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Slide 1

Slide 2

Slide 3

—

Delivering

reliable,

and
clean

distributed _

power solutions.

AhwnisTa
Labs

Welcome to Avista Labs!

Avista Labs
»Incorporated in 1995
»Headquartered in Spokane, Washington
>IP: 2 Patents; 230 claims

v’Modular PEM fuel cell

v Control electronics
»Design, Develop and Market

v'Fuel cell systems

v'Related components
»Moved into new building in 2000

22,800 square feet

v Office Space

v'Test Facilities

v'Machine Shop

v'R&D Labs

Electricity & Fuel
Production, Sale, Delivery & Use

At Avista Labs, electricity is

more than a commodity business
On-Site Electricity
Specialization Generation
On site electricity solutions bring Storage
availability, reliability and quality Distribution
cleanly and affordably to the point ' 99.999% Reliable
of use Quality 5.3 minutes off-
line per year
Value Proposition @ @
Point of use specific o s
om P ) f NS , End User
Custom solutions using standard 220 L

components

“25% of all electricity demand will require digital quality by 2006
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Slide 4

Slide 5

Slide 6

Market Opportunity

for Components & Systems

Fuel Cell
“omponent Applications

Portable / Compact
Power

Transportation Stationary Power

Centrali
Power

Distributed
Consumer Recreational ra

Industrial

Auxiliary
Power

<y H2fuel

Avista Labs
& H2fuel ‘

Electricity & Fuel

Production, Sale, Delivery & Use

Off Site Electricity On Site Electricity

Generation PR, PR
Drivers Availability/Reliability
e * Shift from Industrial to Digital Economy > Generation
Transmission RS N Storage
Growing Environmental Concerns Distribution
. ’ Response Ti gulatory Process
Substation » . P o
of Scale to of Mass Producti Quali
* * Time to Market y
Distribution /,_
| o . — End Use/Point of Use
2291{/ Reliable) 99.999% Reliable
Off Site Fuel -6 Hours 5.3 Minutes
Production
Transmission/Storage “25% of all electricity demand will
require digital quality by 2006”
o 99.99% Reliable
Distribution 53 Minutes
L S

The Best Components
Make The Best Systems

Heat & Water

Clean Exhaust l

Propane
Natural Gas
Ethanol

Fuel Cell Power  [AC or other
X DC Pow 1
Processor as Module il Conditioner |DC Power
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Slide 7

Slide 8

Slide 9

Simple, Hot-Swappable Cartridges

Superior Reliability!!
+ Patented modular architecture
» Simple, Air Cooled Boxes
» Hot-swappable cartridges
v Failed membranes are bypassed
v The Load is not interrupted
¢ Self-hydrating membrane
» Less balance of plant is required
» Performance is optimized at the cartridge level
¢ In the event of a membrane failure:
» Immediate action is not required
» A cartridge can be changed out in less than one minute

Demonstration Sites

Long Island,

—Consolid
New York, NY

Arizon
Phoenix, AZ

. Houston Ad
" Houston, TX
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Slide 10

SR-72: 3kW FUEL CELL

COMMERCIAL PRODUCTS

SR-12: .5kW FUEL CELL

HYDROGEN SENSOR
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Robert Rose
U.S. Fuel Cell Council
May 30, 2001

Fuel Cell Summit 2001

Adelphi, MD

3am

American Methanol Institute
Avista Labs

Ballard Generation Systems
Chicago Transit Authority
Conoco

Conti Enterprises
DaimlerChrysler

Dana Commercial Credit
Delphi Automotive Systems
Donaldson Company
DuPont Flouroproducts

Energy Conversion Devices
Energy Partners
Engelhard Corporation
Ford Motor Company
Freudenberg-NOK
FuelCell Energy

GE Micro Generation
Graftech

H-Power

Hydrogenics Corporation
IMPCO Technologies
International Fuel Cells

Fuel Cell Summit 2001

Adelphi, MD

Fosters commercialization
of fuel cells in the United
States.

Open to anyone with a
commercial interest in fuel
cells in the U.S., including
manufacturers, suppliers,
and end users.

Cell Summit 2001
i, MD
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Johnson Matthey
McDermott Technology
Methanex Corporation
Motorola Labs

Nissan Technical Center
Nuvera Fuel Cells

Plug Power

Poco Graphite

Porvair Fuel Cells
Proton Energy Systems
QuestAir Technologies

Renewable Fuels Association
SGL Carbon Corp.

Siemens Westinghouse
Stuart Energy

Sud-Chemie

Syntroleum Corporation
Texaco Energy Systems

W.L. Gore

World Fuel Cell Council
ZeTek Power Corporation

Fuel Cell Summit 2001

Solid Oxide Phosphoric Acid

Alkaline

Direct
Methanol

Regenerative

Fuel Cell Summit 2001

CSA International
-Anal orporation
Degussa Mi
Dow Corning
Enable Fuel Cell Corp.

Global Thermoelectric
Helio i
Houston Adva R rch

Center

ndent Electrical Contractors
National Fuel Cell Research Center
NexTech Materials

South Coast Air Quality
Management District

Sure Po Corporation
Thomas Industries

US Army CERL

Woodward Indu: | Controls

Fuel Cell Summit 2001
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Fuel cells are in
Fuel cell product lifecycle the early stages

of a typical

product life cycle.

MARKET MATURITY
SATURATIO! Industry

estimates fuel cell
growth to market
T saturation over a
ACCEPTANC 30-50 year cycle
from product

PRODUGT introduction.

INTRODUCTION
TEGHNOLOGIGAL The pace of

DEVELOPMENT change set by the
technology
industry indicates
that this could
occur sooner.

Source: Citibank

Adelphi, MD

2003 commercialization for many?

Purchase Orders

= Bus “Orders” Near 100

= H-Power, FC Energy, IFC
Small new “buy down” program
Honda buys Ballard engines

Ze-TeK reports strong stack orders, commits to 3
manufacturing plants

Ballard/Coleman Target Late 2001

Fuel Cell Summit 2001
Adelphi, MD

Increases Announced in Manufacturing
Capacity

Major Suppliers Preparing for
Commercialization (e.g. DuPont, 3-M,
Celanese)

Substantial Hydrogen Activity

Fuel Cell Summit 2001
Adelphi, MD
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Bush Administration Support

Congressional Support
= Purchase/Installation Tax Credits

State Interest (NY, CA, MA, OH, etc.)

Significant C&S Activity

Fuel Cell Summit 2001
Adelphi, MD

CA Fuel Cell Partnership Grows
GM Endurance Testing

Internationalization Continues

= GM/Toyota, IFC-Hyundai

= Nuvera

= Many JV's, Marketing Arrangements

» New Demonstrations in France, Scandinavia,
Japan, Germany, Latin America

Fuel Cell Summit 2001
Adelphi, MD

Government R&D Funding (Per Year)
$200M+

$41M
$80M
$30M

Significant Private Investment (Over $2B)

Fuel Cell Summit 2001
Adelphi, MD
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Stati(mar\-‘ / | Backup Power
. . - ’ Remote Power
Distributed

Premium Power
Power Residential / Commercial Power

Transportation:

Buses / Trucks

IICH\’_\’ / ng.',hl . Locomotives / Ships
Duty Vehicles Passenger Vehicles

) Small Motors
Portable / Battery Note / S sbooks  Bo:
RC[]".-ICCIIICIH . Cellular Phones Lawn Mower
. ruell| Camcorders, etc. Tools, etc.

Reliable, Efficient,
Clean Energy

Move to Distributed
Generation

E-Commerce
Economy

High-Value Energy

Fuel Cell Summit 2001
Adelphi, MD

FUEL CELL EMISSIONS

{Pounds of emissions per 1000 kWh NOx,
CO, S0x, Hydrocarbon, Particulates)

Average US.  Microturbine  Combined cycle Fuel cell
fossil fuel plant gas turbiné

Fuel Cell Summit 2001
Adelphi, MD




Energy Efficiencies of
40-50% or Greater

- Energy Security
- Energy Savings

- Greenhouse Gas
Emission Reductions

Fuel Cell Summit 2001
Adelphi, MD

ol - J Grid Ancillary Services
n ! L. | o
o LR L
Bulk Power |

] i Power Quality

———H]
Remote Power

T ey i
. Il =
] Energy Management  maafi:[ [ [T 7] Peaker and
and Sellto Grid  Base-load, and " Reliability
Combined Heat and Power
Fuel Cell Summit 2001

Adelphi, MD Source: NREL

Poor Power Quality
Costs U.S. Economy
$150 Million to $450
Million Each Year

Computer Servers
Operate Reliably
99.999% of the Time

Electric Utility Grid is
99.9% Reliable

Fuel Cell Summit 2001
Adelphi, MD
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“The most expensive kilowatt is the one
that is not available.”

Fuel Cell Summit 2001
Adelphi, MD

Fuel Cells are Reliable
to Six “Nines” or
99.9999% of the Time
1,000,000,000 watts of
standby power
generation sold every
year.

Fuel Cells are not
subject to distribution
pole failures.

Fuel Cell Summit 2001
Adelphi, MD

Fuel Cell Summit 2001
Adelphi, MD
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Investing $940M in fuel cell development by
2004.

“Fuel cells will finally end the 100-year reign
of the internal combustion engine."

Ford Chairman William Ford Jr.

[T Fuel cell vehicles will probably overtak

gasoline-powered cars in th years”
Honda R&D Director Takeo Fukui

GM/Toyota Join California F.C.
Partnership

Bus “Orders” Approach 100
Roll-Outs of Test Vehicles Continue

Bush DOE Supports Federal R&D
Program

SAE Activity Accelerates

Fuel Cell Summit 2001
Adelphi, MD

« California Fuel Cell Partnership [
- Over 70 cars and buses by 2003.

+ Clean Urban Transport for Europe (CUTE)
- 30 buses in 8 countries by 2003.

+ Fuel Cell ‘Joint Project’ (Japan)
- Field testing several vehicles.

« World Bank / GEF Project
- 30 buses in BraziIFIMIE@(I;m)t,t jnlcjia, China & Mexico.

Summit 200
Adelphi, MD 24
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Fuel Cell Summit 2001
Adelphi, MD

Adelphi, MD

Fuel Cell Summit 2001
Adelphi, MD
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* Fuel Choice
* Cost
* Heat rejection

¢ Performance issues
- Startup Time
- Range

Fuel Cell Summit 2001
Adelphi, MD

Fuel Cell Summit 2001
Adelphi, MD

Residential units are in the field
Strong interest (demand?)
Market is desperate for fuel cell
attributes

= High-tech growth needs high quality/high
reliability power

California story is increasing interest

Fuel Cell Summit 2001
Adelphi, MD
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Remote Power

Specialty Power

Reliability Power

Cogeneration

Landfill / Waste Treatment Gas
* Portable Unit

Fuel Cell Summit 2001
Adelphi, MD

The cost for commercial
fuel cell systems is
between $3,000 and
$4,500 per kilowatt.

Costs are expected to
come down to $800 -
$1,200 per kilowatt.

For some customers, like
the Omaha Bank, they are
more concerned with
reliability than per kilowatt
costs.

Fuel Cell Summit 2001
Adelphi, MD

Projection, 2000-15, of the cost of generating capacity

\ solid-oxide fuel cells

Industrial
gas
turbines ¢

S

100 1,000 10,000 100,000 500,000
Size of plant: kw
Source: Electric Power Research Institute
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Megawatts

Source:
Allied Business
M TELLISENGSGRE
Fuel Cell Summit 2001
Adelphi, MD

FuelCell Energy Products

m High efficiency fuel cell power plants for stationary
power generation in 300 kW, 1.5 MW and 3 MW

US Post (_)_fﬁc{'., Anc_horage

= 2000 Andrew Gordaa 3 €
Adelphi, MD
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%3 Central Park Police Station,
i New York

hig o ae
Coertesy ol Imiernational Fuel [

1st National Bank, Omah3 §

* Cost
* Availability
* Competition

Fuel Cell Summit 2001
Adelphi, MD

Fuel Cell Summit 2001
Adelphi, MD
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Residential units with
capacities of 3 kW to
10 kW are now being
demonstrated.

These units will be
fueled by natural gas,
propane or methanol.
The fuel cell power unit
can be used for primary
and/or backup power.

Fuel Cell Summit 2001
Adelphi, MD

1 kW Hydrogen 1 kW Propane

Evaluation
residentia

Fuel Cell Summit 2001
Adelphi, MD

H Power has received an $81
million contract with Energy Co-
Opportunity, a consortium of rural
electric cooperatives

Marketing fuel cells exclusively
through 300 cooperatives.

ECO buying 12,300 of H Power's
10-kilowatt fuel cells for $10,000
each.

Installation to start in the second
half of this year.

Fuel Cell Summit 2001
Adelphi, MD




IdaTech

Plug Power ‘ - I
I

-
=

Avista Labs

Fuel Cell Summit 2001
Adelphi, MD

Fuel Cell Summit 2001
Adelphi, MD

Ballard/Coleman may launch 1kw
generator

USFCC examining DOT fuel regulations
Direct Methanol looking for niche

DoD/DARPA wants miniaturized diesel
reformer

Fuel Cell Summit 2001
Adelphi, MD
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Motorola
(Direct Methanol)

Fraunise ISE e
T

(Direct Methanol) "N

Fuel Cell Summit 2001
Adelphi, MD

Fuel Cell Summit 2001
Adelphi, MD

Ball Aerospace
50
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Fuel Cell Codes and Standards

Fuel Cell Power Installation of Fuel  Panel Hook-Up (National

Cell Power Plant Electric Code)
f; j

ANSI Z221.83 NFPA 70

‘ NFPA 853
Performance * Electric Utility Grid
Testing Interconnection

_ ‘._-&4'- _
ot , V)

* IEEE P1547

ASME PTC 50 Fuekten &0 2001
Adelphi, MD 52

Inverter

US Fuel Cell Council
1625 K Street, NW, #725
Washington, DC 20006
202-293-5500
www.usfcc.com

Fuel Cell Summit 2001
Adelphi, MD
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Slide 1 .
Codes, Standards and
Regulations - An Update

US DOE Fuel Célls Summit V

May, 30, 2001
David R. Conover, CEO

ﬁ | |
. |
National Evaluation Service, Inc.

Slide 2 =
Goal

A better understanding of current
codes and standards initiatives that
affect all fuel cell téchnologies, a
focal point for discussion on those
activities and identification of future
needs in this area to facilitate fuel
cell acceptance

Slide 3 m
Objectives

* Review the status of U.S. and
international initiatives to develop new and

maintain existing'codes and standards

» Enhance the information presented
through audience participation ‘

+ Identify holes that my need to be filled and
how to fill them
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Slide 4 |
Why Pay Attention to Codes
and Standards?

Codes and Standards can support fuel cells
— reduce expenditure of manpower ‘
— save time and money | |
— enhance technology marketing and deployment
— facilitate a manufacturing and servicing infrastructure
— realize multi-lateral approvals and international trade !
— secure technology bgnefits
— protect the market from unsafe products '
— allow for simpler testing and! certification of products

Slide 5 !
The Ideal Situation
Uniformity in the acceptance and
application of fuel cell design,
installation, operation, and use includinq
a supportive service infrastructure
Slide 6

Technology Differences
Different Codes and Standards

+ Stationary fuel cell power plants

— The fuel cell equipment [

— Integration and interactioq with the built environment
+ Portable fuel cells

— The fuel cell appliance
— Acceptance for use in the'built environment
* Vehicular applications
— The fuel cell and on-board fuel source'
— Refueling, parking, servicing, etc. infrastructure




Slide 7
Specmc A(:tIVItIeS

Terminology/definitions | IEC TC 105 W IEC TC 105 WG 1 IECTC 105 WG 1

USFCC USF(J(‘ Ul

SAE Information
report J 2574 (Draft),
Fuel Cell Vehicle
T¢rminology (to be
mainlined directly to

TC 69, JEVA and
JAMA
Fuel Cell safety ANSI 721.83 CSA Requirements TEC TC 105 future
No. 3.01, Portable Fuel | WG 6 (liaison with ISO
CSA U.S. Requirt eniemF Cell Appliances (Draft) | TC 22 SC 21 on electric
No. 1.01, Residential road vehicles and IEC
Fuel Cell Power IEC 'ﬁ‘C 105 future WG | TC 29 on electric
nerators vehicles)
UL (considering
development of a SAE J2578 (to be
standard) mhbinlined di ectly to
S SO TC 22/SC 21, IEC
for explosive TC 69, JEVA and
atmospheres) JAMA)

Slide 8

Fuel cell module 52 2 IEC TC 105 W

E Fuel Cell
ﬁlandards “ommittee
(dialogue started to
determine the dire
it will pursue in this
area related to /E

erformance
requirements by

Fuel cell performance ASME PTC 50 .\SI\‘IF. PTC 50 ASME PTC 50
ANSI 721.83 CSA Requirements No. | SAE Fuel Cell
3.01, Portable Fuel Cell | S lards Committee
IEC TC 105 W -‘ Appliances (Draft) 3 work items to be
| draft docum y the
end of summer, 2001)

Slide 9

Installation of a PA 853
tionary fuel cell
power plant Model Building Godes

Fuel Cell Protocol

IECTC 105V
Use of a stationary or NFPA 853 odel Building Codes
portable fuel cel
or adjace ings | Model Building Codes
Electrical components UL Standards are, NFPA 70
associated with the fuel | refere nud in ‘
cell A .83




Slide 10 T
Specific Activities

[ | | |
STATIONARY PORTABLE VEHICULAR

UL 1741 UL 1741 UL 1741

Interconnection of the IEEE 1547 IEEE 1547 IEEE 1547
fuel cell with the grid |
UL1741 (to be UL1741 (to be UL1741 (to be
harmonized with [EEE | harmonized with IEEE | harmonized with IE&E
1547 when it is finished) | 1547 when it is 1547 when it is
finished) finished)
|
NESC NESC
Model Building Codes | Model Building Codes
o | |
stationary fuel cell in, NFPA Standards NFPA Standards
on or adjacent
buildings ICC Ad Hoc
| Committee for
Hydrogen Gas

Slide 11 N
Specific Activities

[[ SUBJECTAREA [ STATIONARY [  PORTABLE [  VEHICULAR |
Hydrogen Mojel Building glodel Building
processing, storage Codes odes
and delivery

NFPA Standards NFPA Standards

ISOTC 197 1SO 197
Service station ISOTC 197 ISOTC 197
hydrogen delivery
components NFPA Standards SAE Fuel Cell |
| Standards
Committee Interface
Working Group
workshops bringing
together vehicle
manufacturers and
connector suppliers
addressing both
hardware type and
communication
protocols. Draft
document in
process

Hazardous fluids in SAE J2579
fuel cell vehicles

Slide 12

;|
Status [Z=IPETTRRERRMmm oo

Portable

Vehicular
Packaged, self-contained or factory matched packages |
of integrated systems of fuel cell power plants for use
with natural or LP gas and having a maximum output
voltage of 600 VAC and power output of 1,000 kW
operating at no less than —20F (-29C)

ANSI Z 21.83-1998 “Fuel Cell Power Plants”

[
*CSA Fuel Cell Working Group (WG) preparing revisions
*Working Group meetings 3/14-15 and 5/24 '
-Seventeen (17) Task Group assignments under the WG

*Future maintenance under CSA Canvass Group and
Technical Committeeion Fuel Cells (FCTC) G

*Meeting of FCTC late Summer 2001 CSA INTERNATIONAL

*Resultant standard to be CSA FC 1 and replace ANSI Z21.83




Slide 13

Slide 14

Slide 15

=
Status CSA International | Stationary
www.csainternational.org Portable

@ Vehicular

CSA INTERNATIONAL |

[ |
*Fuel Cell Technical Committee being formed

[
*First meeting Late Summer 2001

*Four CSA Canvass Groups
—CSA FC 1 Fuel Cell Powet Plant (Z21.83 revision) ‘
—CSA FC 2 Residential Fuel Cell Power Generators
—CSA FC 3 Portablé Fuel Cell Power Generators
—CSA FC 4 Fuel Cell Modu‘les

|
Status CSA International | Stationary
@ www.csainternaﬂional.org Portable

SA INTERNATIONAL Vehicular

| | I I
CSA U.S. Requirements No. 1.01
“Residential Fuel Cell Power Generator”
I |
Packaged self-contained residential units < 50
kW for outdoor gpplication at one- or two-family
dwellings as well as light commercial

[

*Precursor to CSA FC 2 | [

*Draft to be finalized June 2001

*Adapted from ANSI Z21.83 put applicable to ‘r‘esidential’ units

*CSA currently uses Z21.83 supplemented with CSA No. 1.01
to test and list ‘residential’ units

Status CSA International | Stationary

@ www.csainternational.org Portable

CSA INTERNATIONAL Vehicular

CSA U.S. Requirements No. 3.01
“Portable Fuel Cell Appliances”
(I |

-Precursor to ANSI/CSA FC 3
[
«Draft to be finalized July 2001
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Slide 16 B
Status CSA International | Stationary

@ www.csainternational.org Portable

CSA INTERNATIONAL Vehicular

CSA Comp‘)oﬁent Acceptance éervice
No. 33 “PEM Fuel Cell Modules”
[ |

|
*Component Acceptance document because a
module is not an appliance but a component
|

*Published in Septembér‘ZOOQ and being used for |
testing and certifying such modules
|

| |
*Will be used as ‘seed docum@nt’ for ANSI/CSA FC 4

Slide 17 5 :
Status NFPA 853 “Standard forthe | Stationary
. Installation of Stationary Fuel  Portable
w Cell Power Plants” Velifenite
[ | | |
INTERNATIONAL
Design, construction, and installation of stationary (non-portable) fuel cell
WWW.NFPA.ORG power plants with a gross electrical generation that exceeds 50 kW; including:
(1) A singular prepackégeﬂ, self-contained power plant unit
(2) Any combination of prepackaged, self-contained power plant units
(3) Power plant units comprised of two or more factory matched modulaq
components intended tb be assembled in the field and
(4) Engineered and field-constructed power plants that employ fuel cells
g q
+Standard approved in May 2000 and published
*Next revision to be approved May 2003
*Proposed changes due December 28, 2001
*NFPA 853 Technical Commi‘ttee to meet Spring 2002
Slide 18 el

Status NFPA 70 Stationary

“National Electric Code” Portable

| » I .ﬁ Vehicular
NFPA’ [

INTERNATIONAL

WWW.NFPA.ORG

.
NFPA 70 adopted by reference'in the US model codes

New Article 692 “Fuel C‘eli Systems” received 5
comments and was considered at May 2001 Annual
Meeting for final action | |

—Installation

—Circuit Requirements

—Overcurrent protection |

—Wiring with and outside the fuel cell

—Grounding |

—Marking

—Connections to other systems




Slide 19 ‘\
e Status NFPA 70 Stationary

; “National Electric Code” Portable
w Vehicular

e |
INTERNATIONAL

WWW.NFPA.ORG

NFPA 70 adopted by reference in the US médel codes
[
Article 705 “Interconnected Eleétric Power %ources”

*Report on proposals came out July 2000

*Nothing further happened at May 2001 Annual Meeting |
*Publication September‘2001
\

Slide 20 a
Status Underwriters quoratorieé

| www.ul.com Portable
@ Vehicular
[

UL 1741 “Static Inverters and Charge Controllers”
|

Stationary

*Harmonized with IEEE 929‘

eListed products are Peing accepted by rﬁany utilities
|

«Slated for harmonization with IEEE 1547 when
published

- i
—Harmonization will allow manufacturers to bé evaluated
once for compliance with national electrical safety and utility
interconnection performance rbquirements

Slide 21 B
Status American Society of '

| -
Mechahical Engineers
www.asme.org Vehicular

ASME PTC 50 ‘ ‘
Performance Test Code for Fuel Cell
Power System Performan‘ce

Stationary
Portable

*Object and Scope Approved —guiine
—Ot‘)ject, Scope, and Measurement Uncertainty

First Draft April 1999 —Definitions and Descriptions of Terms
| —Guiding Principles
I —Injtruments and Methods of Measureme‘nt
0 HH H : —Calculations and Results
Compiling list of reviewers “Raport of Reaults
—Uncertainty

*Meeting June 12-13 in NYC

*Targeting 2002 publication




Slide 22 L

International dee Council'
Www.intlcode.org Portable

Stationary

Vehicular
2000 International Mechanical Code

INTERNATIONAL “924.1 General. Stationary fuel cell power plants

CONSVINEIN  having a power oytput not exceeding 1,000 kW, shall be
tested in acoordance‘with ANSI Z21.83 and shall be
installed in accordance with the manufacturer’s

installation instrucpor?s.”

«Similar language approved in 2000 to the
International Fuel Gas Code and proposed in 2001 to
the International Residéntial Code

*Proposed changes to t‘he IMC, IFGC and IRC to add
definitions of stationary and portable fuel cell power
plants approved March 2001 and will receive final
action Fall 2001

Slide 23 Stat o S
- . . ationar
atus National Evaluation Service onary
Wwh.nateval.org Portable
Vehicular
Evaluation Protocol for Stationary '
Fuel Cell Power Plants
Lo
*Undertaken on behalf of U.S. DOE (Ii”NNL) |
«Input from FC developers, manufacturers, research & testing labs, ‘
engineers, regulators, utilities, etc. !
|
*Basis for evaluation and as§essment of stationary FC PP’s
intended for building applications ‘
*Advises manufacturers of testing/documentation needed for
building regulatory acceptance
I I
*Voluntary and advisory
*Published May 2001
Slide 24

Status IEEE Stationary

'@IEEE | www.ieee.org Portable

. Vehicular
P1547 Standard for Interconnecting ‘

Distributed Resources with Electric
Power Systems

To provide a uniform sta‘ndard for interconnection of distributed
resources with electric power systems, and requirements
relevant to the performance, operation, testing, safety
considerations, and rﬁair‘nenanc@ of the interconnection

+Being developed by IEEE Standards Coordinating Committee (SCC) 21
-Draft 7 balloted 3/28/01 and did not receive required 75% affirmative vote
*April 18-20 meeting addressed resolutio‘n of negative ballots ‘
*Working group to meet June 5-8 to reword Draft 7 to address negatives
*Re-draft scheduled for circulation Summer 2001 ‘

+Standard slated for completion in 2001
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\
Status |EEF SC‘C 21 Stationary
\

Portable
®IEEE Future Activities

Vehicular
www.ieee.org |

Slide 25

+Standard for Testing Interconnected Syst‘ems for Distributed Resources
|

*Application Guide for Distributed R‘esources
|

*Recommended Practice for Monitoring and Control of DR
[

*DG Equipment - Specifications and Perfdrmance
Have PARs

|
*Network Specifications and Applications with DR

I
«Certification of DR and Interconnection Equipment

\
Status IEC TC 105 Stationary
|

I www.iec.ch Portable

Slide 26

Vehicular
(. | | |
Scope - To prepare international standards regarding
fuel cell technologies foriall fuel cell applications such as
stationary, transportation, and portable power generation
systems b \
|
Membership - CA, CN, FR, DE, IT, JP, NL, CH, GB, and
us Ly
[ [
Liaisons - |IEC TC 69 (electric vehicles, ISO TC 22 SC
21 (electric road vehicles), ISO TC 197 (hydrogen), IEC
TC 31 (electrical apparatus in e)‘<plosive atmospheres)

Slide 27

IEC TC 105 §tructurew

IEC TC 105
Chair: John Bossert, CA
Secretary: Werner Tillmetz, DE
Ass. Secr.: Andreas Piepereit, DE

Definitions (US) | FC Module (DE), Stati y ! FC System | Portable

ad hoc WG #1 ad hoc WG #2 in Transprt. FC System

FC
for

ANSI gmsrican Batiousl Stagdards lnsiiture Propulsion

U.S. TAG Pcrllormance (P) Auxiliary
WG #4 Power Unit
*Monitors IEC TC 105 activities
*Determines U.S. position
on IEC TC 105 efforts Installation (US) 140 S“"‘ Together with
-Supports U.S. input to WG Integ 1S01C 22
IEC TC 105 effort — [t

/it
Markings | Interfaces WEEES




Slide 28 - '
IEC TC 105 Stationary

| Www.iec.ch Portable

Vehicular
(. |
*First meeting February 2000
*Second meeting scheduled‘Sept‘ember 6-7, 2001
|

*U.S. Technical Advisory Grpup, first meeting March 13, 2001
|

*Working Groups ‘
—1 Definitions - work started using US and JP documents
—2 Fuel Cell Module - outline available, next meeting 9/4-5/01
—3 Safety for stationary fuel cell systems - using Z21.83 as a
basis with next meeting 7/19-20/01
—4 Performance - using JP standard as basis I
-5 Installation of stationary systems - using NFPA 853 as a basis
—6 Systems for propulsion - TBD ‘

Slide 29 . )
Status Society of Automotive Engineers Stationary

H N oo
INTERNATIONAL Vehicular

Fuel Cell Standards Committee \

I |
|

To establish standards qnq test procedures for fuel cell |
powered vehicles covering safety, performance, reliability,
and recyclability of fuel cell systems in vehicles with
emphasis on efficiency and environmental impact. Also to
establish test procedures for uniformity in test results and'
define interface requirements of the systems to the

vehicle. I |

Slide 30 ! _
Status Society of Automotive Engineers Stationary

il Voo
INTERNATIONAL Vehicular

Fuel Cell Standards Committee |
Working Groups
[ |

Safety - J2578 on general safety and J2579 on
hazardous fluid systems under development

Terminology - J2574 jointly with JAMA 'and
JEVA (ballot process to begin in June 2001)

Performance - drafts under development on
fuel cell systems, fuel processor subsys‘tems,
and fuel cell stack systems;
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Society of Automotive Engineers Stationary
www.sae.drg Portable
Vehicular

Fuel Cell Standards Committee |
Working Groups

I
Recyclability Guidelines - J2594 draft under
development

Interface - focus on global harmonization for
compatible refueling (design request letter May
2001, draft under development, workshop being

planned)
|

\ \
Emissions and Fuel Economy - J2572 ballot
process to begin Septembér 2001

Slide 32 N
Status ISOTC 22 SC 21  Stationary

IS Electric Road Vehicles Portble

Omgo n for o
standardization Vehicular

) ‘Collaboration with IEC TC 105
Working Groups via joint steering committee

I
*Vehicle operating conditions, saifety, and energy storage
*Definitions and performance measurement

Projects
1S0/DIS 6469-1 Electric road vehicles -- Safety specifications -- Part 1 On-board
energy storage

1S0/DIS 6469-2 Electric road vehides -- Safety specifications -- Part 2@ Functional
safety means and protection against failures

1S0/DIS 6469-3 Electric road vehides -- Safety specifications -- Part 3; Protection
of persons against electric hazards

1S0/DIs 8713 Electric road vehides - Terminology

1S0/DIS 8714 Electric road vehides — Reference energy consumption and range
-- Test procedures for passenger cars and light commercial
vehicles

IS0 8715 Electric road wvehides — Road operating characteristics

Slide 33 !

Stalctus International Code Council Stationary

WWW.intIco‘de.org Portable

Vehicular
ICC Ad Hoc Committee on Hydrogen '

*Purpose
—The development of fedsonable and enforceable model
health and safety requirements germane to the
International Codes affecting or relating to the use of H2
in vehicular and portable 'applications
*Objectives ‘
—Review current codes/standards; H2 storage, handling
and use |
—Determine adequacy of coverage

+Product Iy |
—Proposed code changes as necessary to the
International Codes |
—lIdentification of other standards needs and deficiencies
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Status International Code Council'
WwW.intIco‘de.org Portable

Stationary

Vehicular

ICC Ad Hoc Committee on Hydrogen

(I |
*Next meeting June 4-5, 2001 Boulder CO
(I ‘
*Subcommittee Working Groups
—Private garages
—Public garages ‘
—Hydrogen refueling and denerating stations
—Portable hydrogen appliances
—Integrating hydrogen as a fuel into the IFGC

—Standards |

|
Status national Hydrogen Association Stationary

National www,hydrogerus.com Portable
@ Hydrogen 3
Association Vehicular

Goal - create draft standards for'hydrogen systems and '
components where they are needed
(I |

Slide 35

Working Groups

[
—WG 1 Connectors - draft standard de\‘/eloped and accepted by
ISO TC 197 for international development I
—-WG 2 Containers and hydrides - initial NHA draft standard included
only materials in CNG compatible with H2 (see ISO TC 197 WG 5)
—WG 3 Refueling stations - developed a draft standard for ISO TC 197
work item
—-WG 4 Use of electrolyzers - ‘sta\ndard under development
—-WG 5 Self-service refueling - work underway in conjunction with SAE
—WG 6 Coordinate with SAE on on-bodrd issues - work underway
—-WG 7 Maritime applications - report published by MHTDC
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Status ISO TC 197 Stationary

Hyd rog‘en Portable

Vehicular
(. [ [ [

www.iso.ch

Developing international safety standards required to
disseminate H2 technologies worldwide

Scope — Standardization in the field of systems and devices
for the production, storage, tran‘sport, measurement and
|

use of hydrogen ‘
I
Working Groups ‘
—WG 2 - tank containers for multimodal transport
-WG 4 - airport refueling fagilities ‘
—WG 5 - gaseous H2 and H2 blends: service stations
—WG 6 - gaseous H2 and H2 blends: land and vehicle fuel tanks
—-WG 7 - basic safety considerations
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Status ISO TC 197 Stationary

Hyd rog‘en Portable
Vehicular

|

TC 197 Hydrogen technalogies

Subcommittees

Projects
I1S0/DIS 13985-1 Liquid hydrogen -- Land wehicle fuel tanks - Part 1: Design,
fabrication, inspection and testing

1S0/DIS 13985-2 Liquid hydrogen -- Land wehicle fuel tanks -- Part 2: Installation
and maintenance

ISOAWD TR 15594 Airport hydrogen fuelling facility
ISO/MD 15866 Gaseous hydrogen blends and hydrogen fuel -- Service stations

IS0/C0D 15869 Gaseous hydrogen and hydrogen blends -- Land vehicule fuel
tanks

ISO/MWD 15916 Basic considerations for the safety of hydrogen systems
I1SO/WD 17268 Gaseous hydrogen -- Land vehicle filling connectars

Status ISO TC 197 Stationary
Hyd roéen Portable

Vehicular
[ [

www.iso.ch

*Agreement of cooperation S|gned with ISO TC 22
Participating in working groups 'of IEC TC 105
+10th Plenary meeting to b‘e held October 2001

|

—-WI 15916 on basic safety - final editorial changes approved for
circulation to P members until May 20, 2001

~WI 15869 on land and vehicle fuel tanks to be circulated as a draft
standard for 5 months in the next month or so

—WI 17268 on land vehicle filling connectors is under development in
the working group | |

—WI 15686 on fuel service stations is under development in the working
group |

Status European Integrated  Stationary
EIHP Hydrogen Project Portable

www.eihp.org Vehicular
(I | |

Established in 1998 to address dlfferences in national
requirements throughout Europe that will affect the use of
hydrogen

Objectives [
—Create database of ex|sting regulations and codes of
practice [ [
—Contact other authorities outside Europe
—ldentify weak spots in current technology
—Define areas needing regulation
—Create a basis for ECE regulation for hydrogen vehicles
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Status European Integrated Stationary

) Hvdro P iect Portable
E I }aI P y I’w?wiil:p_orgojec Vehicular
[ [ [

I
Goals ‘

—Develop refueling station layout and O&M requirements

—Harmonize standards for refueling and vehicle
infrastructure

—Conduct risk and safety analysis with respect to H2
release in confined publlc‘spaces

—Harmonize efforts between EU, US and JP

Slide 41

Summary

There is considerable activity that needs
monitoring, participation, technical input,
coordination and deployment

National
@ Hydrogen -
Association ‘ E

H\H’ERN,RWO'\ML

@’IEEE
mmE © [2
CSA INTERNATIONAL

INTERNATIONAL
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Assessment of Code Officials’ Needs
to Accelerate Permitting Process for
Fuel Cell Installations

Timothy Hillman
Pacific Northwest National Laboratory

R
Fuel Cells Summit V i i ' U.S. Department of Energy
o Office of Power Technologies

Introduction

= Background of Tri-Cities
= Assessment design
= Study findings

= How to proceed

oy
Fuel Cells Summit V % L‘L} U.S. Department of Energy
et

Office of Power Technologies

NASHINGTON

.
Tri-Cities

Fuel Cells Summit V % LL} U.S. Department of Energy
(o Office of Power Technologies
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Demographics

The Tri-Cities, WA

= Kennewick — 50,390
= Richland - 36,860
= Pasco - 26,090

Total Population of Tri-Cities Area ~150,000

P

E
Fuel Cells Summit V % 1 ,fi U.S. Department of Energy
e Office of Power Technologies

Code Official Structure

= 5 Jurisdictions
* 3 cities, 2 counties (Benton & Franklin)

= Code Officials
* Building Officials (Building, Mechanical, Plumbing)
* Fire Marshals
* Electrical Inspectors (Dept. Labor & Industries)

P

E
Fuel Cells Summit V % I I I } U.S. Department of Energy
e Office of Power Technologies

Study Structure

= Questionnaire

* Background info on Washington State codes & code
officials

* Access their current knowledge of fuel cells

= Group Interview
* |dentify major issues relating to a fuel cell installation
* What would aid the plan review process
* Determine most effective training tools
P

Fuel Cells Summit V % I I I w’;i U.S. Department of Energy
e Office of Power Technologies
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Slide 9

Study Findings

= Current knowledge of fuel cells = Very little to none!

= Many issues were identified; three of most concern
were:
* Fuel supply and storage systems
* Utility interconnect
* Fire fighter intervention

i
Fuel Cells Summit V % “I,f: U.S. Department of Energy
g 10 Office of Power Technologies

Fuel Supply and Storage

= What type of fuel is used

* Storing liquid hydrogen was NOT a greater concern than
other fuels

» Automatic shut-off valves
= Clearances around storage tank
= Appropriate signage

P,

Fuel Cells Summit V % I I I j U.S. Department of Energy
e Office of Power Technologies

Utility Interconnect

= Local utilities may have different requirements

= ‘Islanding”
P
Fuel Cells Summit V % I I I fg U.S. Department of Energy
e Office of Power Technologies
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Fire Fighter Intervention

Major concern:
Entering a building being powered by a fuel cell.

= Appropriate signs/labels warning fire fighters
* Location of emergency shut-off valves
* Type of fuel used
* Of fuel cell location

o
Fuel Cells Summit V ‘i_ 1l 5 U.S. Department of Energy
e Office of Power Technologies

Aiding the Plan Review Process

= Manufacturer installation requirements
* |s there a licensed installer besides manufacturer?

= A complete wiring schematic

» All necessary clearances

* Potentially over design to reconcile inconsistencies
between different jurisdictional requirements.

ooy,
Fuel Cells Summit V %_ I I I j U.S. Department of Energy
Sy ga Office of Power Technologies

Code Officials’ View of a Fuel Cell

A Black Box!

Inputs Outputs
Electricity
Fuel _—
Heat
—
Air
—_— Water
—_—
oy
Fuel Cells Summit V %, I I I fg U.S. Department of Energy
e Office of Power Technologies
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Training Tools

Conferences Avrticles in Periodicals

[ ] | |
n Field Guides = Adoption by Model Codes
= Manufacture’s Rep. n Flyers
= Videos = CDRom
= Mobile Training Platform = Internet
= Training with MCA’s
A
L/

Training Tools

5
4 4
34
2 4
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0

T T
o 3

Number of Top Votes
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Training Tools
ooy,
« LT e
Fuel Cells Summit V % In!(lj US DepanmentofEnen:gy
e 10 Office of Power Technologies

Next Steps

An education program for code officials should
consider:

= What information you want them to receive?

= What is the most effective way to get that
information to them?

P

Fuel Cells Summit V % I I I fg U.S. Department of Energy
e Office of Power Technologies
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Training Tools

Things to consider while developing training tools:
= Who is our audience?

= What is their level of background?

o
Fuel Cells Summit V %.,JDLL U.S. Department of Energy

oy Office of Power Technologies
1

Training Tools

What might a tool incorporate?

= Brief description of the technology
= Listing of all relevant codes

= Common installation requirements

Fuel Cells Summit V % JIL U.S. Department of Energy
(e Office of Power Technologies
1

Fuel Cells Summit V % _“‘I:ji U.S. Department of Energy
ke Office of Power Technologies
8
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Summary

= Very little to NO previous knowledge of fuel cells

= Three major concerns
* Fuel supply and storage systems
* Utility interconnect
* Fire fighter intervention

P,

Fuel Cells Summit V %_ 1l 5 U.S. Department of Energy
e Office of Power Technologies

Summary

= Aids for plan review process
* Manufacturer installation requirements

* Consider over design to meet different jurisdictional
requirements

= Training Tools
* Speaking at conferences

— Field guides
- Videos
- Manufacturer's representatives
o
Fuel Cells Summit V 3 1 j U.S. Department of Energy
Sy ga Office of Power Technologies

Summary

Code officials see a black box!

Concerns:

= Inputs

= Outputs

= Connections

o,
Fuel Cells Summit V %, I I I fg U.S. Department of Energy
e Office of Power Technologies
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Office of Power
Technologies

@O P, FUEL CELLS SUMMIT V

%‘q’ Distributed Generation in the
Pomer Office of Power Technologies

William Parks
Associate Deputy Assistant Secretary
Office of Power Technologies
May 30, 2001
Adelphi, Maryland

“If the energy infrastructure
of this country is inadequate
or in some way excessively
costly, it will undermine
economic growth, and is
therefore a major issue that
must be addressed.” Alan
Greenspan, January 26, 2001

.‘ :\.v!llﬂﬂ
- Areas with Capacity Margins < 10 percent

Source: North American Electricity Reliability Council, 2000

Office of Power Technologies

Renewable Energy Reliability/
- Power Quality
lopower
p » Power Delivery
» Solar Technologies

» Wind

» Geothermal

» Superconductivity
» Transmission Reliability

» Energy Storage

» Hydrogen

» Hydropower Distributed Energy
Resources

» Smart Controls

» Natural Gas Turbines, Fuel

- Cells & Engines

» Interconnection Standards

» Thermally Activated
Technologies

» Natural Gas-Renewable
Hybrids
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» Vision 2020: The U.S. will
have the cleanest and most
efficient and reliable energy
system in the world by ! s PLANFOR

o T DISTRIBUTED
maximizing the use of . ENERGY
affordable DER. .'.: M\ RESOURCES

Shamb,  STRATESIC
L e

iy
Ry oF DN

* Goal 2012: DER will achieve
20%+ of new capacity
additions.

Federal Role

Federal government role in the development and
deployment of distributed energy resources is
twofold:

» Continue to support RD&D to raise efficiency and
performance, and lower cost and emissions of advanced
distributed energy technologies; and

» Address technical, regulatory, and institutional barriers and

enable distributed energy resources to compete on an equal
and consistent basis for supplying energy and ancillary
services in competitive electricity and natural gas markets.

[ Process Completed
'1\) [ Process Initiated

Source: North Cardiina Solar Centet, February 2001
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Activities Addressing Utility
Interconnection

“Making Connections” Report

— 10 pt action plan for removing
barriers to interconnection

IEEE Process

Solicitation awards focused
on interconnection issues, 8-
10 awards to be negotiated
Workshops

— RAP

— NCSL

— RTO/ISO

OPT Initiatives

OPT Initiatives Include:

*CHP Challenge
*Building Codes and Standards
*Environmental Siting and Permitting

Activities

“Repowering the
Midwest”

Interconnection
Standards

Nevada Test
Site

Mercury 50
Rochelle Utilities

Microturbine
tests

Storage/mini- Guidelines

rid
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BCHP Installation at the
University of Maryland

Windows
Weather
Thermal Pane Station Rooﬁ|:|g
Materials

Advanced
Building

Materials,
Insulation Low
Voltage
Foundation Grid

Controls
DG

e L= : : Storage
i . : Al Reject

Comfort
Indoor Air Quality

Heating/Cooling

OPT Initiatives

OPT Initiatives Include:

*CHP Challenge
*Building Codes and Standards
*Environmental Siting and Permitting

Information Clearinghouse
& Networking

Websites:
. www.eren.doe.gov/power
« www.eren.doe.gov/der
« www.eren.doe.gov/distributedpower
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