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APPENDIX A
BUS SPECIFICATIONS

SECTION A. GENERAL REQUIREMENTS
Al General
A.ll This Appendix provides the expected specifications for the two types of hydrogen

fuel cell electric buses which are intended to be fueled at the hydrogen fueling station
to be procured by this project. The estimated specifications are found in Table 1.

Table 1: Bus Specifications

Specification Specification 40' Bus 60' Bus
Category
Bus Model New Flyer New Flyer
Xcelsior FC | Xcelsior FC
XHE40 XHE60
Curb Weight 15,195 kg 23,190
Storage Number of On-Bard Gaseous Hydrogen 5 9

Storage Cylinders (Tanks)

Cylinder (Tank) Type Category Type 4 Type 4
Hydrogen Volume Per Tank 312 L 5@312L
4@ 193 L
Total Hydrogen Volume on Bus 1560 L 2332 L
Hydrogen Mass Per Tank 7.5kg 5@ 7.5kg
4 @ 4.625 kg

Total Hydrogen Mass Stored on Bus 37.5kg 56 kg
Total Usable Hydrogen Mass on Bus 35.5kg 53 kg
Post Fueling Event Settled Pressure 35 MPa 35 Mpa
Target

Fueling Receptacle Type TN 1 HF TN 1 HF
Nozzle Compatibility TK 16 HF TK 16 HF
Station to Bus Communications IrDA IrDA

Protocol
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SECTION B. NEW FLYER XCELSIOR FC
B.1 General
B.1.1 Any information presented are approximations only provided by the manufacturer for

the purpose of planning only, and are not representative of the City of Winnipeg's
Bus build. Contractor shall verify final vehicle information with New Flyer Industries
during the design process



RFP No. 1042-2023
The City of Winnipeg

Supply & Service of Transit Fueling Station with Methanol to Hydrogen Generation

Appendix B — Bus Specifications
Version 1.0
Page 3 of 20

8 | 7 | 6 5 4 3 ] 2 1
THE INFCRMATION CONTAINED [N THIS DRAR SRORRIET WOTED PO INGTALLATIN DUANINIG PLEAGE FETEA T0 ATTAGHED WA 00N GEET FOR PARTS LIGTING DRAK NG N
W FL IMOUSTRIES CARADA LAC OR 1 TS A'P ILlAIL‘: |"l‘tl‘ PL"‘_—P"‘ P -
THIS GRAWING AND ALL MATERIAL DELIVERED WITH |T MUST BE AETURNED 624323
UPON RECUEST, AMD SHALL NOT BE DISCLOSED TO THIRD PARTIES
'II'ﬂU’ THE '14 J'l '“I TTEN CONSENT OF NEW FLYER, ONE OR MORE
OR THE PRODUCTS DEFICTED HEREIN. [
0 dUlS NEW I‘LYJ? WIDUS RIES GANADA ULC. ALL RIGHTS RESERVED.
492
TOTAL LENGTH [NCLUDING BUMPERS
482
BODY LENGTH (MOMIMAL )
- 422
E t OF ENTRANCE DOOR TO & OF FILL RECEPTACLE E
] 162
SERVICE
IN .JI-'I-_I\
POSITION
19.00
10||_|é|_0:1|[;
LN
2] iunLoaceD [B]
BuUsI —|
— ag—l / —
PRIMARY FILL /
RECEFPTACLE Exé[Eﬁgan L 14 L is.5 L
43— APEN NG EXLT DOOR T.0. FLOOR ENTRAMCE DODOR
OPT[EMAL ,pEpEN:.J\NT STEP HEIGHT CEMTER ISLE STER HE 1847
SECONDARY FILL - oN -
RECEPTACLE STA u||;>'r|- ND CURSS |DE STA
C 416.25 GRAE HANDLE TUNLOADED BUS) 700.00 C
OPTIOMS)
283.75 i
86.7 WHEELBASE 120.8 i
gl.3——= lo2
I J f |
= -
6 |
|
II.
. 133
Bl ia=o | 7 B
WHEEL CTR
Tgbgwaunc g
[ A B DEPARTURE
GROSS WEIGHT) \, BREAKOVER | ANGLE
— ANGLE .
1= B — ——--‘E
— =. T ———— —— -
t — = ! B — i 1
g |
APFPRDACH 305 TIRES -
ANGLE 8 10 6.5 5.6 7=
L JACKING PAD GROUND CLEARANC CLEARAMCE
P\W CLEARANCE CLEARANCE REAR BuSSENSION REAR SUSFENSION BOLTS MATER L o T Jo ] TITLE A
Ao STREETSIDE N 7 |LAYOUT- [XHE401 40FT FUELCELL
™ m@;s@i—.j— (BUS AT GROSS WEIGHT! T i 63
[ Sh g PART M
s T4 &
624523
1 TREATMENT SUIMCAR TO
ecu- Loasis OVERALL DIMENSIOMNS  |we MEW FLYER o
DESCHIFTION ECO SCALE NTS [B] GHEET | OF |
| I I f [ s
7 6 5 < 3 z T . e




RFP No. 1042-2023
The City of Winnipeg

Supply & Service of Transit Fueling Station with Methanol to Hydrogen Generation

Appendix A — Bus Specifications

Version 1.0
Page 4 of 20

8 7 & = 4 3 2 I
THE INFORMATION CONTAINED IR THIS DRAWI 5 FROPRIETARY TO WOTE: FOR INSTALLATION ORUARINOS PLEASE AEFEN 10 ATTADHED WA B0M SAEET FOR PATS L1STING CRAWING W
HEW FLYER [MOUSTRIES CANADA LLC OR ITS AFF ILIATES [7NEW FLYER"I.
THIS DRARING AND ALL MATER|AL DEL|VERED WITH |T MUST BE RETURNED SR4214
UPON RECUEST, AND SHALL MOT DE CISCLOSED TO THIRD SART IS
WITHOUT THE PRIDE BRITTEN CONSENT 0F REW FLYLR, —ONC DR WORE
PATENTS ENG T HE_PRODUCTS DEFICTED HEREIN. |
AE1 201T NEW FLYER [NGUSTRIES CANADA WLC,  ALL RISHTS RESERVED. 230
TOTAL LENGTH TNCLUDIMNG BUMPERS
T20
BODY LEMGTH (MNOMITMNAL Y /)\
E 305.25 177.8 ao E
CTR OF DOOR CTR OF DOOA 39, 34 MAX
161.5
MAX HE [ GHT
\ TANK_DOCRS:
Er-;&?\::E FULLY OFEN
ELLAR |
| jj o=enive 33.7 - .,
D ld = FET >}
S ————
: — 2 “
! T |
19,00— EXIT DOOR TOP_OF FLOOR CURSS 1 DE MID EXIT DOoR ENTRANCE DBOOR -
- GROUMNE STEF HEIGHT CEMTER [SLE TUNLOADED BUS)H STEP HE1GHT STEP HE1GHT
WHEEL CTR T GROUND AT ALL DODRS l—a87.5
IUNMLOADED BUS) - -
229.00 £93.00
B7.3 WHEELBASE WHEELBASE 120.8
c 389.4 } 340.7 c
Bl1.3

RIVOT POINT

| L-"'F?

PP
MAX | MUM
HE1GHT |
B 18.50 . B
WHEEL CTR TO GROUND
IBUS AT GROSS WEIGHT! Eisgféwm
__1 — |
.' = — Fe=
1 ' / 305 TIRES J e
g 10— L. 6.5 56— DEPARTURE
APPROAGH ACKING PAD GROUMD BREAKOVER CLEARANCE e AMBLE
GLE =i e = It o - o STREETSIDE 7 CSLUSPENS CLEARANCE
AMBLE CLEARAMCE CLEARANCE ANGLE |BUS AT OROSS WEIGHTI REAR SUSPENSION REAR SUSPENSION BOLTS
A CO_WOT SCALE CRAW R A TN AL ‘0 TN, s el TITLE ﬁ
DIWFRSICHRS W1 1 L
ARE (N m, o i LAYOUT-XCELSTOR &0FT FUELCELL
Ino avae e | o iy -
A BY o e Aty = T
smhEn wee 1 _ 554414
BATE (00 WYY 1 | 7 [FELERGED T ORI G- 50908 OVERALL DIMENSIONS TR TENT SIMJCAR To R R FLYER -
w13 hev BESERIPTION [ e soE v me
8 7 & ' E ' 4 3 ' 2 ! L e




RFP No. 1042-2023 Appendix B — Bus Specifications
The City of Winnipeg Version 1.0

Supply & Service of Transit Fueling Station with Methanol to Hydrogen Generation Page 5 of 20

B.2.1 New Flyer Xcelsior FC Brochure

==

NEW FLYER.

xcelsior CHARGE FC A
Our next generation, fuel cell-electric, .~
zero-emission transit bus. g /

Xcelsior CHARGE FC™ delivers longer range, better energy
recovery and is smart city capable - making it the most advanced
hydrogen fuel cell-electric bus in North America.

Available in 2 Lengths

Four distinct technology advancements to
deliver a high-performance bus.

e 9 o @

High-Power Battery Packaging Fuel Cell Power Traction Propulsion
o Batteries achckn Module System
E Thenewest high-power, packaging designed for easy A nes high-performing fual A new lightweight electric
o rapid-charge bafteries. Installation and streamiined cal power mooule that is traction propulsion system
Q mantenance. simplar, more robust, and with up to 80% enargy
% has a lower Becycie cost. recovery.
&
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newflyercom/C

FCmowe™-HD-+ |15 Balland Power
Systams next genaration heavy-duty
Tuel call powes madule for
rero-amission vehicle applications
that Infroducas a more compact and
robust design with suostantial
Eacyclke cost reductions,

requirements, higner rallabilty, and
fewer perts.

Battery packaging.

Astendanized waterproot battary
enciosune s mounied on the rofiop using
a"plug and play” approach, lending

simplicity end efclancy In design, Instel,
ﬂ'ﬂl‘ltE'ﬂEl'EEl'ﬂﬂ'ﬂ.ﬂLﬂEﬁlLﬂl‘lg.

Simpler
# Onesimpieend standanszed

approach tor better quality,
consistancy, and BCCLETY.

It 3 nattary neats to be raplaced, the
micaule Can be remoyed and

repiaced with 2 newy backup moduse.
Tha module neading troubleshooting
canbe senddcad In the shop whilla the
bus with the newbeckup module
onboard retums toservice.

< \With every battary having the same
enclosure, serdce manuals are tha
same Tor every single bus mode end
length.

+ Berica parts ere reduced by 90%
going from 260 boless than 60 paris.

Technology advancements.
1 Fuelcell power module.

Simplified System Integration

#  Allsubsystems ane Integraled Info
ane enciosure.

»+ Easlar toservice and takas up less
spaca on the bus.
Incraased Reliability

+  Dedivars =5M% fusl cell power
evellablitty while In sandce.

4 Mone robust components.
# With an IPGSK reting, the module is

1004 protectad from intruskon of dust
endwaer particles.

Waterproof

# Ith an Ingrasa protection reting of
IP&7, the battary anciosurs s 100%
walerprool I submerged Inwater,
which greatiy reducas the lksihood of
walter Iaaking Inio the nattery encicewre.

-+ Wt an Ingrass profection rating of
I for ciust, high femperatunes,
end high-presssure weshing therels
104 protechon rom intruskon of dust
or weler particles. This ks ideal for
demandng oparating conditions, and
sttuatiore whara sanitizetion and
rigonous cleaning s undertaken.

Maore Efficient

+  Modulas are befter Insuiated rasulting

In better management of batery
temperature for optimal performance.

The newest high-power batteries.

The: batteries ere made of worid-class

enengy storage systems (ESS), anginearad

Tor sate, roiust, Bnd reflabie usa In transit.

The battery chemistry s Lithium Mickel

Mangenase Cobalt {NSMC), providing the best

balance of enengy, power, satety, and lie.

More Emergy
< 40 more enargy
avalanie

# (Greater caplure of
regenarative enangy
{during braking & top
sisteof charge).
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More Efficient

< Wide operating renge across
{emperatures of -30°C [-22°F)
o =B0"C {122°F).

» Freess start to-26°C (12°F)
without extarnal anangy or use
of spaciel start procadures.,

Easier to Service

+ Thecasings arsbullt using &
rednforced composie fber that ks
mon-conductha.

» Sanicelechniclans can simply and

safely plug Inor unplug the batiery
module with less exposure{o

high-voltage elactricity

Lighter
- Thestendardized batery enclosure
Ia lighter in weaight.

Extendad Range

Range at highway speeds |8 axtended by
4d% without compromising qualty.

More Efficiant

Batter controlied end more consistent call
temparature In high-demand applications.

Version 1.0
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mewflyercom/FC

4 High-grade Siemens traction system.

ELFA 35 Slemens’ next generation traction system that
ntrocuces a more efMclent design with compact invecters
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More Efficient

and embedded drive controliers. 7 Minimai rack requiring no covers.
+ Shorter cebile runs offer decreasad risk of issuas or
Safer Smaller faults, electromagnetic compatibiity (EMC)
end r power efficiancy.
Easler and safer to maintain Smatier and lighter, taking
with shorter cable runs and up less space on the bus. >
touct-aate high vot P Deivers up to 90% energy recuperation.
connactions. / Dellvers smooth, quiet, emission-frae driving (with no
enging noise, no keing, and zero local emissions).
/ Betier torque accuracy.
Extended range with i ®
Zero emissions. Robust Design Eco Friendly
Buiit on the proven Xcalsior® Hydrogen is clean, abundant. and
. platform, the Xcalsior CHARGEFC™  can beraformad Info hydrogen from
New Flyer fuel cell technology is a utHizes the same robust electric natural gas (methane) or creatad
unique and innovative way to obtain Propulsion sysiam as the Xoelsior from renewable SoLFOE8 SUCH aa
) o CHARGE NG™ teftery-electrichus,  windorsolar energy through
extended-range operation similar featuring industry-proven Siemens electrolysis.
P : 2 < and ZF components.
to existing tra_nsvlt vehlc(e_s usinga e AR s A Pr
fully zero-emission solution. £5-135 tons of greennouse gases per
yeer from talipipe emissions
| compared 1o a diesal bus.
Extended Range
The Xcatsior CHARGE FC™can
travel 370+ miles on a sihge
° refueling and requires no off-board
electric recharging.

370+ miles
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How it works Xcelsior CHARGE FC™ is an eleciric vehicle that uses
compressed hydrogen as an energy source.
-
e
Integration with Smart Powared by Ballard
Battery-Electric Refueling Fuel Cells
Technology
Whatisafuelcell? ltisa Fueling 2 ,.’;:”‘.;."’.;,TG,
device that converts 40-100t: & - 10 S o S
H H ] : wymyan floms
chemical energy into e ——— 18gmogen EEpe
electric energy. thoarmds it e
Equipiped with eftiher or both T or frpdrocan i
A saries of chamical reactions spilts THE Ml recapiacies or & mut-n port ’ el
ydrogen into protons end & current confguretion Aeceptacies can slso l
ot edectrons and then comiines Ehem beaquipped with I franemitiers or
with coygen, which produces water. hardwired communication ports io
The iow of skactrons I8 the sleciric support st filing at smart 1l stations. ‘
current. The electric cument 1s usad
10 power the batberies and utimataty Lightwesght Type & HIGV2 fanks with ¥
power the bus. BE% LsEnie capacity \
l 4 WATER
Technology -
Fual cal-glectric buses combina the best of battery eleciric bus technology with an __LJ
on-Doantd power generator (sl call. Jsirereny
Fual cal-glaciric buses Lse a baftery-dominant hyorid architecture, whers the bafteres
are lergeanaugh to handie allvehicle performanice neads while the el call acts Tkea
continuous battery charger toextend therange of tnevehicia.
Hattery Thermal Marsgement Propulsion Cooling System Enengy Storage Sysiem [ESS)
Sysiem
mreseg —
Aear Beatric HYAC . f—— T
Dirive Aandliary l i s I 40"
System./Fower 1 e
Electronics Fu=| C=l -L ——
Electric Drive: Mator r— —
Propuls HZ Tark
E;:- E-'lg%:'r.err Cenber-Driven Al Modules
r ] [Sle]s .
L —] Q00 a0
= ¢ :'I\:I-rI_LEI:cI'ic
it-_:f;;:EIECHC - _ Center Axle inverter Rack + Cooling
Battery Thermal
Management Sysiem; Energy Storage System [ES3) H2 Tank Modules

newflyercom/FC




RFP No. 1042-2023
The City of Winnipeg
Supply & Service of Transit Fueling Station with Methanol to Hydrogen Generation

mewflyercom/FC

Functionality + accessibility.

» o e

Kneeling Self-Leveling Capacity

SmartRider™ anables kneeling to SmartRider™ ramp achievee a 1:6 naustry-leading passanger
variabie heights and minimizes the slope ratio with a self-leveling leature carrying capacity with up to 82
siope diference batween a low-foor that can withstand up to 1000Iba. {otal {40 seated and 42 standees).
ramp and the bus Noor.

CONNECT(360).

Connect 360™, operated by NFI Connect™, is
a customizable performance dashboard that
provides smart analytic reporting to expand
insight and intelligence for managing your
Xcelsior CHARGE FC™ fuel cell-eleciric bus.

w‘d\’ Additional range Intefligence on how 10
¥ capabiiity with improved presernve battery energy
driver performance. throughout theday.
- Decislon-making %, Reduced operating
n”'ﬂn“ Intormation to optimize cost and meximum et
charging sirategies. utiezation.

m Infrastructure Solutions"

NFl Infrastructure Solutions™ is a service dedicated
to providing safe, reliable, smart and sustanable
charging and mobility solutions.

Learnwhat Infrastructure Solutlons can co for you &t
nfigroup.conv/Is

Appendix A — Bus Specifications
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Connect 360™ is Included on every new Xcelsior
CHARGE FC™. Leam more at nfigroup.com/connect

What our Infrastructure
Solutions team provides.

Supports mobiity projects from start fo finish.
Focusas on energy management optimization.
Provides Infrastructure planning and development.

Provides cohasive transition of bus fieets o
zaro-emission electric technology.
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newflyercom/FC
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B.3 Turning Radius

B.3.1 Turning Radius 40-foot Bus

\\‘\7 ~ ‘\‘

S Ny
f/ |

COAGM : A0 FT LOW FLOOR
MAX STEERING ANGLE 47° “\
T N

MAX TUBRNING AADIUS : 44.08 FT
\‘. %
...70‘3\ <! \\ BelZ

$29.05 RAD

It = 47.00°¢ ‘ \ “\
| e, \/ Cieod| N
A0 LA
\\ \

v
/)v

K \
473.19 RAD

/ ‘.\I. | \

B.3.2 Turning Radius 60-foot Bus

FLOOR ARTIC

60 FT LOW

— mo.nn—-‘ - -7

.'._
3}}$3'

V%

31.76°

TURNING ANGLE = 34.76°
TURNING RADIUS = 42.5] F7T

ARTIC ANGLE = 50°
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B.4 Pressure Drop Analysis

B.4.1 Hydrogen Fuel Storage System (HFSS) Fuel Fill Pressure Drop Estimate Analysis

XHE40 & XHEG60 Pressure Drop Estimate vs. Air Supply Requirement
V4

Hydrogen Fuel Storage System (HFSS) Fuel Fill Pressure Drop Estimate Analysis

By: Steven Young & Klaas Vonck
Date: 6/13/2023
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Executive Summary

This report evaluated the pressure drop of the NF XHEB0 and XHE40 H2 fill lines with and without
the Pony tanks against the requirements from Air Supply, a fill station supplier (300 psi max drop at
100 g/s (6kg/min) flow)

Results:

+  XHE40 without Pony tanks 451 psi pressure drop

+  XHE40 with Pony tanks 280 psi pressure drop

+  XHEG0 without Pony tanks drop (For Ref Only) 451 psi pressure drop (For Ref Only)

+  XHEG0 with Pony tanks 410 psi pressure drop
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Details of the Ask:

From; Cooke, Erin <ECookniSwnnipeg £
Sent: Friday, May 5, 2023 953 AM

To: Furk, Edgar “afunk@winnpeg o>
Subject: REP for hydrogan station

H Edgar,

Appendix A — Bus Specifications
Version 1.0
Page 14 of 20

' working with CTE on the &FP for our hydragen station. Naw Alyar has p dod us two p rop analysis repOns 10 assat with the development of tha techeical specfication. Nether of
thaso documsnt wera created directly for Winnipog Trarsit. We wartad mﬂflrrmnm that the lnfumumn & in fact refloctive of WT's butkd. Aftor yestordays emall I'm conddent that the XHESD s scoxate,

but ¥ we are adding the extra tanks 1o the XKE 40 fehich | woukd recommended cost dependant] we would need an update pressure drop snakyses.

Also CTE 1s wondering whether it would be possible to sttached » pressure deop report i the R5F for the hyckogen station, There |3 clearty some information in these reports that New Fhyer woukd want to
keep confidenzial, but I'm wondaring If & might be possile for New Flyar to credte a Winnipeg spedific documant compling the froum these twe o 5 into 0ne with sny confidential

b3

Infarmation redacted,

i poszible e would need 3 revised document by Wid-June to be able to include 1t In the RFP,

1F ok, as they feel the emtire document confidential, | il just tel CTE they can't include 1)

I'm assuming any requests should now go through you to Dawn, and not from me to Dawn, Adrian or Chad directly, 30 | was hoping you could forward this on my behalf,

Regards,

@ Erin Cooke
Projpect -T %o Zero Bus Program

,4\
2 Wannpeg Traned
Winnipeg  Aagenctoscs
TeRphone: 2042263557
Eondnd: QCOONGMON0N0 i
Wabisine: WiOoRe 3
Address: 414A Osbome Street Wianigeg. N8 R3L 241
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Hydrogen Fuel Storage System Analysis Details

Background / Purpose

=  SAE J2601-2 states and requires that:
- “Different HOHSV CHE S will have a range of pressure drops across the system.”
- “The maximum expected pressure drop across the vehicie from receptaclednozzie couplng fo tanks showld be designed fo be 35 minimal 35 possible.”

*  Simulate pressure drop across boundary from receptacle(s) to tanks.
= Assist fill station integrator in understanding the coach side fuel system plumbing.

Simulation Assumptions
- Software: Flow of Fluids v17.2 50098 - THN5 Receptacle is used
- Estimation using Darcy-Weisbach analysis. *  System pressure drop of = 300 psi g is desired by fill station
- System pressure drop (dP) between 10% - 40% (~ 15% - 27%) integrator.
- Fluid properties were varied through the system for pressure to be within . Target flow mass flow rate, m of & kg/min (100 gisec).

10% or less of condition.

— Inletpressure, Py = 2,000 psig . SAE J2601-2 *Fast Fueling Option A" © 3.6 kg/min =m = 7.2 kg/min

—  Fluid Temp.. T =0°C - Temperature drop upstream to downstream is not considered.
Disclaimer
REfE Frences *  Design analyzed is currently in process & future design changes may affect

reported results. The analysis included is of a concept (un-released) design

Technical Paper 410M. 04/2013 (Crane) as per the date on this report

Intreduction to Fluid Mechanics 4™ Ed. (Fox. McDonald)
J2601-2 Fueling Protocod for Gaseous Hydrogen Powered Heavy Duty Vehicles, D8/2014 (SAE)
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Results

FC Move w ELFA 3 XHE4D XHEHD:
. Without Pony
Description of Schematic: Wm.l?m Pony With Pony Tank Tank With Pony Tank
ank -
(Ref only)
Total Flow (kg/imin) i] 8 i} [i]
Flow Per Tank: (kg/min} 12 LT 12 067
nlet Pressure: 2000 2000 2000 2000
Tank 1 1548 1720 1548 1702
Tank 2 1556 1722 1555 1704
Tank 3 1558 1723 1558 1705
Tank 4 1548 1720 1548 1702
Tank § 1556 1722 15585 1704
Tank & NiA 1732 NIA 1580
Tank 7 Ni& 1730 NIA 1580
Tank 8 Ni& 1738 W& 1581
Tank B Ni& 1733 NIA 1580
Total Pressure drop: 451 280 451 410
Difference from Req (300 psi): 151 20 151 -110
% Difference From Req.: -50% 7H -50% 37%

Appendix A — Bus Specifications
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System Schematic - Fill Path — ELFA 3 XHE60 Production Intent w Pony Tank
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-25"ID Parker Flex hose ASTM A269 316/316L Stainless Steel ASTM A263 316/316L Stainless Steel
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System Schematic — Fill Path — ELFA 3 XHE40 Production Intent with Pony
Tank
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System Schematic - Fill Path — ELFA 3 XHE40 Production Intent without Pony
Tank

3/8" OD X 065" WALL (245" ID) 112700 X D83 WALL (.3?4" 1T}
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NEW FLYER.




