONH(";; 7+ 85#) . &()*6#%$00" ./ &5H1 &) [+*H#S$. # - H6SE.,
08)*(+)./9

O2'(*&)3($4" AOHD' (" #(";; T+ &HO'&-) (HBSO# 0%’ ()$226#): %8 00)- Ot #*+'H%' &)" #>*8" #++#8" &2 #B8$&OSHET>0%$.4$2
(&) (H("; T EHO'&-) (OHB &', -'2"%' #) #:$h" &H()A'0H) 4+ #KOrOSHO T &% 'SHFO)$HS. HFT0*&$2$0) $OHH: H'S(##(SO'5H*+'6
SR DBHE! T H Yo' &S JH("OXOHS. H), 008" HO'&-)(SH>T#$20"H& 0T 2% #) HSHYoH+ ") " #-"($4-'26H=."8 HSOH*#
0%S$&=0#'D'(*B#>").H1"T. #*"#+$-HSHU T>2) (HS% %' $2H* +SHCO%SE=', A +)/+ &< +$.<'C%'(* #&),'&0+)%#S. #&'-'.7'9

1.6 Electrification in Perspective
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1.7 Post-War North America: Running Out of Juice
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1.8 Post-War Europe: Electrification’s New Valhalla
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A Swedish State Railways night train to Narvik, Norway, pulled by an ABB Rc-series electric locomotive. These
powerful, pint-sized European locomotives can lay claim to being the most successful electric motive power of
all time. They have served in their native Sweden, Norway, Austria, the former Yugoslavia, Turkey and Iran,

as well as on the U.S. Northeast Corridor. Photo by David Gubler.
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1.9 The 1973 Energy Crisis
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Electric racehorses at rest at the Gare du Nord in Paris. From left to the right, two of the Eurostars that provide
service through the electrified Channel Tunnel, a Thalys trainset used on the Paris-Brussels/Cologne/Amsterdam
routes and a first-generation SNCF Train a Grande Vitesse, one of the speedsters that launched the European
high-speed electric rail revolution on the Paris-Lyon route in 1981. Photo by Mathieu Costecalde.

1.10 Electrification Today
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An Amtrak Acela zips through the Ruggles commuter station on its way to Boston’s South Station, oblivious to the
weather. Built in Canada by Bombardier and combining advanced North American and European technologies,

the Acelas are this continent’s only high-speed trains, achieving a maximum speed of 240 km/hour on portions of
Amtrak’s electrified Northeast Corridor.

North American Commuter Rail Electrification Projects — 2011

PROJECT ROUTE ROUTE- STATUS
KM.
X" *QWS2HEXIHS='0+"&'#) . # N7().<NAF22)'&<U$7,8'7)2 #HLK k.,'&#0*7,6
X" *EWS2HEXIHV 20" #1). # X" *&'$2#R'0*<S$.,)$( #ih? k.,'&#0*7,6
X" *EWS2HFXIHP2$).-) 22'H#7). # O$0*#T7.(4".<B$) *<TW&X; HHK k.'&#0*7.6
S"(A(7T*#Val#V$.>7&6#PES. (+ B"7*+#Q"&8$2=<X)21"&, HH? k. '&#0*7.6
S"(A(7T*#Val#G$&S &, #S"&&),"& Q'8#G$-'.<B%&)./32, 2M? k.'&#0*7.6
N #:02$. #0$0*#B), #F(('00 B7..60),'<Y$&=HF-' 7'#I7.. 24T 7.(4". i k., '&#(".0*&7(4".
N #:028. #X$) #Y). #OC* 0)". E"="="$<]$%+$.= 7] k.'&#0*7.6
N 1028, #Y"&HT'D'&O" #P&S.(+ G7.4./" <Y"&#T'D'&0". L\ k. '&#0*7.6
N 1028, #X" *STHPES.(+ P$>62" <B%" .= | k., '&#0*7.6
A 1028, #S' *&$2HPES.(+ P$>62".<P*+%$/' #H17M k., '&#0*7,6
BOYIF#B(+762=)22#U$22' 64X *&" Y+)2$,2%+)$<E'$,)./ #HO@ k., '&#0*7,6
BOYIF#y7$="&*"8 #0C*.0)". 7$.0,$2'<B+226 #HLM k., '&#0*7,6
BOYIF#R$8$#0C*.0)". 0286.<R$8$ i “#,0)].
V' -&HEIVHOSO*#")." k)" #B*$4" <V' -'&#: *&.$4" $24#F)8Y%"&* #L\ k., '&#(".0*&7(4".
V' “&HEIV#E"2 #1). k)" #B*$4" <R+$HE),/ #H2K “#,0)].
V' “EHEIVHQ'&*+8'0%#) . Y'("0<B"7*+#R'0*;).0"& i “#,0)].
S$2*8$) #Y').072$#S", T#")." B$.#W&S.()0("<B$.#T"0’ #HKL “#,0)].
X'C)("#O2#18' #B7>7&>$."#"). b X$&4 #S$&'8&$<T$&,). 04, #X"&'2"0 e “#,0)].
X'C)("HO2#1& #BT>78>$."#"). HL S+$2("<$HY B #H?? “#,0)].
TOTAL 700
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This altered political landscape started a wave of serious and credible studies of the benefits, technical requirements and
costs of electrifying GO’s Lakeshore Line from Pickering to Hamilton, as well as considering its application to other lines in
the growing commuter system. The first of these studies was delivered in June, 1980, by the specialized U.S. consulting
firm, Electrack, Incorporated.

268478%948&87:;&4'<+=9>'&,&-./7-',?2-?@?AB&8'C&-0@&'.%&' @07;8.05'?D'<@./01E8'F?F3,0/'0;4'D08.'G?/.%&08."H?//74?/
7;.&/-7.5'F088&;:&/'8&/B7-&8'C&:7;;7;:'7;"#(>(""$%&'<+=9>'0;4'7.'83--&88?/'<IJ9KK'0,8?'D?3;4'%? @&8'?;" . %&'-?@ @3.&/
/07,'858.&@8'?D'GL'$/0;87.M'J%7,04&,F%70E8'2+J$<'0;4'NO,A@?/&E8'=<OH""'J%"?.?'C5'L?8&F%'N0/7,,0/7"

The report spelled out the technical details and benefits of GO electrification, many of which remain valid 30 years later.
It clearly established:

IHBI& (Y0)$*+),-'. %6, /+0+-+(1'2.'06-%)(3+. 1+*4'($%'56 43, */+('7,+-'8%39+)%/:;329+/+2* --1', (", 92-(,4%'2.'<=">? @A'BC
HE%'+*+E, E2%2. ($%'FS,19%'G'%-%) (3+H),E2*;32;2/,-123-K'0%',*,(33,- H3/(/(%;:'L,>+*4'D/%'2. ($% %M+/E*4'0+N
-969%-";,//%*4%3/"),3/:'. 23" +*(32KJ)E2*'2.'%6-%) (3+HI6K'/%39+)%'2* ($%'6,>9+--%6NF+)>%3+*4'0,>%/$23%'32J (%D

18J0/%P J%*('+*(32KJ)E2%'2.'%-%) (3+H%K '/%39+)%'(2'2($%3'03,*)$%/" *K'(2'B, L+-(2*12J-K'0%,;;:32; 3+, (%'+.'1%39+)%
1963%'%6M;, *K%K'(2',*',--NK, 1'3%4J-,3'+*(%39,-'2;%3, E2* -'.23L, (- 2*E*4%*(\J;2*:J3)$,/%'2." KK+ E2* -
 N1%*4%3'),3/' *K'-2)2L2E9%/DQ

First and foremost, Electrack declared an electrified GO would please commuters with its “quiet, clean and more reliable
service. The public benefit would be further enhanced in the event that the extent and frequency of service was
increased above existing levels.” The report noted electrification’s “sparks effect” in attracting new riders who weren’t
using the existing, infrequent GO diesel services.

#P G?'17Q,&'J,0;R'+,&-./7D57;:'ST'$/0;87.
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“After recovery of initial design and tooling-up costs, the capital cost per mile for subsequent railway
electrification projects will progressively reduce in real terms, to the extent that Phase Il unit cost rates could
prove to be less than those for Phase I.”
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A"#S$-*+/)L

Q58(@$CH+-+)DSA"HS+H#E&*+ASE*B(AH) S+ ASA"HSB'&BAI$?'] #S)HEAH#BS' *($*CSH#BA+8BSB(0A/ (0 ()B/*B*<* 24#0$-*.1)
*BB.+$* 24+ S A 0ASD\|60# +$&#+8*) DS OSB*<& +#)$-8A"SA"#SUTSA*SV]SOH +0$CH+$)8H0H/LSSI0S-#//DS S 2HSA*$/*(@#-
* [)$HEY BHHSAFSFCSAHEB +-H(AD)BHOH/IS*Br<* 2H0$&H+SA+'S(DS-"SIHSA HEHHBA+8BS&, *($+Y .8+#)$FI$*#D$-"8B"$-
RS (@#+$0#+?28BHS/BCHLSSI HEB*OASH *$*CS (SHHBA+BBSB*<* 245 0$#0, < A) S AS*(/9SWG $8#+SBHASCS'$)8#0#/
HOAH(H)SIBCHS ()$+#). BH)S<B(A#( (BHL

E/#BA+8ZB' *($-*./)$+#). B#$1230$#(#+@9I$B*0A0$08 @ (8ZB'(A/93) #SA*$0#24#+'/$C BA*+0D$8(B/.)8(@SABSH/8<8(', *($*CHH#
B*(0.<&,*($).+8(@$/*B*<* 2#$B*0,(@$'()$8)/8(@$ () SA"HS/*-#+SB*OAS*CSH/HBA+EB/SH(H+@ILSS!"#HSB*BA0SS(?*/2#)$-8A"
HHC #I/B(@F*8H+ *(03-* ) S=HSAAT/OSH/B<B(AH) LSS . +A#+<*+#DS<'S(AH( (BHSB0A0S-* /) $=#$+#). B#)$=9B&&+%8<'A#/9
\G$&H+SBH(AS=0$78+A #S*CSA"#S+#/', 2#$08<&/BBBAIS*CS#HBA+8BOL

P($'(0-#+SA*SA"HS@* 2#+(<H(AZ0S0A'AH)$&*SBISA*$<'SHE2 (A'+8*$/HO0S)HEH (H(ASH ($8<&*+AH) $*BIDSA HS+B&*+ASH<& 08
HIH#BA+BZB' *($-*.)$'B"8#2#$'$0'28(@$8($*8/$8<&*+A0$=9$+#). BE(@$1230$#(#+@9ISB*(0.<&,*($'()$B._(@$ . AF<*=8/#$'()$12
=.0$<8/# @HLSS!"#$S(B+# 0#)$0#+28BHSCHH#Y H#(BSHO$E*008=/4#$-8A"$H#HBA+8ZB' *($-+.))$=*0A$+8)#+0"8&$C. +A"#+L
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“The initiation and carrying through of a railway electrification project resulting in a more economic and reliable
transportation service will make an effective contribution to the economy of the Province of Ontario.

“Such a project creates a number of temporary and permanent industrial and economic impacts on both local
and national spheres of activity as well as on the railroad organization involved. It also creates a number of
business and employment opportunities, some of which are new technology areas which are likely to be in
increasing demand in future years.

“When a manufacturing capability has been established, Ontario firms will be able to compete more effectively
for electrification business in other provinces and even outside Canada.

“Many standard components and assembly designs are available to Canadian suppliers from European
manufacturers on a royalty or licensing basis. This type of arrangement avoids unnecessary repetition of
research and development work already accomplished in other countries, and it also provides opportunities for
two-way improvement of designs and manufacturing techniques.”
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2.2 Alternate Ontario Rail Policy Task Force Studies
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2.3 Electrification Derailed

The GO board was sufficiently encouraged to approve a study management plan leading to an electrification
implementation plan. Delivered in May, 1982, it was the work of engineering consultants DeLeuw Cather International,
its Canadian subsidiary, DelCan, and Electrack, which had by then established a Toronto office in anticipation of approval
of the GO project. A major contributor on motive power and rolling stock issues was Philadelphia-based Louis T. Klauder
& Associates (LTK).

The plan proposed a rolling investment program that would begin with the launch of the Lakeshore Line in 1990 and full
GO system electrification by 2020. This would have spread the capital requirements to a palatable annual level for the
Province.

LTK analyzed three types of service-proven equipment: GE E60C locomotives, GM-ASEA AEM7 locomotives and the latest
generation of Silverliner EMUs then being operated by Philadelphia’s Southeast Pennsylvania Transportation Authority
commuter rail system. The latter was included as an alternative to a frequently-advanced argument by the Province that
the Ontario-built, diesel-hauled GO bi-level cars could and should be converted to EMUs. The report said:

“At present, the consultant teams understand that they are to investigate the feasibility of converting the existing
bi-level cars now in service on the Lakeshore Line to EMU operation. The consultant feels that there is a strong
case to be made for eliminating this alterative and we are prepared to submit a summary report and
recommendations on this matter.... EMU operation can still be considered with new vehicles while the existing bi-
levels remain in use for their service life.”

It appeared that GO electrification was finally on track. But it was not to be.

u.s. fnn\U\H \s’u"
s

A Silverliner EMU train of the Southeastern Pennsylvania Transportation Authority approaching Philadelphia’s
Temple University station. Photo by Adam E. Moreira.
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“My government has every confidence that the development of an intermediate capacity transit system by the
Urban Transportation Development Corporation is but the beginning of an auspicious future for the industry.
Additional investments in UTDC will allow for production facilities in Ontario. A feasibility study for an
Intermediate Capacity Transit system for the City of Hamilton is expected to be ready by this fall, and
negotiations will begin with Metropolitan Toronto for an ICTS line in this area.”
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“Although electric railways have been in existence for over 100 years, significant technological advances have
been made in recent decades and will continue to be made in the future. These technological advances have
resulted in reduced fixed equipment cost, reduced maintenance costs and increased energy efficiency. The
accelerating development of technologies makes it appropriate to review the economics of electrification on a
regular basis.”
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22 No Little Plan: Electrifying GO Transit




Chapter 2

"#$%&' () "#*+*%",+'-$+.("/01234"5"#*678)6-9"7699:*%:;" (%;<'7%="">)'(";6--'5?"(*678"$+("%@+9'5%&"'5"&%*+'-"A.
*)%"+:*)6;("6B"CDE('OFFG"%-%7*;'H7+165"(*:&."+5&"$+(";+*%&")'?)-."B6;"765('&%;+165]"'5"96 &'HIE, BGBJ
+5."K-+5"*6"%-%7*;'B."+--"6;"K6;165("6B"*)%"CD"(.(*%9=

On the selection of the traction power system, the authors reported:
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The study team reported the all-in capital costs of four equipment options, including the new bi-level EMU design, as:

(1) Diesel locomotives system-wide S 708.5 million
(2) Electric locomotives on Lakeshore and diesel elsewhere S 809.2 million
(3) Electric locomotives system-wide $1,109.8 million
(4) Electric locomotives on Lakeshore and EMUs elsewhere $1,171.3 million

In summary, the 1992 study team concluded:
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"#$%&&'()*High-speed trains, typically electric, serving primarily longer-distance regional trips with two-way
all-day service. Regional Express service could have a capacity of 25,000 to 40,000 passengers per hour in the
peak direction with trains operating in completely separated rights-of-way, with as little as 5 minutes between
trains. Average speed: 50 to 80 km/h with stations two to five km apart. Example: Paris Region Réseau Express
Regional (RER).

(%,*-.)+'()*+ : Diesel-electric or electric trains serving primarily longer-distance regional trips; approximate
capacity at 10-minute headways of 5,000 to 20,000 passengers per hour peak direction; service can be enhanced
by electrification, enabling better train performance (acceleration) and therefore higher average speeds even
with relatively close station spacing. Average speed: 30 km/h with two km station spacing; 50 km/h with wider
station spacing or electrified trains. Example: GO Transit rail system.

The Big Move$.&H$("#$5$.&*3& . $(0$3+)& #,&+#.$.7*&5/S("#$()&*$5$>KLGE&5*$6,&0*5, &$5+/$:3#%$(76 (+. SO(*TOA&*:5*/=$:%63;
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“The GTHA’s first Express Rail service will provide significantly faster and higher capacity service to commuters
travelling along the GO Lakeshore Line, connecting several of the Growth Plan urban growth centres: the
downtowns of Hamilton, Burlington, Oakville, Toronto, Pickering and Oshawa. Collectively, these six centres are
forecast to accommodate significant growth over the next 25 years, and new Express Rail service will make
transit an attractive alternative.

“Express Rail will also be extended to Downtown Brampton, along with more frequent, two-way all-day Regional
Rail service to the urban growth centres of Downtown Milton, Richmond Hill/Langstaff Gateway, Markham
Centre and Etobicoke Centre.”
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Alstom’s Coradia Duplex bi-level EMU received superficial analysis as part of the 2008 Metrolinx updating of the
2001 GO Lakeshore Line study. The high-capacity electric rolling stock has been purchased by several European
operators. Coradia trainsets of the national railways of France (left) and Luxembourg (right) are shown here at
rest at Luxembourg Central Station.
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At this stage, Metrolinx seemed to chill on the electrification of any portion of the GO system. Observers have suggested
that in its eagerness to please the public and its political masters, Metrolinx had endorsed the idea without knowing what
it entailed. As well, Metrolinx had promoted other big-budget projects and the tally was obviously higher than the
Province was prepared to fund in a first round of transportation improvement projects.

"% $%&'((

Before negative comments on electrification began emanating from Metrolinx, GO waded into the situation. With its
shotgun marriage to Metrolinx looming, GO management released its own strategic vision plan, GO 2020, on December
12, 2008. In common with the Premier’s Move Ontario2020 program and !"#$%&'$()*# this plan also raised the
probability of electrification as part of a slew of rail improvements to be undertaken by 2020. The plan noted that
“introducing electric trains on the Lakeshore corridor, and the Georgetown corridor if appropriate, will offer travel time
savings and environmental benefits.”

Now, three plans and two studies from the Government of Ontario and its agencies had placed electrification on the table
in the space of 18 months. But what set the issue on fire was another project that, like electrification, had been
smoldering away.

"y *+,&-./01/2&34.5&6.78&94:21/

For decades, there had been talk about a rail link to serve Pearson International Airport. These public and political calls
for action grew as many European cities began working with their nationalized railways, airport authorities and airlines to
seamlessly connect and integrate their air and rail passenger systems with rail links to their major international airports.

In May, 2003, the talk finally produced a plan, but a controversial one. The federal government invited f our pre-qualified
private consortia to submit business cases for the project, following a request for expressions of interest issued in April
2001. On November 13, 2003, it was announced that Union Pearson AirLink Group (UPAG) had been selected as the
successful respondent. UPAG was owned by SNC-Lavalin Engineers & Constructors Inc., a member of the SNC-Lavalin
Group of Companies.

The project was a pet of then Don Valley East MP and Minister of Transport David Collenette. At the time of the
announcement, he said there wouldn’t be a nickel of public money spent on the project. That has proven untrue.

To be known as Blue 22, the project would use CN’s Weston Subdivision from Union Station to a 3-km spur to be built into
the new terminal slated for construction at Lester B. Pearson International Airport. Service would be provided by a fleet
of retired VIA Budd rail diesel cars (RDC), remanufactured by Industrial Rail Services, Inc., of Moncton, N.B. The name was
derived from the running time of 22 minutes between the end terminals with one intermediate stop at Bloor Street West.
The one-way fare would be $20.00.

The announcement of Blue 22 started many residents of Weston pondering the implications for their community.
Bisected by the busy CN Weston and CPR MacTier Subdivisions that share a wide corridor slightly east of and parallel to
Weston Road, the community had endured decades of disruption by the trains that passed over the grade crossings on
four east-west residential streets.

Largely under the guidance of resident Mike Sullivan (now MP for York South-Weston), residents began asking questions
of Transport Canada, GO Transit (which used the Weston Subdivision for its Georgetown service) and CN. The answers
they received were not encouraging. Blue 22 would require the closure of some of the grade crossings, cutting access to
TTC services and shopping on Weston Road. The air rail link proponents next suggested building full-scale road-rail grade
separations, which would have required the demolition of more than 100 homes.
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Furthermore, the two citizens groups pointed out they were not saying “not in my back yard,” but “yes, in my back yard —
if done properly.” The residents all welcomed improved transit service to their communities, which are transit deficient.
The fact that the ARL would be a premium-priced service with only one intermediate station stop did not endear it to the
online residents. The SNC consortium finally bowed to protest and added a Weston station stop to its plan.

In fact, the ARL had run into trouble. With the change of government in Ottawa in 2006, the ARL lost its federal
champion. Responsibility slowly migrated to the Province and it announced on December 15, 2008, that it would become
the main proponent of the project. Sources at Queen’s Park revealed Premier McGuinty chose it as one of his legacy
projects and had it attached to Toronto’s bid for the Pan American Games, to be held between July 10 and 26, 2015, and
billed as the world’s “greenest” sporting event ever. Word was the Premier had ordered the ARL completed in time for
the games without fail.

Adding to the frustration of the residents was the way Metrolinx and GO seemed to change their facts and arguments
constantly regarding the number of trains, the number of tracks and the performance of the trains in terms of noise and
emissions. Their distrust of the provincial consultation process only grew when the "#3$%&'&()*"published excerpts from
a Metrolinx internal strategy paper in February, 2009. The document advised staff:
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The strategy paper also advised staff to “de-emphasize maps, which require precision we cannot yet offer and make us
vulnerable to discrediting when an error or inconsistency is identified.”

% $%&'()*+,)-I+011'()*+283

Finally, under pressure from the WCC and CTC, and with support from numerous local politicians, NDP MPPs and even
members of its own caucus, the Liberal provincial government announced on May 26, 2009, that it would embark on a $4
million “comprehensive review” of GO electrification, although the ARL was not initially included in the terms of
reference.

Like all the other consultations on the rail expansion that would affect the corridor northwest of Union Station to Malton
and beyond, the GO Electrification Study got off to a shaky start. Participants complained that the deck already seemed
to be stacked against electrification. For example, graphics chosen for presentation and publication invariably showed the
heaviest, ugliest examples of catenary, not the light and unobtrusive systems that many foreign railways use today.
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Worse were comments made by the staff members, many of whom admitted they had never even ridden on an electric
train, let alone had any experience building, managing or operating electric railway systems. Typical were those by the
team leader Karen Pitre and Metrolinx executive vice-president and GO managing director Gary McNeil, as quoted in the
June 5, 2010, edition of the I"#$%"&'($)*:
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In answer to these specious claims, this author replied in a July 21, 2010, article in G7/'G$-$%*$'H*"-
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“I don’t want to pre-empt the discussion with Metrolinx, but we’ve said all along that the reason we wanted
the electrification study was because we believe that it’s an important thing to consider, that the

electrification of the system is something that is an aspirational goal.”
Hon. Kathleen Wynne

Minister of Transportation of Ontario
January 19, 2011
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Whether Metrolinx (and more importantly GO) has actually embraced this concept, or will mutter disparagingly
to anyone who will listen, remains to be seen. | cannot help noticing an analogy to the TTC where, for a time, LRT
was embraced as a viable technology, only to be eclipsed when its political sponsor left office. Will electrification
suffer a similar fate if the Liberals are defeated in fall 2011?
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While the final report made some valid points in favour of electrification, these had all been contained in previous GO-
funded studies based on real-world input from established electric commuter rail operators, leading one to wonder why
so much time and public money needed to be spent restudying these issues. The most notable positive findings of the
Metrolinx final report were:

! Electrification unit costs drop as the size of the network expands (the “network effect”);
! Electrified rail services attract more riders and revenue than diesel (the “sparks effect”); and
I Electrification yields substantial operating and maintenance savings.

On the latter point, the study found full GO network conversion would yield annual operating and maintenance savings in
2021 of almost $53 million, escalating to $79 million by 2031. For the combination of the ARL/Georgetown and Lakeshore
lines, the annual savings would be $33 million in 2021 and $48 million in 2031, assuming diesel fuel costs will increase at
twice the rate of electricity.

Perhaps the most useful revelation was regarding the cost of GO electrification. In the run-up to the report’s release,
Metrolinx staff up to and including Chair Rob Pritchard portrayed electrification as overly expensive and probably
unaffordable by the Government of Ontario. They estimated electrification of the full GO system at up to $7 billion.
Instead, the study pegged the price at $3.7-4.2 billion.

But mixed in with the few positive points in the final report, there were also the contradictions, false assumptions and
myths Metrolinx staff raised in the workshop sessions. Given the appearance of propriety by virtue of their publication in
the study, these negative points could play a role in delaying or even derailing the GO electrification plan at a later date.
They should not go unchallenged.
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“To ensure that only those costs and benefits associated with electrification were included, the Study assessed
the incremental costs and benefits of electrifying the GO rail network.”

The slightly expanded system that would be in place in 2021 as a result of the GO 2020 plan was the reference case on
which analysis was performed. This was the subject of much debate at the Metrolinx electrification workshop sessions.
Many participants requested that electrification be assessed in the context of how it could assist in the transformation of
GO into a high-frequency, all-day service, as promised in The Big Move. But Metrolinx took the view that the assessment
should be on the basis of a 2021 benchmark using diesel-hauled bi-level trains on all lines except the ARL, where single-
level diesel and electric multiple unit rolling stock would be compared.

The result is electrification has been assessed on a one-for-one replacement basis mixed with a limited amount of service
expansion and the ARL as a tack-on project. On the bulk of the system, electrification would occur slowly as GO gradually
adds hourly off-peak, two-way service over a number of years.

This falls far short of what many advocates feel is vital if the GTHA is going to experience a significant modal shift. As was
envisioned in The Big Move, there is a demand and need for the conversion of GO into a European-style urban rail service
with higher day-long frequencies in both directions on all routes. Only with such an approach can GO divert a large
number of commuters to transit, especially within the boundaries of Toronto. As has been proved elsewhere,
electrification is essential to this objective.

While the Electrification Study failed to view electrification in the context of GO’s future service model, others at
Metrolinx haven’t been so blinkered. Another study team has acknowledged electrification’s transformational properties,
especially in the context of Union Station’s capacity constraints.

According to the final electrification study report, Union Station can handle the doubling of traffic as contemplated under
the GO 2020 expansion plan it used as its reference case. But the current rebuilding of the facility will not be capable of
handling the additional traffic generated if all the expansion plans embodied in The Big Move are carried through to
completion and the Union Station’s traffic quadruples.

An October 20, 2010, stakeholder presentation on the Metrolinx Union Station Study and the Downtown Rapid Transit
(DRT) Study acknowledged that electrification could have a significant bearing on the course pursued for Union Station. It
identified the electrified services in Melbourne and Sao Paulo as “examples of rapid transit expansion being achieved by
upgrading electrified commuter rail lines to a metro/subway standard, using rapid transit equipment, to dramatically
increase the extent of rapid transit services into the growing hinterlands.”

The presentation went even further into the realm of GO electrification and its benefits — indeed, its necessity —in the
examination of one option:

e What if the required resources for the DRT were used to provide a high speed tunnel connecting selected GO Rail
lines directly to the centre of the downtown core (along Queen or King streets or somewhere in between) rather
than continuing to operate to/through Union?

e We are assuming this would require the type of electrified commuter rail services operated in Melbourne and Sao
Paulo using rapid transit equipment, consistent with the Super GO concept assumed in the RTP [The Big Move]
for selected corridors.

Whether this monumental project is ever undertaken is not as important as the fact that its mere contemplation indicates
at least some members of the Metrolinx team can see the transformational capabilities of GO electrification. It would
have been more productive if the members of the electrification study team had been as equally forward looking.
Unfortunately, they weren’t and the result is a report that views electrification as far less of a system development tool
than it should be.
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I Tier 4 locomotives will be more expensive. The after-treatment devices are likely to cost as much as or more than
the diesel engine itself, driven by large size, low volumes, and the platinum-group metals used in catalyzed
particulate filters.

I Operating costs of Tier 4 locomotives will increase. The reagent for selective catalytic reduction devices is an
additional fluid that will have to be replenished....

I Maintenance costs will increase. Locomotives will be even more tightly packed with equipment than they are
now. There are packaging concerns, and space now empty will be filled with after-treatment components,
making maintenance more difficult and time-consuming. Periodic cleaning and replacement of after-treatment
catalyst elements will also add cost.

I The technical expertise necessary to overhaul and maintain locomotives in certified configuration will increase.
Suppliers will be required to produce higher technology versions of emissions-critical components such as pistons,
rings, cylinder liners, turbochargers, and fuel injectors.
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However, the City of Toronto’s Medical Officer of Health examined the data using a different yardstick. In his report, Dr.
David McKeown wrote:
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The health, environmental, social and community benefits of electrification are large. The minimization of these benefits
by Metrolinx only served to make the final report look skewed in favour of sticking to GO’s Tier 4 diesel strategy, which
remains a chimera at this point. The issue needs to be revisited, particularly because it has implications for the other lines
in the GO system that the study rejected for electrification.

In this regard, it is worth noting Dr. McKeown’s recommendations to the members of the Board of Health:
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These recommendations were adopted by the Board of Health on February 2, 2011.
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Yes, but this misses the mark by quite a distance, as previous GO electrification studies proved in their detailed
assessment of the numerous benefits in terms of economic spinoff and job creation. Throughout North America, as
governments of all levels have awakened to the benefits of improved and expanded rail service, attention has been
devoted to quantifying those benefits. In general, it is recognized that rail investment has a substantial impact on
numerous aspects of a region’s economy, including:

I Diversion of traffic from other publicly-subsidized modes of transportation, such as highways;
I Job creation during the construction or equipment manufacturing phases;
I Ongoing jobs and economic spin-off from the operation;
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e Savings in health care costs due to diversion of traffic from less safe modes and reductions in emissions that
affect the public’s health;

e Savings in national energy costs, given the higher energy efficiency and reduced fuel requirements of rail,
especially if it is electrified; and

e  Residential and/or commercial development and economic activity in the areas surrounding the stations and
other facilities.

The U.S. Department of Commerce (USDOC), the Association of American Railroads (AAR), the American Public
Transportation Association (APTA) and States for Passenger Rail (S4PR) have produced a series of calculators that may be
used to arrive at rule-of-thumb figures on the potential impact of any rail investment program. Applying these multipliers
to the financial requirements of the various GO electrification options reveals the following benefits:

I"HSY6& () *+' - [H#S' [ 0F #1&/I&+(2

3$45"67#"849"3 AH$;49<=4$ A;B":C =84=D
>19779"3;@ >19779"3;@ >19779"3;@
ARL/Georgetown $0.783-0.886 $2.349-2.758 $3.132-3.544
Lakeshore $1.142-1.293 $3.426-3.879 $4.568-5.172
ARL/Georgetown + Lakeshore $1.619-1.831 $4.857-5.493 $6.476-7.324
ARL/Georgetown + Lakeshore + Milton $1.921-2.163 $5.763-6.489 $7.684-8.652
ARL/Georgetown + Lakeshore + Milton + Barrie $2.468-2.772 $7.404-8.316 $9.872-11.088
Full GO System $3.755-4.202 $11.325-12.606 $15.020-16.808

1 U.S. Dept. of Commerce (USDOC) Formula: $1.00 investment = $3.00 in economic activity
2 American Public Transportation Association (APTA) Formula: $1.00 investment = $4.00 in economic activity
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3$45"67#"849"3 A#$:49<=4% ==6C ;G86D
>19?79"3;@ | >E"1;#:65=4$B@ >E"1;#:6$=4$B@
ARL/Georgetown $0.783-0.886 15,660-17,772 23,490-27,580
Lakeshore $1.142-1.293 22,840-25,860 34,260-38,790
ARL/Georgetown + Lakeshore $1.619-1.831 32,380-36,620 48,570-54,930
ARL/Georgetown + Lakeshore + Milton $1.921-2.163 38,420-43,260 57,630-64,890
ARL/Georgetown + Lakeshore + Milton +Barrie $2.468-2.772 49,360-55,440 74,040-83,160
Full GO System $3.755-4.202 75,100-84,040 113,250-126,060

T Association of American Railroads (AAR) Formula: $1 million investment = 2,000 jobs
2 States for Passenger Rail (S4PR) Formula: $1 million investment = 3,000 jobs

These benefits are substantial and must be considered in any project of the magnitude of GO electrification.
Furthermore, they need to be assessed in terms of their local impact, a point on which the Metrolinx study was silent.
Previous GO electrification studies analyzed the local impact and found considerable regional benefits that would flow to
a wide range of Ontario manufacturers equipped to provide the required goods and services.

The electrification of BC Rail’s Tumbler Ridge freight branch in the 1980s resulted in 89 per cent of all the catenary
materials being procured locally, as well as the production of the electric locomotives at the General Motors (now Electro-
Motive Diesel) plant in London, Ontario. That this study didn’t investigate Ontario sourcing and stimulus opportunities in
detail is a glaring omission.
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In the 1880s, the Canadian Pacific Railway built the world’s first transcontinental railway under a single management. In
four years, eight months and 19 days, the company completed the construction of more than 4,700 route-kilometres of
railway, traversing the rugged Canadian Shield, spanning the Prairies and conquering four mountain ranges with
technology that was crude by today’s standards. It is, therefore, difficult to fathom how the electrification of 235 route-
kilometres of existing railway could possibly require the 21 to 24 years proposed by Metrolinx.

In other countries, electrification proceeds at a much faster pace. Part of the reason is these rail operators, anxious to
reap the benefits of converting to electric traction, have devised techniques and technologies to make it happen quickly
and without unduly disrupting existing rail traffic. In its July, 2009, report, "#$%#&'()*'%&(+,"$)-&."%($"/0$/")2)3%#4
5410%"#60%,Al8e U.K. Department for Transport observed:

81$9,")3%#4);%()<1=14,+1<)+" +,(%4().,")%&) 1410$"#60%7,&)+",01(()$,)>H&H> (1) <H#("I+7,&2)*)L(1)+" +,(%4(
#8&=,4=1)0,&($"/07,&)$10;&#@/1()9;#0;)>%: 1) 1A$1&(#=1)/(1),.),=1"&#B;$)04,(/"1(),.)& $)>,"1)$;%&) 1#B)$);./"(?)*;1
Yot+AH#0%T,&),.)>,</4%")$10;&#@/1()%8&<)$; 1)<1+4,C>1&$),.) " Yo+#<)<14#=1"C)(C($1>0$, J#p+",=1)$:1)"%$1),.
+.</07,8)9#44)D1),.):1C)#>+,"$%&012)*: 1)+" +,(1<)>1$;,<,4,BC)#()<L(#B&1<)$,),+1"%$1)0H$:#8)&, >%4)E"141().,.
$:1)"/$1)+, (L((#,&(?)*)%0;#1=1)$:#(#$)#() LA+10$1<)$;%%$)0,&($"/07,8)$10;&#@/1()9;#0;)%"1)0%A%D41),.)9, " H#&E
9#$:)$;1)%<F%018&$)4#&1),+18&)$,)$"%G0)9#44)D1)"1@/4#"1<222?))HI,"J)($"%#B:K,"9%"<)($"1$0:1(),.)4#&1)D1$911
F/&07,&()%&<)0,>+41A)($%7,&()81$9,":)3%#4'()9,")(/BBLS()$;1)/(1),.)E.%0$,"C)$"%6#8&(?)* () 9#44)1&%DA1
($%&<Y"<H(%7,8)%().%")%()+,(#D41?)*:1).%0$,"C)$"%#&()9#44)D 1)L LAH#DAL)/&H#S(M)0%+%DA1),.)9," #&B)H&<H=
0,>D#8&%7,&M)%&<)%()(/0;M)0,/4<)+4%C)%)/(1./4),&NB #&B)" 41)#8)$;1) 1GO#18$)>%#8$1896&01),.)$;1)1410$"#6
&1$9,":?

It is obvious that other operators are far ahead of GO in the implementation of electrification. As a complete novice in
this field, GO should be calling upon and learning from those railroaders who are capable of electrifying their railways in a
fraction of the time Metrolinx has proposed. Furthermore, even Metrolinx suggested a method for advancing its
electrification plan more expeditiously and at lower cost:

*1)%=0%#4%D41)7>1).,")0,&($"/07,&)#()4#>#$1<)DC)$;1)41=14),.)(1"=#01)%&<)$:1"1.,"1)#.)$: 1
31.1"1&01)0%(1)(1"=#01)41=14)#&0"1%(1()91"1)<14%C1<)/&74)$;1)1410$"#60%7,&)0,&($"/D7,8)9,"):%()D11&
0,>+41$1<),&)1%0;)0,""#<,")$;1"1)9,/4<)D1)(%=H&B()#&)0,&($"/07,&)(0;1</41)%&<)0,($?

Despite this valid observation, the plan remains to first proceed with the infrastructure and service expansion contained
in the GO 2020 reference case and deal with electrification afterward, thus inflicting time and cost penalties. Metrolinx
needs to be directed to study this issue in much greater detail and, with the benefit of real-world input of other electric
railroaders worldwide, reduce both its electrification timelines and cost estimates.

In yet another example of contradiction found within the final report, Metrolinx advises:
*1)0,&=1"(#,&)%,)1410%$"#60%7,8),.)P+7,&)Q)#()%)4,&BNS$1">)#&=1($>1&%$7?))*)9%#3)/&74) 1A+%&<1¥)./$/"1)(1"=#0
#8&)+4%01)9,/4<)#&0"1%(1)D,$;)$;1)7>1)%&<)$;1)0,($),. ) #>+41>1&$%7,&7?))0O,>>1&0#&B)%)+; % (1<) %++",%0;)&,9V
9;#41)(1"=#01)41=14()%"1)4,91"M)>#&#>#R1()0,&($"/07,&)<#("/+7,&)%&<)1&(/"1()$;%$)$)1)1410%$"#60%7 ,&
#&."%($"10$/" 1) #()#&)+4%01)%()"#<1"(;#+)B",9(?

Metrolinx would do well to heed its own advice on this issue.
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Without a doubt the most controversial and questionable aspect of the GO Electrification Study was the recommendation
to proceed with the ARL as a “convertible” diesel service to be completed in time for the two-week Pan Am Games in July,
2015. Metrolinx has stated that all infrastructure work for the diesel incarnation of the ARL and the expansion of GO’s
Georgetown service will be “electrification compatible.”

In fact, the decision to proceed with the ARL as a diesel-first service wasn’t a recommendation based on detailed study. It
was a directive from Premier McGuinty. On several occasions, members of the study team revealed to the participants in
the workshops that construction of the ARL as a convertible diesel service was a “given” because it was allegedly
impossible to electrify the 35.6 route-km. from Union Station to the airport and Willowbrook Yard by 2015. No concrete
proof of this has ever been provided and one suspects it is merely Metrolinx staff’s opinion. Nonetheless, staff
maintained the delivery of the ARL was locked in by the Province’s commitment to the Pan Am Games.

Proof that the ARL would proceed as a diesel-first project was provided by Metrolinx on November 16, 2010, more than
two months before the Electrification Study was released, when the agency announced negotiations were under way with
Sumitomo Corporation of America for the untendered purchase of 12 to 18 DMUs. Construction of the carshells and
initial assembly will take place at the plant of Sumitomo’s rail manufacturing partner, Nippon Sharyo, Ltd., at Toyokawa in
south central Japan. Each car will then be shipped for final assembly at Nippon Sharyo’s new plant in Rochelle, Illinois,
which still hasn’t been completed.

Metrolinx has said it is investigating the possibility of some Canadian content in the DMUs, but this is not required under
the contract with Sumitomo, sidestepping the Government of Ontario’s usual domestic content rules for publicly-funded
transit equipment. Metrolinx says these rules do not apply to the purchase of “heavy locomotives,” although it would be
difficult to qualify this lightweight rolling stock as such.

(,12032',&45&,647'-8'0%&'9:;60-;-'<=>2'8-,'0%&'9-4-,7'=?,64)?6 @'$,74260'<620,6/0A'B%6/%'B6 @ @'2&,C&'?2'0%&'D?2&
-,5&,"-4'B%6/%'0%&'=&0,-@64E'()*'&F:6G;&40'62'D&647'G:,/%?2&5'B60%-:0'/-;G&11C&'D65564 7"
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The Sumitomo DMUs will be purchased using an option on a base order placed by the Sonoma-Marin Area Rail Transit
District (SMART). The 18-car base order for this troubled San Francisco Bay Area project included options for up to 196
additional cars, which could be exercised by other North American transit agencies.

This has become a favourite tactic of manufacturers eager to avoid multiple competitive bidding processes. Having
secured the first competitively tendered order, the potential purchaser in another jurisdiction attempts to make the case
that a new tendering process is unnecessary because the original one proved the superiority of the equipment technically
and financially. This is exactly what has occurred with the ARL equipment order.

In an attempt to tamp down any public and alternate manufacturer opposition to this curious deal, Metrolinx had the
former Integrity Commissioner of Ontario, Justice Coulter Osborne, Q.C., examine the transaction and he pronounced it
fair. However, it is apparent to anyone with experience in the rail equipment field that Justice Osborne may not have
been provided with all the facts. One aspect of his report is especially puzzling.

Canada’s Bombardier Transportation was asked to bid on this order, but declined due to its small size and low potential
profit margin. Germany’s Siemens Mobility was interested and entered into discussions with Metrolinx, but was
ultimately rejected, as stated in Justice Osborne’s report. The company has remained quiet about this, but industry
sources report Siemens was perplexed by the whole process. The company has North American credentials in this field,
having supplied 12 married pairs of the diesel version of its highly-successful DMU/EMU Desiro self-propelled cars to San
Diego’s North County Transit District for use on its Oceanside-Escondido Sprinter service.

What was not addressed in Justice Osborne’s report — likely because he was never informed — was the willingness of the
Moncton, New Brunswick, firm, Industrial Rail Services, Inc. (IRSI) to bid on the project. IRSI was the supplier connected
with the original SNC Lavalin Blue 22 version of the ARL, slated to deliver fully-remanufactured ex-VIA stainless steel Budd
rail diesel cars equipped with all-new diesel engines of a proven European design and meeting high emissions standards.

Given that GO and Metrolinx executives have confessed that the Sumitomo convertible DMUs will probably not be
converted, but redeployed to other lines and replaced with new EMUs when the ARL is electrified, there is every reason
to believe IRSI could have supplied a thoroughly acceptable fleet at a significantly lower cost. These remanufactured
Budd cars would have a high Canadian content and a longer service life due to the documented longevity and sturdiness
of the stainless steel carbodies. Justice Osborne’s report and Metrolinx are mute on this issue.

In the end, the contract with Sumitomo was signed on March 29, 2011. By a strange coincidence, the oft-delayed SMART
project then reduced its order from 18 to 12 DMUs immediately after Metrolinx signed its contract. At SMART's April 20,
2011, board meeting, the directors approved the reduction and it was noted this was only possible because another
buyer had been found to enable the agency to exercise an escape clause in its contract with Sumitomo. That buyer is, of
course, Metrolinx.

It should also be noted that SMART is relying heavily on LTK Engineering Services, which also served as a consultant on the
Metrolinx Electrification Study. The company has so far billed SMART for $4,202,190 in design engineering and
management operations services and an LTK staff member has been appointed as the agency’s acting operations director.
At the April 20 SMART board meeting, approval was given to increase LTK’s contract to a total of $4,833,864.

No matter which equipment manufacturer was ultimately selected and how that decision was reached, the issue of the
impact of a high-frequency DMU service remains unchanged and it is of great concern to online residents. It was a similar
type of diesel service under the original Blue 22 proposal in 2003 that spurred these residents into action and led to the
creation of the Weston Community Coalition and the Clean Train Coalition (CTC).

The current version of the service — even if it can be built to the promised Tier 4 standards — is hardly an improvement.
With the ARL operating every 15 minutes in both directions from 5 a.m. to 1 a.m., residents will have to contend with the
emissions and noise from 140 trains daily. In addition, there will be the expanded GO Georgetown service (29 trains daily
by 2015 with more to follow) plus VIA, CN and CP traffic. In total, this will result in 206 diesel trains on the corridor
between West Toronto and Weston daily.
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Under the approved electrification implementation plan, some relief will be provided if the ARL is converted as promised
between 2018 and 2020. A further reduction in the level of diesel-powered service will occur between 2020 and 2022 if
implementation of the two-phase Georgetown electrification plan occurs, but diesel-hauled GO service won’t be totally
eliminated until sometime between 2032 and 2034. As the CTC points out, that’s a long time to endure an intensive
diesel-powered rail service.

Another controversial aspect of this plan is the so-called Weston Tunnel, which remains under discussion and design. In
reality, it is a concrete-walled trench that will carry the GO Weston Subdivision underneath John, King and Church streets
in Weston. The latter two will remain open to vehicular traffic, but John Street will be a pedestrian-only crossing. As well,
the parallel CP MacTier Subdivision will remain at its present level with grade crossings at these three locations. Further
south, the Denison Avenue grade crossing over both rail lines will be replaced with a full road underpass.

It is apparent to all who have slogged it out through the stakeholder consultation process that the ARL is a “done deal.”
The intervention of the Premier and his Cabinet has assured that. Still, many questions remain and the public has a right
to some straight answers.

Q. Is the ARL really the transportation and environmental benefit that this government has touted?

Premier McGuinty has said the ARL will immediately replace 1.2 million trips by car annually. That translates to 3,287
daily, although Metrolinx has boasted the service will carry 5,000 daily within five years. With 140 frequencies daily, that
means the 126-seat ARL trains will handle an average of 23 passengers per train at the start of service and 35 per train
within five years. To put this in perspective, the TTC’s King streetcar carries about 56,000 passengers every weekday.
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Q. Why maintain the fiction concerning the conversion of the DMUs to EMUs?
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Q. How can the public be reassured that the Sumitomo DMUs s for the ARL will actually perform as promised, as well as
meet Tier 4 emissions standards?
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Q. What is the final price tag for these DMUs and are they proper value for money?
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Participants in the Metrolinx workshops asked that such a service be seriously considered, especially in light of the fact
that the ARL project is now being funded totally by the taxpayers of Ontario. There is no evidence that an exploration of
this option has been undertaken by Metrolinx. Given that the area served by the GO Weston Subdivision, especially north
of Bloor Street West, is poorly served by public transit, this would make perfect sense.
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The electrification study revealed that GO intends to build a fourth track on the Weston Subdivision and a tunnel under
Highway 401 in order to protect for the construction work required to implement electrification after ARL diesel service
begins in 2015. This is a large price to pay for what GO says is necessary track capacity during construction. GO has no
experience in electrification and is not yet fully aware of the techniques employed by other railways to minimize track
occupancy time for construction and keep the existing rail services moving. This $400 million-plus decision is especially
questionable and it needs to be investigated thoroughly before such a large commitment of public funds is made.
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Members of the CTC and Transport Action Ontario have asked this question repeatedly. The answer they have received is
that the ARL is a requirement of Ontario’s bid for the Pan Am Games. The fact that the current government tacked this
requirement on to the original bid has been curiously forgotten. There is no reason to believe that not delivering the ARL
in time for the games would in any away affect or jeopardize Ontario’s successful bid if an adequate and environmentally
friendly alternative were to be substituted. The CTC has suggested that a fleet of Ontario-built “green” hybrid or biodiesel
buses providing express service from Pearson International Airport to Union Station and other points across the GTHA
would more than fit the bill for a two-week sporting event. This suggestion has fallen on deaf ears at Queen’s Park and
Metrolinx headquarters.

Nor have Metrolinx and Premier McGuinty been willing to heed the advice of seemingly more influential outside parties.
A motion on this issue went before Toronto City Council on March 8, 2011, moved by Councillor Frances Nunziata (Ward
11 — York South-Weston) and seconded by Councillor Doug Ford (Ward 2 — Etobicoke North). The recommendations
were:

1. That City Council request that the Minister of Transportation consult with international rail experts to determine
whether electrification of the Airport Rail Link can be completed by 2015.

2. That City Council request that if rail electrification experts are of the opinion that the Air Rail Link cannot be built
to operate as electric in time for the Pan Am Games, alternative transportation plans be made to transport
people from the airport to Union Station for the duration of the Games to avoid the added costs of converting
from diesel operation to electric.

This motion was passed by City Council on March 9. Still, the Province refused to consider altering its diesel-first stance
for the ARL.

Obviously, the Premier’s directive to Metrolinx to deliver the ARL in time for the Pan Am Games is unstoppable. The
result is that taxpayers will pay for a service that is far less than it could be at the time of its launch. They will also pay a
high price to later convert it into something that will still fall short of delivering the maximum transportation benefits to
the greatest number of users.
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Chapter 5

What remains now for those citizens who have fought so hard to make GO electrification happen is a level of scrutiny and
activism equal to that which they have applied to the issue since it began in earnest with the announcement of the ARL
eight years ago. Various organizations that advanced this cause — especially the CTC — proved adept at building bridges to
the public, key members of the media, transportation professionals worldwide and politicians of all stripes at all three
levels of government.

If GO electrification is to be implemented as promised by the current government and even expanded to provide greater
benefits to residents of the GTHA — benefits this government has repeatedly said it seeks to achieve — then the public will
need to keep up the campaign. And if this government is sincere in its oft-stated desire to involve citizens in this process,
then the least it can do is maintain and improve the stakeholder workshop process that was in place throughout the one-
year GO Electrification Study.
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Appendix A: The European Urban Rail Concept
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I Integration with other urban transit services in terms of ticketing and physical connectivity; and
I Adistinctive and readily-identifiable logo at every station, such as the green “S” used in Germany.

Disrupted by the severing of some routes and a complicated operating arrangement during the Soviet partition of the city
between 1961 and 1989, the S-Bahn has since been reunified and placed under the management of the city’s public
transportation authority, the Berliner Verkehrsbetriebe (BVG), and operated under contract by Deutsche Bahn (DB), the
government-owned national rail system.

IHSYOHE (YHS*+ - #) (01$.23H%S+A$) HE5H#, ) 060" H$6 " 3B(HT2+3' $UBY0)HO$: #: <$'3*$) #$=/6"3$Uot(>204$))$) " #$2'01#%60"#(
@'(1)$=/6"3$%)'A+3$23$@2BH#CS$64(.23D

The Berlin S-Bahn now consists of 15 routes with a 331-km. route network serving 166 stations connected with the city’s
web of 10 U-Bahn, 22 streetcar and 149 bus lines, as well as the extensive network of regional commuter, regional express
and intercity passenger trains operated by DB. Daily ridership on the S-Bahn exceeds one million, accounting for 26
percent of the 1.4 billion annual public transportation journeys within Berlin.

The S-Bahn is fully integrated with all other BVG services and fares are charged on the basis of a three-zone system
encompassing all the modes. The S-Bahn’s Ringbahn around the city’s core forms Zone 1 of this system.
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The creation of the Berlin S-Bahn was followed closely by the successful 1934 application of the concept to the dense
commuter operation in Hamburg, where electrification of the component lines began in 1907. The Second World War
and post-war reconstruction delayed the implementation of other planned S-Bahn systems in Germany, but the
movement resumed in the 1960s and continues today. S-Bahn systems are now in operation or soon will be launched in
15 major German urban regions.

As well, the success of the German systems inspired the creation of urban rail networks in other European cities, all of
which have adopted some or all of the S-Bahn principles. These include Vienna, Zurich, Paris, Copenhagen, Milan,
Budapest, Prague, Warsaw, Madrid and Barcelona. The S-Bahn influence is also apparent in urban rail systems in London,
Liverpool, Dublin, Melbourne, Sydney and Sao Paulo. All of these systems are electrified, although a few lighter density
diesel-powered lines temporarily remain on some of the systems. In each case, electrification is planned in the near
future.

"H#$%&'(")* &)+, &)+#'-./0 FAHN*,
Augsburg (under construction) 8 266 76
Berlin 15 331 166
Bremen 4 259 56
Dresden 3 103 38
Hamburg 6 144 68
Hannover 8 385 74
Leipzig-Halle 3 33 47
Magdeburg 1 39 18
Munich 10 442 148
Nuremberg 4 229 75
Rhine-Main (Frankfurt-Mainz-Wiesbaden) 9 303 108
Rhine-Neckar (Ludwigshafen-Mannheim-Heidelberg-Karlsruhe) 6 290 77
Rhine-Ruhr (Cologne-Ruhr Metropolitan Region) 13 676 124
Rostock 3 58 24
Stuttgart 7 190 75
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Berlin S-Bahn

Map courtesy of Maximilian Dorrbecker

The newest trains on the Berlin S-Bahn are the Bombardier Class 481 EMUs, shown here at the Hauptbahnhof
(Central Station), which is also served by numerous DB intercity and regional routes, as well as the Berlin G-Bahn.
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A.2 Paris Réseau Express Régional
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A dual-voltage bi-level EMU train arrives at the underground Haussmann St-Lazare station on the RER’s Line E.

No Little Plan: Electrifying GO Transit 60
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A bi-level EMU train at Mée-sur-Seine on the southern end of the five-route Paris RER’s Line D.
Photo by Romain Martin.

No Little Plan: Electrifying GO Transit 62
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Appendix A

London Overground Class 378 Capitalstar dual-system EMU at Haggerston on the East London Line. The train is
drawing DC current from the third rail system and its roof-mounted pantographs for AC catenary power collection
on other lines are locked down. Note the proximity of the apartment building to the left of the station platform.
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The former Underground station at Shadwell on the Overground’s East London Line, refurbished and branded
with Art Deco signage identical to that found on Transport for London’s Underground system.
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A Bombardier Class 378 Capitalstar EMU train calls at the new London Overground Imperial Wharf station on the
West London Line on opening day, September 27, 2009.

Interior of a Bombardier Class 378 Capitalstar EMU with longitudinal seating similar to that found on the “tube”
trains of the London Underground. Photo by Peter Skuce.
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London Overground geographic map 2012
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Appendix B

B.1 Caltrain 2025 Plan

B.1.1 Background
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B.1.2 Commitment to Electrification
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With this board and voter support, Caltrain staff bowed to the inevitable and committed to electrification. The result was

Caltrain’s 2025 Plan, which has three key objectives:
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! Electrification;
I Electric multiple unit (EMU) rolling stock; and
! Positive train control for safety and capacity expansion.

The rationale behind the adoption of the 2025 program is:
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Under Caltrain’s 2025 Plan, the service from San Francisco to San
Jose will be electrified and completely re-equipped at a cost of
$1.3 billion. Of this amount, $785 million is for the infrastructure,
including catenary, transformer stations and distribution system.
The 48-km. section of the route south from San Jose to Gilroy will
remain diesel operated for the foreseeable future using the
locomotives and Bombardier bi-level rolling stock now employed
in the Baby Bullet Express service.

The commitment to the 2025 Plan set Caltrain staff on a
worldwide investigation of electric traction technology and the
means of implementing it in a cost-effective manner to deliver
maximum financial, service, safety and environmental benefits.
The research has been both exhaustive and evolutionary.

Unlike Metrolinx, the planners and consultants began with no
preconceived assumptions or bias towards any one technology or
technique. They relied extensively on the evidence of other
operators of electrified services and then sought to adapt their
best practices to Caltrain’s environment, market and finances. To
their credit, Caltrain staff hasn’t been afraid to modify some of
their original opinions.
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The complication in Caltrain’s proposed use of European rolling stock centres on the design standards applied by North
America railways versus the rest of the developed world. North American equipment is built to regulations set by the U.S.
Federal Railroad Administration (FRA), many of which pertain to crashworthiness, aimed at minimizing damage and injury
in case of an accident. In Europe, these crashworthiness standards allow for much lighter equipment.

In North America, it is assumed accidents will happen and motive power and rolling stock are designed accordingly. This
makes them much heavier than in Europe, where the supposition is that technologies and techniques will be employed to
ensure accidents don’t happen. A key component of this European strategy is advanced rail traffic control, particularly
systems that automatically apply a train’s brakes if its crew does not respond to the signals governing the movement of
their train.

This is not the case throughout North America, where most rail traffic control systems are rudimentary by comparison
with those found on the main lines of Europe because they are fully dependent on the proper observance of signal and
radio commands by the crews. A train that passes a stop or restricting signal because of crew failure is, quite simply, a
runaway. Only on Amtrak’s Northeast Corridor and a few densely-trafficked U.S. lines that host passenger trains at speeds
of more than 79 mph is any form of automatic train stop (ATS) or positive train control (PTC) to be found.

One of the additional benefits of such technologies is that they improve operational efficiency and boost line capacity.

But the implementation of advanced rail traffic control systems lagged for more than 80 years in the U.S. It was
mandated by the Interstate Commerce Commission in the 1920s, but the railways found ways to avoid implementation on
a cost basis. Only where passenger trains operated in excess of 79 mph was ATS mandated and installed.

On September 12, 2008, this changed forever when the locomotive engineer of a Los Angeles Metrolink commuter train
ran past a yellow cautionary signal and then a red stop signal, crashing head-on into a Union Pacific freight train near
Chatsworth. The accident killed 25 and injured 135. This was the third major Metrolink accident that involved loss of life
and might have been prevented with ATS or PTC. It unleashed a raft of changes throughout the U.S. rail industry. One of
these was the legislated requirement by the U.S. government that PTC be adopted for all lines hosting passenger trains
and/or dangerous goods traffic by 2015. This is expected to cost the railways as much as $10 billion.
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Caltrain’s executive officer for public affairs, Mark Simon, says:

“We've maximized out the way we run Caltrain and the only way it's going to survive is if we change the way we
run it — if we electrify it. Without these improvements, the service that we provide today — the service that keeps
37,000 daily commuters off our already congested freeways — is at risk. An electrified Caltrain will be a Caltrain
for the next generation — entirely new and able to accommodate future job and population growth in the region.”

Caltrain proves that electrification of a diesel commuter system that has reached a mature and robust level of service and
traffic — much lower than what now or will soon exist at GO — is not only feasible, it is desirable financial, operationally
and environmentally. The difference is that Caltrain’s directors and managers are thoroughly committed to electrification.
It would be difficult to make the same claim of Metrolinx and GO management.

" $%&'%()*+$),-.+(-/0.)1(23%/4
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That San Francisco should have finally embarked on a program to improve, expand and electrify its historic Peninsula
Commute service does not surprise many long-time rail and transit observers. San Franciscans are noted for their high
reliance on and commitment to — even affection for — their transit systems.

Not so in Denver, Colorado. Beginning in 1950 with the abandonment of the last
streetcar lines, its began a long slide that made it one of the poster children for
public transit deterioration and urban planning stupidity. By the 1980s, Denver was
at its nadir in every respect. But a wide array of residents, politicians, planners and
businessmen were not willing to accept the depressing status quo. One of the urban
renewal visions that finally gained traction was the recreation of Denver’s rail-based
electric transit system in modern guise as LRT. Between 1994 and 2006, RTD opened
four modern LRT lines totalling 40 kilometres.

The successful application of LRT to Denver’s transportation needs led to the current
and highly ambitious $6.5 billion FasTracks project. This will expand the system
through the Denver-Aurora and Boulder metropolitan areas with seven new lines
totalling 192 km. using LRT, electric commuter and diesel commuter technology. It also includes the $300 million
reconstruction of historic Denver Union Station as the multi-modal heart of the region, LRT extensions, expansion of the
current LRT stations, 21,000 additional station parking spaces and increased bus service. Denver’s first four conventional
commuter rail lines will be supported by a maintenance facility located on the Northwest Corridor.

When commuter rail was selected for these routes, it was assumed they would be built —as with every other North
American light-density, start-up system — with diesel locomotives hauling single-level coaches or self-propelled diesel
multiple unit (DMU) cars. All options were fully investigated by RTD.

*Q:+; +*<=>?@A @;>B+¢ G9A+ G9<1@;+=9>
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East Corridor Union Station-Denver Int’l. Airport 38 1,140.0 2016
Gold Line Union Station-Wheat Ridge 12 552.5 2016
Northwest Corridor | Union Station-Longmont 66 684.4 2016
North Metro Union Station-Broomfield 45 637.2 2017
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Appendix B

The East Corridor, the other two electrified lines and the commuter rail maintenance facility — which will also stable and
maintain the diesel equipment for the Northwest and North Metro lines — are being built under a public-private
partnership known as the Eagle P3 Project, which is a component of FasTracks.

Denver Transit Partners (DTP), led by Fluor Corporation, will design, build, operate, maintain and finance the Eagle P3.
DTP has arranged $452 million in private funding. The contract stipulates a six-year design-build phase with a 30-year
period of operations and maintenance. Fluor has a 50 per cent share of the engineering, procurement and construction
contract, a 33 per cent share in the operations and maintenance contract, as well as a 10 per cent equity share in the

concession’s “special purpose vehicle,” which raised the financing to fund the project. The DTP team includes a group of
global suppliers, including electrification specialist Balfour Beatty Rail and carbuilder Hyundai-Rotem USA.

While Denver’s Eagle P3 appears to be working well and will deliver the city’s electrified airport rail link in January, 2016,
two to four years before Torontonians may be riding on their equivalent electrified service, one note of caution should be
sounded. As is typical with P3 projects, it is contingent on a large percentage of public sector funding. On May 2, 2011,
the FTA sent a Full Funding Grant Agreement for $1.03 billion for the East Corridor and Gold Line projects to Congress for
its mandatory 60-day review prior to approval. This is approximately 60 per cent of the full cost for the two lines.
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Airport Rail Links

I"H$Y%& ()*+),-.%'&)/-##".(0)12-.3$"24)56 7".)8.4-2%"

CITY/AIRPORT TYPE OF RAIL SERVICE* MOTIVE POWER
EUROPE
#5968 (" V" +$%&,(-',.-$%&/0$1 23%/$&0/
1$4%-# )Y+ $%8E 23%/$&0/
5(&/%3*( )Y+ $%8E 23%/$&0/
5%6&30- Y+ $%&, (-',.-$%&I0$1 23%/$&0/
5&+H#%3# Y+ $%&, (-',.-$%&I0$1 23%/$&0/
5+'(6%#$ Y+ $%&, (-',.-$%&I0$1 23%/$&0/
)*3*7-% Y+ $%&, (-',.-$%&I0$1 23%/$&0/
)*6%-4(7%- Y+ $%&, (-',.-$%&I0$1 23%/$&0/
8&Yo#H Yo- )Y+ $%8E 23%/$&0/
S+#H%3*&9 V" +$%&, (-, -$%&/0$1 23%/$&0/
&(-9+&$ V" $%&, (-, -$%&/0$1 23%/$&0/
:&0% &0/4#4(9%- )" +$%8E 23%/$&0/
<%-%=( V" $%&, (-',.-$%&/0$1 23%/$&0/
>("2+&7 V" $%&, (-, -$%&I0$1 23%/$&0/
>063#0-,0 )" +$%&., @*6%-#,ABCDE 23%/$&0/
FO%-= )" +$%&., @*6%-#, ABCAE 23%/$&0/
F&(*G )" +$%8E 23%/$&0/
H9%06107J>(33% V" $%&, (-',.-$%&/0$1 23%/$&0/
H1* -$%&/0$1 23%/$&0/
HK?%/; V" +$%&, (-',.-$%&/0$1 23%/$&0/
L(3(7( )" +$%8E 23%/$&0/
L03(- V" +$%&, (-',.-$%&I0$1 23%/$&0/
L#/*G, MA%&Y%"%$1%=>,.-$%& (NT-(B""+$%&, 23%/$&0/
LG, 8" %™*=* $%&-(N*-(3 )" +$%8E 23%/$&0/
L#*G,0-+;+=* )" +$%8E 23%/$&0/
L+-0/4 )" +$%8E 23%/$&0/
P#3* )" +$%8E 23%/$&0/
Q(&O0#,)4(&3%¢#, %, <(+33% V" +$%&, (-',.-$%&I0$1 23%/$&0/
Q(&0#,P&31 )" +$%8E 23%/$&0/
Q(3%&" )" +$%8E 23%/$&0/
QO#( V" +$%&, (-',.-$%&I0$1 23%/$&0/
R*'% V" $%&, (-',.-$%&/0$1 23%/$&0/
M*/40 )" +$%&E,(-',0-$%&/0$1, @*6%-#,ABCDE 23%/$&0/
M$*/,4*3" )" +$%8E 23%/$&0/
MS&H?*+&7 )" +$%8E 23%/$&0/
M$+S7(&S$ )" +$%8& 23%/$&0/
T&*-'4%0" VU $%E, (-, -$%E&/0$1, @$*, 7%, %3%/SEPUWE  80%#%3
00%-( V" $%&, (-',.-$%&/0$1 23%/$&0/
V(&#(G, &% %&01,)4*60- )" +$%8E 23%/$&0/
V(&#(G,L*30-,@+-'%& [*#$&+IN*-B )*"+$%&,@*6%-# ,ABCAE 23%/$&0/
W+&0/4JF3*$%- V" +$%&, (-',.-$%&I0$1 23%/$&0/
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" HBYHE () + -

/012310(45(1 1246'57'(10+'86(90/6: ;51096'45<6(
=>016?'@0>A?5;
Birmingham Commuter and Intercity Electric
Glasgow Commuter Electric
London Heathrow Commuter Electric
London Gatwick Commuter Electric
London Luton Commuter Electric
London Stansted Commuter Electric
Manchester Commuter and Intercity Electric
Southampton Commuter Electric
17(0/!
Johannesburg Commuter Electric
180!
Bangkok Commuter Electric
Chennai Commuter Electric
Delhi Commuter Electric
Hong Kong Commuter Electric
lzmir Commuter Electric
Kuala Lampur Commuter Electric
Nagoya Commuter Electric
Osaka Commuter and Intercity Electric
Sapporo Intercity Electric
Soeul Gimpo Commuter Electric
Soeul Incheon Commuter Electric
Taipei Commuter (opens 2013) Electric
Tel Aviv Commuter (to be electrified) Diesel
Tokyo Narita Commuter Electric
5/6!>0!
Brisbane Commuter Electric
Sydney Commuter Electric
>5(1B';6(0/!
Anchorage Tourist/Special Events (intermittent) Diesel
Baltimore-Washington International Commuter and Intercity Electric
Burbank Commuter and Intercity Diesel
Chicago O’Hare Commuter (with bus connection) Diesel
Dallas-Fort Worth International Commuter (with bus connection) Diesel
Denver Commuter (opens 2016) Electric
Miami Commuter (with bus connection) Diesel
Milwaukee Intercity (with bus connection) Diesel
New York Kennedy International Commuter (with airport circulator) Electric
Newark Commuter (with airport circulator) Electric
Philadelphia Commuter Electric
Providence Commuter and Intercity Electric and Diesel
South Bend Regional Commuter Electric
Toronto Pearson International Commuter (opens 2015) Diesel
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I #$%8&'()*(+,$,%, (-, $/"0.1,20$(131(456+6(7889:(36(7;<

Division VI. 1
PusLic PassenGER SERvVICE PRoVIDERS

Dispute Resolution

Application

152.1 (1) Whenever a public passenger serv ice provider and a railway company are unable to agree in
respect of any matter raised in the context of the negotiation of any agreement concerning the use of the
railway companyOs railway, land, equipment, facilities or services by the public passenger service provider or
concerning the conditions, or the amount to be paid, for that use, the public passenger service provider
may, after reasonable efforts to resolve the matter have been made, apply to the Agency to decide the
matter.

Application

(2) Whenever a public passenger service provider and a railway company are unable to agree in respect
of any matter raised in the context of the implementation of any matter previously decided by the Agency,
either the public passenger service provider or the railway company may, after reasonable efforts to resolve
the matter have been made, apply to the Agency to decide the matter.

2007, c. 19, s. 44.

Amount to be fixed

152.2 (1) If, pursuant to an application made under subsection 152.1(1), the Agency fixes the amount
to be paid by the public passenger service provider for the use of any of the railway companyOs railway, land,
equipment, facilities or services, that amount must reflect the cost associated with the public passenger
service providerOs use of that railway, land or equipment or those facilities or services.

Factors
(2) In determining that amount, the Agency must take into consideration, among other things,

(a) the variable costs incurred by the railway company as a result of the public passenger service
providerOs use of the railway companyOs railway, land, equipment, facilities or services, including, but not
limited to, its variable costs incurred to maintain safe operations and to avoid congestion and undue
delay;

(b) the railway companyOs cost of capital, based on a rate set by the Agency, applied to the net book
value of the assets to be used by the public passenger service provider, less any amount to be paid by
the public passenger service provider in respect of those assets;

(¢) the cost of any improvements made by the railway company in relation to the public passenger
service providerOs use of the railway companyOs railway, land, equipment, facilities or services;

(d) areasonable contribution towards the railway companyOs constant costs; and

(e) the value of any benefits that would accrue to the railway company from any investment made by
the public passenger service provider.

2007, c. 19, s. 44.
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