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Battery Buses get Failing Grade in Edmonton
City seeking $82 Million in Damages on Failed Investment

The City of Edmonton has launched a lawsuit against battery bus maker Proterra for over $82 million in
damages. If the damages are any indication, it would appear that more money has now been lost on an
investment in 60 battery electric buses than city administrators had claimed they would save in ten years
when they decommissioned Edmonton’s electric trolleybus system.

The City of Edmonton purchased 60 40-foot battery buses from Proterra between February 2019 and August
2021. The vehicles have not lived up to expectations at all. They were supposed to be able to perform in
Edmonton’s cold climate and be capable of a range of at least 328 km in good weather and 268 km in
extreme cold. In practice, the range has been much shorter, averaging only 165 km in the winter and, at
best, 250 km in warmer weather. This has limited the ability of Edmonton Transit to deploy the vehicles for a
full day’s service. (CONTINUED on Page 2)

St Albert’s Battery Buses Fall Short of Expectations
“‘Buses didn’t live up to the hype” — Councillor Wes Broadhead

Premature battery degradation and a host of fleet-wide mechanical issues mean that St. Albert’s battery
buses won't last as long as was expected. City spokesperson Pamela Osborne said that the lifespan of the
vehicles was supposed to be 18 years initially, but the expectation now is that they won'’t last more than 12.

St. Albert has seven battery buses, produced by Chinese manufacturer BYD, the first of which hit the streets
in 2017, making it the first municipality in Canada to adopt the technology. (CONTINUED on Page 3)

Biel, Switzerland to replace Costly Battery Buses with Trolleybuses

In 2021, the municipality of Biel, Switzerland introduced battery buses on its Route 9 as an ecologically
responsible replacement for diesel buses. After two years of experience with the battery vehicles, the transit
agency Verkehrsbetriebe Biel has found the operating and maintenance costs of the vehicles along with the
costs associated with their charging infrastructure to be much higher than originally envisioned. As a result,
the decision has been taken to convert all urban bus routes in the Swiss city to electric operation using
trolleybuses with off-wire capability by 2030. (CONTINUED on Page 3)

Edmonton’s Northwest LRT Extension Opens

The new NAIT/Blatchford Market LRT station opened in Edmonton on January 20th, after work on the
extension was completed in December—ahead of time and on budget. The extension is significant, as it
now enables the line to serve the Northern Alberta Institute of Technology, a vocational college that is home
to 15,700 students, with a permanent, dedicated station. The temporary station that previously served the
area and was located about 300 metres to the east, has been closed. (CONTINUED on Page 2)
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Edmonton’s Battery Buses (continued from Page 1)

In addition to the range issue, the transit authority has experienced multiple component failures, including gear
boxes and steering boxes, and the vehicles have also experienced worrisome structural problems such as cracked
frames. More than half of the battery-electric buses are out of service at any given time, and some have been
sitting idle for more than a year waiting for parts, according to Leigh McCabe, a heavy duty mechanic who works on
the buses. The CBC reported in November that 44 of the 60 buses were not fit to be on the roads.

Amalgamated Transit Union Local 569 President Steve Bradshaw indicated that the cabs weren’t even properly
designed and can fit only operators of medium stature. "A small person or a big person has a lot of trouble driving
them," he said. "They just don't fit in that cab."

The manufacturer, Proterra, was working with the City to fix some of the issues, but then filed for bankruptcy
protection in August of 2023. On January 8™ of this year, it sold its transit assets to Phoenix Motor Inc. Shortly
thereafter, Proterra filed a motion to reject certain executory contracts, including its obligations under its contract
with the City of Edmonton. The contract was therefore not transferred to Phoenix Motor Inc.

Edmonton’s current claim of $82,044,511.05 for breach of contract is only one of some 1,300 claims against
Proterra.

Edmonton Transit Service Branch Manager Carrie Hotton-McDonald told media that the City was “working
adamantly to protect our financial and legal interests in order to get the best possible outcome that we can on
behalf of Edmonton taxpayers." She expressed frustration and said that the City had been “blindsided”.

Money approved for new transit bus purchases in December 2023 will be used for the purchase of new diesel
buses.

It is ironic that the City of Edmonton operated a sizeable electric bus system using proven trolleybus technology
until 2009, when it decided to tear down the infrastructure on a claim that this would save the City money. “What
you have to understand is that modern battery buses are a technology in development,” said Brian Tucker, Chair of
the Edmonton Trolley Coalition. “Some of the builders are new companies that have no past history or experience
in building transit buses, and they are incorporating technology that is also new. Buying a handful of this new
product to see how the vehicles fare is one thing, but purchasing 60 of them was a very risky venture. The loss that
the City has incurred with battery buses makes it very clear that the abandonment of electric trolleybuses, which
are a proven electric bus technology, was a costly mistake.” Tucker added that if the electric trolley system had
been retained and updated with new vehicles, Edmonton would have reliable electric buses today.

With the effects of climate change becoming more apparent every year, governments the world over have been
pressing for a move away from petroleum fuelled vehicles. In 2016, eight major world countries, including Canada,
committed to increasing the number of electric vehicles in government fleets. In 2021, the Canadian Federal
government made available a Zero Emission Transit Fund as an incentive for transit agencies to electrify their bus
fleets. The City of Edmonton has committed to achieving net zero GHGs in City operations by 2040. “At some
point, you probably won'’t be able to buy a new diesel bus any more”, says Tucker. “But the problem is, the most
touted electric technologies aren’t really fully developed. In terms of its bus network, the City should be
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encouraged to make investments in more proven technologies, like modern trolleybuses with ‘In Motion Charging’.
[Sources: CTV News Edmonton, Feb. 13, 2024; CBC News Edmonton, November 23, 2023; ETC]

Northwest LRT Extension Opens in Edmonton (continued from Page 1)

“Completing Phase 1 of the Metro Line Northwest LRT extension ahead of schedule is a significant infrastructure
milestone to serve our growing needs,” said City of Edmonton Mayor Amarjeet Sohi. “This extension further
strengthens our LRT network and provides the north side of Edmonton with greater access to transit service.”

The city says the NAIT/Blatchford Market LRT station will serve as a critical mass-transit connection into the city’s
downtown core for the 30,000 future Edmontonians living in Blatchford, the adjacent Westwood community and the
growing student population at NAIT. The new station has a platform long enough to accommodate five car trains.

The Metro Line Northwest extension applied a design philosophy focusing on sustainability, seamless integration of
LRT with the adjacent land and Crime Prevention through Environmental Design (CPTED). The design features
fewer barriers and focuses on improved access to LRT infrastructure for all transit users. The station is equipped
with solar panels to supply up to two-thirds of its own electricity needs, contributing to the City’s green building
initiatives.

The newly built Blatchford Gate LRT station is located further north along the alignment. It will open for service
when the criteria for Edmonton’s Transit Service Standards—which recommend how and when to add more
service—are met. [Sources: Global News, Jan 16, 2024; Mass Transit, Jan. 17, 2024]
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Biel, Switzerland to dump Battery

Buses in Favor of Electric Trolleybuses
(continued from Page 1)

To make the switch to trolleybuses with ‘In Motion
Charging’, an additional 2.3 km of overhead wiring
will be added to the system, and the agency will
adjust routes and timetables as necessary to allow
optimum conditions to prevail for the re-charging of
batteries for off-wire operation in areas without
overhead wires.

18 new trolleybuses will be ordered with large-
capacity traction batteries to allow extended off-wire
operation. In Phase | of the project, slated for 2026,
these trolleybuses will replace diesel vehicles as
well as some older trolleybuses, resulting in all-
electric operation on Routes 1, 2 and 6. In Phase II,
more trolleybuses will be acquired, resulting in the
conversion of the remaining routes by 2030. Plans
are to convert the battery buses currently in use on
Route 9 into trolleybuses with off-wire capability.
The battery bus recharging station located at
Schulen Linde is to be replaced with special pans
that will allow trolleybuses to pull in, automatically
raise their poles, and recharge their batteries on

Iayover. [Source: Trolleybus Magazine, November-December
2023]

Sound Transit’s Link 2 Line to open
April 27

The Link 2 Line, also known as the East Link
Extension, is a futurelight railline serving
the Eastside region of the Seattle metropolitan area.
It will be part of Sound Transit's Link light rail system,
running 18 miles (29 km) from west to east and
serving 12 stations in Downtown Seattle, Mercer
Island, Bellevue, and Redmond. Completion of the
full line is expected by 2025.

On February 15th, Sound Transit announced that the
initial segment of the Link 2 Line will open to
passenger service on April 27.

The 6.5-mile segment of the East Link Extension
includes eight new stations in Bellevue and
Redmond. This initial segment will terminate at the
South Bellevue Station at the west end, and the
Redmond Technology Station on the east. Two-car
trains will run every 10 minutes, 16 hours a day.

St Albert Battery Buses Fall Short

(continued from Page 1)

Osborne said that three of the buses required battery
replacement within the first five years, and in one
case, a battery began malfunctioning after just two
years. The three battery replacements took the
vehicles out of service for 80 days. Osborne said that
they had also experienced problems with the chargers,
noting that they were failing after less than two years
of use.

“All seven BYD buses have also received full
propulsion component changes — including the drive
motors, reduction gearboxes and hubs," Osborne told
the media. “We have also had a fleet-wide
replacement of compressors and high voltage junction
boxes, as well as numerous power inverters, modules,
coolers and oil pumps.”

Osborne said that while the batteries did come with a
12-year warranty from BYD, the City of St. Albert has
had to cover the cost of the mechanical repairs. The
battery buses can cover only about 2,200 km per
month compared to a diesel bus, which averages
about 4,250 km. She said that when the battery buses
break down, they are out of service much longer than
a diesel bus.

The BYD battery buses were expected to deliver about
233 km on a full charge during summer months, but
St. Albert’s experience showed that the range drops to
about 110 km in winter.

“It's disappointing that the buses didn’t live up to the
hype”, said St. Albert Councillor Wes Broadhead, who
worked at Edmonton Transit for over 30 years. He
attributed many of the issues to teething problems with
a new technology. “I'm hopeful that in my lifetime | will
see a full electric or zero-emission bus fleet in Alberta,”
said Broadhead.

Councillor Mike Killick said there was a lesson to be
learned, namely that we have to be cautious with new
technology. He said he would also be cautious about
investing tax dollars in other new technologies, like
hydrogen. Councillor Sheena Hughes echoed similar
sentiments about new technologies: “Just because it
looks good out of the gate doesn't mean it's going to
make it to the final lap,” she said. She voiced
concerns about the financial impacts of having to
replace something before the end of its predicted life
CyCIe. [Source: St. Albert Gazette, December 28, 2023]

“With the opening of the Link 2 Line on the Eastside this spring, and our major expansion into Snohomish County
this fall, we’re bringing the convenience of light rail to hundreds of thousands more people across the region.
That means more people will be able to use Link light rail to skip the traffic and parking hassles and get to school,
work, games, concerts and more, inexpensively and on time, every time,” said King County Executive and Sound

Transit Board Chair Dow Constantine.

[Source: Sound Transit Media Release, February 15, 2024]
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Asheville, North Carolina stung by Battery Bus Purchase
Racks up Multi-Million Dollar Loss

The City of Ashville’s purchase of five battery buses in 2018 has turned into a
multi-million dollar loss for the small municipality of 94,000 inhabitants. The
buses have been sitting idle, unable to run because of software and mechanical issues, making them a
disappointing and expensive purchase, say city staff.

Three of the five vehicles were sitting idle at the beginning of February, including one with a broken door that
has been out of service since last July. Asheville’s interim Transportation Director, Jessica Morriss, explained
that they were unable to get parts for the buses. The door is not available, and so they would have to get one
custom made.

The cost of the buses adds up to about a million dollars each to purchase along with necessary infrastructure
and the lease for the batteries. Maintenance has added an additional $251,000 each so far, including
replacing the traction drive controls/electric motors on all of the vehicles; the replacement of the power
inverters on some of the vehicles added another $14,000.

“Since June of 2023, we’'ve had numerous issues with vehicles out of service for weeks and months,” said
Morriss. “The last couple of years have been particularly difficult, and we don’t see an end in sight since
Proterra, the manufacturer, filed for bankruptcy.”

Of the two buses that are currently running, Maintenance Director John McDaniel said the big issue is the
distance they can travel. In winter, the best they could do was about 78 miles, meaning that they could make
three trips on the airport route and then had to return to the garage to recharge for hours. He said that when
it was cold at night, it would eat up a large portion of the charge just to heat the vehicles before leaving the
garage in the morning.

Morriss said that the battery buses are putting a strain on the rest of the city’s small 32 bus fleet, as they are
having to run more often because the battery vehicles are down so frequently.

Morriss said that the Department plans to ask City Council to approve the purchase of two new diesel buses
this spring for about $550,000 each. [Source: ABC 13 News, February 1, 2024]

Oslo, Norway’s Battery Buses fizzle Google Battery Bus loses Power on Hill,
out in Cold Weather Crashes into Cars

In early December, 2023, about 50 to 90 battery | A pattery powered double decker bus owned and
buses had to be pulled from service on a daily basis operated by the American multinational technology
in (_Dslo, as the operating agency Ruter reported that company Google lost power on the morning of
their range was impacted by the cold weather. At November 6%, 2023 while negotiating the Castro Street

minus 12 Celsius, the buses run out of power more  Hjj| at Castro and 20% in San Francisco. The vehicle
quickly, —explained  Cathrine Myhren-Haugen, : rolled backwards down the hill, colliding with several
Communications Manager at Ruter.  Myhren- ! cars. Video of the incident showed a gray double decker
Haugen stated that the operating agency was : pys with the words “Battery Electric” on its side and at
recording what was happening on a day-to-day least four damaged vehicles next to it. A total of nine
basis in order to determine how the situation might  : yehicles were damaged in the incident, and a tree was
be improved in future. also mangled after an SUV collided with it after being hit

by the bus. The incident left one individual with severe

Oslo has invested in 183 battery buses. The A o A
injuries requiring hospitalization.

vehicles are all equipped with 550 kWh battery

packs which are supposed to have a range of over o _ . . .
250 km. The incident tied up traffic and transit service on Castro

for several hours. SFMTA stated that transit service in
By the end of this year, the company still plans to the area had been restored by afternoon. The San

have 320 battery buses in service, which the CEO Francisco Police Department was investigating the
had previously described as a “great victory for the incident, but has not released any further information.
environment.” [Source: Nordic Times, December 11, 2023] [Source: Newstarget, November 8, 2023]
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Regina to Buy Battery Buses from NovaBus

The City of Regina, Saskatchewan is moving to electrify its transit fleet after signing a five-year contract with
Nova Bus to acquire up to 53 battery buses for Regina Transit. Nova Bus received an order for seven of its
LFSe+ 40-foot long-range buses to deliver to Regina in 2025.

“These will be the first battery buses in Regina Transit’s fleet,” said Brad Bells, Director of Transit and Fleet
with the City of Regina. “The addition of these electric buses will support the City of Regina’s goal of
becoming a 100 per cent renewable city by 2050.”

The cost for the first seven buses ordered this year is $10.8 million. The city is planning to purchase 13
more buses next year for $22.4 million. Additionally, $21.2 million will be needed for facility upgrades and
infrastructure to support the electric buses. The City of Regina has received $26 million from the Federal
government’s Zero Emission Transit Fund towards costs associated with the first 20 vehicles.

Approximately another 33 electric buses are envisioned after 2025, depending on the City’s annual budget
and fleet requirements. [Source: Electric Autonomy Canada, January 31, 2024]

San Francisco gets $7.6 million toward Bus Electrification

The Metropolitan Transportation Commission (MTC) has allocated $7.6 million in capital funds to the San
Francisco Municipal Transportation Agency (SFMTA), including $3.8 million for the agency’s Kirkland Yard
Electrification Project and $2.4 million toward battery buses.

The Kirkland Yard is located in a busy area of San Francisco on the north waterfront near Fisherman'’s
Wharf and Pier 39. It must undergo renovation in order to stay on track to meet the SFMTA’s 2040 full
electrification goal. The facility now houses an aging diesel-hybrid fleet, all of which will be replaced with
zero-emission vehicles.

The $2.4 million will be put towards the purchase of six 60-foot and 12 40-foot battery-electric buses as
replacements for 18 40-foot hybrid buses now in service. These battery buses are planned for 2027.
[Source: MTC News Release, February 28, 2024]

Maryland launches Zero-Emission Bus Pilot Program

The Maryland Department of Transportation Maryland Transit Administration (MDOT MTA) has launched a
Zero-Emission Bus Pilot Program in the Baltimore region. The pilot program will add seven battery buses to
the agency’s bus fleet.

The pilot program is designed to allow the MTA to do some testing and gain some experience ahead of the
planned conversion of its 750-bus fleet to zero-emission vehicles by 2035. 50% of the fleet is to consist of
zero-emission vehicles by 2030.

“Zero-emission electric buses are the next step in electrifying our transportation network to reach Maryland’s
climate goals and invest in new training opportunities,” said MDOT Secretary Paul J. Wiedefeld. MDOT is
also launching an apprenticeship program with the union to retrain mechanics and ensure they have the

tools and training needed to maintain any new vehicles that are acquired.
[Information Source: Mass Transit, Feb. 29, 2024]



Minnesota Battery Buses Peter Out

This past December, technicians spent hours installing diesel powered heaters on Duluth’s
battery buses, as they struggled to perform in the cold weather. The 7 battery buses were
purchased from Proterra and went into service in 2018.

So far, the battery buses have struggled to make it up Duluth’s steep hills and to keep passengers warm in
winter. The vehicles have required significant overhauls and additional expenditures to keep them operational.
Many of the buses have broken down, and repairs have been slow due to a lack of available spare parts.

155 miles away, Metro Transit in the Twin Cities (Minneapolis-St. Paul) received a $1.7 million Federal grant in
2017 to buy eight articulated battery buses from New Flyer Industries based in Winnipeg, Canada, for use on a
rapid bus line that runs out of downtown Minneapolis. The buses were supposed to travel 150 miles on a single
charge, but the actual range was somewhere around 75 miles. Using en-route chargers, the agency can
schedule only about 90 km before the buses have to return to the garage.

A September 2023 presentation to the Met Council’s Transportation Committee showed that the battery buses
broke down twice as often as their diesel-powered counterparts and failed to meet 20% of their scheduled
operating miles because of battery replacements. In 2021, the battery buses were out of service for most of the
year because of charging station issues in the garage.

Although the garage charger issues have since been resolved, the agency continues to experience problems with
en-route chargers installed at Brooklyn Transit Center. The chargers experienced at least 20 failures in 2023 and
were taken out of service in June.

In order to continue battery bus service, Metro Transit is said to be looking to buy 12 Gillig-based battery buses
from Livermore, California, although at last word there was still no contract, and five more articulated battery
buses from New Flyer along with associated charging equipment for use on a bus rapid transit line from St. Paul
to Oakdale/Woodbury slated to open in 2025. Metro Transit is also said to be looking at other technologies to
meet its zero emission goals. [Source: MINNPOST, December 20, 2023; Just the News, December 22, 2023]

Waterloo Region rolls out
Battery Buses

As part of Grand River Transit's zero-emission bus
pilot project, Grand River Transit in the Waterloo
region of Ontario is rolling out 11 battery buses, with
ten more expected to arrive later this year. This
initiative is part of the Region of Waterloo’s plan to
reduce greenhouse gas emissions by 80 percent by
2050. The Waterloo region discontinued the
purchase of diesel-only buses in 2020.

The 11 battery buses will
Kitchener and Waterloo.

serve Cambridge,

As part of the pilot project, Grand River Transit will
be collecting information about the three
Rs: Range, Reliability and Rider Experience. This
information will be used to shape future business
plans and how service should be structured over the
next five years.

The buses have been purchased from Nova Bus
and are housed and charged at the Northfield
Maintenance Facility in Waterloo, which opened in
September 2022. Six chargers have been installed,
and the buses can be fully charged in about four
hours.

[Sources: Infrastructure Canada, January 26, 2024,

Grand River Transit, www.get.ca (accessed March 4,
2024); Mass Transit, January 29, 2024

Battery Buses out of Service in
Jackson, Wyoming

The transit system in the town of Jackson, Wyoming added 8
Proterra battery buses to its fleet in 2020. All 8 were out of
service by the end of 2023, and the company that built them
was bankrupt.

At the time of the purchase, the Teton County Commission
had rejected purchasing natural gas buses in favour of the
battery buses which could be bought with a Federal subsidy.
But the vehicles have not performed as expected.

The vehicles had been breaking down in cold weather (which
is much of the time in the Wyoming mountains), and heating
needs sapped the energy from the batteries. In winter, the
vehicles needed to return to the depot by midday to
recharge, and were replaced by another battery bus. Many
of the malfunctioning vehicles have now been abandoned,
with the town relying on 31 diesel buses instead. The town
is waiting on parts for some of the buses, but is unsure when
the parts will arrive or when those vehicles will run again.

Despite these events, more battery buses are planned for
Teton County as the transit agency there works to phase out
diesel vehicles. The County has plans to spend $2.2 million
for another four electric buses, but this time from another
manufacturer. The order is at least several years away.

[Sources: Institute for Energy Research, October 6, 2023;
Washington Examiner via MSN.com, accessed February 26, 2024]
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To date, the Edmonton Trolley Coalition has reported on battery
bus developments, but never actively promoted these vehicles,
although we acknowledge their potential in building sustainable
transit. We were somewhat taken aback by the volume of news
about problems with battery buses when we sifted through the
news items we received for this newsletter. Battery buses with

lightweight frames, complex systems and sophisticated software are relatively new; they are a
“developing technology” to be approached with careful planning and a degree of caution. The fact
that problems arise should not be surprising.

What is surprising is the oft encountered expectation that current battery buses can be deployed
in the same service conditions, in the same duty cycles, on the same routes and schedules as diesel
and trolleybuses. This might work fine in a town or small city in the southern U.S., where the
routes are not long, passenger loads are relatively light and there are no hills or cold weather to
tax the batteries. But even with improvements in the technology, implementing battery buses in
large cities on long, heavy or hilly routes with high passenger loads or in cold climates is not likely
to work well without some concessions and special considerations. It is also going to require a
major investment in capital and operating dollars—far beyond the cost of a few charging stations
in the garages. And here is the kicker: To provide the same level of service with battery buses as
with diesel in this environment, it is very likely going to require more vehicles and operators.

Ten years ago many in the transit industry expected they could continue with diesel buses for
decades, and that change would only be in the distant future. Today, we face pressure to move
away quickly from fossil fuels; for the diesel bus, the writing is clearly on the wall. Municipalities
are going to have to go electric, like it or not.

When the future of Edmonton’s electric trolleybus system was being considered in 2008, former
General Manager of Transportation Bob Boutilier told City Council that they needn’t worry about
tearing down millions of dollars worth of trolley infrastructure; if the city were not able to use
diesel buses any more, “technology will save us”. At the time, that was a cavalier statement, to say
the least, but the hard reality now is that the options in terms of available technology aren’t really
any different. A cheap, magic technology has not materialized.

If North American cities are really serious about moving to quality, reliable electric bus transit,
then they need to get over their reluctance to invest in the infrastructure needed to run electric
trolleybuses. Yes, the infrastructure is a costly investment, but a change to battery buses or fuel
cell buses also carries a very high price tag, and trolley infrastructure has a long life and can ensure
reliable transit service for decades to come. Trolleybuses are proven technology, so the risk is
lower than with battery buses or fuel cells, and experienced trolleybus agencies running high
frequency service have even found it can take fewer trolleybuses than diesel buses to provide a
given level of service. If modern trolleybuses equipped with ‘In Motion Charging’ (enabling them
to run off-wire in regular service) are implemented, then a basic infrastructure network is all that
should be needed to provide service on a multiplicity of routes.

Rather than throwing good money after bad, as Edmonton has with its 60 battery buses, is it not
time to come up with sound plans for electrification that incorporate a sizeable chunk of proven

technology? 4.



King County Metro in Greater Seattle - A Step Ahead and Doing it Right

Carrie Lee certainly knows about reducing emissions and building sustainable transit. While still in her position of
Sustainability and Climate Manager for King County Metro in the Seattle area last year, she wrote an excellent
piece for the King County Metro Blog outlining Metro’s transition to becoming a zero-emission transit
provider. Carrie now works in the King County Executive’s Climate Office as Greenhouse Gas Emission
Program Manager.

King County Metro moves more than a million people every week, serving 37 cities in Washington State,
including Seattle. It is on track to be one of the very first large transit providers in North America to achieve a
100% zero-emission fleet by 2035. In fact, King County itself is on track to cut all greenhouse gas emissions
county-wide in half by 2030—even those from the private sector. Public transit is a big part of that plan.

Metro has maintained a green element in its transit service for decades in the form of electric
trolleybuses. Driven by hydro-electrically generated power for over 75 years, Metro has committed to retaining
and expanding the role of trolleybuses as the foundation of the transition to zero emissions. A ceremonial
‘golden tire’ marked the phase out of diesel-only buses in 2020; now only electric trolleys, diesel-electric hybrids
and battery-electric buses comprise the 1,500 vehicle Metro fleet. 2023 marked the last purchase of diesel-
electric hybrids. All future bus purchases will be either electric trolleybuses or battery-electric vehicles.

Having racked up over 400,000 miles on battery buses in their first year of service, Metro continues to learn
about the operation of battery-electric vehicles in its rainy weather and on its hilly terrain. It continues to invest in
the charging equipment and technology needed to support the vehicles. The South Base Test Facility in Tukwila,
just south of Seattle, is home to the newest battery buses and is used to evaluate their performance in order to
make informed decisions about future design and deployment. Metro is working on building two new depots,
converting existing depots, and is modelling a future service network that will be significantly different than what
exists today—a network that should be able to operate smoothly as a fully electric system.

Metro realizes that battery bus fleets are not fully mature, resulting in reliability issues. But the agency is actively
involved in standards development and in helping to ensure that the manufacturing industry meets the needs of
transit providers. Metro staff are trained on battery electric buses by attending a special “battery-electric bus
academy”.

With the expansion of electrification, Metro is seeking to give priority to communities that have been historically
disproportionately affected by pollution and the impacts of climate change. The U. S. Federal Transit
Administration recognized King County Metro for leading the way among large transit agencies by showing an
equitable approach to the issues of pollution and climate change.

In addition to fleet electrification, Metro is working on the design of a new depot that will be as sustainable as the
fleet it serves. The new depot will have Energy Petal certification and be net zero, with no fossil fuel emissions
emanating from the facility. It will be complete by 2027.

King Country Metro needs to be strongly applauded and recognized for the leadership it is showing. Change is
costly and does not come easy, but with a carefully planned approach, with dedication and perseverance, they
are showing that it can be done successfully. One transit agency’s experience can be a big resource to others,
an example to follow. [Source: Carrie Lee, “Transforming Transit for a Greener Tomorrow” King County Metro Blog, June 21,
2023 - summarized and condensed.]

California Hydrogen Fuelling Station Falters

SunLine Transit Agency in Southern California reported in November that it was having serious issues with the hydrogen
refuelling station used to fuel its fleet of hydrogen fuel cell buses.

CEO and General Manager Mona Babauta spoke of the agency’s troubles at a transportation conference in Indian Wells, as
she felt the need to share the agency’s experiences, both good and bad. “Our electrolyzer hydrogen fuelling station, which is
the largest of its kind in a transit operating environment in the United States, has been unstable for at least a year now,”
Babauta said. The agency has not able to fuel approximately 35 percent of its fleet that is composed of hydrogen fuel cell
buses and has had to drop approximately 20 percent of its daily service.

“We are very dependent on a good hydrogen fueling station to provide reliable service for our customers and it has stopped
dispensing fuel for meeting our daily operating needs,” Babauta said. “On our worst days, we were impacting the lives of more
than 1,000 customers who had to wait longer than usual for a bus to arrive.”

Sunline faces the possibility that it will own an inoperable station unless Nel Hydrogen, the constructor of the station, can
make the necessary repairs. Since the station was constructed, Nel has failed to prove the reliability of its fueling facility.
[Source: Mass Transit Magazine, November 15, 2023]
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Big Upgrade for Vancouver Trolleybus Infrastructure == —

Vancouver’s TransLink, the Province of British Columbia, and the City of Vancouver will be injecting almost $27 million
to extend the life of the region’s electric trolleybus infrastructure for at least another 60 years. The funding will support
the renewal of up to 600 steel trolley poles, about 60 kilometres of running wire, and six-thousand metres of
underground cable.

B.C.’s Minister of Transportation and Infrastructure says this funding will offer offers those in Metro Vancouver the
opportunity to take environmentally friendly transit for generations to come. “People in Metro Vancouver have enjoyed
access to zero-emission trolleybuses for decades. Since the trolleybuses made their debut, we have seen our
communities grow and with that our need for transit infrastructure that’s affordable, efficient, and green,” he said.

City of Vancouver Mayor Ken Sim is excited to see trolleybus service continue. “The trolley network is an important
component of a healthy, connected city, and this funding will help ensure residents and visitors can continue to move
about Vancouver in a reliable, safe, and sustainable way well into the future,” he said.

Officials say trolleybus technology prevents 18,000 tones of greenhouse gas emissions every year. [Source: Canadian
Press (J. Paracy), December 13, 2023]

Trolleybus Boom in Mexico City — The Sheinbaum Transformation

It's been described as a miracle. Over many years, if not decades, the trolleybus network in the Mexican capital
— once one of the largest in the world — shrank bit by bit, with just 130 vehicles running on 8 lines until recently.
Enter Mayor Claudia Sheinbaum. One of her election promises when she was voted into office in 2019 was to
quickly improve public transportation and move rapidly forward with the electrification of the bus fleet. Just four
years later, the change is so striking that it cannot go unnoticed.

The procurement of 500 new trolleybuses, the rehabilitation and extension of infrastructure, and the enormous
growth in passenger numbers are signs of a very successful transition to a zero-emission electric transit system
befitting the 215t century. In 2019, only 120,000 passengers used the STE’s services each day; by 2023, that
number had risen to 315,000—more than double.

The program began in 2019 with the most comprehensive fleet renewal in the history of transit operations there,
a renewal which now nears completion. In July of last year, STE’s Director General Martin Lopez Delgado
reported that a total of 425 new trolleybuses had been procured from Chinese trolleybus maker Yutong, including
152 articulated trolleybuses. In addition, another 17 new trolleybuses were purchased by private operators for
use on a new Route 10. In 2024, it is expected that another 70-75 new trolleybuses will be purchased by private
operators.

These acquisitions allowed all older trolleybuses to be retired by January 2023, with the exception of twenty
vehicles that were updated in 2021 and are being held as an operational reserve.

The modernization of Mexico City’s infrastructure has also been proceeding apace. About 30% of previously
copper power supply cables have been replaced with aluminum, and there have been significant expansions. A
new trolleybus Route 9 went into service in 2021, and Route 10 was built in record time as an elevated trolleybus
line in the south-eastern part of the city and opened in 2022, with an extension already having gone into
operation late last year. In its first year of operation, it carried 24.5 million passengers. Battery-equipped
trolleybuses made possible a recent extension of Route 9 off-wire to provide service to three Metro stations, and
operation on unwired portions of other routes is becoming common in the Mexican capital: Routes 2,5 and 7 all
have regular operation serving areas beyond the trolley wires. A new trolleybus Route 11 (Santa Marta-Chalco)
is scheduled to go into service sometime in 2024.

A 13 km long light rail line from Tasquena to Xochimilco is operated by STE and was extensively modernized in
2019-20 and will be equipped with new trains supplied by a Chinese manufacturer. Capacity on the heavily used
line will effectively be doubled. Plans developed in the 1990’s to serve other suburbs of the city with light rail
have been shelved, and instead Mexico City will pursue trolleybus lines operating on their own right-of-way to
serve these areas.

When it comes to the electrification of public transit, Mayor Claudia Sheinbaum has enabled Mexico City to put its
best foot forward and lead by example. [Summarized from Urban Transport Magazine, August 30, 2023]
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LEFT: 102 brand new Yutong articulated trolleybuses line up at Mexico City’s Tetepilco Depot, waiting to go into service. RIGHT: A brand
new 40-foot Yutong trolleybus quietly glides along one of Mexico City’s tree-lined streets. [Photos: Urban Transport Magazine]

Bergen, Norway Trolleybus Garage goes Wireless

Following modern standards of trolleybus garage design, the access wiring leading into and out of Bergen’s trolleybus garage
has been removed. Trolleybuses now enter and leave the garage using their traction batteries. Connection to the overhead
system takes place outside, as the vehicles go into service for the day. Inside the garage, limited wiring has been retained in
the storage area, in case the need to charge batteries should arise, and in the workshop for testing during repairs. [Source:
Trolleybus Magazine, November-December 2023]

Major Trolleybus Expansion announced in Chechia

A major expansion of the trolleybus system in Jihlava, Chechia has been proposed for areas in the southwest quadrant of the
city. Jihlava is home to about 50,000 people and is served by at least six trolleybus routes. Plans indicate that the new
sections would become operational by December of 2025. [Source: Trolleybus Magazine, Nov.-Dec. 2023]

Eberswalde, Germany to Convert Diesel Route to Trolleybuses

The city of Eberswalde took delivery of two Solaris Trollino IV articulated trolleybuses in December. These new vehicles
have In Motion Charging to recharge batteries while under wire and allow the vehicles to serve unwired sections of the route.
This feature will make possible the conversion of diesel bus route 910 to trolleybus operation and permit trolleybuses to serve
the Finow district without the need to extend the overhead wires. 12 existing trolleybuses have been fitted with high-capacity
batteries for the same purpose. [Source: Urban Transport Magazine, December 28, 2023]

Bern, Switzerland to get New Double Articulated Trolleybuses

Late last year, the transit agency in Bern Switzerland, Bernmobil (SBV), put out a tender for 13 double-articulated high-
capacity trolleybuses equipped with traction batteries for delivery in 2026. The vehicles will allow the conversion of currently
diesel operated Route 10, serving the Bern train station and the community of Koeniz, to trolleybus operation. [Source:
Trolleybus Magazine, January-February, 2024]

Landskrona, Sweden to get new Trolleybuses

With a single trolleybus line served by three vehicles, Landskrona is the smallest trolleybus system in the world. A recent
takeover of the system by Keolis Sweden has resulted in an order for three new trolleybuses to replace the existing fleet.
New Solaris Trollino IV 12 metre trolleybuses are due to arrive this fall. They will be equipped with Skoda electrical
equipment and feature a large-capacity traction battery that will enable off-wire operation of up to 20 km, allowing the
potential extension of service into areas without overhead wiring. Landskrona has gone totally green with its public transit
service. Diesel bus service was eliminated entirely, and the diesel fleet was replaced with 14 BYD KOUD battery buses early
in 2019. [Sources: Sustainable Bus, September 14, 2023; Urban Electric Transit: Landskrona, accessed February 29, 2024]

Bratsk, Russia launches new Trolleybus Route

The arrival in mid-2023 of new, state-of-the-art Gorozhanin trolleybuses with an off-wire capability of 20 km has made
possible the introduction of a new trolleybus route with unwired sections. Route 6, running from Tsentralniy Rynok to
Avtostantsya, went into operation in the latter half of 2023. Purchased under a federal “Clean Air’ program, the new
accessible low floor trolleybuses feature seating for 105 people and are equipped with video cameras. [Sources: Trolleybus
Magazine, November-December 2023 and TPAHCIOPTHbIV BECTHUK (TV), June 23, 2023]

Sinara Trolleybuses hit Market in Russia

The Sinara brand is new to the trolleybus industry, having recently introduced its first trolleybus model, the Sinara-6254. The
manufacturer has won a contract to upgrade both the streetcar and trolleybus networks in Chelyabinsk, a city of 1.1 million
inhabitants in the Ural region. Sinara will be replacing three substations and constructing three new ones in anticipation of
planned increases in electric public transport. Twenty of Sinara’s new trolleybuses have been placed in service already on
Route 19. In far-away Kaliningrad on the Baltic coast, the transit provider there began testing a Sinara-6254 late last year.
The vehicle has an off-wire capability of 20 km, and if testing proves successful, the transit agency plans to expand service
on three trolleybus routes with unwired extensions. [Source: Trolleybus Magazine, November-December 2023]
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After 75 Years, Last Pullman-Standard Trolleybus makes Final Trip in Chile

A true testimony to the longevity of previous generations of electric trolleybuses with simple electro-mechanical
controls were the Pullman-Standard trolleybuses in Valparaiso, Chile. For decades, this system operated by far
the oldest trolleybuses still in regular service anywhere in the world. The vehicles dated from 1946-48 and 1952.
Some of the vehicles were acquired second-hand from the city of Santiago in the 1950’s. Work was done on
many of them to modernize portions of the bodies in the 1980’s, but the vehicles were still very much
recognizable as Pullmans. The operating agency withdrew the last Pullman-Standard vehicle from service in
March of 2023. It was a 1948 model, bus number 859. The duties of the Pullmans will be taken over by other
trolleybuses that the operating agency has acquired second-hand.

Valparaiso’s Pullman-Standard trolleybuses helped the city to gain its designation as a World Heritage Site. The
system is privately run. [Source: Trolleybus Magazine, November-December 2023]
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Valparaiso’s 1952 Pullman-Standard trolleybus No. 709, on the left, still appears in its original form, whereas No. 859, on the right, an ex-
Santiago coach, shows extensive modifications to the front and sides, with a larger windshield and modern side windows. [Photos: K. Lo]

ABOVE: Coach 802, on the left, and coach 888, on the right, both appear to be 1947-48 Pullman-Standard models as indicated by
the design of their side windows. Both show very little modification except to the front. BELOW: Modern side and rear windows are
evident in the interior of Coach 806 (left), but the look is otherwise very much original. Coach 266 (right) is a newer acquisition built
by NAW and purchased second-hand from Lucerne, Switzerland after 2014; it is one of the vehicles that will be maintaining service
now that the Pullmans have been retired. [All Photos: K. Lo]
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LEFT: The original design
mock-up for Toronto’s Flexity
Outlook streetcars, 204 of
which are currently in service
in the city. The first vehicles
began carrying passengers in
2014. They were built by
Bombardier  Transportation.
The 60 additional such
vehicles  currently  under
construction will be built by
Alstom at the former
Bombardier plant in Thunder

Bay, Ontario. Alstom
acquired  Bombardier in
' February 2020. [TTC]

TTC Launches More New Streetcars

In November, manufacturer Alstom announced it had delivered the first of 60 additional new low-floor Flexity™
streetcars to the Toronto Transit Commission (TTC) as the first step in fulfilling a contract signed in June 2021. The
remaining vehicles will be delivered through to 2025. In addition, the TTC’s Hillcrest complex will be reconfigured to
accommodate storage of at least 25 streetcars.

The new LRVs, which are jointly funded by $568 million in contributions from the federal government, Ontario
government and City of Toronto, officially entered service November 17 with an inaugural run on the 504 King route.

The vehicles, which are being produced at Alstom’s Thunder Bay facility, will be added to a fleet of 204 Alstom Flexity
streetcars built by predecessor company Bombardier Transportation. 400 skilled employees in Canada are at work
ensuring the execution of the contract until early 2025.

Globally, more than 5,000 Flexity™ LRVs have been ordered or are already in successful revenue service. According
to Alstom, they are “renowned for their ability to run smoothly in addition to their spacious interiors, wide doors, air
conditioning, enhanced features for people with limited mobility and improved passenger information—all to ensure a
more comfortable journey and passenger experience.”

The TTC’s 2023-2032 Capital Budget and Plan includes a $568 million streetcar program, consisting of 60 additional
low-floor streetcars and the reconfiguring of Hillcrest Complex to accommodate the storage of at least 25 streetcars.
This program, the Commission says, “is essential to ensuring the TTC can meet future ridership growth and demand
over the coming years.”

“Streetcars are a vital part of the TTC and the city, and | am pleased that we are continuing to expand our fleet and
plan for ridership growth and increased demand,” said TTC Chair Jamaal Myers. “Our goal is to run a sustainable
transit system that our customers can continue to rely on and be proud of. This is a big step in that direction.”

In 2022, the TTC operated nine streetcar routes spanning approximately 355 kilometers, carrying more than 26 million
people.

In addition to the 60 new streetcars, Torontonians who use the streetcar system are now benefitting from enhanced
priority measures along the King Street Corridor, which carries around 72,000 commuters every weekday. In addition
to deploying Traffic Agents to manage traffic at busy intersections, the following measures have been implemented in
the corridor:

- Modifying traffic signal timings to give streetcars more time to travel through intersections.

- Adding dedicated transit signals to reduce the likelihood of motorists accidentally making an illegal movement,
such as running a red light during a green transit signal, as well as improving signage and road markings.

- By mid-2024, temporary TTC platforms will be installed at 20 locations along King Street. These platforms will
increase safety and help transit riders enter and exit streetcars more easily.

A February 9" news release from the City of Toronto stated that travel times through the corridor had been cut
anywhere from 28 to as much as 44 minutes.  [Sources: TTC News Release, November 17, 2023; Railway Age, Nov. 20,
2023; City of Toronto Media Release, February 9, 2024]
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