Low-Carbon Smart Mobility (LCSM)
Supercluster Consortium

Supergrappe D’Innovation en Mobilité
Durable et Intelligente (SIMDI)

Brought forward by the Canadian Urban Transit Research & Innovation Consortium (CUTRIC)
WWW.cutric-crituc.org
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http://www.cutric-crituc.org/

Background Information

Budget 2017 proposes to establish Innovation Canada, a new platform led by
Innovation, Science and Economic Development Canada as a one-stop-shop for
Canada’s innovators that will coordinate and simplify the support available to
Canada’s innovators by:

« Leading the creation of Canada’s economic growth strategies

« Initiating a whole-of-government review of business innovation programs
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Supercluster Characteristics 2017

-

Up to $950 million over five years: competitive basis, for business-led
Superclusters with high potential to accelerate economic growth.

-

" Focuses on highly innovative industries such as advanced

manufacturing, agri-food, clean technology, digital technology,
health/bio-sciences and clean resources, as well as infrastructure and
transportation.

Of the $950 million, $800 million will be drawn from the Budget 2016 provision
for innovation networks and clusters and $150 million will be drawn from the
public transit and green infrastructure allocations provisioned in the 2016 Fall
Economic Statement.
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Canadian Low-Carbon Smart Mobility
Supercluster Consortium

4 To make Canada a global leader in low-carbon smart mobility A
technologies across light- and heavy-duty platforms, including
advanced transit, transportation, and integrated mobility
9 applications y
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Canadian Low-Carbon Smart Mobility

Supercluster Consortium

WINNIO]\

-

To support commercialization trials and relevant research,

development, and demonstration (RD&D) projects through

industry-led collaborations that bring innovative design to
Canada’s low-carbon smart mobility eco-system

'\
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Canadian Low-Carbon Smart Mobility
Supercluster Consortium

DOMESTIC & GLOBAL
STRATEGY

To grow the low-carbon and "smart" technology eco-system in the country,
leading to domestic job growth and economic development over the long-term

A
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Pillar #1
_ Zero-emissions & low-carbon
W propulsion systems with fueling &
L \ charging system integration

« Supporting battery electric (BEV),
plug-in hybrid electric (PHEV),
hydrogen fuel cell electric
(FCEV), compressed/renewable
natural gas (RNG) & dimethyl
ether (DME) technologies for
light- and heavy-duty vehicle
platforms

e LOI: ~$45 Million

¥
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Pillar #2
“Smart” vehicles and
“smart’” infrastructure

e Solutions in automated,
autonomous and connected
vehicle systems

« Sensors, signaling, and control
systems that advance the
autonomy and digital
connectivity of “smart” vehicle
systems (on roads & rail) and
Infrastructure

J _ e LOI: ~$40 Million

-
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Pillar #3
Big data advanced mobility

L

« Optimization of public and private fleet networks (transit, integrated and
urban mobility)

 Big data use In descriptive, analytic, and predictive mobility solutions
« Artificially intelligent data-driven systems
« LOI: ~$10 Million
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Pillar #4
Cybersecurity in mobility

 Securitization of low-carbon
V4 ,_ s and smart mobility systems,
- , 4 ‘ Including autonomous and
- St o connected vehicles as well as
: I N real-time communications for
mobility applications

KN R 4 + LOI: ~$10 Million
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Pillar #5
Light-weight materials & manufacturing

» Development of advanced materials, such as composites,
polymers, advanced metals, and multi-material designs for light-
weight vehicles

* LOI: TBD
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Fragmented, insufficient & inappropriate funding options for
low-carbon mobility innovation projects: federal

SSHRC
NRCan Energy
SDTC Innovation
Programming
NRC-IRAP PTIF Phase | -
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CUTRIC Federal Funding Ask was $185M/4yrs (201/7-2021)
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Supercluster project funding distribution
options

Does your company or organization wish to carve out funding for innovation
projects and activities within the LCSM supercluster bid?

YES

1. Does your company have an active collaborative project having started in fiscal
year 2017-2018, or planned to start in fiscal years 2018-2022, for which it is
seeking a $1 : $1 contribution match?

2. Does your company have an internal Technology Roadmap identifying
Investments that are planned to occur between 2017-2022 in projects that
relate to the LCSM supercluster’s five pillars of innovation, for which it would
like to seek a $1 : $1 match (assuming projects are collaborative)?

YES




Examples of industry sectors & stakeholders integrated

Manufacturers

— New Flyer

Motor Coach
Industries

— Nova Bus

—  Volvo \

— Bombardier

ABB
Group

— Siemens

BAE
Systems

— Cummins

Toyota

—  FVT

Into current CUTRIC projects

Energy Providers

I

Enbridge

Ontario Power
Generation

|

Toronto
Hydro
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— BC Hydro
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Air
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Communicationsé&
Software

Thales
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Public Transport
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Toronto Transit

Blackberry/QNX

Commission

Translink

IBM

Ericsson

Cisco \

Brampton Transit

York Region

Transit

London
Transit

Waterloo Transit

Calgary Transit

Halifax Transit

BC Transit

Automotive Suppliers in
Advanced Propulsion

Ballard \

T™4

D&V
Electronics

Inmotive

Linamar

Magna

|

Research

Organizations

,

| | National Research

Council

Canmet Labs

Other

Brens

Faromar

University of
Victoria

York

Queens University ]

University of
Alberta

GV Energy

University of British

Columbia

Universite du
Quebec a Trois
Rivieres
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Insufficient & Inappropriate Funding Options for Low-Carbon

Mobility Innovation Projects: Provincial

British Columbia

* Innovative
Clean Energy
(ICE) Fund

* BC Tech Fund

Alberta

* Alberta
Innovates

* Climate Change
and Emissions
Management
Corp.

+= = 28 » CUTRIC-Alberta
..{.‘- . | y,

(. OCE A
Programming
* CUTRIC-
Ontario
* ORF
J

* Research

Manitoba

* Vehicle

Technology
Centre

* InnoVvEE
» TechnoMontreal
* GIVEI
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CUTRIC Organization Chart +*
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CUTRIC 2017-2018 Board of Directors %

Sara Buckle Peter Crockett

Daniel Simounet Richard Chahine Jennifer McNeill
@xf rdCounty U T o
'I'IIANS/“-IT growing stronger... ” etnet AL HR HD ’ Universté du Québec
iRy % 3 Troe-R vigres NEW FLYER

Emmanuelle Toussaint ~ Malini Giridhar Eric Gillespie Sue Connor Walter Kinio Janice Mady
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Queens

Low Carbon Smart Mobility Innovation Supercluster Consortium -- Supergrappe D’Innovation en Mobilité Durable et Intelligente



o

N o E{Q CUTRIC Low-Carbon

O NN N N N NN N N NN N SN R S = B 1
’ N [ « Hydrogen Production ] b o
Hydrogen Fuel Cell ‘ : Innovation : S m art I\/I O I I Ity CI u S t e r S
Technology | |« Electric Retrofitting L
Natural Gas Propulsion | s 1 Innovation i:y
' i Sea I« Autonomous Vehicles ]
Innovation . o e L P — -
Vehicle Electrification & | — T _ ‘w{_’\ ’ _ L \
Grid Management 1 : S N Davis foe Ve.hlcle Electrification & :
! TETm T T T N : Grid Management i
----------------- \ . : I
2 Heavy Duty Vehicle : : Hydroggn Fueling :
— FE% Manufacturing Lo Innovation |
NORTHWEST Weight Materials I Lm: ransportati I
TERR'T?R; —— Vehicle Electrification | *  Light weighting ;
Lake g\f & Grid Management [ 7T m s s s s s s s -7

Electric Powertrain
Innovation

Vehicle Electrification &
Grid Management
Hydrogen Production
Innovation

Big Data for
Transportation
Lightweight Materials
Automated Vehicles &
Connected Vehicles
Cybersecurity for
Transportation

-

~



|

I
I
I
I
\

Pacific Ocean

[
!
!
!
!

VANCOUVER

ISLAND

o mm = = = ~ /"A\{
ABB Group, Calgary Transit, GV | /{‘tﬁ?&"“ﬁ
Energy, National Research Council, | NS
Siemens Canada, Prevost, I I‘Q’(
ot
-,

CUTRIC Industry v
Members By Province

Enbridge Gas, Pacific Western, l\s
Red Deer Transit, St. Albert Transit, N\

A Transit Corporation, York Region Transit J

/ ALBERTA MANITOBA - ~ .

Gutt of
St Lawrancs,

La‘u.-

T L
A g

nnpog*

ONTARIO

Lat_-

( ABB Group,
Canadian Nuclear

)
Laboratories, I
Halifax Transit,

I National Research I
)

Thunder Bay L a-

Sipe

ABB Group, National \/

Research Council,
I Siemens Canada,
L Systematix

Council, Siemens
Canada

/

Systematix, Tokmakjian Group L™V o mm mm mm mm mm o= w —
T _ /¥ ~~os”  ABB Group, ATUQ, > ~
Beauto _ﬂ'\@?j 3\7 ‘LO ‘j 57 Bombardier’ Canadian | / ABB GrOUp, ATES, Avalon Advanced \
Sea BANKS S IEWMF P Nuclear Laboratories, | Materials, Belleville Transit, Bombardier,
A JZ@T{ ( InnovEE, National Research | —_— Brampton Transit, Brens, Burlington Transit,
U — —_ _—‘.'):)I \I wﬁ}?ﬂ[rp E I Council, Nova Bus/Prevost, | f ABB Group, ] l(JZUTA-ACT[l)J, (;anagian Nu_crlear
\ i Pantero Group, Siemens National aboratories, Durham Region Transit,
ABB Group, Ballard Power Systems QE}S{,‘“ K Canada, SysterrIIatix Thales, | I Research I Enbridge Gas, Faromar CNG, Grand River
Inc., BC Transit, Bombardier, FVT Ny Tokmakijian Group I C il Transit, Kingston Transit, London Transit,
Research, National Research e A / . - — I ounci i i i
. ' . XS ;'C,MES ISLAND Siemens I Met_rollnx, MiWay, National Research
Council, Prevost, Siemens Canada, i S \ Council, New Flyer, Newmarket-Tay Power
Systematix, Thales, Translink, - = - - -~ Canada ) Distribution, Oakville Transit, OPTA, Oxford
VeloMetro \! ABB Group, Canadian Nuclear |~ County, Ontario Power Generation,
e — - .'"c’RhH‘OR Laboratories, MCI Coaches, " Shoiid Pantonium, Plug N'Drive, Prevost, Rural
~ National Research Council, Green Energy, Siemens Canada, St.
New Flyer, Siemens Canada, % ¢ Catharines Transit, Systematix, Tech-K.O.,
Systematix, Winnipeg Transit oum)\m::b Thales, Thunder Bay Transit, TM4, Toronto
\ _ s Transit Commission, TransHelp, TransPod,
/ We T = =TT 77 i}\ Transport Canada, Windsor Transit,
& / n Woodstock Transit, York Region Rapid



8
X4

CUTRIC Academic
R - PR Y Stakeholders by

University of British I : M oevon  Baffin .
; Columbia ' seavton | University of Calgary =™ PrOV|nce
; University of Victoria , o | University of Alberta |
; Simon Fraser University :
1

/
| PR _——— i‘ - ‘ g AR ﬁw '}l Concordia University
SLAND UQTR
b .Lm PRI M'Nﬁ '

’
YUKON ) ;;?m Red River College . Brock University
JHesncrse Lo NUN N : [ Centennial College
NORTHWEST 1 University of Manitoba | - <
TERRITORY \ m Labrador | Carleton University
Yalowknie - e, e .

Conestoga College
Lambton College
OCAD University

Great Slave
Lake

A

7 Queens University
{7 e Ryerson University
\ BRITISH ALBERTA Sherldgn College
COLUMBIA SASKATCHEWAN St. Clair College

Pacific Ocean

Edmonton *

UoIT

University of Ottawa

University of Waterloo

University of Toronto

University of Western

Ontario

\ University of Windsor
\ York University




f__-

| Thales

r _— —_— _— \
l Systematix I

New Flyer

Pacific Ocean

VANCOU

f__-

| ABB Inc. |

- e .-

r————-

|
Laboratories l

VE NV

ELLESME
1SLAND

FPInnovations

CUTRIC Members
National Network
i/
o Y T D B S
e w"s oba7 Group I
\

sl ' Y iLA'N' - s - J
5
{ L \,a
TSS‘A k& >N 3 ", ‘
(7)— ‘ \\\\ :- BAFFIN

Canadian
Nuclear

CHARLES ISLAND
ISLAND

NORTHW

S

_— _—

National Researc I Bombardier |
Council SR



- Arct@?f

' 'lf ,——— S ~ Ocean . ”;;,tons <~ CUTRIC Members
NS ; Nova Bus .

/1 ABB Inc.

New Flyer I
Industries

Pacific Ocean

e * International Network
: ~ -3 '\N .

Aﬁla

Transpod

- = =
¢
Pacific Ocean

“Bag )

BAE
Systems |
% I, h‘-

Bombardier

S

Ballard O Air | Thales ! &7
I

ANTARCTICA




-7 Low Carbon Smart Mobility Supercluster Projects
Ready to Launch!

Ready to Launch

Project 1. Pan-Canadian Electric Bus Demonstration &
Integration Trial

Project 2. Pan-Canadian Hydrogen Fuel Cell Vehicle
Demonstration & Integration Trial

Project 3: National Smart Vehicle Demonstration Project

Project 4. Low-Vacuum Environment Ultra-High-Speed
Transportation

Project 5: Ontario-Quebec Hydrail Connection: Zero-Emissions
Passenger Rail
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Project 1: CUTRIC Pan-Canadian Electric Bus
Demonstration & Integration Trial Transit Planning &
Environmental Objectives

Problem Solution
Need for high up-time (18- Oppor(t:trl]r;irté{gg route
24h)
Problem Solution
Demand Energy Storage with Super-
Charges Capacitors
Problem Solution
Driver Precision Automated Vehicle Controls
Problem Solution
Renewable Energy Slumps On-Route Charging and
Energy Storage
—Pmblem Solution
Recycling Fees and Small Batteries and Right
Battery Waste Sizing EVs for routes
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Project 1. CUTRIC Pan-Canadian Electric Bus
Demonstration & Integration Technology Trial
Outcomes Phase |, II, 1l

OppCharge J3105 Overhead Energy At Garage Automated
- Charging Storage at Charging Charging of
Interoperability Standard Charger Integration Vehicle
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Project 1. CUTRIC Pan-Canadian Electric Bus
Demonstration & Integration Trial: Stakeholders: Phase |

‘?\;5;/—' NOVE BUS

n by your city

SIEMENS

NEW FLYER

BramyptonTransi GHG i
Reductions W

o Transit as Jobs in

/._, Innovators Canada
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YORK“ Brocl

UNZAYIPRB13 1 T Y

CONESTOGA

UNIVERSITY LTR &Y
® OF ONTARIO % st do ot CENTENNIAL
INSTITUTE OF TECHNOLOGY aToiskveres  University COLLEGE
of Victoria




Project 1. CUTRIC Pan-Canadian Electric Bus
Demonstration & Integration Trial Technology
Outcomes: Phase 2 e

2) J3105
(1) OppCharge é&erhead (2) Energy (2) At garage (3) Automated
Interoperability Charging storage at _charging charging of
Standard charger integration vehicle

29
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Project 1: Pan-Canadian Electric Bus Demonstration & @ *
Integration Trial With Energy Storage: Phase |l N4
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Project 2. Pan-Canadian Hydrogen Fuel Cell Vehicle &7
Demonstration & Integration Trial

"
o

300 kg of
hydrogen/
day/site

HYDROGENICS

SHIFT POWER | ENERGIZE YOUR V!

TOYOTA ZENBRIDGE
e

ordCounty

growng stronger. . together

BALLARD =

SIMON FRASER NEW FLYER
UNIVERSITY

A’R Av ENGAGING THE WORLD
PRODUCTS HYDROGENIC

ONTARIOPOWER
GENERATION =~ ENBRIDGE




Project 3: National Smart Vehicle Wi
Demonstration Project »

National AV pilot platform using low-speed
electric vehicles and high automation to
overcome challenges associated inefficient
campus and industrial park fleet systems ~ ~ _

+ Facilitate a transition from a point-to-point
conventional fleet systems to a trunk-and- _ ~
feeder system Phe

4

e Address first km/last kmm concerns and
low-rider levels during specific hours of
the day

« Test cameras, visual detection software,
communications security, and artificial
intelligence of AV systems
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Current National Smart Vehicle
Landscape o
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Project 3: National Smart Vehicle Demonstration Project *
Current Stakeholders
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Project 4. Low-Vacuum Environment Ultra-High-Speed

Transportation

\ Connecting people, cities, and busmesses




Project 4. Low-Vacuum Environment Ultra-High-Speed

Transportation

TECHNOLOGY OVERVIEW

TRANSP&D

Vehicle subsystems

Axial compressor: to bypass air flow

Cabin air system: similar to aircraft air system
Linear magnetic propulsion drive

Active magnetic levitation

Pressurization and thermal management

TransPod advantages

Aircraft-based control system

Reduced tube infrastructure cost, from innovative tube
design

Advanced power-transmission system for high-speed
Artificial intelligence-based stability mechanism



Project 4. Low-Vacuum Environment Ultra-High-Speed
Transportation

APPLICATION: PASSENGER TRANSPORTATION TRANSP&D

Economy Class

Business Class

Luxury Class

@ Safer

The technology doesn’t require
any human intervention to
operate, reducing accidents
caused by human error.

A reduction in the use of cars
and other forms of
transportation will have a direct
impact on saving lives.

#“/’% More convenient

Hyperloop pods are expected to
arrive at frequent intervals,
making it easy to go to the
departure stations whenever you
need to.

No more worrying about missing
your flight, or being bumped.
More trips mean more flexibility.

iii Social impact

Improved work-life balance.
Less time in traffic means
more time for the important
things in life.

Solves affordable housing,
aging infrastructure and other
urban issues.

]
o



Project 5: Ontario-Quebec Hydrall Connection: (&7

Zero-Emissions Passenger Rail o

HYDROG®E)NICS

SHIFT POWER | ENERGIZE YOUR WORLD
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National Alliances In Progress

Ontario

Ontario Centres o
Excellence

Where Next

@Elm o
Cleantech Materials
Group,

Quebec
.
(7 4 4t
— / InnovEE
” innovation en energie 2lectngue
N J

‘: techno \

Manitoba

Vehicle
Technology
Center

|

Center for
Transportation
and the
Environment
(CTE)




Mobility for First Nations Communities

Not pictured (in Ogemawah TC):

Moose Deer Point First Nation Curve Lake First Nations
Wahta Mohwak ® 22 Winookeeda Road I O ro n to
Chief Phyllis Williams
Chippewas of Rama-First Nation (chief@curvelakefn.ca)
5884 Rama Road, Suite 200 (705) 657-8708
Chief Rodney Noganosh MPP: Jeff Leal
E;%(ér;egl;ggrgrlnlaﬂrstnatlon.ca) Alderville First Nation
MPP: Patrick Brown ./I Ogemawahj Tribal Council élhf(?f Ji‘:‘ﬁs:g_ﬁ;szg SRE
> : (jbmarsden@aldervillefirstnation.ca)
Chippewas of Georgina Island (905) 352-2011
R.R. #2 N13, Sutton West MPP: Lou Rinaldi ®
Chief Donna Big Canoe PS ) Bellevi
(donna.bigcanoe@georginaislan - Mohawks of the Bay of Quinte
d.com) Mls_5|ssaugas of Scugog Island First Hiawatha First Nation R.R. #1, 13 Old York Road
(705) 437-1337 Nation 123 Paudash Street, R.R. #2 Chief R. Donald Maracle
MPP: Julia Monroe L sl Pl Chief Laurie Carr (rdonm@mbg-tmt.org)
Gkl LGl laigee . (chiefcarr@hiawathafn.ca) (613) 396-3424 ext. 121
(klarocca@mississaugafirstnation.com (705) 295-4421 MPP: Todd Smith

(905) 9858828

MPP: Granville Anderson lREERLE

Toronto

Six Nations of the Grand River Territory
P.O. Box 5000

Chief Ava Hill (avahill@sixnations.ca)
(519) 445-2201

MPP: Dave Levac

First Nations: Bay of Quinte Mohawk, Bearfoot Onondaga, Delaware, Konadaha Seneca, Lower

Cayuga, Lower Mohawk, Niharondasa Seneca, Oneida, Onondaga Clear Sky, Six Nations of the Grand ﬁ,

River, Tuscarora, Upper Cayuga, Upper Mohawk, Walker Mohawk Rocheste: {x}(\
T

jara-na



Mobility for First Nations Communities

e re— Calgary

P.O. Box 40, Morley
Chief Darcy Dixon

(403) 881-2660

MLA: Cameron Westhead

Chiniki First Nation Stoney & Wesley

P.O. Box 40, Morley P.O. Box 40, Morley
Chief Aaron Young Chief Ernest Wesley

(403) 881-3770 (403) 881-3770

MLA: Cameron Westhead MLA: Cameron Westhead

?Akisq’nuk First Nation
3050 Highway 93/95,
Widermere

@ Chief Lorne Shovar
Ishovar@akisgnuk.org
(250) 342-6301

MLA: Doug Clovechok Tsuut’ina Nation
Suite 200, 9911 Chiila Boule

Chief Lee Crowchild
(403) 281-4455
MLA: Anam Kazim

@ Siksika Nation
PO Box 1100, Siksika
Chief Joseph Weasel Child
(403) 734-5100
MLA: Derek Fildebrandt

PELE o Treaty 7 Management
® 7470 Mission Road Corporation
Chief Jim Whitehead

jwhiteland@agam.net

Lower Kootenay (250) 426-5717

830 Simon Road, Creston MLA: Tom Shypitka (NDP)

Chief Jason Louie Tobacco Plains 1] | T

mjasonlouie@gmail.com 3603 93 Highway, Grasmere Piikani Nation Blood Tribe (Kainai)

(250) 428-4428 ext. 235 Chief Mary Mahseelah P.O. Box 70, Brocket P.O. Box 60, Stand Off

MLA: Katrine Conroy (250) 887-3461 Chief Stanley Charles Grier Chief Roy Fox

® MLA: Tom Shypitka (stanley.g@piikanination.com) (rfox@bloodtribe.org) _ el
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June 15 -
July 7

July 7-14

July 14-20

August-
October

Fall 2017

Next Steps

Draft letters of commitment sent
to members & core stakeholders

Revisions of letters. One-on-one
clarification meetings. Project specific
webinar updates.

Full proposal completion; shared with
sighatories.

Updates to signatories. Development of Stage 2
submission. Addition of new projects & signatories.
Refinement of Roadmap commitments.

Full Stage 2 Submission for $150 Million - $250 Million , 2017-
2022.



Contact

Manitoba and Western Provinces
Lana Sanderson lana.sanderson@cutric-crituc.orq

East of Manitoba
Joshua Goodfield joshua.qgoodfield @cutric-crituc.org



mailto:lana.sanderson@cutric-crituc.org
mailto:joshua.goodfield@cutric-crituc.org

&> ‘
| [

P_ NV W _N I W

ALY .
-e .i-"‘f“"_.-l-I. i [ N e N R [ B N [ Sy ™ [y
E R )

University
of Victoria

Institute for
Integrated
Energy Systems



Outline

Routes and duty cycles

E-bus energy consumption and charging power calculations
Charging infrastructure modeling

Modeling comparative diesel bus fuel consumption

Electricity costs estimations and simulation results for each route



Routes and duty cycles

* Routes’ statistics & topography
* Elevation profile

* Duty cycles development
 Example duty cycles



Routes’ Statistics

Length of Estimated = Number of Number of Number Number of
Route (Km) time (min) major bus stops all bus stops  of traffic lights  stop signs

Translink # 100 (East ward) 15 40 5 44 25 13




Route’s topography

* Used Google Earth to define the path (.kml files)
e Calculated the distances between the nodes

2000 2000 6000 8000 10000 72000

z [m]

Translink bus #100



Elevation profile

 Used DEM database!!! to obtain the raw data for elevations

Used filtration/smoothing to obtain realistic road grades
(multiple steps of Savittzky-Golay filter)

0 Raw elevation

— 40 - + Updated elevation
S —— Filtered elevation profile
- 30
Qo
920
o
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—-—-Raw grade
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|
15000

0 5000 10000

. . distance (m)
[1] - https://nationalmap.gov/elevation.html



Duty cycles development

* Light duty cycle
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Duty cycles development

 Medium duty cycle
* Stop for all scheduled (major) bus stops
* Additional stops at 50 % of other stops: randomly selected from all the

traffic lights, stops signs, passenger walks and other (unscheduled) bus
stops

Speed profile for medium duty cycle -Translink 100
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Duty cycles development

* Heavy duty cycle
= Stop for all bus stops (scheduled/unscheduled), traffic lights, stop signs and
additional stopping for pedestrians
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Example duty cycles

* Some useful statistics about duty cycles

Average Average Average Max Average Max

Type of . . . . .

Name of route duty cvcle speed moving speed  Acceleration Acceleration Deceleration Deceleration
yey (km/hr) _(km/hr) (m/s?) (m/s?) (m/s?) (m/s?)

Light duty cycle 24.47 24.66 0.22 0.23 0.22 0.22
(TE':::)""" bus #100 Medium duty cycle  25.19 26.10 0.40 0.61 0.38 0.60

Heavy duty cycle 20.36 21.34 0.66 0.73 0.76 0.83

Light duty cycle 24.55 24.66 0.22 0.23 0.22 0.22
Translink bus # 100 Medium duty cycle  22.42 23.40 0.42 0.63 0.42 0.62
(West)

Heavy duty cycle 20.42 21.35 0.66 0.76 0.76 0.85




Ebus energy consumption and charging power
calculations

* Modeling methodology
* Energy consumption



Energy consumption — Route 100 (200 kWh)

ranc<link

I AT TJTTHTH TN

East direction West direction
SOC at route SOC at route
end end
kWh Total kWh - - kWh Total kWh - -
per km used High High per km used High High
Ideal Power Energy Ideal Power Energy
NMC NMC NMC NMC
Light
duty 0.92 14.04 93% 83% 88% 0.73 12.41 93.8% 83.8% 88.8%
Medium
duty 1.64 24.97 87.5% 77.5% 82.5% 1.44 24.51 87.7% 77.5% 82.7%
Heavy
duty 2.17 33.11 83.4% 73.4% 78.4% 2.05 34.82 82.6% 72.6% 77.6%

Note: Ideal battery initial SOC = 100%, High Power battery initial SOC = 90%,
High Energy Battery initial SOC = 95%



Energy consumption — Route 100 (76 kWh)

ranc<link

I AT TJTTHTH TN

East direction West direction
SOC at route SOC at route
end end
kWh Total kWh - - kWh Total kWh - -
per km used High High per km used High High
Ideal Power Energy Ideal Power Energy
NMC NMC NMC NMC
Light
duty 0.90 13.71 81.9% 71.9% 76.9% 0.71 12.12 84% 74% 79%
Medium
duty 1.59 24.21 68.1% 58.1% 63.1% 1.40 23.8 68.6% 58.6% 63.6%
Heavy
duty 2.13 32.46 57.3% 47.3% 52.2% 2.03 34.34 54.8% 44.8% 49.8%

Note: Ideal battery initial SOC = 100%, High Power battery initial SOC = 90%,
High Energy Battery initial SOC = 95%




Charging infrastructure
modeling



Electricity demand— Route 100 (200 kWh)
Translink, 450 kW charger

East direction West direction
Charging time (min) Energy from Endpoint Energy from
the grid (kWh) charging time (min) the grid (kWh)
Light duty 1.87 15.44 1.65 13.64
Medium duty 3.33 27.47 3.27 26.96
Heavy duty

4.41 36.42 4.64 38.29




Electricity demand— Route 100 (76 kWh)
Translink, 450 kW charger

East direction West direction
Charging time (min) Energy from Endpoint Energy from
the grid (kWh) charging time (min) the grid (kWh)
Light duty 1.83 15.08 1.61 13.33
Medium duty 3.23 26.63 3.17 26.18
Heavy duty

4.33 35.70 4.58 37.77




Modeling comparative diesel
bus fuel consumption



Modeling fuel consumption

* Road load calculation is the core task in this computation
process

* The road load is the result of the vehicle interaction with the
surrounding environment

* Parametric model of engine efficiency used to compute the
fuel consumption under various operational conditions




Simulating fuel consumption under light, medium, and heavy duty cycles for
Translink route 100
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Fuel consumption - Route 100 Translink

Route 100 Light-Duty Medium-Duty Heavy-Duty
Fuel used per run (L) 8.93 13.14 19.92
Fuel efficiency of diesel equivalent (L/100km) 27.90 40.85 61.80
On-road CO2 reduction per year (kg) * 146,654 215,248 325,860
Diesel cost per year @ diesel (15/L) $67,296 $93,586 $121,590
Diesel cost per year @ diesel (1.165/L) $78,064 $108,559 $141,044
Diesel cost per year @ diesel (1.345/L) $89,773 $124,843 $162,201

*Only on-road CO2 emission was considered and upstream diesel emission was neglected



Electricity costs estimations



Number of run for each route

* Looked at bus’ schedules, determined hours of service per weekdays,
Saturday and Sunday

* Assumed a 10 minute break between each run plus the charging time
e Calculated maximum number of runs per day

* Generated a charging schedule to know at what time the buses recharge
their batteries



BC Hydro rate

* Because chargers use > 150 kW, subjected to large general service
customers

* Basic charge (per day) Cg: $0.2429
* Demand charge (per month) Cp:

$11.21 X (450kW x —<hargey

15 min

* Energy charge (per month) Cy:
CE —_ (Emonth) X $00550

E..onen is the amount of kWh consumed per month



BC Hydro rate

* Discount: 1.5 % on entire electricity bill Cgoc Birg
* Rate ride: 5% on entire electricity bill Cgjoc i

GST and PST: 12% on the final bill
* Transformer owner discount (per kW): $-0.25

* The total price of electricity per year C7, is:
CElec Bill — 365 X CB ~+ (CD + CE) X 12
Crot = Criec giy X (1 — 0.015) x (1 4 0.05) x (1 + 0.12) — 0.25 X 450



Charging costs — Route 100 Translink (200
g S

(DO

ute
e

~ kWh) assume 2 charger

Light Medium Heavy
Yearly MWh estimated 219.0 369.51 456.16
Basic cost (CAD S) S177 S177 S177
Demand cost (CAD $) $14,205 $26,635 $36,522
Energy charge (CAD S) $12,045 $20,323 $25,089
Electricity cost (CAD $) $26,427 $47,135 $61,788
Total charging cost for a year (CAD $) $30,499 $54,487 $71,460
Diesel cost for a year (CAD $) @ diesel (1.165/L) $78,064 $108,559 $141,044
Diesel cost for a year (CAD $) @ diesel (1.345/L) $89,773 $124 843 $162,201
Benefits (CAD $) @ diesel (1.165/1) $47,565 $54,072 $69,584

Benefits (CAD $) @ diesel (1.345/L) $59,274 $70,356 $90,741




Charging costs — Route 100 Translink (76kWh)
—assume 2 chargers

Light Medium Heavy
Yearly MWh estimated 212.4 358.5 457.8
Basic cost (CAD $) $177 $177 $177
Demand cost (CAD S) $13,882 $25,828 $35,957
Energy charge (CAD $) $11,682 $19,718 $25,179
Energy cost (CAD $) $25,741 $45,723 $61,313
Total charging cost for a year (CAD S) $29,705 $52,851 $70,910
Diesel cost for a year (CAD S) @ diesel (1.165/lit) $78,064 $108,559 $141,044
Diesel cost for a year (CAD S) @ diesel (1.345/lit) $89 773 $124,843 $162,201
Benefits (CAD $) @ diesel (1.165/lit) $48,359 $55,708 $70,134

Benefits (CAD $) @ diesel (1.345/lit) $60,068 $71.992 $91 291




Thank you!



