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The Journey

Brampton City Council declared a climate emergency
Community Energy & Emissions Reduction Plan
Phase 1 BEB Trial (CUTRIC) + studies

Secured CIB Financing

Advocating for 3rd Facility Electrification

More BEBs
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Zero Emission Bus Strategy

Path to transition
In-depth analysis

Phased approach

Funding and approvals ' Bramptonﬁans
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CUTRIC-CRITUC

Study summary
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1, Study summary

Study covered

Energy analysis ' Total cost of ownership

g

Facilities assessments < Economic analysis

Social analysis Environmental lifecycle analysis

Real estate assessment 18 and 15 year life cycle of ZEBs
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Modelling results summary
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o Modelling results summary

Scenarios modelled

Scenario One Scenario Two Scenario Three
Full BEB solution Full FCEB solution Mixed green fleet
solution
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o Modelling results summary

Conclusions: Scenario One (full BEB solution)

$645$
o ®
Base case With DFAH With electric heater
Current Fleet 476 590 633
Growth fleet 938 1161 1240
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o Modelling results summary

Conclusions: Scenario Two (full FCEB solution)

Base case Scenario Two (FCEB)
Current Fleet 476 720
Growth fleet 238 1418
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o Modelling results summary

Conclusions: Scenario Three (mixed green fleet solution)

Base case With DFAH With electric heater
Current Fleet 476 571D 602
Growth fleet 938 1,132 1,185
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TLLLL m

Modelling results summary

|pum

(o) o
12m BEB -- 18m BEB 12m FCEB 18m FCEB
Electric Heater: 400+ kWh Electric Heater: 500+ kWh  Electric Heater: 500+ kWh Electric Heater: 30+ kg Electric Heater: 50+ kg
DFAH: 500+ kWH DFAH: 500+ kWH DFAH: 600+ kWH
Light Duty [ Medium Duty  [Ji] Heavy Duty Light Duty Medium Duty [JJjj Heavy Duty
Type 1
Type 3
Type 4
0.00 0.50 1.00 1.50 2.00 2.50 3.00 0 5 10 15 20 25
Average efficiency BEB (kWh) Average efficiency FCEB (kg/ km)
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o Modelling results summary
Supplemental heating

Heating can come directly from the battery (electric heating) or, from Diesel Fired Auxiliary Heaters
(DFAH)

Canadian agencies using Diesel Fired Auxiliary Heaters:

\-%@L/ TRANSﬁN- K

285 GRT TFansit,,

TRANSIT A s RNl On Your Way
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o Modelling results summary

Supplemental heating
1% less service hours

‘ 32% longer range (during winter)
2% less cost than with DFAH ® 0% tailpipe emissions

@ 5% fewer vehicles ® 0.1% more life cycle emissions
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Charging Strategies
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9 Charging Strategies

Charging Strategy Two:
Depot with on-route
charging

Charging Strategy One:
Depot Only
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© On-route charging

Infrastructure and fleet needs

Highway 50- Queen
Heart Lake Terminal Existing chargers: 1
New chargers: 2 New chargers: 1

Humber College
New chargers: 2

Sandalwood Loop Mount Pleasant Westwood Mall
Existing chargers: 1 Village Bramelea Terminal New chargers: 2
New chargers: 1 Existing chargers: 2l New chargers: 2

New chargers: 0

Mount Pleasant GO
New chargers: 4
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4

Rollout and Operational Greenhouse Gas
(GHG) Emissions
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0 Rollout and Operational GHGs

Base case (diesel, hybrid and BEB fleet)

: 325 diesel buses 317 diesel buses
B GHG Emissions 18 BEBs 18 BEBs
2026 2041
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0 Rollout and Operational GHGs

Scenario One (full BEB solution) to 2041

Diesel BEB
L) B GHG Emissions
70,000
_ 1000
5 60,000
>
S 800 50,000
73]
2 40,000
2 600 *
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S 20,000
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CUTRIC:-CRITUC

45 diesel buses removed 468 diesel buses removed
92 BEBs 1161 BEBs

2026 2041

2030

145 diesel buses removed
392 BEBs
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0 Rollout and Operational GHGs

Scenario Two (full FCEB solution) to 2041

1400 Diesel . FCEB BEB 0 diesel bus removed All diesel buses removed
.. . 20 FCEBs 1400 FCEBs
. GHG Emissions (Green H2) GHG Emissions (Blue H2) 18 BEBs 18 BEBs
@ 1200 I GHG Emissions (Grey H2)
$ 100,000 2026 2041
o 4
o 1000 8
§ 80,000 é
_g 800 8
= 60000 N
5 600 = 2 0 3 0
2 ?
g 40,000 2 100 diesel buses removed
=z 400 ® 388 FCEBs
— 18 BEBs
200 20,000
0
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0 Rollout and Operational GHGs

Scenario Three (mixed green fleet solution)

Diesel Bee [ FCEB

gag [ GHG Emissions (green H2) [l GHG Emissions (blue H2) 41 diesel buses removed All 468 diesel buses removed
- 99 BEBs 724 BEBs
B GHG Emissions (grey H2) 0 FCEBs 408 FCEBs
L 80,000
2 : 2026 2041
= 3
@ a
o 60000 &
u o
@ (]
@ 400 N
o) L)
T 40000 o
: : 2030
E 200 E
g 20,000 176 diesel buses removed
= 429 BEBs
J 0 FCEBs
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° Rollout and Operational GHGs

Scenario Three (mixed green fleet solution) detailed plan

[ 12m Deisel [ 18m Diesel [Jl 12m Diesel-electric hybrid
18m Diesel-electric hybrid 12m BEB . 18m BEB . 12m FCEB

I 18m FCEB

1200

1000

800

600

400

Total projected bus fleet size

200
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Service requirements
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aService requirements
Additional service hours

Current fleet Growth fleet

inorease servioe increase service
hours to mest hours for
current demand until 1

Current fleet Growth fleet

increase service
Penstomate | xsspesseiey

. ) Scenario Three
Scenario One Scenario Two Mixed green fleet
Full BEB solution Full FCEB solution solution

Currentfleet = Growth fleet

increase service increase service
hours to meet hours for growth

Increased service hours are due to, charging/refuelling on-route, block splitting, additional buses

current demand until 2041

current demand until 2044
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Facilities assessment
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eFaciIities assessment

Facilities retrofit costs (Scenario Three)

Sandalwood facility Clark facility
retrofit retrofit

$86 million $ $46 million

Total retrofit cost Total retrofit cost

20 000 kg ) 10000 kg
H2 storage capacity 5 H2 storage capacity
17 MW 7 MW
Installed charging Installed charging
power power
1MTMw ML 7 5MW
Estimate peak Estimate peak
service demand service demand
371 178
Vehicle storage Q Q Vehicle storage
capacity capacity
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Economic analysis
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ﬂ Economic analysis
Total cost of ownership per bus in NPV (18 year, 12m bus)

B Acquisition Cost (one Bus) [l Fuel Cost ] Maintenance Cost Engine Overhaul

) Battery Replacement | Fuel Cell Stack Replacement . Fuelling Infrastructure

[l Insurance Cost ] Residual Value [l Fleet Expansion Cost

$7,000,000

$6,000.000

$5,000.000

$4,000,000

2023 NPV

$3,000,000

$2,000,000

$1,000.000

S0
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Economic analysis
Assumptions

CUTRIC worked with Deloitte to assess:

18- and 15-year useful life of assets

Hydrogen price points (from $8 to $40)

With and without Diesel Fired Auxiliary Heater

Assuming a 50% rebate on Manufacturer
Suggested Retail Price

Copyright © 2024 Canadian Urban Transit Research and Innovation Consortium (CUTRIC). Consortium de recherche et d’innovation en transport urbain au Canada (CRITUC). All rights reserved. 31
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Q Economic analysis @
Base case fleet and asset costs with growth NPV (2041)

Base case scenario (current diesel, hybrid and BEB)

=%3 CAPEX: $1.63 billion £), oPEX: $6.01 billior

U’

G/)/ Residual: $76.1 million

TOTAL: $7.56 billion
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Q Economic analysis @
Scenario One (full BEB solution) fleet with Diesel Fired Auxiliary

Heaters and asset costs with growth NPV (2041)

Scenario One (Full BEB solution)

CAPEX: $3.50 billion 5), OPEX: $5.67 billion

Residual: $215 million

D i

TOTAL: $8.95 billion

Copyright © 2024 Canadian Urban Transit Research and Innovation Consortium (CUTRIC). Consortium de recherche et d'innovation en transport urbain au Canada (CRITUC). All rights reserved. 33



o o .. .CUTRIC-CRITUC
Q Economic analysis @
Scenario Two (full FCEB solution) fleet and asset costs with

growth NPV (2041)

Scenario Two (Full FCEB solution)

CAPEX: $4.26 billion 5), OPEX: $5.95 billion

Residual: $(359 million)

D it

TOTAL: $9.85 billion
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Q Economic analysis @
Scenario Three (mixed green fleet solution) fleet with DFAH

and asset costs with growth NPV (2041)

i Scenario Three (Mixed green fleet solution)

(Y

CAPEX: $3.40 billion 5, oPEX: $5.71 billion

|
LT

(/a\/' Residual: $(161 million)

TOTAL: $8.94 billion
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Environmental Life Cycle Assessment (LCA)
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© Environmental life cycle 4

assessment
Life cycle versus Operational GHG emissions

Lifecycle GHG Emissions Operational GHG Emissions
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© Environmental Life Cycle Analysis
12m bus fleet life cycle emissions - 18 year, with DFAH

M&R equipment & vehicle fuel, infrastructure make up less than 300 tC02 and therefore do not appear in this graph

[l Fuel Production [l Operation of Buses Infrastructure - Electricity
Infrastructure - Heating & Cooling - Fuel [l M&R Equipment - Fuel
. M&R Vehicles - Fuel . Bus manufacturing Bus EOL recycling
Bus maintenance [l Battery/fuel cell replacements
1,200,000
1,000,000

600,000

Tonnes of CO2e

400,000

200,000
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© Environmental Life Cycle Analysis

@CUTRIC-CRITUC

12m bus fleet life cycle emissions - 18 year, with DFAH

With electric heaters G)

®

With Diesel Fired
Auxiliary Heaters

gHz
©

©

68% ¥
681,900
tC02 eq per bus

68% ¥
682,100
tC02 eq per bus

609,000

6 1% 1 tC02 eq per bus
1 458,000
46% tC02 eq per bus
@ 1 243,000
24% tC02 eq per bus
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Social impact of ZEBs
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Social impact of ZEBs in Brampton

Input: Aspects for social impact Output: Six prioritized routes (socio-economic)

Noise-sensitive areas, highlighting density of care and senior Educati Housi | E f
; - ucation ousing ncome ase o
homes, hospitals, schools and transit routes Route Name e
score score score electrification

Annual median after-tax income in Brampton and transit routes

South Industrial 0.5 1 0.5 0.5 1 3.5 Very achievable
Density of population aged 65 and over in Brampton and transit Grenoble 0.5 1 0.5 o 1 3 Achievable
routes

“ Southgate 0.5 0.5 0.5 0.5 1 3 Achievable
Density of population with no high school diploma and no post- “ ST SR (s 1 0.5 0.5 0.5 3 Achievable
secondary diploma, aged 25 to 64

n County Court 0.5 0.5 0.5 0.5 1 3 Challenging
Density of households spending over 30 per cent or more of “ Kingknoll 0.5 0.5 0.5 0.5 1 3 Challenging

income on shelter
Very achievable - depot-only charging

Achievable - on-route charging needed
Challenging -will require block splitting

*Only runs on weekdays
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CUTRIC-CRITUC

Energy as a Service
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@ Energy as a Service

Goal of this scope element

Introduce the EaaS business model

Develop EaaS scope definitions for Brampton Transit

Develop EaaS qualitative assessment criteria

Identify potential EaaS partners/stakeholders and their
offerings
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@ Energy as a Service

Energy as a Service vendor engagement and workshops

4 N
Outreach & Workshop Outreach » Market Research Outreach & Workshop N (:u_trechh o
SIEMENS ARDRD . SIEMENS J
NI Schl’leldel" ”~ AlphaStruxure t o
alectra LElectric alectra @Hitachi Energy
energy solutions energy solutions
Nx ®Hitachi Energy Nx ’
ADRRD R
PowerON || 1y UIS@ ) AMERESCOQ PoweroN FREPDID ot
5.'::';%:3““0“ p /“\ A JUI e Er::rcgySolutions
A Jyﬂ!m% o{jlﬁcjyo povereaty @CAMION
Interviews conducted in 2023 Interviews conducted in March 2024
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Conclusions
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@ Conclusions: Environmental

Operational GHG emissions

reductions per bus
(18 year life cycle, BEBs with DFAH, Green H2)

Life cycle GHG emission

reductions per bus
(18-year life cycle, BEBs with DFAH, Green H2)

Base case scenario
(Diesel and HEB)

Scenario One
(Full BEB solution)

Scenario Two
(Full FCEB solution)

(;;& CUTRIC-CRITUC

Scenario Three
(Mixed green fleet solution)

0%

0%

97%

68%

85%

61%

95%

BEB: 68%
FCEB: 61%
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@ Conclusions: Economic

Base case scenario Scenario One Scenario Two Scenario Three
(Diesel and HEB) (Full BEB solution) (Full FCEB solution) (Mixed green fleet solution)

BEB: $2.8 billion

Total cost of ownership per ,/53
bus (NVP) -"E:*

$1.9 billion $2.8 billion $4.5 billion o
(18-year life cycle, 12m bus, BEBs with | FCEB: $4.5 billion
Diesel Fired Auxilary Heaters, Green H2)
Economic life cycle costs (NVP) /\ $7.56 billion $8.95 billion $9.85 billion $8.94 billion
(18-year life cycle, BEBs with Diesel Fired \$
Auxiliary Heater, grey H2) /

Copyright © 2024 Canadian Urban Transit Research and Innovation Consortium (CUTRIC). Consortium de recherche et d’innovation en transport urbain au Canada (CRITUC). All rights reserved. 47
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@ Conclusions: Fuelling

Base case scenario Scenario One Scenario Two Scenario Three
(Diesel and HEB) (Full BEB solution) (Full FCEB solution) (Mixed green fleet solution)

Additional on-route - 18 - 18

chargers required

Annual energy consumption - 106 to 131GWh - 106 to 131 GWh

(in-depot and on-route) in 2041

Hydrogen consumption @Zj . - 5.9 millionkg | 1.3 to 2.2 million kg

annually in 2041

Copyright © 2024 Canadian Urban Transit Research and Innovation Consortium (CUTRIC). Consortium de recherche et d’innovation en transport urbain au Canada (CRITUC). All rights reserved. 48
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@ Conclusions: Fleet size

Base case scenario Scenario One Scenario Two Scenario Three
(Diesel and HEB) (Full BEB solution) (Full FCEB solution) (Mixed green fleet solution)
Fleet size in 2041 )
4% 1p> 938 1.161 1.418 1132

(BEBs with Diesel Fired Auxiliary Heater) s
L) L)
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@ Conclusions: Recommendations

® 95% operational GHG emissions reduction
® [ owest total economic life cycle cost
® [ owest 2041 growth fleet requirement

Scenario Three
Mixed green fleet

solution . o
Integrates both technologies for fleet flexibility,

reduces total fleet size and provides for redundancy
in operations.

Copyright © 2024 Canadian Urban Transit Research and Innovation Consortium (CUTRIC). Consortium de recherche et d’innovation en transport urbain au Canada (CRITUC). All rights reserved. 50



Conclusions \»‘ZHCUTRIC CRITUC

Scenario Three (mixed green fleet solution)

Major facility retrofits to Sandalwood and Clark facilities needed

1 .3 M kg $8 94b | ' with a total cost of $132 million

H2 needed per year Life cycle transition 18 years

A total of 30,000 kg of storage capacity for 5.9 million kg H2 annual and
8 MW of electricity is needed at the Sandalwood and Clark facilities

1132 $3.26M/$5.25M

724 BEB with DFAH 12m BEB / 12m FCEB

408 FCEBs by 2041 over 18 year life cycle Transition cost of $8.94 billion assumes BEBs with DFAH and an

18-year asset life cycle.

18 N 95%

Operational GHG
emission reduction Brampton Transit’s service levels

On-route chargers A total of 1.3 to 2.2 million kg of H2 per year is needed to cover

Copyright ©® 2024 Canadian Urban Transit Research and Innovation Consortium (CUTRIC). Consortium de recherche et d'innovation en transport urbain au Canada (CRITUC). All rights reserved. 51
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