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ATTITUDES CHANGING
ABOUT FOSSIL FUEL

4 We see all around us 0 societal attitudes
about fossil fuel are changing. What
4 Seemed the norm in recent memory Is

now coming under crltlcal scrutiny.
; pr— \_

LaVergne, lll., 1999; DaV|d Wllson photo (CC BY 2. 0)



COMMUTER RAIL:
ENVIRONI\/IENTAL GOOD GUYS ?
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side of the environment, because trains attract people
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BUT DIESELS EMIT
GREENHOUSE GASES

emit greenhouse gases and

contribute to cllmate change.
SN S S e = P
Chicago Union Stat|on 2001 Alex Lu photo
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SEARCH FOR ALTERNATIVES
IS UNDER WAY

So the search is on for-alternative

propulsion technologies, because the

™ diesel era is pulling out of the-station. £
e T AR+ = - i e < Beverly 6107th St., Metra Rock Island, 1998; J. G. Allen photo
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GENSETS ?

g Although gensets reduce overall
emissions at low power, they can
consume more fuel at high power

" and still emit greenhouse gases:

Boston, 2016; Pi.1415956535 photo (CCBY -SA3.0)




LIQUEFIED NATURAL GAS ?
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Liquefied natural gas is not an answer, either.
g Natural gas emits a lot of methane during
: productlon and methane is 25 times more
‘ potent than carbon d|0X|de as a greenhouse gas.

Deerfield Beach, Fla., BBT609 photo (CC BY -SA 4.0)



Some properties
now use
Renewable
Diesel 99, which
captures non -
fossil -fuel
carbon during
manufacturing.
But it emits
carbon dioxide
when used, just
like regular
diesel, and
therefore does
not actually
reduce

emissions. At ' A =
best, this is a T : ‘ P &
net-zero option. M e -

Irvine, Calif., 2010; Brian Zimmerman photo (CC BY 3.0)

RENE



BATTERY LOCOMOTIVES ?

Commuter rail agencies are exploring battery power, as with Rj vy wR.EH.R. for
converting three diesel locomotives to battery prototypes. Battery locomotives are
not fully deployable today, but should be in a few years as development continues.




ELECTRIFICATION ?
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Electrification

looks like a
® promising way to
go. But it has
very high capital
costs, and, as
with batteries, or
hydrogen, may NI =
simply be moving | SEEE p———
emissions from i SR —
trains to power
plants unless the
power itself is
being generated

from non - 2 — <y e S e
emitting sources. . o A | - _ e
» . % Denver A -Line, 2016; Eric Johnson photo (CC BY -SA 3.



TRADITIONAL ELECTRIFICATION
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p Traditional, end -to-end T S
B electrification starts with the — —————t
decision to electrify a particular ey ———— |
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__ Saga Bridge, Connecticut, 2021 Alex Lu photo
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infrastructure is needed.
We stand this logic on its

fsi fxum: & " B _
. o R . Bryn Mawr , Penn, 2010; Mike Brotzman photo (CC BY -SA 3.0)
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I\/IAXII\/IIZING ELECTRICAL REACH

reach? What is the minimum amount
of electrification that we need? What
rfpjx ymnx fuuwt f h mEEE

Caltrain Substation 1, 2020; Pi.14159265 photo (CC BY -SA 4.0)



BATTERY -ELECTRICS:
DUAL - MODES WITHOUT DIESEL

y mj
electric locomotives, which will
be the dual -mode locomotives of

tomorrow. Our calculations
szIny ymfy | ]
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Convent Stat|on N.J., 2021 Fan Railer photo (CC BY - SA40)




REPLACING DIESELS WITH
BATTERY -ELECTRIC ENGINES
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up to seven coaches 3,600 hp
about 600 -mile range diesel -electric

electrify only inner suburban segment (about 25 route
miles or 90 minutes charging time each trip)

up to seven coaches 4.8 MWh ** 4.8 MWh **
about 60 -mile range off -wire cabless booster battery locomotive

.. a standard 3,600 -horsepower diesel -electric with two 4.8 megawatt -hour battery -electrics.
This configuration should provide equivalent functionality, if we balance the on -wire and off -
wire operations so that the units are sufficiently charged when they leave the electrified zone.

**4.8 MWh (battery capacity )/1.2 MW
(charging )/1.5 MW (traction)/0.4 MW ( HEP)

* Platform length issues may arise at very
constrained terminal locations.




B.E.L. SUPPORT REQUIREMENTS

A25kvElectrification (about half the route mileage):

A Road supply ratintpr both movement and charging (5 MW/train?)

_ _ _ _ With about half the
A Downtown yardo providecapacityfor charging (2.5 MW/train?)

route -mileage

ABattery Locomotives and Tender: electrified, fully -
A Fully chargegower units(9.6 MWh?) should be able to operate the ~ charged units will be

full unelectrifiedzone, return to electrified¢one and still have about able to (_Jperate a

50% charge round -trip on the

_ unelectrified segment
AWOI’kShOpS. and have sufficient
A Shops need to be able gervice batteryjocomotives charge to return to the
AShore Power: electrified zone, plus a

A Shore poweat outlying yards must support degraded HEP loads (25 TESEVE 07 ClErgon

kW/car?),unless the operating plan deadheads locomotives back to management. The
the electrified zone shops, of course, will

have to be able to
/ service battery power.




SHORE POWER

Shore power IS needed for weekend
layovers at the outer ends, unless
we deadhead the locomotives back

to the electrified zone. R A P A AR s
SRR .., Port Jerws NY 2011; Alex Lu photo




STRATEGIES FOR COMMUTER
RAIL ELECTRIFICATION

Extend Service Beyond Existing
Electrifications with Battery
Electric Locomotives

Take Advantage of Commuter Use Battery Electric
wk At Qa {0F NJ bSi @ Nlocomatiudd tb ExiERed the
Reach of Electrification

Boston Northside Case Study Philadelphia Case Study

BostonNorthsideCase Study

Create Trandkegional Services Take Advantage of Clmcated Charging Pads
Spanning Electrified Zones Using Infrastructure

Battery Electric Locomotives This makes sense in certain very specific
situations.

Chicago North and West

Mid-Atlantic Case Study Case Study




STRATEGIES FOR COMMUTER
RAIL ELECTRIFICATION

Based on these concepts, we devised several strategies that take advantage of the
fact that a 25 kV alternating current supply substation has a range of about 25

rngqgj x ns f s~ i nwj mgrthside 3ines, Ket suggeGtta kagit s U X
electrification and how battery  -electrics can extend the reach of that electrification.
For Philadelphia, we consider how battery  -electrics can extend electric service
beyond the existing catenary . For Chicago, we look at how co -locating
electrification infrastructure off railroad property and using battery -electrics can
reduce the cost of electrifying. Finally, charging pads may be useful in limited
situations. We examine one such possibility in Minnesota. In all these case studies,
we assume that jurisdictional, financial, and ownership issues will be resolved. Our
effort is to explore what we expect to be physically workable with battery -electrics.




BOSTON NORTH CASE STUDY

In Boston, we see what

RS @ happens when a downtown
' EXETER, NH | bstati h
A supply substation pushes
W(AMCPH;1387E)TT |K\ [ N E WBURYPORT ? out 25 kV AC about 25 miles
| owe g 4 MP e : in any direction. This
S N MPBS P ROCKPORT substation, in conjunction
SOUTHACTON _ MP 228 | s with autotransformer
MP 25.3 | . .
, / substations along the lines,
: can power electric service to
STETEY South Acton and Lowell, as
BostonNorthside Legend we see on the map. There is
Commuter Rail Network O TERMINAL STATION not quite enough range to
Approximate Maximum Extent . O LIMITS OF 25KV ELECTRIFICATIO reach Newburyport,
of Electric Service with Downtown Sup IEil o ASS“MED HOCATION OF SUPPLY “R¥gckport or Haverhill, so we
. . 5 ELECTRIC COMMUTER RAILWAY 5 5
Substation/Battéfiectritocomotives L N\ earrery Locowone errecti SCAIEM back electrlflcatlon_ to
Beverly and Andover, with

battery -electrics covering
/ the remainder.



SERVING NEW HAMPSHIRE ?

Battery -
electrics also
allow us to
operate other
lines about 50
miles out from
Boston 6 which
could restore
commuter
service to
southern New
Hampshire.
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e, 1969; Roge




BOSTON NORTH SIDE

Here we see a battery -electric passing a
multiple -unit near a feeder substation.
The cabless booster behind the locomotive

| prowdes necessary energy storage.

----
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PHILADELPHIA CASE STUDY

: : : : Bound Broo
Phllade_lphlaReglpnaI Rail Network /IS'O For Philadelphia, we
Approximate Maximum Extent of Improvements to Range of Current R :

Electrified Service Using Battery Electric Locomotives (BELS) S examined another
’ 1l -

Q Quakertown . ablll_ty f)f battery
\ e electrics: to extend
\ .
\ ~’ the range of existing
1 L

) ! electrifications. We
(‘ I can operate off -wire

Potistown \ West Trenton on the former

| . .
Lansdale Reading side to

\—
\
\ Pottstown,
I
\ Norristown Legend Qtéakertown, an(c31
t zsi W |

/ Existing Electrification
’

Jenkintown : .
’ Battery-Electric Traction

Y4

NorthBroad St.

/4

Philadelphia




POTTSTOWN?

T | mnhm m

diesel service
until the early
1980s. It may

be necessary to

upgrade the

power supplies
on the Reading
side to meet the

needs of
locomotives

coming inbound
off the wire and

needing to
recharge.

BOUND BROOK?

POTTSVILLE—READING

PHILADELPHIA

and intermediate stations

READING LINES

EFFECTIVE FEBRUARY 6, 1972

SCHEDULES IN PREVAILING LOCAL TIME

FAST—MODERN
AIR CONDITIONED

POTTSVILLE & READING TO

MONDAYS THRU FRIDAYS
EXCEPT HOLIDAYS

Printed in U.S.A.

PHILADELPHIA
v v 56 58 60
Fare 2 4 6 8 10 86 88
Miles | Zone Stations 1}] D @«
AM | AM | AM | AM PM | PM | PM
T (S (A | U R A S 7.18) 10.46 1.42] 4.48| 8.13
4.5 | 14 | Schuylkill Haven 7.26( 10.54 1.60f 4.66| 8.21
10.1 | 14 | Auburn........ o 7.34f 11,02) ~ 1.68| 5.03| 8.28
18:8 | 18 |'Hamburg..i: .. iiiiiiniiiiidiiivedeas saana 7.47| 11,15 g 2.10| 65.14| 8.39
23.4 | 13 | Shoemakersville. 758 —=|e =-=| == -—-
250 | 12 | Mohrsville.... 7.56| —— |2 2.19| 5.23| -~
27.3 12 Leesport....... 8.01] —— g 2.23! 5.27| —-
e e o (Al | 84| 11.40|8 2.36| 5.38| .02
35.5 | 11 | Reading (FranklinSt.)...............00ie lL::- 5510 6040 8}; 1113 §' 239 E.SB 002
Pt 5 e ety B sns B uly
44.1 10 | BAIAshoT0  pri i SRR RSB RR 6.03| 7.01| 8.20/ 11.56|g 2.51| 5,50 -—
408..67] 40 | MODOCIEY  « 0 o cmnnincimmacesmmonis roadds k1% sies e 6,07 ==| ==| ==|28 =-=| ==| ==
3.1 | 8 | POMSIOWN. ...ooreereeeeeiieseseeinaaennes 615 7.12| s.40[12.06(5 5.02| 6.01| 9.24
59.2 7 Linfield...... 6.23| 7.20 —— g = = ==
61.6 7 Royersford, . ..... 6.28| 7.25| 8.52| 12.18/a 3.14| 6.13| 9.36
65.9 6 | Phoenixville (Valley Forge Gen'l Hosp. ©)....... 6.36| 7.33| 9.00 12.26 3.22] 6.21| 9.44
69.9 5 Valley Forge........... 6.4; —-_—] == == _ =-=] ==
76.4 4 Norristown (De Kalb St. 6.51| 7.46| 9.12} 12.38 3.34| 6.33| 9.56
PHILADELPHIA -
90.7 1 North Broad Street.......................A%.} T7.14| 8.11| 9.34| 1.00 3.66| 6.55( 10.18
93.6 Reading Terminal .. ........ oot 7.20| 8.18[ 9.40, 1.06 4£.02| 7.01]10.24
AM | AM | AM | PM PM PM | PM
PHIA TO MONDAYS THRU FRIDAYS
PHILABELFHIA EXCEPT HOLIDAYS
READING & POTTSVILLE
v 3 5 v v
Fare 1-61 | 63 55 7 87 n 89
Miles | Zone Stations 2] [4:]
PHILADELPHIA
0 1 Reading Terminal. .. ....oovininiiniiainas
2.9 1 North Broad Street
17.2 | 4 | Norristown (De Kalb
23.7 | 5 | Valley Forge
27.7 | 6 | Phoenixville (Valley
32.0 | 7 | Royersford
34.4 | 7 | Linfield
40.5 | 8 | Potistown
47.1 10 MONOBARY ) 1uvaciaceraiin oons aiws o mio st an A BRSO U A 00
49:5'] 10 | Birdshoro.i i iicii et dinivee duvde se v
58.1| 11 | Reading (Franklin St.).........cc.ocooinnn {t:
86,3 12 Leesport. . .
68.6 | 12 | Mohrsvilie..
70.2 | 13 | Shoemakersville.
25:8°] A3 | HambUr st e s
83.5 | 14 | Auburn,.......
89.1 | 14 | Schuylkill Haven
93.6 | 15 Pottsville

NEWARK, N. J.
to
(With connections from New York)
Effective September 30, 1974
SCHEDULES IN PREYAILING LOCAL TIME
Mondays-Fridays Washington's Birthday
STATIONS Excopt and Good Friday
5619 6631 geal
* *
&l A
NEW YORK (Penna. Sta.).....Lv, 4,38 5.19 o.14
Neowark (Pean Contral Sta.)....Ar. 4.48 5.35 5.29
NEW YORK (PATH)

World Trade Center).....Lv. 4.25 G.18 G.19
Nowark (PATH)....... sssnsas Ar, 4.43 G.38 ﬂ
Newark (Penn Central Sta.)

via C.R.RN.J. Ly, 464 6.45 6.45
] r4.01 [~ = 540
o r487 j == worb4t
X r509 & 8.2 g rose
< 25628 |§ a6 > 0616
b

5.40 -t 6.30 -t 6.27
B s FEE a4 63
@ o E 6.00 s 6.47
b 6.06 b 6.69 b 6.69
b 6.35 b 7.08 b 7.08
b 6.24 b 7.17 b 7.8
b 6,57 b 7.20 b 7.21
b 6.30 b 7.22 b 7.23
6.23 7.12 7.07
6.25 7.16 7.10
Melrose Park. . 6.28 7.17 7.12
Wayno Junction 6.33 7.22 7.18
North Broad Street 6.37 7.2 7.83
READING TERM, (Phila.).....Ar 6,43 7.32 7.20

PM PM

NO SATURDAY, SUNDAY OR HOLIDAY SERVICE

FOR EXPLANATION OF REFERENCE MARKS SEE OTHER SIDE

Holidays—Tho term “‘Holidays™ as used in this time tablo refers to New Year’s Day,
Memorial Day, Independence Day, Labor Day, Thanksglving Day, Carlstmas Day
or days celebrated as such,

REFRESHMENT CAR

Serving coffee, Juice and pastry on morning trips and beverages on afternoon Lrips.

SATURDAY, SUNDAY AND HOLIDAY TRAINS SHOWN ON OTHER SIDE

Reading Co.-CRRofNJ.PATH and Penn Central eannot assume rezponsibility for errors
time tables or for inconvendence resulting from delaged tralns or failure to make
connectlons, Schedules are subject to change without notice.

H. J. PALMER B, C. STAMETS, Manager Psgr.
Director of Passenger Services Operations Central R. B. Co., of
Reading Term., Phila,, Pa. 18107

New Jars'o‘y,ﬂoo Raymond Blvd,,
Newark, N. J. 07102

Reading Railway System
Central R.R. Co. of New Jersey

T.T.4 145 ALS LRt  0-30-T4

Reading Lines/Central of N.J., 1972/1974 (rights expired)




MID -ATLANTIC CASE STUDY

If trains spend enough time

Legend—— Newark, N.J under the wire to recharge

/ Charging Phase Allentown Bound Brook their batteries, we could
..o . P oun roo “__,’ .
o, Dischargng Phase o Jo take things even further, as
/ HarrisburgNewark, N.J. 3 S — with this proposed Mid -
/ Newark, DetAllentown ‘Q‘ . Atlantic Int Reqi | Rall
e, ) : system. Note that the line

Harrisburg ) Pottstown "+, West Trenton:

from Quakertown to

Allentown has been
abandoned and would need

to be restored. Reading -

Mid-AtlanticInter-Regional RaiNetworx  Side trains could reach the
Possibilities foElectrified S(_arvicelSJtiIizil upper leve| at 30th Street
Dual4.8V\Wh BatteryElectric Locomot ) )
(BEL¥in PushPull Configuration Station via Market East and
Suburban Stations, or go

off-wire near Wayne

Junction to reach Zoo
/ Interlocking and the lower
level at 30th Street.

_ Lansdale
%, Norris-
" town

\4]

Trenton

Thorndale

Newark, Del.




PHILADELPHIA READING SIDE

N )N

1 3 N/
\\\ \ \juwj [gttpnsl’ stwym f gt
7~approaching Wayne Junction;, A Mid  -Atlantic

\Sl/l-/ J x ; N\ Regional is ceming off the wire to take the freight

. ~ lineto reach the lower levelof 30th Street Station.
-\\ " On the right, we have a multiple -unit.train. These
iy e WI|| contlnue to prowde most of the service.

ro —
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CHICAGO WEST SUBURBS

Villa Park _— Berkeley
) -
15 Miles o TS - o o Maywood
ol « =
to West Chicago E : ; 14 Miles O
SN to Chicago
— |
Possible Substationocation 1
East Harrison St.,
Elmhurst,|ll. & Legend

(Du Page Sewer Commission Property)

4.4 Mlles

I
I
I
I
1
1
1
I
l.
ik
1t
1
1
1
Y
v

v
‘:

2rs Grove ——

CNWWest

/ Electrified Railway

* Existing Interstate Highway
/ Existing 138 kV Transmission Li

/‘ Railway Owned 25kV Lines

ne

16 Miles

to Chicago

Hollywood

NW est une

/4

The downtown substation strategy
works well for compact metropolitan
fwjfx3 Gzy 7 rn

cover enough ground in Chicago, so we

looked for another way to electrify as
much as possible with a single
substation. The key here is finding
non -railroad alignments to carry the
power. We locate a substation
between the Burlington Northern and
y mj Hmnhfl t + St wy]l
Line, and get it to both railroads on a

utility right -of-way. Taking advantage

of the roughly 25 -mile radius, we can
electrify the Burlington 6 one of the

most intensively -traveled lines in the

country 0 in its entirety, and the CNW

West Line to the yard at West Chicago.



SUBURBAN UTILITY CORRIDORS

F wfngwtfi xzgxyfynts hfs yfu f ;> p[ tMedeh8 = p]|

European railway substations now tap the 345 kV or even 500 kV supergrid directly, which

has a much greater capacity to absorb power imbalances. A railroad -owned line could connect

utility taps to the railroad substation or supply points along the high -voltage utility corridor.
Consolidated Edison 138 kV and // / LIPA 69 kV Line intersecting Long /9/\// ////

345 kV Lines in Montrose, N.Y. Islranoil Rail Road at Brentwood, N.Y.
Utility Corridor o

Alex Lu photos



DEVAL CROSSING

Sometimes strategic railroad

crossings have ready access to electric
power. What can we accomplish with
a second Chicago-area substation?

September 5, 1995; David Wilson photo (CC BY 2.0)



