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. " 'Secretary of Energy _
U:S, Department of Erxergy ;
Ll 1000 Independence Ave., SW
' "V-Washmgton DC 70585

"Dear M., Bodman :

Cur. mpany was - certamiy glad to see Bonnewile Power Admmlstratron reduc ,
. _approxrmately $30/megawatt Thls reduced the cost of Bonnevxlle power to both publi¢ arid

. "the Bush Admmxstranon budoet presumeéd that by chargmg BPA power
: _there would be more revenue from Bonnevrlle Power ) :

The drff culty wuh hydropower on:the Columbra Rrver is ‘that the system of dams has very N

7'_.hrmted abrhty o store ‘the flow of the river... Consequemly, during penods of high flow, opén-
<. market sales of electnmty fall -around $”0/megawatt -During penods of W ﬂow, BPA sens,
s -httle on the open market and the pnce of elecmmty chmbs to about 350/ : i

R b BPA power is truly charged at Open market pno s, prices wﬂl ﬂuctuate drama’hc ly year
., year, as wéll as’ season to seasom. It was not long: ago that BPA worked to-keep the aluminum.

: comparues on the system because open market rates were very low. We seem 1o forget the

7, . .market swin gs when wé Took ‘at current market rates. Ahhough the current ‘systern 1§ cost b_ased
"7 the curént pricing: reflects an average market. ‘T am sure that it would be foolish ta have price be
- . st that ( bill for power ﬂuctuated radrcally, erther ﬂoatm
© sinking the ‘whole - re;,zonal economy dependmg on nver ﬂows '_That would be :
-ﬂ_counterproductwe system Sl S .

", ""._-Fmally, since BPA controls the wholesale market,‘the U S oovemment can’t srmply turn BPA:

- loose to charge whatever the ‘market will or wiil not bear at any given time. Some system ts"__

R needed so that rates on average meet the needs’ of BPA- and the ratepayers but do not al]ow
S excesswe proﬁts for BPA as the largest power producer m the reglon , C :
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" November 30,2004 < ...

blecmc unhry réstrictuting was mu:xated in
ehie 1990s 1o remedy ‘the problem of relatively ¢
© . “high- electricity costs in ‘the Northeast and, at
- wCalifornia. While po]mcums hoped that reforri
. would a.llow Tow-cost electricity to flow to high-
cost states and :hat competition would rede
. prices, economists wanted reform o eliminz
) ,regulatory incentives '’ ‘overbiild . gehera:
o .capa.cuy and sparthe int ducmon of' real ;
- prices for elecrricity. B
s ‘nfortunarely. hxgh-,cosc‘staces have seen 1t
: _;"tlc price relief; and competition: has bad 2 négli-* +
S gzble1mpact on ptices. Meanwhile, the California-
" crisis of 2000-2004 hasled many states to adopt
k pohcxes thar would nce again encourage exce
. - capaqry. Fma.lly1 teal- time pricing, although the
* $ubject of expenments, hs yet to emerge: .. ..
Most an-esnng howeve s :he fact:lmrestruc o

hidv dev_elOPed L_lpd&r laiss fai e.

: Peter V:m Daren is edztar of_Regulatlon magadne :md Jeny Taylor is dxrector of natuml
CaraInsumte L o _ - o AR
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' v_.restructurmg was_
a polmca.l answer’

co_st_ el_ecmcxry have ntei
. responded by re51stmg those, poticy. changes at
' ' -ld :




= mighe appea!’ o be thet case. ¥ Lower “hole:a.le
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I_demand) th_at
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; anon secror.”
; Pnces ro retail cizs
_ .‘ed by restructuring in
) 'ex:t.nt ‘that srare leb]lC serwce comrmssxons
‘-}now sollcn: bids ﬁ-om generators G sexve so-

er) faised eIecrricuj and na _
in Cahforma.“ _Th"e

- of mtrogen ox1de emxssxons in"the Lo§’
- 'Angeles basm some des:gn featur"‘ ;

plavm gl less ofa roie in ose cost savings ¢ tha.n '

' pnces _are 3150 p SEC[ 011 tO consumers m




.. 'econonuc defect e : miost. ft ‘st
OfWhlch was She _rates) to Iarge mstomers'. hose use.is relative- . th
'ly constant acioss the da;ly anc_I seasonal cycles o

: excess generatlon; }

._:ment:s) rather than peak : w}nch'_ cause —




.{promouon of
_'real tlme pncmg

-»._the' mcentlves to. e
'_--,-'-bv‘ tbuildor . ¢ -
}'"overcontract for S
_'power._ -

P

.Ina.n _ nregulared.elecmc“;y rratker, thien, e
ginal sources of' elecmcuy—-such as hlgh- .

) icifivies whose supPIy
_: ‘.,expa.nded)' wo d recexve paymen;s i




_ of the ri1ost expensive p
reszu]mon_ piays 4 role. T h

" New York may be
largely ﬂlusory N

_ happen © resxde within a
R ‘cutrént service temtory b Lo
: relatlvely_ﬁxed supply of this ¢




: ;'Iongterm managem. "of : o
* The FERC also favors a standard market L
T deann For a:he mduqtry (1r_:cIudmg_ provtsmns )




. prices consnderablym He stimmiiier across sev- . imp
“eral 'tates'“Itwould appear atd\egams w0




. afe.riioré likely to'¢ n'e from the i inter- .

. actions ' of the’ parucnp:mrs in. the -

- process; in othe - words effective prod-

. uicts, and organizations are tnore likely
" o bé selforganized raxher than handed '_ :

3 down from above G

Given' Lhe resxsran of rnany trad1t1onal
‘ ! s stai:da:d mirket desxgn
: proposa] however, “ic: seems «lear: that “the
o mduscry would return co vemcal 1ncegra.uon' ;

freed t'rom govemmenr regulatlb 2
' predtct s :




The dlfferences
. -_'. . between af-
regu]ated a.nd an

) electnaty sector "
‘as theyare in
'othe_r, _markets_ :

: of elecmcxty assets‘unp




© system’a
teristics;

Thue is hrcle reason o R rlunk tha.t the

._.l‘ESEluCl‘Ui‘lnb expen ent wxlI produce lm—

: rion'Lo ha.ppm in'the toreseea.ble Euture'Bur
- we do expect the case for's nstructurmg asicis ;
~ curreiitl -"concewed o ‘come under mcreas—

. Ene:‘gy hi
“Stacus of Stage: E]tCII‘lC‘IndUS

éct its regiulators’ best éstimate of:
costs” would be'in the

uclear powef was impri
stait ot ' was made ‘excessively costly.

eral ‘safety egulénon {in_the' form of :th

- plants camé onlins

" the early 1980 and elécrricity rates rose 60.percen "
. fron -1 ol

1982 See Ca.]eb Sol'
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1 cent-of productior) to 111
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Nuclea_r Deterrence,
8 Recoxd‘(}u]y 8 2004)

B ._'Deﬁats, Interest Rates, n
"‘;'f.(]une 29 2004) L




12, The Syria Accountab:hty Act: Taking 1 the Wrong Road to Damasc
.Claude Salham (March 18 20' L

: 511 Educanon a.nd Indoctrmanon in the' _Mushm World _Is There aPr
BREI __IWhat Can We Do abouc It’ _by Andre ' Coulson (Marc 1 1' 2004)

‘Restormg the U S, House of Represenq:_auves. A Skepucal Loo
sals Ronald Keich Gaddi (February 17200

) ;Compulsory chensmg vs. the' Three “Golden Olches : Property Rxghts, e

ntracts, and Markets by:Robe Merges (Janua 200

““Net Neutraht);'” D1g1ta1 Discrimination ¢ or Regulatory Gamesmanship
» D Thierer anuary 12,2004}

4 g Up New
(Ianuary 2004) LR

. 505, . Can Iraq Be Democraue? by Patnck Basham (]anuary 5, 2004)

. A' :The ngh Costs of Federa.l Energy Efﬁaency Standards for Res1denual
P Apphances by Rona[dj _Sutherland December 23,; : -

o~

v Deployed in the U. s. A:The Creepmg Mx.htarxzatz
Y Gen Healy (Decemb 3)

) _Back Door to Prohlbmon The New Wa.r on Social Drmkmg by Radle
Balko (December S 2003) S L e

g 500 : ,The Fallures of Taxpayer Fmancmg of Presrdentxal Campaxgns yJohn,
ST Samples (November 25 2003 i I

e 49.9;;.'.: .lMxm-Nukes and Preempuve Pohcy A Dangerous . ombmauon b
et .CharlesV Pena (November 13, 2003) _— :

- 498 'Pubhc and ana.te Rule Makmg in Seeunues Markets by Paul G Mahoney
T (Novernber 13 2003} o N :

. B ,The Quahty of Corporate Fmancxa.l Statements and 'I'he:r Au
' '_before and after Enron by.GedrgeJ. Benston (November 6, 2003

s Nationa Stra gy:lsa,Mlsno,me..r
' _(octqb'g'r‘ 3_0, 2003)-‘»3:_:-, o T

Published by the Cato Institute, Palicy Analysis is a reqular  Additional copies of Palicy Analysis are $6.00 each ($3.0(888
M series evaluating government policies and offering proposals  each for five or more). To arder, or for a complete listing ofEn

¢ for reform. Nothing in Policy Analysis should be construed as ~ available studies, write the Cato Institute, 1000 Massachusetty
necessarily reflecting the views of the Cato Institute or as an Ave., N.W., Washington, D.C. 20001 or call toll A .
attempt to aid or hinder the passage of any bill before Con-  free 1-800-767-1241 (8:30 a.m.-4:30 p.m. eastern
gress. Contact the Cato Institute for reprint permission. time). Fax (202) 842-3480 - www.cato.org
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pty ] Enmronmental |

o :'Executlve Summary

s gm are at leasr severa] decades away ﬁ-om pene:
_ trdring the. ‘market in. any’ s1gmﬁcanr mannetr- rrarn _
, ‘_»because ‘of cost considerations, less arrention has hydrogen w0uld nearly double net gnenhouse gas

. been’ ‘paid to the envnonmen:al xmphcanons of ~ emissions attnbutable o passenger vehid' g
" such'a ramsition. . 7 : ' '

E .!'D(mald Antbrop is pmfbssor emeritus of em'tranmental :tudzes at San ]ase State Umvngz and the autha
160 papers and arucles on’ ene@ 4nd water resources, =L

' Cato Institute » 1000 Massachusetis Avenue, N.W. « Washington, D.C. 20001



i Separanng 2
5- hydrogen atoms
from other atoms
Jon an mdustnal :

R sca.le isa |-
technologlcally 1 termed the “FreedomCar-
S 1 of energy leg1slanon passed by
= ..___energy-mtenswef._ o

i undertaklng

1} forth an even more amb

 White House Sen. John F. Kerry,:(D-MA) put

"all observers agreé thi
N hydrogen-powered veh

| building -2’ “statewide ne

'hydrogen ref'uelmg stations 2
" theory goes, automakers
powered by ‘Fuel cells and p

. calélators and senously consmder the environ-
mental costs of bringing this dream to reality,
. If they do, theyll find that hamessmg hydro-

2 '~".,_consume more energy than

The Challenge

.. envision that hydrogen will be bumed d.trectly
to cteate energy; instead, they envision using

“fuel cellis baszcally a gas barts
cells come in' a variety, of ypes
_ 'ra.nge of different materials.
“emit only water vapor and hmt

- . energy.

billion; 10-yea: federal progrart 6 underwrite

research in hydrogen-poweredm fuel - cells—
ative” by the -
ar comporient |
both the Hotise k
~ and the Senare in 2003. In kiis campmgn forthe -

. s, $5 bﬂl:on;_._
- hydrogen fuel-cell inifiative: -And even though . are

- able for ar least a’éouple.of décades (if then),
~ California governor Arnold Schwarzenegger is
. promoting thé use of staré fundsto help starr .
; of ‘hydro en
- refueling stations iri. the’ ‘here and now. ¥ o
available, the
mld veh1des',:_,"
; 'llbuythem.
"|¥* " Before any more ixpayer money i spent
.o |+ pursuing the dream of a  “hydrogen economy,"; ,
1. however, pohcymakers need 1o gét out their e

- gen for widespread use'in nhe'energy sectarwill -
- uﬁve,andxt_f
- wxll worsen, not better, eniviron ental qua.br:y -

Advocates of a hydrogen economy do not -

- ‘hydrogen primarily as an input for_ﬁ;el cells. A -

Thar charactenzauon is grosslv mislea,d-' '

E _,mg, however because 1t Ea.zls to consxder the- : fuel ce[l 1s 23 3 kxlcwarc-l :

- gen does nor exist i~ su
o wamng o be rapped by

"There are basxcally itwo ways to prodiice
hydrogen The ﬁrsc rne:hod (called * “electroi-

hearéd chamber T‘he ‘ens
uonl proc@_nees hydrogen.

reqmred to produce the kongra.rn of’ h}’dfogen,‘ et

rs 140 8 kxlowatt-hours

s arid employ a . water's

Because fusel cells

B Vironmien- - -
- talists rout them as a source of' po].luuon-free_" '

efﬁaency, the energy acma.lly"' btained ﬁ-om z
the reaction of a kilogram of hydrogen in the’




~+. Since reformulated . gasoline has an energy’
~ content of 5.150 ‘rhillion. BTU per barrel, we -

. find-thar the energy content. of the gasoline

* . consumed in 2000 eqtials 16 quads, or exactly.

‘ There is on€ ﬁnal marter 1o consider. If _‘
T 'hydloben istobe usedabatr'msporranon fuel; -qua
-+ it must.be’ compressed To at least 4 000]" sist
‘ "._j‘»lpounds persquare inch;and rha.tcompressron

: réquires energy. After subtracnng ‘thie energy, " elect

© needed for compression, we find the net out-"" .' 3 _"A

"7 put from the kilogram of hydrogen in the fuel

- cell is only about 17.4 kxlowarr-hours T

_In'sum, one: st put 1408 lulowarr-hours

: * " of energy into'the front énd of 2 power plarit” R
“- 10 produce 174 kilowatt-hours of electricity

“froma hydrogen-powered Fuel cell in an auto-

a dxsmal 12 percent.

‘rhe whole process is

_f'rom fuel cells thar would be needed to power

- the US. vehxcle ﬂeet Accordmg to dara from

-, the Bureau of Transporrarron Sransmcs the

... - total vehicle-miles craveled by | passenger cars,: v

'- . pickup trucks, vans, and SUVs in rhe Unity

. States in 2000 was 2,526 billion® Extensive . 15 tin
' "-‘tesrs performed by Sourhem Cahforma' _ he
rhe mounrmg public pressure to & remove est- |

* Edison Company suggest that it would take

an average of at least 0.46 kilowatt-hour of

¥ - electricity to drive’a passenger vehicle'a mile
. down theroad.’ Applying that figure to the

.. total 2,526 billioni- vehiclemiles traveled in S
- 2000, we find that fuel cells woitld need to’
.. . produce 1.16 wrillion knlowart-hours to power., . .
~ _the U.S. vehicle fleet. Given che ratios discov-"*
7" ered above; thar implies the nieed for 9.38 tril- -
' but some analysts have performed th
 culations and found thar it would take about : -
' e1ght years for a PV panel to prodiice as miuch

lon’ kxlowarr-hours of energy to-feed into”
- coal-fired power plants (the equivalent of 32

_ quadrxlhon British Thermal Units, or 32

-quads” in engmeenng Jargon) s .
It is interesting to' compare that humber

<'w1ch the energy content of the U.S. gasoline'

. supply. In 20001. S. motor gasolme consump-
tion averaged 8472 million barrels | pef day.’®.

half the energy requu-ed for the fuel-cell roure-

LT using- coal to’ generate rhe electr1c1ry for"’
o 'hydrolysxs i - ,
. ‘The envrronmenral 1mphcanons of movmg _
; vel'ucles with hydrogen-powered fuel cells .
' -rarher than wrrh gasohne are bracmg Replac—' :

' imobile. The overall conversion efﬁcency of

rriate ‘the eléctrical ourpur ‘
dauntmg.: ] ydroelectnc power, for instance;;
- dwarfs all ocher renewable energy production’

: produce sola.r power, are an even worse chox .

“obrairied from 'a PV array vs. the’ energy”

first 1:>lax:e."s A modern PV panel operating”
over-a penod of 25 years can. probably be :
expected fo convert no more than about 12
. percenit of the incident solar radxa.uon striking
 the cell into electrical energy."” Since we need -

 electrolyzét in order to obain an output of
: 17.4 kilowatr-hours from the fuel cells, APV
: cells are -used to provxde rhat elecmcal energy,
“the efﬁqency of the whole | process is a minus
-, cule'd percent (chiat is, 4°percent of the energy
“in'the. incident solar radiation captured bythe”
- PVcells ali?ears as elecrncal output fro

ﬁred by the fuel mix, c] .
m rhe generanon ‘sector would _:'

needed,elecrncal energy and thereby
_use of fossil fuel and relaredly, et a.rbon :

in rhe United Stares, yet the 3.75 wrillion kilo-'
s of eleemcxry necessary 't dehver .
om water to-fuel cells™ is. almo '

mg dams,it’s unlikely that the construction of - ' -
“any 51gmﬁcanr new hydroelectric genem.rmg RRR N _tO P rOduce 17 4 X
' capacity s will occur in the foreseeable funure, - kﬂowatt'hours }f_;'

‘Phocovoltaic (PV) cells, which are used to-
Deing an input-output analysxs of the ¢ energy ’

reqmred to, produce it is extremely diffi

energy as was used to produce the panelin the

56.3 kdowatr—hours of elecma:y to power the

mthe

fuel cells)




; about 66 Percent e

: j__steam reformmg process

daca, dorniestic natiiral’gas ¢
- _about 22.6 trillion cubic feer? ‘Thus power- “m T
" ing the domestic vehicle fleer with hydrogen " reign

- derived from narural gas woiild increase nat-

A ural a5 consumption by about 66 ercent.

- would increase: | - : D i ?
natural gas | .

consumptlon bYﬁ 1 rapxdly mcreasmg, a combmanon of events  manufacture today, and

: thar. has sent narum.l gas prices skyrocke:mg

- Y not readxly avmlable L1ke solar power “facili-
o ties, however wind power facxlmes are'quite .
B capxtal mtenswe, and the power from those o

‘ared elecma:y are unhkely 16 be mpc_h dift
1t ¢ solar ge'ner-'_ )

e The “Steam Refomung” Calculaunn ,
S ertually all of the hydrogen produced in
N _'»the wotld today is denved froim natural gas in
" a process called “steam reformmg ” In"that i
. process, natural gas' is mixe with steam and
. heared in a reformer tank '
e the chernical réactions thar produce hydro-

i gen'yequire the input of energy. Additional is
 energy inputs are required to generate steam, productxon ¢hain, the- cha.llenges are’ so nn-

Thar d1 smal conversion efﬁc1ency has two
i consequences First, the energy required to .
. make the PV panel wx_ll excee' he energy pro- -

Prelr.mma.ry dal:a mdzc e:that the averacre

heat the reformer rank, and séparate the prod-  mense that the confident prédictions of immi- "

In"order to provide 't

' In 2002, che last year fo

© ucts. The “overall’ efﬁc:ency ‘of -thé whole _'nenc econormc breakchroughs hea:d from the L

 process is: onIy about 30. percent—much less ' i o ’

- |+ “thian if the hatural gas were simply bumed in - De
. anelectrical power generaung"plant. B

__'.'Wa.tc—hours of fitel-cell urput needéd to pawer. i;'- very
|+ the.U.S. vehicle fleet, 66.7 billion kﬂograms of .
: hydrogen woiild be needed. Accord.mgly, about

| 15 willion cubic feer of natural gas would be
s requtred to. produce tha: hydrogen by the th

. Powermg thel_ | : BT
domesuc vehicle |.

- “fleet W).th
_.hydrogen denvedf -
L fromna.turalgas 1

. That figure is particularly*striking glven o

‘chat domestic production’ and imports of L Accordmg to rheUS Dc..pa.rtmem:of Energy,

Canadlan gas are declining while demand is  hydrogen-powered car costs about $1'thillion o’ L

‘range i livhired to
lessthan

about 200 rmles bt_Fore refuelmg: i



W the rmbc of & qamhnc-l.oumed-
- ‘fuel madé from'natural gas costs about $4 per gal- -
lon:and "hydrogen fuel made from water costs -
- consumptionfor all electric vehicles tested was:
. 0422 kilowatt-hour, per mile traveled, while th
: Highwa r

¢ Hydrogin (W&h gton sland Press 2004)

. whic

.. 7 not_uilike

- < ago in Califoritia thar ‘used ‘state’ funds 1o help

- build electric-charging starions :-1lox-1.~D major state
roadways—facilities chac today 0 la.rgely unused

. SLL'l ' o

- cathdde- At the cachode, the' protons - combine:
L with oxygeri and the electrons that have téaveled” .
‘ thmuQ) an exrernal circuit to ‘produce water . .
. vapor. H. Pétroski, “Fuel Cells” Awierican Scientist -

‘91 (SLpthch-OcmlJt.r. 2003) 398- 402

- -8 US I)ephrflrlchrivf TranQPdrféubn 'Btlr'e;a'u of

three times thar ammount. Miguel Busrillo and
.Gary Polakevic, “Guvernor Pushes for 'Hydrogen
ays, LosAngeIes Times, Janiuary 20, 2004, P,
moare thorough discussion of the steep

Bl Fo

-Fuc] wlls, see

Htghways

hydrogen refueling stations atr -a cost of

L $250, 000-$300,000 per station, the full cost of
1d be splir between the public and pri-',
15h\vays initiacive is .-

The Hydro&,en
similay’ initiative uridertaken’ years

stxllo and Polakowc

-3 Inal fue.l el tWo ekcnodes zm. separated b)'
some type of électiolyte of proron wchange mem--: -

brane, Hydr%en under pressure is introduced at.

. theanode and oxygen from air is introduced arthe -
_ cathode. At the anode, the hydrogen dissociates
. into elections, ‘which travel through an ‘éxternal *
. cireuit ro pmduce an elecrrical ‘current, and pro- .

“tons, whith travil through the electrolyte to. the

: 4, M Wang. “Hydrogm aTra.nspoztanon Fuel.” Ozl o
G é’(m.s Joumal 101 no. 33 (August 25 2003) 10—12

. 5. H:u'old sdmbu: Enerxy deomrv (New York
' Taylor& l'r’mcxs 2002) p-253. : o -

- 6 T. St:mdmb Makms Hvdrogcn Ol &'Gas -
_ ‘_]am-mz{ 101, o, 15 (Apnl 14 2003) 10—12

7 bed

Trmlspor:arxon Staristics, * Na.uon_al Tmnspor—

- tation Stat:srlcs 2002 Table 1- 32
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