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SPONSOR STATEMENT FOR HB 9

House Bill 9 establishes a hydrogen energy partnership within the Department of 
Community and Economic Development. The partnership is tasked with facilitating the 
development of a hydrogen fuel industry in Alaska.

Hawaii has already established a similar commission in preparation for potentially using 
their geothermal energy resource for producing hydrogen for dispersal throughout the 
Pacific Rim. If Alaska is going to remain competitive in the field of energy in the United 
States and throughout the world, we must prepare for the possibility that hydrogen will 
become a viable fuel.

House Bill 9 addresses this eventuality and establishes the structure necessity foi the 
State of Alaska to accept funding for a hydrogen project in the state.

E-mail: Reprcsentative_Harry_Crawford@legis.state.ak.us
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HOUSE BILL NO. 9 HYDROGEN ENERGY RESEARCH PROGRAM
"An Act establishing the Hydrogen Energy Partnership in the Department of Commerce, Community, and Economic 
Development; requiring the commissioner of commerce, community, and economic development to seek public and private 
funding for the partnership; providing for the contingent repeal of an effective date; and providing for an effective daU.
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FISCAL NOTE

R e v is io n  D a te /T im e  (N o te  if c o r re c t io n ):________________________ Dept. A ifected._____________C om m erce__________
Title Hydrogen Energy___________________________________ RD U  Executive Adm in , nd D ev (1 1 9 )
_________________R esea rch  P rogram __________________________________Com ponen t O ffice o f  Econom ic Deve lopm ent
Sponso r C raw ford , Berkow itz, R am ras__________________________________________________________________________
Requeste r House Community & Regional Affairs___________________Com ponen t No. 2 T4 3

Expenditures/Revenues__________________________ (Thousands of Dollars)_______________

STATE OF ALASKA Fiscal Note N u m b e r : _________________
2005 LEGISLATIVE SESSION Bill Version: hb_9_____________

() Publish D a t e : _________________

Note: Amounts d o not include inflation un less otherw ise noted below.
O PERA T IN G  EX PEN D ITU RES FY  2 0 06 FY  2 0 0 7 FY  2 0 0 8 FY  2 0 0 9 FY  2 0 1 0 FY 2011
Pe rson a l S erv ices 
Trave l 
Contractual 
Supp lies 
Equipment 
Land & Structures 
G rants & C laim s 
M iscellaneous

95 .0 • • ft ft ft

TOTAL O PERA T IN G 95 .0 • ft ft ft ft

CAP ITAL E X PEN D ITU RES  I I I i I
CHANGE IN R EV EN U ES  ( 1 1 0 8 ) 9 5 .0 n ' - ' . . .

I * I * J

FUND SO U R C E (Thousands o f D o lla rs )
10 02  Federa l Receipts
1 0 03  3 F  Match
1004  GF
1005  GF/P rog ram  Receipts
1037  GF/Mental Health
1108 S tatutory D esignated  P rogram  R cpts 9 5 0 • • • • •

TOTAL 95 .0 • ft ft ft ft

E stim a te  o f  an y  c u rre n t y e a r  (F Y 2 0 0 5 ) c o s t : 0  0
Mark th is  b ox  (X ) if fu n d in g  f o r  th is  b ill is in c lu d ed  in the G o v e rn o r 's  FY  2 0 0 6  b ud g e t p ro p o s a l'  I ~ l
PO S IT IO N S
Full-time
Part-time
Tem porary

A N A LYS IS : (Atach a  separate p a g e  rf necessary)

This legislation creates the Hydrogen Energy Partnersh ip to facilitate the deve lopm ent o f a hydrogen fuel inoustry in 
A laska. The partnership would consist o f nine m em bers and be housed  in the department. The departm ent is 
charged wi*h securing federa l and private funding sou rces to cove r the costs o f establishing end operating the 
partnership. The departm ent d oe s  not currently have sufficient resou rces to actively se e k  funding. If funding is 
secured, the departm ent would appo nt partnership m embers, RSA  funds to the A laska Energy Authority ar.d begrn 
to p rovide s ta ff support.

A fter F Y 06 , federa l and/or private funding sou rces, if obtained, would fund partnersh ip opera tions and staff. In the 
event funds a re  not obtained, provisions would be repea led a s  outlined in the bill.

P repa red  by: A lbert C lough, Depuiy C om m issioner Ph one  S 0 7 - 4 6 5 - 2 5 J 0 ___
Division Com merce, Community, and Econom ic Developm ent  Date/T ime 4 /1 1 /0 5  3 :4 5  PM
Approved by: Edgar B latohford, C om m issioner___________________________________________Date 4 /1 1 /2 0 0 5 ________
Agency Com m erce, Community, and Econo mic Deve lo pment

(Revised 9/23/2004 OMQ)
Fiscal



FISCAL NOTE
STATE OF ALASKA
2005 LEGISLATIVE SESSION

Revision Date/Time (Note if cr region): 
Title Hydrogen Energy

S p on so r
R egu este r

R esea rch  P ro g ra rr

Fiscal Note Number
Bill Version:
() Publish Date:

Dept Affected 
|R D U  
Com ,

HB 9

C om m erce
AIDEA (1 2 5 ) 

'nent AIDEA
Cravyford, B e rV j*  z, R am ras
H ouse C om m u nty ' R egional Affairs

Expenditures/Revenue?

Component No 

(Thousands of Dollars)

1234

O PERA T IN G  E X PE N D IT U R E S ' Y 2006 FY 2 0 0 7 FV 7.008 FY  2 0 0 9 FY 2 0 10 FY  2011
Pe rson a l S e rv ices 74 0 • • • • •
T rave l
Contractual
Supp lies
Equipment
Land & S tructu res
G ran ts & C laim s
M isce llaneous

TOTAL O P E R A T NG 74 .0 * • • • •

(CA P ITA L E X PE N D IT U R E S  !
ICH A N GE IN REVEN ES  ( ) I ! !
FUN D  S O U R C E (Thousands o f D o lla rs )
10*. F ede ra l R eceip ts
1 0 0 3  G F  Match
1004  GF
1 0 0 5  G r/P ro g ram  Receip ts
1 0 37  GF/M enta l Health
1007  In teragency R ec e  pts 7 4 0 • • • • •

TOTAL 74 .0 * • * • *

E s tim a te  o '  an y  c u rre n t y e a r (F Y 2 0 0 5 ) c o s t : 0 0
M ark th is  b o x  (X ) if fu n d in g  f o r  th is  b ill in m c luded  in the  G o v e rn o r 's  FY  20 96  b udg e t p ro p o s a l:  I l
PO S IT IO N S
Full-time 1 • • • • •
Part-tim e
Tem pora ry

lAMAI YRIS- /AHorh a r a n  o  r o t a  n if n « r « c f o n / l

This leg is lation c rea tes the Hyd rogen  Energy Partnersh ip to facilitate the deve lopm ent o f a hydrogen fuel industry in 
A laska The partnersh ip  would consist o f nine m em oers and be housed in the department. The departm ent is 
charged  with securing federa l and private funding sou rces to cover the costs o f establishing and operating the 
partnersh ip. The departm ent d oes  not currently have sufficient resou rces to actively seek  funding. If funding is 
secu red , the departm ent would appoir.t partnership m embers, RSA  funds to the A laska Energy Authority and begin 
to p rovide s ta ff support

A IDEA p rov ides s ta ff support fo r AEA p icg ram s

P repa red  by: S n ra  F isher-G oag , F inancial Analyst_____________
Division A laska Industr al D evelopm ent & Export Authority
Approved by: R on  Miller, Executive D irector_____________________
Agency A laska Industrial L o v e lo pment & Export Authority

Phone 9 0 7  2 6 9 .4 6 2 3
Date/Time 4 /11 /0 5  3 :3 8  PM

Dare 4/11/2005

(I levited 9/23/2004 OMB) Page 1 of 1



FISCAL NOTE
STATE OF ALASKA
2005 LEGISLATIVE SESSION

R e v is io n  D a te /T im e  (N o te  if c o r re c t io n ): 
Title Hydrogen Energy

Fiscal Note Number
Bill Version:
() Publish Date

HB 9

Com m erce

Spon so r
R equ este r

R esea rch  P rog ram

Dept A ffected 
|ROU
Com ponent AEA Ru ra l Energy Operations

A la s k a  E n e rg y  A u th o rity  (4 5 3 )

Craw ford . Berkow itz, Ram rar.
H ouse Com m unity & R egional Affairs 

Expenditures/Revenues

Com ponen t No 

(T h o u s a n d s  o f  D o lla r s )

2 6 0 0

O PERA T IN G  E X PE N D IT U R E S FY  2 0 06 FY 2 0 0 7 FY 2 0 08 FY  2 0 0 9 FY 2 0 1 0 FY 2011
P e rson a l Serv ices 
T rave l 
Contractual 
Supp lies 
Equipment 
Land & S tric tu re s  
G ran ts & u ia im s 
M isce llaneous

1 5 0
7 4 0 • • • • •
6 0

TOTAL O PERA T IN G 95 .0 • • • • •

C A P ITA L  E X PE N D IT U R E S

ICHANGE IN R E V E N U E S  ( )
FUND  SO U R C E (Thousands o f D o lla rs )
1 0 02  Fede ra l Receipts
1 0 03  G F  Match
1 0 04  GF
1 005  G F/P rog ram  Rece ip ts
1 0 37  GF/Mental Health
1007  Interagency Rece ip ts 9 5  0 • • • • •

TOTAL 95 .0 * * • • •

E s tim a te  o f  an y  c u rre n t y e a r  (F Y 2 0 0 5 ) c o s t : 0 .0
M ark th is  b ox  (X ) i f  fu n d in g  fo r  th is  b ill is  In c lu d ed  in the G o v e rn o r 's  FY 2 0 0 6  b udg e t p ro p o s a l: I
PO S IT IO N S
Full-time • * • • •
Part-tim e
Tem porary

A N A LY S IS : (Attach a separate p a g e  if necessary)

This legislation c re a te s  the H ydrogen E nergy  P artnersh ip  to facilitate the  developm ent of a  hydrogen fuel industry in A laska. The 
p artn ersh ip  would co n sist o,' n ine m em be s an d  b e  h o u se d  in the  de; artm ent. The d ep artm en t is charged  with securing  federal 
an d  private funding so u rc e s  to c o - 2 '  th e  co s ts  of establish ing  an d  l ,  e ra ting  the  partnership . The d epartm en t d o a s  not currently 
h av e  sufficient re so u rc e s  to actively se e k  funding. If funding is se cu re d , the  d ep artm en t would appoint partnersh ip  m em bers RSA 
funds to th e  A laska Energv Authority an d  begin to provide staff support

AEA es tim a te s  n eed ing  j  D evelopm ent S pecialist II ($74.0) to se c u re  the  federal or private funding so u rc e s  and  begin 
o rganizational work for the  p artnersh ip  B e cau se  responsibilities could not be  ab so rb ed  by existing staff, o n e  new  FTE would be 
requ ired  along with funds ($6 0) for a  com pu ter an d  supp lies Travel funds ($15.0) a re  included for partnership  m em bers to m eet 
up  to th re e  tim es annually  an d  to cover vost of in s ta te  an d  out-of-state  travel for the D evelopm ent Specialist for organizational 
p u rp o se s  an d  to se c u re  federa l g ran ts. After FY06. federal and/or private funding so u rces , if ob tained, would fund partnership  
o p era tio n s an d  staff. In th e  ev en t funds a re  not obtained, provisions would be  rep ea led  a s  outlined in the  bill.

P repa red  by:
Division
Approved by: 
Agency

S a ra  F isher-G oad . Financial A n rlyst Phone 9 0 7  2 6 9  4 6 2 3
A laska  Energy Authority Date/Time 4 /11 /05  4  05  PM
Ron  Miller, Executive Director Date 4 /11 /2 005
A laska Energy Authority

(R ivuad  9/23.Z004 OMB) Page 1 of 1



FISCAL NOTE
STATE OF ALASKA
2005 LEGISLATIVE SESSION

Revision Date/Time (Note if correction):
Title H Y D R O 1, EN EN ERG Y  R E S l ARCH  P

Spon so r
R equeste r

R ep re se rta tiv  ,.■»> Craw ford. Berkow itt

Dept A ffected:
'R D U  ________
Com ponent ________

Fiscal Note Number:
Bill Version:
() Publish Date:

HB9

University o f A laska

Expenditures/Revenues

Com ponen t No. 

(T h o u s a n d s  o f  D o lla r s )
Note: Amounts d o  not include inflation un less otherw ise notod below .
O PERA T IN G  E X PEN D ITU RES FY  2 0 0 6 FY  2 0 0 7 FY 2 0 0 8 FY 2 0 0 9 FY 2 0 1 0 FY 2011
P e rson a l Serv ices
T rave l
Contractual
Supp lies
Equipment
Land & Structures
G rants & C laim s

J

TOTAL O PERA T IN G 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

ICA P ITA L E X PEN D ITU RES  | I I  I I I I
ICHAN GE IN REV EN U ES  ( ) I I I I I I I
FUND  SO U R C E  (Thousands o f D o lla rs )
10 02  Federa l Receipts
1 0 03  GF Match
10 04  GF
1005  GF /P rog ram  Receipts 
1 0 37  GF/Mental Health 
10 48  University Receipts

TOTAL 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0

E stim ate  of  an y  c u rre n t y e a r  (F Y 2 0 0 5 ) c o s t :
M ark th is  b ox  (X ) if fu n d in g  fo r  th is  b ill is  in c lu d ed
PO S IT IO N S

0 .0
n o r 's  FY 2 0 0 6  b udge t p ro p o s a l:n the  G o v e r I

Full-time
Part-tim e
Tem porary

A N A LYS IS : (Attach a separate p a g e  if necessary!

A ny  ad d it io n a l fa cu lty  a n d  s ta f f  r e s o u rc e s  req u ired  w ou ld  b e  g ra n t fu n d ed  from  ind u s try  o r  fe d e ra l s o u rc e s . 
S ta ffin g  re q u irem en t will b e  d e p e n d e n t on  sp ec ific  g ra n t o ro p o s a l « .id  m a y  v a ry  w id e ly  a n d  a r e  d ifficu lt to 
p red ic t g iv en  th e  in fa n c y  o f  th e  p ro g ram .

Pat Pitney
UA SW Planning and Budget Development

P repa red  by:
Division
Approved by: Pat Pitney___________
Agency University o f A laska

Ph ne 9 0 7 -4 50 -8 191
Date/Time 4/11/05 9 :07  PM

Date 4/11/2005

(Revised 12/2003 OMB) Page 1 o f  1__



' Internet http://www.eren.doe.gov/fem
Federal Energy Management
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Fuc' Cells Pr j\i\6e Reliable Power to U.S. Postal Service 
Facility in Anchorage, Alaska
Combin’d  In at and power project provides -eliable power at reduced cost

"Fuel cells solved a handful of problems."

Overview

Working together, the U.S. Postal Service 
(USPS) and Chugach Electric Association, 
partnering with the Department of Defense 
(DOD), Department of Energy (DGE), US Army 
Corps of Engineers Construction Engineering 
Research Laboratories (USA CERL), Electric 
Power Research Institute (EPRI), ...id National 
Rural Electric Cooperative Association 
(NRECA), developed and installed one of the 
largest fuel cell installations in the wot Id.

The one-megawatt fuel cell combined heat and 
power plant sits behind the Anchorage U.S. 
Postal Service Mail Processing and Distribution 
Facility. Chugach Electric owns, operates, end 
maintains die fuel cell jrower plant, which pro­
vides clean, reliable power to the USPS facility. 
In addition, heat recovered from the fuel cells, in 
the form of hot water, is used to heat the USPS 
Mail Processing and Distribution Facility. By 
taking a leadership role, the USPS will save over 
$800,000 in electricity and natural gas 
costs over the 5'/2-year contract term with 
Chugach Electric.

— Cathe Grosshandler,; Alaska District 
Environmental Coordinator, U.S. Postal Service

Background

The U.S. Postal Service Mail Processing and 
Distribution Facility, adjacent to the Anchorage 
International Airport, serves as the postal hub 
for all of Alaska. The facility processes, on aver­
age, over one million pieces of mail every day.

The M ail P  ocessing mid Distribution Facilits. adjacent 
to lltc Anchorage International Airport, is key to the 
Alaska mail system.

Rather than solving each issue separately, the 
District Environmental Coordinator wanted a 
comprehensive solution. The answer seemed to 
lie in a highly reliable, highly efficient combined 
heat and power plant.

opera ing 44 hours per day. 3( 5 days per 
year. Annual eneigy costs for the 270,000- 
square-foot facility exceeded $300,000 
for electricity .and $35,(XX) for natural gas.

The facility faced a series of issues that needed 
to be addressed. To meet new environmental 
codes, the ucility needed to upgrade an existing 
underground fuel oil tank serving the facility’s 
600-kW emergency generator. As a result of an 
expansion to the facility and adding new optical 
mail processing equipment, the facility’s peak 
electric demand had grown larger than the existing 
emergency generator could support. Upgrades 
were also needed to the UPS (uninterruptible 
power supply). In addition, the two 80-horse­
power boilers (2,700,000 Btu/h), which heat the 
facility, also needed some improvements.

http://www.eren.doe.gov/fem


F E D E R A L  E N E R G Y  M A N A G E M E N T  P R O C R A M

Set against the ( 'Imgaeli Mountains, five  fuel cells .supply reliable an il clean power to the 
I ISPS facility.

Project Summary

Initially, a combined heat and power 
plant using natural gas engine genera­
tors was proposed. However, after 
attending a local energy technology 
show, the USPS began to consider fuel 
cells. By coincidence Chugach Electric 
Association, the serving electric utility, 
was developing expertise in fuel cell 
' ;ehnology and supported the USPS 
interest in the emerging technology.

Fuel cells produce electricity through 
an electrochemical reaction rather than 
combustion. While more expensive 
than conventional power generating 
equipment, fuel cells provide efficient, 
reliable power with minimal emis­
sions. (For more information on fuel 
cells, see FEMP’s Federal Technology 
Alert, “Natural Gas Fuel Cells," at 
http://www.eren.doe.gov/fem p/ 
prod tec h/fed_lec halert. ht ml.)

To increase overall reliability, the com­
bined heat and power plant consists of 
five fuel cells with room for a future 
sixth unit. Thus, the system can meet 
the facility’s peak 8(X)-kW demand 
even when one fuel cell is off-line. The 
resulting one-megawatt (1,000-kW) 
combined heat and power plant con­
sists of five fuel cells, a nitrogen tank, 
heat recovery equipment, a pump 
house, and the site management sys­
tem (SMS).

The fuel cells, manufactured by Inter­
national Fuel Cells, Inc. (formerly 
ONSI), are rated at 2UU kW each and are 
fueled by natural gas. Nitrogen is used 
to puige the fuel cells during startup 
and shutdown cycles. The pump house 
is used to move the heat generated by 
the fuel cells to either the facility for 
space neating or to the cooling mod­
ules, where the excess heat is rejected.

What makes the system a success is 
the site management system. The SMS

includes fuel cell load control, grid 
interconnection, and a high-speed 
switching system. The SMS allows 
the multiple fuel cell system to trans­
fer between grid-parallel and grid- 
independent in under 4 milliseconds 
('/* cycle in a 60-Hz system), fast 
enough that the highly sensitive com­
puter systems in the USPS facility are 
not interrupted by the transfer. Nor­
mally, the fuel cel's operate in parallel 
with the Chugach electric grid. Excess 
power generated by the fuel cells flows 
out into the Chugach grid. However, 
in the case of a grid outage, the 
SMS identifies the outage, isolates 
the USPS facility from the grid and 
allows die fuel cells to transfer to grid- 
independent mode seamlessly. The 
SMS was developed under this project 
but is now commercially available and 
being specified for use in other fuel 
cell power systems.

The entire project cost $5.5 million, 
including the research and develop­
ment for the SMS. Funding for the 
project came from the many partners 
invo’ved in the effort. What made the 
project work economically for the U.S. 
Postal Service is a special contract 
between the USPS and Chugach

Electric. Chugach Electric owns, oper­
ates. and maintains the fuel cell power 
plant, which is located on the USPS 
property. The plant is remotely oper­
ated by Chugach Electric. The only 
cost to the USPS was the $1 million 
up-front cost as part of a 5‘/j-year con­
tract for baseline electrical service. In 
return, Chugach Electric provides elec­
tricity to the mail processing facility for 
the 5'/:-year term. If electricity require­
ments at the USPS facility grow above 
the set baseline, which the USPS 
believes is unlikely, additional electric­
ity is purchased at standard rates.

In addition, the USPS facility owns the 
use of the heat recovered from the fuel 
cells. Heat energy from the fuel cells is 
available in tne form of hot wafer at 
two temperatures: 240°F and 140°F. At 
this time, the higher temperature water 
is used for heating the facility. The 
lower temperature heat is rejected 
through the cooling modules.

Benefits

,ie fuel cell CHP plant provides a 
number of benefits to the USPS. The 
most significant benefit has been the 
increased reliability of electric service.

http://www.eren.doe.gov/femp/


F E D E R A L  E N E R G Y  M A N A G E M E N T  P R O G R A M

Restarting the mail processing equip­
ment after a power outage requires a 
significant level of effort The increased 
reliability results in fewer power out­
ages, thereby avoiding unscheduled 
shutdowns and restarts. The fuel cell 
and SMS have worked flawlessly since 
commissioned. In fact the week before 
Christmas, on one of the busiest days 
of the year, construction at the airport 
caused a local power outage. The entire 
area was without power forover4 hours. 
All, except the U.S. Postal Service, 
th.°t is. The SMS system automatically 
switched the facility to operate grid- 
independent with no interruption. The 
USPS facility went on to set records, 
processing over 1.4 in.’':on letters and 
parcels that day, while the neighbors 
were sitting in the dark.

While the combined heat and power 
project does not reduce electricity con­
sumption at the USPS facility, it does 
significantly reduce USPS energy 
costs. The contract between the USPS

and Chugach Electric provides baseline 
electrical service to the USPS facility 
for 5l/i years at a cost of $1 million. 
Previously, electricity for the USPS 
facility' averaged over $300,000 per year.

Heat recovered from the fuel cells is 
being used for space heating in the 
mail processing facility, thereby dis­
placing the load on the original boiler 
heating system. In fact, savings have 
exceeded the original estimufe. Ini­
tially, it was determined that the tuel 
cell heat energy could meet around 
50% of the total facility space heating 
needs. During the first year of opera­
tion, the heat recovered has satisfied all 
the space heating needs. Although the 
winter of 2000-2001 was milder than 
average, heat recovered from the fuel 
cells has exceeded expectations.

Some capital cost reducti is were also 
achieved. The demonstrated reliability 
of the fuel cell and site management sys­
tem has eliminated the need to upgrade

the existing emergency generator. 
However, the old 1000-gallon, single­
wall, below-giade fuel oil tank still 
needed to be replaced. A new dual­
wall, 500-gallon, above-ground fuel 
oil tank was determined to be suffi­
cient because of the increased reliability 
of the new power supply system. In 
addition to the cost reduction from the 
less expensive, smaller tank, the envi­
ronmental code features were also less 
expensive for the smaller tank size. 
Avoiding the need to upgrade the 
emeigency generator and installing a 
smaller fuel oil tank saved the USPS 
an estimated $500,000 in capita! costs.

Lessons Learned

The USPS recommends that any site 
thinking about a similar project should 
consider the following:

• Projects of this nature require 
"champions.” Each of the parties 
involved in the project recognized 
the value of local champions who 
could think outside the box, over­
come barriers, and push the project 
through.

• Consult with the local utility, DOE 
regional office, and other organi­
zations to investigate potential 
partnerships. Both the USPS and 
Chugach Electric Association 
believe a more effective solution 
was achieved as a result of the 
partnership.

• Take a holistic approach to solving 
facility needs. The USPS had to 
address a series of issues. Although 
each facility nci J could have been 
solved individually, the fuel cell 
combined heat and power plant 
solved several of the needs simulta­
neously and at a lower cost.

Heal recovered from  the fu e l cells offsets heat supplied hv tlte boile r system. Tlu boilers 
were not needed during the winter o f  2tXH)-2t)OI
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Be«ng the largest fuel cell installation of its time 
nvde this a distinctive installation. However, it 
will not remain unique. The development of the 
SMS will lead to more multi-unit fuel cell power 
plants with high-speed reliability.

Looking Ahead

The USPS facility is looking for additional uses 
for the heat recovered from the fuel cells. While 
the high temperature heat recovered is perfect for 
space heating, there is still significant heat 
energy available at 140°F, which has yet to be 
utilized. The USPS is still investigating several 
potential uses for this valuable heat energy.

The SMS has additional capabilities that the 
USPS may use in the future. In addition to control- 
ling fuel cell operation, the SMS is also 
capable of controlling peak electrical demand 
through load siiedding. This feature could be used 
to prevent overloading the pow er plant when the 
electric grid is down and the fuel cells are operat­
ing independent of the electric grid. The ability to 
load shed while operating grid-independent 
could prevent a shutdown of the fuel cell power 
plant as a result of an overload condition.

At the end of the contract period, the USPS and 
Chugach Electric will renegotiate the future of 
the fuel cell combined heat and power plant. No 
one knows what th> future may bring, but all 
agree the project has been a success.
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Which way ahead for hydrogen cars?

Rising petrol prices and diminishing oil supplies may drive motorists to demand alternative forms offuel 
-  sueh as hydrogen.
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Key text

Competitors in 'he men’s and women's marathonj at the 2000 Sydney Olympics had an exciting glimpse 
of the future. The pace vehicle that led them round the 42-kilometre circuit looked like a typical mmily 
wagon, but looks were deceptive. Under the bonnet was a stack of fuel cells, not an internal combustion 
engine. And as the car glided silently forv ard it emitted no smelly fumes or greenhouse gases -  just a 
little water vapour.

The car was powered by hydrogen, the simplest and most abundant of all chemica' elements. The fuel cells under 

the bonnet converted the hydrogen directly into electricity.

Many experts think hydrogen will replace petrol, diesel and natural gas as the main fuel for cars, buses and trucks 
over the next few decades. Already car manufacturers around the world have invested billions of dollars in research 
and development

The advantages of hydrogen are enormous: no more smog-forming exhaust gases, no more carbon dioxide 
emissions that contribute to global warming, no mcre worries about diminishing oil supplies and rising prices.

But some tricky questions need to be answered before mass-produced hydrogen cars start appearing on the 

streets:

• Where will the hydrogen come iiom?
• How will motorists fill up?
• How will cars store the fuel?

Austialian Academy of Science 
Information
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And there’s also the question of how bcct to tap the energy in the fuel for good on-road performance.

The choice -  combustion or fuel cells?

Two kinds of engines can use hydrogen as a fuel -  those that have an internal combustion engine converted to use 

hydrogen and ihose that are made up of a stack of fuel cells.

Internal combustion engines
Internal combustion engines have powered cars since they first began to replace horse-drawn carriages more than 
100 years ago. These engines can be converted to run on a variety of fuels, including hydrogel. When hydrogen 
burns, the only by-product is water -  not the polluting cocktail given iff by burning petrol and other fossil *uels.

BMW succossfully demonstrated this technology in a fleet of 15 sedans used to ferry people to and from EXPO 
2000, the world fair in Hanover, Germany. The fact that no major changes need to be made to the basic internal 
combustion engine design is a m-tjor attraction.

Fuel cell engines
However, most car makers think that fuel cells powering an electric motor ofver a better alternative. Electric cars are 
hardly a new idea, but the need to recharge heavy stacks of batteries after rete-.vsly short journeys has stopped 
them becoming popular. Now fuel cells have made electric cars practical.

Unlike batteries, which store electricity, fuel cells make electricity as they go. Recent developments in technology 
have greatly increased the amount of power that a stack of cells -  small enough to fit under a car’s bonnet -  can 
provide. This has opened up the prospect of non-polluting electric cars with the levels of pedormance we expect 
from conventional vehicles.

Fuel cell technology sounds simple. The hydrogen fuel reacts with oxygen from the air to produce water and 
electricity -  the reverse of the familiar electrolysis process that releases oxygen and hydrogen from water. In reality 
it's much more complicated. Box 1 outlines how fuel 'ells will power our cars.

The big advantage of a fuel cell engine over an internal comoustion engine running on hydrogen is its greater 
efficiency. The same amount of hydrogen will take a fuel cell car at least twice as far as one with a conveded 
internal combustion engine.

Fill "er up please

Hydrogen has many advantages as a fuel for vehicles, but a big disadvantage is that it is difficult to store. This is 

because at normal temperatures hydrogen is a gas. The hydrogen must be packed tighlly into a car’s tank, 

otherwise a filling stop will be needed every few kilometres.

The obvious solution is to strongly compress the hydrogen, or liquefy it. However, large amounts of energy are 
needed for this -  an estimated 20-40 per cent of the energy content of the fuel. Also, tanks designed to hold 
hydrogen at extremely high pressures, or at temperatures approaching absolute zero, are heavy and expensive.

A futuristic filling station kept EXPO 2000's fleet of conveded BMWs running. Drivers pulled up at the pump, 
pressed a button on their dashboard, and watched from inside the car as a laser-guided robotic arm connected the 
store of liquid hydrogen to their tank. Filling took about 3 minutes. It was wise to keep well out of the way -  at minus 
2539C, liquid hydrogen is unimaginably cnld.

The special insulatec tanks in the BMWs held 140 litres of hydroc, a , enough to drive at least 300 kilometres.
(That’s a reasonable range, although a 95 litre tank of petrol would take the same cars twice as far.) The 
hydrogen-powered marathon car at the Sydney Olympics also ran on liquid hydrogen. Its much smaller tank (75
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litres) gave it a range of about 400 kilometres, a sign of the gieater efficiency of fuel cell cars.

High cost and the large amount of energy ne ‘ded to liquefy the fuel are likely to be the main problems with 
refuelling with liquid hydrogen. Filling up with compressed hydrogen gas will probably prove more practical, even 
though it may. aduce the distance between fills. Cars could store the hydrogen in high pressure tanks similar to 
those used for compressed natural gas. Or, if current research proves successful, some high-tech alternatives 

could be emplc, x i

Scientists have found that various metals can absorb up to a thousand times their own volume of hydrogen gas. 
Specially treated carbon may also hold large amounts. These discoveries could shape the fuel tanks of the future 

(Box a

But where will the hydrogen come from?

There’s no risk that we'll ever ru’ out of hydrogen, it's by far the most plentiful element in the universe. On Earth, 

however, it exists natu illy only in chemical compounds, not as hydrogen gas. Water and the main components of 

coal, oil and natural gas are prime examples of these compounds.

Natural gas currently provides most of the hydrogen used in industry. The relatively simple technology employed -  

steam reforming -  could also produce hydrogen gas for cars at central plants or ullmg stations. Alternatively fuel 
tanks could be filled with petrol or methanol, with the cars using on-board ‘reformers' to generate hydrogen for their 
fuel cells. This shows promise as a transitional measure while research p, iceeds on the problems of storing 

hydrogen.

In steam roforming the hydrocarbon fuel reacts with water at high temperatures to produce hydrogen gas. A major 
drawback is that a  on dioxide and smog-causing gases such as nitrogen oxides are given off too, although 
emissions per kilometre of car travel would be less than from petrol-burning vehicles.

An alternative approach now under development, autoreforming, should increase the attractiveness of on-board 
hydrogen production. Use of a catalyst will allow the reforming to occur at much lower temperatures -  too low for 
the production of nitrogen oxides.

Water is the only potentially pollution-free source of hydrogen. Researchers are looking at new ways of producing 
hydrogen -  using algae, bacteria or photovoltaic cells to absorb sunlight and split water inio hydrogen and oxygen. 
But the technology most likely to be adopted on a large scale is electrolysis, which uses an electric current to split 
water into oxygen and hydrogen.

Is it safe?

'Remember the Hindenburg' -  that’s a phrase often heard when hydrogen is discussed. This German passenger 

airship, kept aloft by hydrogen, crashed in flames as it came in to land al Lakehurst, New Jersey, USA in May 1937. 

Thirty-five people died. Nowadays helium, which can't burn, is the gas of choice for lighter-than-air craft.

Hydrogen is highly flammable, but recent research has indicated that *he airship's fabric, not hydrogen, was the 
culprit in the Hindenburg disaster. Properly handled, there’s no reason to think hydrogen is any more dangerous as 
a fuel than petrol, the explosive liquid now carried safely in the tanks of untold millions of motor vehicles.

Looking forward

Recent technological advances, particularly in fuel cell design, have made hydrogen-powered cars a practical 

proposition, and car makers expect to start mass-producing them within the next decade or so. Their power and 

acceleration should match those of today's petrol-powered vehicles, but they may have to be refuelled more ofter.
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The best ways to produce, distribute and store the hydrogen still have to be sorted out. In the short term fossil fuels 
may rem Jn in demand as a nydrogen source. However, the idea that in the not too distant future most of us will be 
driving non-polluting cars fuelled by hydrogen from a clean, renewable source is no longer a flight of fantasy.

Related Nova topic:

• Fuelling the 21st century

Box 1. Plenty of power from fuel cells

The fuel cells in the Opel wagon that stole some of the limelight at the rrrrathons at f.he 2000 Sydney 
Olympics took up no more space than a normal car engine. A few years ago the stack of fuel cells needed 
to run such a car would have taken up the whole boot and Lack scat area. And the hydrogen-powered Opel 
has good performance credentials -  it can accelerate from 0 to 100 kilometres per nour in 16 seconds and 
has a top speed of 140 kilometres per hour.

Fuel cells have been around for a long time -  Sir William Giove, a Welsh physicist, invented one that ran on 

hydrogen way back in 1R39 -  but their potential as a commercial power source is only now beginning to be realised. 

With different applications in mind Prom large-scale power generation to electricity for portable electronic devices), 

researchers are working on many types of cells -  alkaline, phosphoric acid, molten carbonate and proton 

exchange membrane (PEM). In Australia, CSIRO and industry researchers are collaborating in develcning a solid 

oxide fuel cell.

A fuel cell for vehicles

For vehicles, attention has focused on the PEM fuel cell. Its key component,  ̂e membrane, is a sheet of rubbery 

plastic coated with a platinum catalyst. The catalyst splits hydrogen gas into protons and electrons (a hydrogen 

a;om comprises just one proton and one electron). The protons pass through the membrane and the electrons 

leave the cell along wires; this is the electric current generated by the cell. When the protons and electrons meet 

again on the other side of the membrane, they combine with oxygen to form water. As long as hydrogen is supplied 

the cycle con*;nues, with hydrogen and oxygen being turned into water while generating electricity. A great 

advantage of this type of fuel cell is that it operates at 60-9C°C whereas other types require temperatures of 

500-1000°C.

The breakthroughs that turned stacks of PEM cells into suitable power packs for cars came in the 1990s. Ballard 
Power Systems of Canada, whose two largest shareholders are DaimierChrysler and Ford, discovered a way to 
multiply a stack's power output per litre from less than 200 to more than 1300 watts. With such a stack under the 
bonnet, an electric car can match the perfrmance of petrol-powered models.

Trials of PEM fuel cell buses in Perth

Trials of Mercedes-Benz buses powered by Ballard’s PEM fuel cells have been conducted successfully over the 

oast few years in Chicago and Vancouver, and now Perth has been chosen as one of eleven cities arou. the world 

to host a bigger series of trials. Beginning in 2002, these trials will involve a total of 33 fuel cell powered buses. The 

three buses in Perth will slot into the regular commuter fleet and be fuelled by hydrogen produced at the BP
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