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What is NGVAmerica?

= NGVAmerica is the national trade organization dedicated to the development of a
growing, profitable, and sustainable market for vehicles powered by natural gas or
renewable natural gas.

=  NGVAmerica represents the full value chain of the industry including more than 200
companies, environmental and government organizations interested in the promotion
and use of natural gas as a transportation fuel.

=  NGVAmerica members produce, distribute, and market natural gas and renewable
natural gas across the country; manufacture and service natural gas vehicles, engines,
and equipment; and operate fleets powered by clean-burning gaseous fuels.
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Corners of NGVAmerica’s Mission

Lead advocacy efforts with federal and state regulators and policymakers to advance
the marketplace and level the playing field with other transportation fuels

Through education & communications be the most credible voice on NGVs and to
support information sharing within the industry

Serve as forum for collaboration, discussion, & debate in the interest of developing
common standards and best practices for safety and excellence in the NGV
marketplace

Be the convening authority for NGV industry leaders to gather and discuss strategies
with business peers, customers, technology experts, and thought leaders
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NGV 6.1 — Recommended Practices For CNG Fuel Systems

NGV 6.1 Scope:

Recommended practice applies to the design, installation, inspection, repair, and maintenance of

the fuel storage and delivery system installed in on road vehicles for use with compressed natural
gas (CNG)

System Design Failure Modes & Effects Analysis (DFMEA) approach has been used as a starting
point for writing the document.

Multi-stage DFMEA process:
* Working group initiated — Erick Girouard (Emcara), John Dimmick (CVEF), John Jordan
(Agility Fuel Systems), John Eihusen (Hexagon Lincoln)
* Functional block diagram
* List of functions
* DFMEA - Functions, Potential Failure Modes, Causes of Failure Modes and Effects of Failure
(Prevention & Detection Design Controls not yet completed)
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unctional Block Diagram

CNG Fuel System Functional Block Diagram

I
I
Support Tank and Mount I

Body / Frame /
Chassis

1. Support Fill al

1. Support Regulator and Brack

CNG Fuel
Dispenser

Tank Cover / Box

Coolant

Components below are part of overall system, however, the location will vary.

(10)
Filtration — (11)
Coalescing & Component
Particle Bracket(s)
fiter, housing, fttings)

7.1Support Component (1)
7.2 Manage BSR (NVH)

7.3 Remove Part

7.4 nstall Part

8.1 Remove Particles ()

8.2 Coalesce Moisture (1)

8.3 Drain Liquid

8.4 Provide Clearance for Service:
85 Store ONG

(if used)

6.1 Protect Tank Valve Assembly (I
6.2 Remove Part
63 Install Part

Review with Eric's document, maybe part
of section

(6)
Tank Assy Shield
(if used)

—

(1)
Fill Valve Cap

()

3)

Fill vValve

L |

Check Valve

2 Protect Fill Valve from Damage ()
3 satisy Ergonomics

2.1 Recelve CNG (1)

22 Prevent CNG Back Flow Following disconnection
2.3 Seal Fill Nozzle During Fillng.

2.4 Provide Attachment for Fill Nozzle

2.5 Recelve CNG Nozzle

2.6 Resist breakaway force

27 Limit connection to appropriate nozzle

2.8 Provide identification and pressure dass of valve
used

29 Manage BSA (NVH)

210 Remove Part

211 Install Part

3.1 Prevent CNG Back Flow (1) (include
chatter)

3.2 store CNG

3.3 Transport NG (1)

3.4 Manage BSR (NVH)

3.5 Remove Part

36 Instal Part

(7)

(5)
CNG Tank Assy
(pressure relief device, solenoid,

manual shut-off, tank info label)

5.1 store CNG ()

53 Vent CNG

5.8 RemovePart
5.9 nstall Part

General (0)
0.1 8asic component function
0.2 Retain Pressure.

PRD VentLines (14)

131 Transport CNG (1)
13.2 Retain Torgue - itting.
13.3 Manage BSR (NVH)
13.4 Remove Part

135 Instal Part

Hold untilsection 5 s ready

(a)
CNG Tank Mount /
Cradle

—

Manual Shut-Off

(8)

(if used)

sy

8.7 Store Liquid for Appropriate Service Interval
8.8 Manage BSR (NVH)

89 Remove Part

810 Install Part

(13)
Defueling Device

(12)
CNG Lines

(fittings, protection,

15 Defueling Device
15.1 Provide means for defueling system
15.2 Store CNG

A 153 Transport CNG

stack (f applcable]
15.4 Manage BSR (NVH)
15.5 Remove part

15,6 Instal part

NG Lines (13)

13.1 Transport CNG (1)

132 Store NG

13.3 Retain Torgque - itting

13.4 Protect CNG lines

135 Allow for relative motion (i, body to
chassis or chassis o engine)

135 Interface to other components.

Valve

0]
5.2 Supply CNG to Engine (1]

5.6 Provide Tank Information
5.7 Manage BSR (NVH)

Review after Erick has Tank Assy

4.1 Retain Tanks (1)

(9)
First Stage Pressure
Regulation

102 Store CNG
103 Transport CNG (1)
" ”

12.1 Regulate CNG Pressure (1)

10,
105 Satsfy ergonomics (force to open,
bl i

off)
106 Manage BSR (NVH)
107 Remove Part

108 nstall Part

4.6 Prevent dynamic loads from being

transferred into tank
4.7 Manage BSR (NVH)
4.8 Remove Part

49 nstall Part

1
123 Store CNG
124

12.5 Control CNG Flow (1)

12,6 Manage Heat Transfer

12.7 Withstand environmental conditions (i,
freeaing, debris, etc)

12.10install Part

threading, etc)

13.7 Provide means for static discharge.
13.8 Manage BSR (NVH)

13.9 Remove Part (Prevent fiting seizure)
13.10nstall Part

(14)
Pressure
Measurement

16 Pressure Measurement
16.1 Read CNG high pressure (and low.
pressure if used in system)

16.2 Manage BSR (NVH)

163 Remove Part

164 nstall Part
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Functional Block Diagram

(1) R (2) > (3)
Fill Valve Cap - Fill Valve Check Valve

3.1 Prevent CNG Back Flow () (include

1.1 Prevent Contamination (1) 2.1 Receive CNG (1) chatter)
1.2 Protect Fill Valve from Damage (1) 2.2 Prevent CNG Back Flow Following disconnection 3.2 Store CNG
1.3 Satisfy Ergonomics 2.3 Seal Fill Nozzle During Filling 3.3 Transport CNG (1)
1.4 Provide Retention - Cap 2.4 Provide Attachment for Fill Nozzle 3.4 Manage BSR (NVH)
2.5 Receive CNG Nozzle 3.5 Remove Part
2.6 Resist breakaway force 3.6 Install Part

2.7 Limit connection to appropriate nozzle
2.8 Provide identification and pressure class of valve
used
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List of Functions

IANSI/CSA NGV1
2.1 [Fill Valve Receive CNG (I) ICSA B109-01
INFPA 52
IANSI/CSA NGV1
22 [Eill valve Prevent CNG Back Flow FMVSS 303
’ Following Nozzle Disconnect |CSA B109-01
NFPA 52
IANSI/CSA NGV1
2.3 [ill valve ISeal Fill Nozzle During Filling [CSA B109-01
NFPA 52
. ’ IANSI/CSA NGV1
2.4 Fill valve Z’;’Z‘;'Iie Attachment for Fill g \"5109.01
INFPA 52
IANSI/CSA NGV1
2.5 Fill Valve Receive CNG Nozzle ICSA B109-01
NFPA 52
IANSI/CSA NGV1
2.6 [Fill Valve Resist Breakaway Force ICSA B109-01
NFPA 52
Limit connection to pINEESA NG
2.7 [Fill valve Lporopriate nozzle ICSA B109-01
Sl NFPA 52
28 [ill valve Provide identification and ANSI/CSA NGV1
pressure class of valve used
IANSI/CSA NGV1
2.9 [Fill valve Manage BSR (NVH) ICSA B109-01
NFPA 52
2.10 Frill Valve Remove Part ANSI/CSA NGV1
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esign Failure Modes & Effects Analysis
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Technology, Codes, Standards & Best Practices I

= New NGVAmerica Technology & Development Committee
= Areas of Focus

= Safety & best practices

= Codes and standards development

" |ncident investigation and root cause analysis

= Stakeholder education

= Ensuring safe deployment of new technology for the NGV industry

= Awareness and support of industry innovation and technology
advancements
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Background =
CVEF Critical Issues Meeting — NREL 6/23/14

Critical Issue #1: Indoor Gas Releases
Critical Issue #2: Cylinder Valve Issues
Critical Issue #3: Overpressure and Under-filling of Cylinders

Critical Issue #4: PRD Reliability, Location & Venting
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Critical Issue #4: PRD Reliability, Location & Venting

Problem Statement: Reliability, location and venting of PRDs. Discharge from cylinder
PRDs can result in additional hazards. PRDs are considered the lesser of two evils, the

greater evil being rupture of a CNG cylinder in a fire.
- Review of PRD1 reliability requirements, incidents of PRD unintended activation, causes of unintended
activation, interconnected and isolated PRDs, locating PRDs and triggers — extrapolating bonfire tests to
vehicle fires, venting PRD discharges to minimize hazards to occupants, bystanders and first responders

Actions taken or currently in process to address critical issues:
A. CSA Group established NGV 6.1 RP/Standards task group to address many of these issues
B. Safety bulletins published by CVEF now on NGVA web site
C. NFPA completed an online First Responders training program based on CVEF’s evaluation of NGV incidents

Next steps to address these critical issues:
A. Relief valve design to replace use of pressure activated PRDs
B. In conjunction with Cls 2 and 3 address on board pressure management needs
C. Continue development of best practice for installation of TPRD’s and vent installations
D. Participate in a coordinated NGV industry/first responder/AHJ/government education program on NGV
safety
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What are the industry’s critical safety & technology issues?

Tank Safety Fire Home
Best Marshall Refueling e
Practices Training
Modern
Maintenance Gas Quality Fuel Station
Facility C&S Monitoring
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I Committee Organization I

Chair: Ron Eickelman — Agility Fuel Systems
Co-Chair: Cherif Youssef — SoCal Gas

Committee members will represent the full value chain of the industry:

=L.DCs *Manufacturers

"HD & LD OEMs =\/ehicle Integrators

"Engine OEMs =Technology R&D

sCommercial Services =Utilities

=Station Developers =Gas Producers

sEquipment & Cylinder "|nnovation Companies
=Codes & Standards
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1. Committee organization

2. Committee member input for direction of the Committee

3. Kick-Off Meeting
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Natural Gas Vehicles for America

Dan Bowerson
dbowerson@ngvamerica.org

(734) 718-7011
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