Toyota Mirai Hydrogen Fuel Cell EV

- Rep\air Garage Design & Safety -
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Mirai Fuel Cell EV Operation

Agenda

1. Greet’i'ng ehd“\lntrod\u_ctions

2. Toyota Miral Overviévvx

3. Toyota Dealer Hydrogen Repair Facility
4.Feedback and Discussion

5. Hydrogen Vehicle Safety Training

6. Other Regulatory Challenges

/.Wrap Up Summary
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Toyota Mirai Fuel Cell System Layout
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Toyota Mirai Fuel System

* Three pressure zones

. Q's;ed fuel syste
* Pressurized ﬁ co\n%etd

tanks when “Ready-off”

FC stack assembly

BT\, ~/
RO GA

* Volume of pressurized H2
fuel in lines < 300cc npt

* Energy content of H2 in
lines <40 btu, about same
as one drop of gasoline

* During service, lines are
safely vented to
atmosphere
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Toyota Mirai Fuel Tanks

— I - REfUEIING
m—- SUPPIYING  1------mmseeemeceeeannes

- Tank valves are n%_ally
closed (N/C), de-energize
to off position

* Combined tank capacity = Refueling
~5.3 Kg at 10,000 psi ‘ manifold

* Defueling is performed — l \
from mid-pressure line at
Hyd
pressure regulator — equ
e Defueling pressure ~175psi defue
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Toyota Mirai Hydrogen Tanks
fa¥

» Hydrogen Tank Design: . * Composite Tank Construction
. YHGVTypelVTank == v'Polymer liner
 V'Rated (22 ﬁ)o %_‘zsx\ - v'Carbon fiber strength layer
v Certified to GTR13 s andar}s\\!‘ ‘ v'Surface Protection Layer
v

.. ° Tank Valve Operation

v - Inlet check valve

v’ Outlet solenoid valve (normally closed)
v' Manual shut off

v Thermal pressure relief device (110 C)
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Toyota Mirai In-vehicle H2 Sensors

pCe
O \.\ N
Operational when vehicle
Is “ready-on” and during

service (i.e. defueling)

If hydrogen is sensed
during vehicle operation 4
or service, tank valves
automatically close
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Toyota Mirai Defueling

* Performed for certain hydrogen repair operations (i.e. tank replacement)
v Performed in “operational” H2 service bay only (or outdoors with AHJ approval)

\/Wrges outside of H2 service bay and building; > 50’ from any intakes

Bend radius (min 3”)
\ B (s If hydrogen is sensed under the

T T union

. " vehicle or hood during defueling,
* Defueling hose connects E. operation aborts & N/C tank solenoid
to mid-pressure port & PRy I valves automatically close
. . P/”N: 5_5'T4'S'035'20 . Above Bay Enclosure
defueling vent line o ﬁ;,und
. ~ AS REQUIRED
e Scan tool service utility ‘
|

used to energize tank , |
valves for defueling N : A

eft enclosure post
ost shown in photo)

Defueling hose mid-preSSUre
port

Connection to room
atmosphere vent pipe

2" male quick coupler
P/N: S5-QC4-5-400
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Dealer Hydrogen Repair Facility (codes

ng Code —
ire Code — NFPA 1, 2 (2016) or IFC (NY)
ical code — IMC

v' Electric code — N'EGLN%?O

-+ Repair garage coée requireménts for vehicles fueled by lighter than air fu
xception — maintenance and non fuel system work (majority of repairs)
v' Mechanical ventilation

Ay

al & audible alarms
oI a ont
A 72 rm

v' Deactivation of heat

v Gas detection/v

en trigge

vill deactivate S’ wher
ified electrical withi ili

o Eliminate electrical within 18” of ceiling

ire Pro

o Adi ]

ank defueling equipment

o Stainless steel hydroger
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Hydrogen Service Bay (H2SB)

* Designed to create a safe and compliant working environment for H2 repairs

. Essentially, an updraft paint booth
\Hydrogen Code Cor Repair Garage

required for all hydrogen system repai

Features

@ Enclosed space
a) Freestanding hood / valence supported by 4 posts
b) Retractable vinyl curtains (NFPA 701 fire retardant)
@ Ventilation system; exhaust at ceiling, make-up air at lower 4 corners
@ Hydrogen sensing with audible/visual alarms
@ Atmospheric hydrogen defueling pipe

@ Classified electrical (within 18" of ceiling)

a) Above ground lift requires class 1, div 2 limit switch or switch must
be located outside of upper 18” zone

b) Overhead lights; sealed, tempered glass (class 1, div 2)
@ Fire sprinklers

PTOYOTA | Dus | D=ciom
PRODUCT QUALITY & SERVICE SUPPORT



Hydrogen Service Bay (H2SB)
-ventilation-

Exhaust >50° from H2SB or other building intakes  Z%&S AN

Y INTAKE
EXHAUST FAN
i INLINE INTAKE-AIR HEATER MOUNTED ON
o L X4 SLEERERS DUCT MOUNTED ON
. INTAKE FAN 1-0'@ T2t 4X4 SLEEPERS
r MOUNTED ON 3
N, . 4X4 SLEEPERS ‘ W

o
/]

"ROOF LINE

Adapter: 12"

Exhaust at top center of
enclosure — aft of H2 sensor

Intake air from bottom of
support posts at 4 corners
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Hydroc¢

| sensor — tested for rellablllty H2 sensing is always operational when

Jﬂ-a“mm‘l'{i}’e repair environment Main Disconnect switch is “on”
by KPA and NREL
» Validated for accuracy, durability,
stability :

* Recalibrated and logged quarterly

* RKI control pane rgency
power backup

mount outside

em

* Level 1 alarm 10% LFL (strobe alert &
ventilation increase to ~ 2K cfm)

* Level 2 alarm at 25% LFL, alarm sounds
red strobe flashes
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-sequence of operation-

D
(/)
s’

HYDROGEN SERVICE BAY INDICATOR STATUS
CONDITION REMEDY
NOT SAFE TURN MASTER SWITCH
FOR HYDROGEN ON
REPAIR CLOSE CURTAINS

NOT SAFE
RED - FLASHING FOR HYDROGEN
REPAIR
SAFE
FOR HYDROGEN
REPAIR

IN CASE OF HYDROGEN RELEASE ACTIVATE FIRE PULL

Hydrogen Service Bay (H2SB)

NORMAL OPERATIONS
| OperationStep | Indicstor [ Action |

switch is “ON” 2) Control panel cool udible standby
2) Ensure System Switchis | 1) System On —white light
“ON”" 2) Intake Fan On —green light

3) Exhaust Fan On —green light
4) Fans operate at 500+ cfm

3) Close curtains 1) System Operable —green light
2) Curtain interlock made —green 'mal Oper; H
panel light & green remote light
ARM CONDITIONS
| Condition [  Indicator [  Action |

System, Intake Fan or 1) Red panel light, red flashing Turn System, Intake Fan
Exhaust Fan in “OFF” remote light & siren and Exhaust Fan to “ON”

10% LEL Hydrogen reached | 1) Fan speed increases to 2,000+ cfm | Warning Only upon exit
2) LELalarm # 1 - Yellow light & do not re-enter until
buzzer on Beacon H2 Sensor yellow light turns off.

25% LEL Hydrogen reached | 1) Alarm horn Stop Work, Evacuate
2) Red flashing light & siren Hydrogen Service Bay and
surrounding area. Do not
re-enter until alarms are
silenced and yellow light
turns off.
LEL System Failure 1) Alarm bell Stop work, cease use of
(Hydrogen Detection System | 2) Amber light top of panel Hydrogen Service Bay
Failure) 3) Remote solid red light until repairs can be made.
4) Fans activate at 2000+ cfm

Silencing Alarms:

Depressing the LEL Failure Silence Bell button, the LEL Alarm #1 Silence Horn button or the button
on the bottom of the RKI Sensor Panel silences each alarm after activation.

Manual Mode:

TO BE USED FOR TESTING ONLY: Intake Fan or Exhaust Fan may be placed in manual mode when
the Hydrogen Service Bay is not in an Alarm State by use of the key switches. In manual mode the
fan speed can be controlled by the Pot Intake Fan and the Pot Exhaust Fan respectively.

Emergency Stop:

Depressing the Emergency Stop button shuts down the (Q PA
entire system. This button is for emergency use only.

1-800-486-0400
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Inside of Enclosure

Hydrogen Service Bay (H2SB)

-sequence of operation-

»-Alarm.conditions posted in close
@\roximity to control panel

Outside of Enclosure

ALARM CONDITIONS

Condition

System, Intake Fan or 1) Red panel light, red flashing Turn System, Intake Fan
Exhaust Fan in “OFF” remote light & siren and Exhaust Fan to “ON"

1) Solid Red remote panel light
Curtain is Open for > 3 min 1) Flashing Red remote Light & siren

10% LEL Hydrogen reached | 1) Fan speed increases to 2,000+ cfm | Warning Only upon exit
2) LELalarm #1 - Yellow light & do not re-enter until
buzzer on Beacon H2 Sensor yellow light turns off.

25% LEL Hydrogenreached | 1) Alarm horn Stop Work, Evacuate
2) Red flashing light & siren Hydrogen Service Bay and
surrounding area. Do not
re-enter until alarms are
silenced and yellow light
turns off.
LEL System Failure 1) Alarm bell Stop work, cease use of

(Hydrogen Detection System | 2) Amber light top of panel Hydrogen Service Bay
Failure) 3) Remote solid red light until repairs can be made.
4) Fans activate at 2000+ cfm

Silencing Alarms:

Depressing the LEL Failure Silence Bell button, the LEL Alarm #1 Silence Horn button or the button
on the bottom of the RKI Sensor Panel silences each alarm after activation.

Manual Mode:

TO BE USED FOR TESTING ONLY: Intake Fan or Exhaust Fan may be placed in manual mode when

the Hydrogen Service Bay is not in an Alarm State by use of the key switches. In manual mode the
fan speed can be controlled by the Pot Intake Fan and the Pot Exhaust Fan respectively.
Emergency Stop:

Depressing the Emergency Stop button shuts down the
entire system. This button is for emergency use only.
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Hydrogen Service Bay (H2SB)
-defueling to atmosphere-

Defueling always performed in an “operational” H2SB
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