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1. Introduction

The only proven zer@missons freight movementechnology is dully electricrailroad Electric trains are the most
energy efficient way to move freight on land, moving a ton wyibicallyone-tenth the energy used by diespbwered
roadtrucks. The dedrification of freight rail inCalifornia would reduce the public health ingtsito local communities
affected by diesepoweredlocomotives and reducehe greenhouse gas emissions téifjht movement. Electric
locomotivesalsoimprove the speed of travel withetter ac@leration, quieter operation andtwice asenergy efficient
asdiesel locomotives Used successfully all over the world for over a century, electric freight locomotives have many
advantages. In particular, electric locomotives are:

w -emissiorizg & Ndht of use.
w a2 NB Sy S-adtdc loSomatiked) arfsl yoisuriekalmyst n@ poer $hen idling.

w Capable of using regenerative breaking when going downhill to recover energy that can be stt@ardnused
by other trains nearby, or returned as power to the grid.

Capable of fasteacceleratiorandgreaterpulling power than diesetlectric locomotives.
w Quieter and lower maintenance than diesel locomotives.

w Capable of being powered by renewaljgnerated electricity, further enhancing emissions benefits and reducing
dependenceon fossil fuels. Electrified rail corridors can also serve as electric transmission line routes, potentially
accessing many renewable energy genemasites.

The most established way to run trains on electricitgyisoverhead catenary wires aboxalroad tracks also called an
overhead contact system (OCS), wHidR2 4 SNJ (12 (G KS Y2 @Ay 3 i N¥rdnycapital daditsynayzba NI L
substantial, akelectric freight rail with overhead catenary is a triadd-true technology that would pay forgelf with
significant reductions in emissions angeratingcosts

Electrification with overhead catenary wihas beerused for over a century for freight radndis usedtoday on about
2yS ljdzZ NI SN 2F (i K.®utsde ofNdRtQAMedd leledritfi@dghtRrains bid @y dommon. Globally,
St SOGNROAGE QA aKIl NB adout 109@f@lIAtrdcR miles\dtedtrifieth 1a75to ovey SBAIB 20424 v 3
Nations from India to South Africa, China to those of Europe, are expanditgfadation of heavy freight and

passenger lined large pool of manufacturers and engineering expertise exists around the world for this technology.

Electrification would build upon ongoing and proposed railroad capacitysafaly improvement projestinCalifornia,
including grade separations, additional main line and siding tracks, improved signal sgatéRgsitive Train Control
The electrification of existing heavy rail linesdsning to California thanks BaltraiQ Aeninsula Corridor El&ification
Project which iselectrifying the line between San Francisco and Sanfdogpassenger servic& heelectrification of
Southern Californiaailroadsneeds to be exploredind can benefit from the experience of the Caltrain electrification.

lInternational Energy AgencRRailway Handbook 201pg. 24 (Fig. 10)and 27(Fig. 16)
https://uic.org/IMG/pdf/iea-uic_20152.pdf



https://uic.org/IMG/pdf/iea-uic_2015-2.pdf
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Due to the unfamiliarity in the U.S. with electric freight rail, this technology is too often overlooked as a solutionyto man
2F GKS O2dzy iNEQ&a GNIYyaLRNIlIGAZ2Y ySSRaAX RSaLAGS Ada LI
California bould be a national leader in freight rail electrification due to its need to reduce air pollution, and strong
longtime local political support for clean transportation technologies. The region once had an extensive electric rail
network of passenger ste¢ caisand interurban transduring the first half of the 20century, and today has a rapidly
growing network of atklectric subway and light rail lines. In the past three decades, a number of studies have been
commissioned by state and local governrhagencies on lowand zereemissions freight rail in Southern California.

These publichjunded efforts were primarilynotivatedby aninterest in reducing air pollution in the region, particularly

for those living and working near the track$ie most reent were two reports evaluating clean freight rail technology
released by the California Air Resources Boathéarspring of 2016The last time that a regional, comprehensive rail
electrification task force existed was for the 1992 Southern Califorccal@rated Rail Electrification Program study.

Such a regional task force should be created again, with committees for planning, engineering, analysis, operations &
maintenance, environmental analysis, fungjlegislativeand regulatory issues.

Fig.1. Bombardier IORE electric locomotive set hauling an iron ore train between Sweden and Norway
(Photo: David Gubler, 22.3.201ik{p://bahnbilder.ch/picture/7743?title=iore)



http://bahnbilder.ch/picture/7743?title=iore
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2. Electrificationof Freight Rail

An electric locomotive can be designed to match or exceed the performance specifications required by-tasl line
interstate freight trains the largest of which weighround 10,000tor® Ly FIF OG> K S|lde@netiver Q &
are allelectric. In China, a single HXD1 tsextionall-electriclocomotive setsimilar to that shown below in Fig.@ylls
entire 20,0006ton coal trains under a 25 kilovolt (Kkhatenary. The HXD1 has over 19,000 horsepower and 2&0,00
pounds of starting tractive effott The largest diesel locomotivesrrently beingnanufactured in the U.S. have at most
5,000 horsepower and 200,000 pounds of starting tractive effiadnsnet Freight Rail of South Africa uses a 50 kV
catenary systenfior hauling iron ore trains in excess of 40,000 tateown belowin Fig. 3Several times the weight of

an averagdJ.S. linehaul freight train, these trains are pulled by up to nineeddictric Mitsui Class 15E locomotives in
distributed configurationRussia's TrarSikerian has been 100%ectricbetweenMoscow andvladivostoksince 2002

At 5,772 miles the logest rail line in the world, this lingarries freight train weights similar to U.S. limaul trains. An
extensive network of electrified edock and neadock rail serves Rotterdam, a port similar in size to the San Pedro Bay
complex.

S

~

Fig. 2 China Railways HXD1 series freight locomotbet, under 25 kV overhead catenary wire
(Photo:https://commons.wikimedia.org/wiki/File:HXD10004.jpg

21 kilovolt (kV) = 1,000 Volts.

3 http://documents.epfl.ch/users/a/al/allenbac/www/HXD1.htm



https://commons.wikimedia.org/wiki/File:HXD10004.jpg
http://documents.epfl.ch/users/a/al/allenbac/www/HXD1.htm
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Fig. 3. Londhaul iron ore train onSishergSaldanha Orex liné South Africapulled by electric locomotives under 50 kV catenary.
(Photo: Peter Ball collectiohjtp://www.theheritageportal.co.za/article/soutkafricasworld-record-breakingtrain)

Overhead catenary wire has been used to power heavy electric freight trains for more than a century, aneaisdried

true technology A voltage o5 kVis theworld standard for heavy freight and higipeed passenger rallC catenary
electification. In California, a 25 kV AC catenastam is being installed faZaltrain and California High &l Rail
passenger rail serviceb0 kV catenary, used on several heavy freight railroads around the world, offers the advantage of
higher power cpacity, and requires a smaller number of substations along the route. In Southern California, the steep
grade of Cajon Pass would be better suited for 50 kV catenary due to the high power requirements and heavy freight
traffic, as well as for longistancesections. Fortunately, it is possible for electric locomotives to transition between 25

kV and 50 kV catenary at speed. Electrification of an initial pilot rail line, such as the Alameda Corridor, must be
compatible with electrification standards that tmest of the North American rail system would follow.

azaild dzZNDlFy NIAf adeaidsSvya Ay GKS ! o{ ® NHzy 2y St SOGNROAI
Amtrak runs electrified passenger service along the-dié Northeast corridor from Boston to Washington, and the
Keystone Corrior from Philadelphia to Harrisburg, Pennsylvania. While electricity is now a major source of motive
power for freight railroads in most advanced economies, the percentage of U.S. rail freight hauled using electricity is


http://www.theheritageportal.co.za/article/south-africas-world-record-breaking-train
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close to zero. Three U.S. electnieifjht lines, with a combined tracking lengthadfout 130 milescarry coal from mines
to power plants in Arizona, Utah and New Mexico, while the lowa Traction Railway runs 18 miles of electric line from
Mason City to Clear Lake.

Outside ofNorth Americaglectrictrains are very commofor both passenger and freighs shown below in Table 1.

Almost every industrialized country, including nearly all of Europe and Japan, has an extensive network of electrified
freight rail. Switzerland is all electric, @8 LJG F2NJ 2y S (G2dzNAad fAyS GKFG KIF&a &l
railways are electrified, and its first two freigbtly electric rail lines are under construction in northern India, to carry
double-stacked container under the wires. Natioinesm Chile to South Africa are investing in expanding or building new
electrified rail lines, while China is in the middle of electrifying 20,000 km of existing track. As described by the
Solutionary Ralbook?

!'wh] b5 ! vi!Iw¢9w hC ¢AREELEGTRIFIER 186,000 iniles o[t bfta Stal of 808,000. Western
Europe leads with 53% of lines propelled by electricity, while North America trails with 1%. The global electrification marke
GO2ydAydzSa G2 3INBG ReYy!Il YA Ol Afritadaddithe MIddMIEAsO S/ VeNdEhereparyg. 2 SA (G S
9f SOUNAROAGEQA AKINB Ay FdzStAy3I NIAEf A& INRgAYII dzLJ FNER
decreased from 25% to 6%....

However, these figures understate the significamd electrification. Typically it is the more heavily used lines that
are electrified. For example, though France is only 52% electrified, 85% of freight and 90% of passengers run on electrifiec
lines.

In Russia the TrafSiberian, at nearly 6,000 milése longest continuous rail line in the world, was fully electrified
08 UGUKS SYR 2F HAnH® ¢KA& A& y20lo0fS 0SO0FdzaS Al Nizya Ay
2LISNF GA2y Aad ONRGAOIE G2 wdinmisaThe rdliine daffieésl3@SoaRUSiane2pyris. \DRetall, 2 F
electric lines carry 70% of Russian freight, the equivalentitvtdnt S& 2F y x> 2F ! { NI Af FNBA
has expanded rapidly. Concerted efforts have grown the percenfragn only 5% in 1975 to over 40% today.

Smaller economic powerhouse nations have largely electrified rail systems. Sweden grew electrification from 61%
in in 1970 to 77% of its system in 2005. The Netherlands has increased its electrified networR¥sam 70 to 73% in
2005. Switzerland is a global standout with a 100% electrification rate. That nation is in the midst of a major rail line
improvement program, a central goal of which to move freight from trucks to electric rail. In 17 European tiadioais
network is at least 40% electrified.

Great Britain, which has lagged other European nations with only 33% of its rail network electrified, in 2007
announced a £1.1 billion effort to expand electrification. The Great Western Line linking LoitdMales is slated for full
electrification by 2017. Liverpoal I Yy OKSa G SNE 2y S 2F GKS ¢2NI RQa 2t RSad NI,

Nations around the world that have recently expanded electrified rail or are engaged in significant efforts to do so
include Chile, Taiwan, Malaysia, Iran, Israel, Saudi Arabia, Kazakhstan, Uzbekistan, Ethiopia, South Africa, Denmark, Non
and New Zealand. Electrified rail is working around the world. It can work in the US again.

4 Bill Moyer, Patrick Mazza and the Solutionary Rail tehtip(//www.solutionaryrail.org/). Solutionary Rail: A peogtewered
campaigntoeleck T& ! YSNA OF Q& NiboksffoN@cledh &nergy/flRuré2thBsr2016pp. M2



http://www.solutionaryrail.org/
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Table 1: Railroactlectrification around the world both passenger and freightombined as of 2016)

Country Miles Percentage
Electrified | Electrified
(approx.)

Ethiopia/Djibouti 470 100%
Switzerland 3,200 99%
Belgium 1,900 85%
Sweden 7,600 76%
Japan 12,500 75%
Netherlands 1,400 72%
South Korea 1,600 70%
China 50,000 65%
Italy 8,200 65%
Spain 6,300 64%
Poland 7,400 62%
Austria 2,200 61%
Morocco 800 61%
Germany 12,400 60%
Finland 2,000 55%
France 9,400 52%
Russia 27,000 50%
South Africa 5,900 45%
India 14,700 35%
United Kingdom 3,300 33%

5 References on rail electrification statistics by country:

https://www.cia.gov/library/publications/theworld-factbook/fields/2121.html

http://uic.org/IMG/pdf/synopsis 2015 print 5 .pdf

http://statbel.fgov.be/fr/statistiues/chiffres/circulation et transport/transport/ferroviaire/



https://www.cia.gov/library/publications/the-world-factbook/fields/2121.html
http://uic.org/IMG/pdf/synopsis_2015_print_5_.pdf
http://statbel.fgov.be/fr/statistiques/chiffres/circulation_et_transport/transport/ferroviaire/
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The 2018 @lifornia State Rail Plan cdiits the state government to aid the advancement of zero and a0
SYraarzya (GSOKy2ft23ASa Triy shonldbbe given to mdil phojedisBhiat Ruport thell | G A y !
deployment of technologies that produ@ero or neaizero air emissionéi KS { Gl 4SQa NBftS Ay IR
this technology is central, from both a regulatory and financial perspectaaguse it can help advance development of

the prerequisite technology; and by providing financial incentives, support itsnesmializatiord®.

Conventional kctrificationwith overhead catenary wiress most coseffectiveat high trainfrequenciesand ®uthern
California hasome of the busiest railroad corridors in the U.S. For exajtigeBNSF San Bernardino Subdivision
between Los Angeles and Fullerton sees about 50 passenger traii® &eight trains per day, and 60 daily freight and
40 passengetrains between West Riverside and Colton. The BNSF Cajon Subdivision, over Cajon Pass, sH¥ nearly
freight trains daily Both passeger and freight rail traffic arexpectedto increase in the years ahead, makihg zerc
emissions benefits of eledtrtrains even more importarior trackside communities.

Battery-electric locomotives

Freight car switching on either emd electrified track segments cdie performed by zero emissions battezlectric

switcher locomotives, which would not require overhead catendrycomotives with both batterieandaretractable
overhead pantograph for receivgrpower from overhead catenappuld utilize catenary wirgvhere it exists, and also

run on battery where there is ncatenary. Therefore, with the added flexibilitylmttery locomotives even an
WAYO2YLI SGS St SOGNRFAOFGAZ2YQ 2F (GKS NBIA 2 pradmiskidnd f y Si
NI AfNRIFIR aeadasSvyo {2YS @SNERAZ2Yya 2F 1faidz2yQa tNAYI 1lo
as a pantograph, and have entered commercial service in Germany.

Along with limited battery range, a primary operationbbtienge with successfully introducindpattery locomotive into
service is inagorating efficient plugin charging infrastructure and procedures into daily operations. This is especially
GNHzS gAGK f202Y20A0Sa GKI G aAERSRE0 S Vi I2INRS NtleERctkily dZ22S NI
cables. This is a tim@mnsuming process, and could cause costly delays to rail operafioresverhead catenary wire

Oty OKIFNHS (KS (w2 ¥ df DISYNE 2 dz4 11 & S NR 6, HNUAdiiga sighiicht (G NI A y Q2
operational improvement over albattery locomotive adoption.

The 2018 California State Rail Ptalledfor a ébattery assist switchdR S Y2y & G NI G A 2 y éangegto NI A f @&
a édllice yard and terminal emissions througtpiementation of zero emissions technologies (cargo handling and

a g A i OK Inyam aodzpthe California Air Resources Board awarded fundamgeamonstration project at the Port

of Los Angeles, in partnership with Pacific Harbor Linesbaftary-electridnatural gas hybridocomotive developed by
VeRail Technologigs

California State Department of Transportati@918 California State Rail P|#Public Release Draft, November 2017, sedfi@n/
(Advancement of Zero and NeZero Emissions TechnologieBg. 168:

http://www.dot.ca.gov/californiarail/das/CSRP_PublicReleaseDraft 10112017.pdf

’Ibid., pg. 167
http://www.dot.ca.gov/californiarail/docs/CSRP_PublicReleaseDraft 10112017.pdf

8https://www.portoflosangeles.org/Board/2018/May%202018/05 17 18 Agenda ltem 11.pdf



http://www.dot.ca.gov/californiarail/docs/CSRP_PublicReleaseDraft_10112017.pdf
http://www.dot.ca.gov/californiarail/docs/CSRP_PublicReleaseDraft_10112017.pdf
https://www.portoflosangeles.org/Board/2018/May%202018/05_17_18_Agenda_Item_11.pdf
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Emissions benefits

Even with conventional diesel locomotives, emissions per ton are several times less by rail when compiaireddo

trucks. With electrification, theemissions directly emitted by locomotives drops to zero. Given the choice, rail is always
I Of SIFySNI gl e (2 Y20S FTNBAIKG GKIFy o6& (NHzO1 @ C2NJ SEI
produces ten times moremissionsthantheS 3 A 2 Yy Q& 0 dz& ADRsdifruckslark the sibgeNjNAtaRtR b
smogforming nitrogen oxide (NOx@missionsn Southern Californidn 2012the averagenitrogen oxide (NOX)

emissions from heavgluty diesel trucks was 143 tons per daighin the South Coast Air Quality Management Disfaiét
jurisdiction of Los Angeles, Orange, San Bernardino and Riverside cowyiesntrast, cars produced an average of 42
tons of NOx per day, ligltuty trucks 37 tonsand medium-duty trucks 27 tons. Locootives produced an average 29

tons of NOx per day

Historically, efforts to advance electrification and other clean transportation technologies in the region have been driver
primarily by a desire to reduce local air pollution. Many populated are&sinhern California regularly do not meet

federal air quality standards, especially those near freight movement sites such as ports, rail yards and warehouses. Ti
huge amount of freight movement activity in the South Coast Air Basin (SCAB) resul@ssiv'ramount of emissions
fromdiesellJ2 6 SNBER (NHzO1 & YR GNIAyao 5A54S8ft SEKIdZAG | NE dz
and freight facilities has been linked to cancer, asthma and many other ailments, as well as contributergdtupe

deathsin nearby communities. Emissions from goods movement, including levels of NOx, SOx and diesel particulate
matter (PM), have declined significantly in the past decade due to stricter regulatiothaitroduction of cleaner

diesel enginesdowever, the public healtimpacts in the region caused by bagtbrt-relatedand domestic goods
movementstill contribute to thousands of premature deaths and billions of dollars in health care costs eath Vear

area around the San Pedro Bay ports 8@ Sy 0SSy Rdzo 6 SR {#HKrthednRid Edi® fa hdd 8fF G K 1
port-relatedgoods movemenand warehousingiesidents alssuffer from some of the highest particulate and ozone
pollution levels in the U.S

Switching from a freight rail systethat relies on diesel power to one that relien electric power wilkubstantialy

reduce air pollutiorin Southern Californidn addition to reducing emissions of pollution with local public health

impacts, electrifying freight rail will alsohelpméeK S &G+ 6 SQa 321t & F2N) NBRdzOAy 3 3
more freight and passenger traffic is shifted from road to rail in the future, the emissions benefits of electric rail would
be more significantAccordingo the 2016 RailTEC report, If Bne-haul freight rail locomotives in the SCAB were all

%¢2ye . FNDB2TFX a{2dzi KSNY /I f A TRNE/MI K INBLBA I dzie NGBy ABgerSSintts (OKS &/
April 5, 2018:
http://www.latimes.com/local/lanow/lame-freight-air-quality-20180405story.html

10 port of Long Beach & Port of Los AngeBas) Pedro Bay Ports Clean Air Action Plan 2017, Draft Final Clean Air Action Plan Updati
July 2017pgs. 1620:
http://www.cleanairactionplan.org/documents/cleaair-actionplan-201 %-draft-documentfinal. pdf

Ua |l NI I U.2 Nefyhborkioods Struggle with Health Threats from Traffic Pouoientific AmericarOctober 11, 2001:
https://www.scientificamerican.com/article/usieighborhoodsstrugglewith-healththreats-from-traffic-pollution/



http://www.latimes.com/local/lanow/la-me-freight-air-quality-20180405-story.html
http://www.cleanairactionplan.org/documents/clean-air-action-plan-2017-draft-document-final.pdf
https://www.scientificamerican.com/article/us-neighborhoods-struggle-with-health-threats-from-traffic-pollution/

Brian Yanity The Potential of Electric Freight Rail in Southern California July 292018

electric (and all electricity used from zeemissions sources), compared to using a fleet of 100% Tier 2 diesel
locomotives, the annual emissions reductions possible would be as fétlows

372,000tons CQ

3,750 tons NOx

1,000 tons CO

200 tons hydrocarbons (HC)
140 tons particulate matter (PM)

=A =4 =4 -4 4

¢tKS | 0620S FTAIdNBa R2 y2i AyOfdzRS (KS NBIA2yQa FTNBAIKI
locomotive emissions in the South Coast Air Basin are frorhbnéfreight trains. It is worth noting how the emissions
reductions of fuly electric locomotives are superior to other low emissions technologies. The 2016 RailTEC report also
concluded that Tier 4 diesel freight locomotives with afieNB I G YSy i 6 G KS NB L2 NI Qa LINBTFS
reduce C@or CO emissions in thegimn. Also, diesélNG locomotives would decreasefe@issions, but increase CO
emissions?

Energy savings benefits

On a pet#ton basis, a doublstack container rail car pulled by a conventional diedettric locomotive moves freigh

three to five fimes more fuekfficiently than a truck’. The overall energy efficiency of dieséctric locomotive, or the
proportion of energy diesel fuel converted to useful motive powetyjigcallyless than 40%. In fadt.S. freight

railroads have substantiglimproved their overall energy efficiency in the past several decades. According the
Association of American Railroads, U.S. freight railroads moved one ton of freight an average of 468 miles per gallon o
diesel fuel, up from 235 miles in 1980However there is limited room for further improvement of the fuefficiency

of diesel engines. According to a 2014 Federal Railroad Administration réyeottiesel locomotive fleet efficiency is
expected to improve 15% to 20% by 2030, although this coulddreased slightly with more efficient operating

pratices such as optimized distributed power, train management software, and improved maintenance p¥actices

Diesel engines in genenap are expected to have up ttb%improvement in fuekfficiencyover the next decade or $6

12 Transitioning to a Zero dtearZero Emission Liri¢aul Freight Rail System in California Operational and Economic Considerations,
Final ReportPrepared for State of California Air Resources Board by University of lllinois at {@rthamgaign Rail Transportation
and Engineering Cér (RailTEC), SpringI®) pg. 52https://www.arb.ca.gov/railyard/docs/uoi_rpt 06222016.pdf

B1bid., pg. xiiihttps://www.arb.ca.gov/railyard/docs/uoi_rpt 06222016.pdf

1 Federal Railroad AdministratioBpomparative Evaluation of Rail and Truck Fuel Efficiency on Competitive Caxinersber
2009, pg. 9nttps://www.fra.dot.gov/eLib/details/L04317

15 Association of American Railroad$ie Environmental Benefits of Moving Freight by Baile 2017:
https://www.aar.org/BackgroundPapers/Environmental%20Benefits%200f%20Moving%20Freight%20by%20Rail. pdf

16 Federal Railroad AdministratioBgst Practices and Strategies for Improving Rail Energy EfficiEiney ReportOffice of
Research and Development, Washington, D.C., January g§141
https://www.kpesic.com/sites/default/files/DOWVNTSERAL3-02.pdf

7 https:/iwww.theicct.org/blogs/staff/everimprovingefficiencydiesetengine
https://www.arb.ca.gv/msprog/onroad/caphase2ghg/presentations/2 7 wayne e cummins.pdf
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https://www.arb.ca.gov/railyard/docs/uoi_rpt_06222016.pdf
https://www.arb.ca.gov/railyard/docs/uoi_rpt_06222016.pdf
https://www.fra.dot.gov/eLib/details/L04317
https://www.aar.org/BackgroundPapers/Environmental%20Benefits%20of%20Moving%20Freight%20by%20Rail.pdf
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https://www.theicct.org/blogs/staff/ever-improving-efficiency-diesel-engine
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The overall peton energy efficiency advantage of rail more than doubles with aaladitric locomotive, which converts

over 80% of the electric energy captured from the overhead catenary wire into useful motive'fowest y' y dzl £ W/
gKSStQ SySNEHe O2yadzYLiazy 2F |ff fAYyS KIFdzZ FNBAIKG NI
haul freight trains per day, is presently about 435,000 MWh

Energy consumption of electric rail, utility participation

Hectric utilities must be involved in planning for rail electrification from the outset. It is the electric utilities who will
provide the electric energy, build up new substation infrastructure to service electrified track, and construct or upgrade
distribution and transmission lines. While there would be a need to construct new electric power infrastructure to serve
electrified freight rail lines, electric utilities could see the new loads from freight trains as a business opportdadt. In

0 KS NhifiteLaye@oncerned about losing revenue from more and more customers, particularly large industrial
and institutional ones, investing in distributed sglneration projects such as rooftop solar. Utilities also would benefit
from being able to trasmit or distribute power via rail rightsf-way. Existing transmission and distribution grid
infrastructure needed to service electrified track in the Los Angeles area tends to be in industrial areas and alongside r.
lines The power for electric locomies can come from zeremissions sources, including hydroelectric, geothermal,

solar and wind power, providing a larger market for these resources.

Table 2:Typical Electric Power Equivalent of Railroad Trains
Light Rail or Subway 1 MW or less
CommuterTrains 3to 4 MW
High Speed, Intercity Passenger Tra| 4 to 8 MW
Very High Speed Passenger Trains | 8 to 20 MW
LongHaul U.S. Freight Trains 18 to 24 MW

As shown iTable2 above, a single large lifgaul freight train can consume the equivalent of over 20 MW of electric
power. The 2016 CARB RailTEC report estimated that UP and BNSF locomotives operating in the South Coast Air Bas
about 130 linehaul freight trains per daycurrently consume the equivalent of 435,000 MWh/year, or about 50 MW
average loatf. The 2016 CARB studies estimated that powering athéng freight locomotives with electricity would

require just over 400,000 MWh of electricity per year (45 MW avetagd) at present rail traffic levels, and 1,000,000
MWh/year by 2050 (114 MW average loadhis amount of electric energywell under 1% of the presestay annual
consumption of the combined Southern California Edison (SCB3 &ngeles Deparent of Water and Power (LADWP)
service areas.

Both LADWP and SCE have goals of meeting 33% of total electric energy demand from renewables by 2020, and 50%
HnonX NBTFESOGAYy3a GKS &GFGS 2F [/ Ff AT2NY Ase Quicoaenerbted & |
electricity by 2025. In 2016, about 20 TWh of solar electricity was generated in California (not including suér

18 RailTECSpring 206, pg. 49https://www.arb.ca.gov/railyard/docs/uoi_rpt 06222016.ndf

19B. BhargavgRailway Eectrification Systems and Configuratioi@Cal Edison, Institute of Electrical and Electronics Engineers
(IEEE), 1999.

20 RailTECSpring 206, pg. 48:
https://www.arb.ca.gov/raiyard/docs/uoi rpt 06222016.pdf
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projects on homes and small businesses), while wind generated about 13.5 TWh and geothermal contribute@ about 1
TWH

As a comparison, the total solar, wind and geothermal share of the electricity generated in 2016 within California,
approximately 46 TWh, ferty six timeghe 2050 projected freight rail electric energy consumption for the South Coast
AirBasiiRSaONAROSR o0& GKS wnanmc /!w. &a0dzRAS&ad ¢KS aKINB 27
rapidly. California leads the nation in utiktgale solar energy development, with an installed generating capacity of
about 10,000 MW in 20%8. At least 15,000 MW of solar energy capacity is in various stages of development in the
state?®. A typical solar power plant has an overall capacity factor of 20%. In theory, this would indicate that about 570
MW of solar power generation capacity would fieeded to produce 1 TWh of annual electric energy.
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model. In the SCE planning area, the peak output of customegse#ration by sar photovoltaic (PV) sources is

projected to increase to as much as 2,500 MW by 2026, and al asut,300 MW for neRV sourcé. In the LADWP
planning area, the peak output of customer sg#fneration by PV sources is projected to increase to as muchOas 3

MW by 2026, and as much as 240 MW for#WsourceéS8® / F t AF2NY AL Qa I NBS&d dziAf A
progressively larger amounts of energy storage capacity in the years ahead. Energy storage connected to electric rail
catenary, and tackside charging systems for locomotives with batteries, could be located at passenger train stations an
along freight railroads. A sufficient level of energy storage along a rail line could provide backup power in case of a loc:
or regional power outage

These rail energy storage systeamldprovidea new business opportunity for electric utilities. Under utility control,

these distributed energy storage systems could be charged qeafk hours, provide power to the local distribution grid
during peiods of peak demand, and provide ancillary services such as voltage and frequency support, reactive power,
aid integration of distributed solar energy systems. California utilities should consult the experience of other countries
with both extensive elctric rail and high percentagd renewable energy generation, such as Germany and Spain. Both
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from renewable sources (excluding largeale hydroelectric), and have a rail system electrification rate of at least 60%.

2! California Energy Commission, California Electrical Energy Generation statistics page:
http://www.energy.ca.gov/almanac/elecicity data/electricity generation.html

22 http://www.energy.ca.gov/renewables/tracking progress/documents/installed capacity.pdf

28 https://www.seia.org/researckresources/majorsolarprojectslist

2California Energy Demand 262626 Revised Electricity Demand Forecast, Volume 2: Electricity Demandyblaltihing Area
California Energy Commission, January 2016, pg. 43:

http://docketpublic.energy.ca.gov/PublicDocuments/15IEPR0O3/TN207438 20160115T152222 California Energy Demand 20162
6 Revised Electricity Demand Fo.pdf

25bid., pg. 108.
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3. Electric Freight Rail iBouthernCalifornia

With its deepwater ports and extensive network of railways and highways, Southern California has long been one of the
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freight movement setor directly involves the transportation, warehousing, trade, manufacturing, construction,
agriculture, mining and utilities industries. In Southern California, the industries of freight transportation and
warehousing directly contribute over 300,000 goand about $25 billion of gross regional product. Industries dependent
on goods movement directly or indirectly represent nearly $300 billion in gross regional product, and support about 3
million job<®. Warehousing, distribution and logistics centerSouthern California boast about 1.2 billion square feet

of storage space, representing 15% of the entire U.S. market, and 40% of the West coast market. Despite the status o
Los Angeles as a global entertainment and media center, the regional econormitange of these industries is

exceeded by thasrelated to freight movement.

The adjacent ports of Los Angeles and Long Beach, which share San PedroiBapnabbinationthe busiest container
port in North Americaandresponsible for the majority df K S NXB 3 A 2 y D averbllltohriage FSEiPedoBayd
ranks as the third largest on the continent behind the ports of Houston and South Louisiana. Arguably the most
important single international trade gateway on the continent, the Ports of Lgeks and Long Beach together handle
about 40% of all containerized U.S. impohs2017, nearly 17 million twentfpot-equivalent units (TEUs) of intermodal
container traffic moved through the San Pedro Bay P@ter $®0 billionworth of goods movd in these containers.
The majority of this freight is shipped by trucks and trains through the Los Angeles Basin to destinations outside of
Southern California.
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Northern Santa Fe (BNSF) and Union Pacific (UP), which together operate about-ba@lliineight trains each day in

the SCAB. Trains originating or terminating in the South Coast Air Basin transport nearly 100 millsoof tbaight
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zeroemissiongail report, is shown in Fig.kklow.

Rail cargo at the San Pedro Bay ports is about half intermodtdinens, and half carload traffitn California,

intermodal container traffic is growing faster than carload tr&fficHowever, carload rail traffic of bulk commodities
NEBYIAya @GAGFHE F2NI/ FEAF2NY AL Q& | 3 NetdldmindestBes. Inl2016, 28%d0 A f
containerized import cargo moving through the San Pedro Bay ports left the docks by rail, and 72% by truck. In 2012, tl
San Pedro Bay Ports were responsible for approximately 55,000 direct daily regional truckaripsfrwhich are for

moving containers. The trends of intermodal freight growth, such aslaevger container ships, are leading to not only

26 Southern California Association of Governme@162040 Regional Transportation Plan/Sustailea@ommunities Strategy,
Goods Movement AppendiApril 2016 pg. 5
http://www.freightworks.org/DocumentLibrary/2016RTPSCS GoodsMovement.pdf

2TRailTEC, Spring 2016g. 24:
https://www.arb.ca.gov/railyard/docs/uoi _rpt 06222016.pdf

28 California State Department of Transportati@®18 California State Rail Plan, Public Release,taftember2017, section 1.3.4
(Freight Demand and Growth Trends), Pg. 17:
http://www.dot.ca.gov/californiarail/docs/CSRP_PublicReleaseDraft 10112017.pdf

13


http://www.freightworks.org/DocumentLibrary/2016RTPSCS_GoodsMovement.pdf
https://www.arb.ca.gov/railyard/docs/uoi_rpt_06222016.pdf
http://www.dot.ca.gov/californiarail/docs/CSRP_PublicReleaseDraft_10112017.pdf

Brian Yanity The Potential of Electric Freight Rail in Southern California July 292018

congestion of port facilities but also highways and railways. The San Pedro Bay Ports anticipate annual intengmda
volumes to increase about 3%pgear, and to over 36 million TEUs annually by 2040
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Fig. 4 Map of linehaul freight rail network in the South Coast Air Basin (SCAB) of Southern California,
highlighted to show the Alameda Corridor.
Source: Fjure 32 from Transitioning to a Zero or Nedero Emission Liddaul Freight Rail System in California: Operational and
Economic Considerations, Final Regérepared for State of California Air Resources Board by University of lllinois at Urbana
Champajn Rail Transportation and Engineering Center (RailTEC), Spring 2016.

On-dock railyards offer the greatest opportunity teducetruck miles per container, yet represent roughly 10% of the
{Iy tSRNR .l& LR2NIaQ AYyiGSN¥Y2RIf ¥FNBA IHdek rail Eindréading,@nd¢ K S
transferring more containeran-dockfrom ship to rail is a goal of bottopts. Both ports now have edock rail

infrastructure at nearly all container terminals. The past decade has seen more than $2 billion worthafegoot:

dock rail capacity improvements, and there is $1 billion of proposed investment irdoe&rail hfrastructure?®. In

May 2018, the Los Angeles County Metropolitanaisportation Authority , in partnership with the Port of Los
Angeles Port of Lon@each, and Alameda CorrigdeastConstructimm Authority, received nearly $138nillion of

state SBIfundingfrom the CaliforniaTransportation Commissiéh2018 TradeCorridor Enhancemern®rogram

2% Southern Califrnia Association of Governmen®)162040 Regional Transportation Plan/Sustainable Communities Strategy,
Goods Movement Appendidpril 2016 pp. 3234:
http://www. freightworks.org/DocumentLibrary/2016RTPSCS GoodsMovement.pdf
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(TCEPaspart of theSouthern California Rail Projedthis rail infrastructure projeancludes eightlirectly connected
componentprojects,and represents ra investment totalingust over$1l billion leveraging funding from multiple
sources (private, state, anbbcal. The eight componeénprojects include five eror neardock rail pragcts at the
portsand three raithighway grade sepations on the Alameda Corrid&astq UP Los Angeles and Los Angeses
DiegaSan Luis Obispo Rail (LOSSENWSF San Bernardino Subdivisions main®lines

Off-dock railyards, including neaock facilities that are 5 milew less away from the port, handle about 30% of the San

t SRNE . I& LRNIaQ AydSNX¥2RI{ T KBIhtaioial QoNthirerThaster Facjlity (@I F) LJI
inLongBeach | YR . b{ GQ&évneatddtR $3ate Ralifornia Intertianal Gateway (SCIG) projewtarbyin

the Wilmington neighborhood of Los Angeles, have met significant community opposition largely due to air pollution
concerns. Further inland, the a2 O] A Y GSNX 2RIt FIL OAf AGASa A@ghOlhusERt$ntheb { C
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Also important for freight movement in the region are transloading or transshipment facilities, where goods ea#iyypi
GF1Sy 2dzi 2F nnQ AYUGSNyraazyrt O2yilFAYySNA I NNAGAYy3A FI
I poQ Go2dbindstic ghippidg to the rest of the U.B. May 2018, the governing board of the South Coast Air
Quality Management Districvoted to craft rulego reduce vehicle emissions @arehouses, distribution centers and rail
yards$'@ ¢ KAa FFOGA2y o6& (GKS NBIA2yQa OKAST FANI ljdzr £ Ad& NX
consider electrificabn. ThePort of Long Beach and the Port of Los Angeles have long been leaders in reducing
emissions from port opeteons. Hectrificationof rail lines around the portsvould reduce emissions further arslild

upon, and add value to, the large infrastruatlnvestments that the portand regionare making to shift more freight

from truck to rail.

Alameda Corrider

The Alameda Corridand the Pacific Harbor Line system around the p(st®wnon the mapin Fig. Selow)could

serve as a pioneering example of freight rail electrificatibhe 20mile, triple-trackedand gradeseparatedAlameda
Corridorline, between the ports and the main freight yards east of downtownwals built with enough vertical

Ot SI NI y OGrumpfer an@veNiday catenary wire over a doubtmtainer stacked train, along with other features
such as spaces for substations, which could be used for future electrific&lbmnpleted in 2002, it is publigowned by

the Alameda Corridor Transpotian Authority (APTA), a joirgction agency of the cities of Los Angeles and Long Beach.
However, he Alameda Corridor Operating Agreement presently states that the ACTA cannot require the private
railroads to use electric locomotiveSurrently used bgbout 40 trains per day, the Alameda Corridor has the capacity
for about 150, making the corridor an underutilized resource. However, the corridor is still credited with reducing truck
traffic congestion on the-710 and other freewayshe Alameda Cofti2 NX2 & orriddr Rrech, shown in the photo in

Fig. BoelowZ A & | o0 o onRRERBEgDUNtgegmErt thais that allows the rail line to avoid more than 200
street-level railroad crossings.

30 http://ww.catc.ca.gov/programs/sbl/tcep/docs/TCEP Applications FawmlalRaitProject.pdf

31 http://www.latimes.com/local/lanow/lame-freight-pollution-20180504story. html
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Fig. 5 Map of the Alameda Corridor, Pacifitarbor Line, and connecting freight rail lines.
(Map: Anacostia Rail Holdinds{p://www.anacostia.com/sites/www.anacostia.com/files/assets/PHAL BTl-Map081414.pdyf
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