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Caveais andrACKRIOWIEAEEMERTS

» e coRclusions and opInIeAS, presented are my ewnrand
00 Ao represent: any ene: else.

» AllFerrors ol commission oF GmISsIon are: ming, and the
tsualicaveats appiy:

» | owe a tremendous debt terever 200Nndividuals Whe
provided datar and expertise In specialized areas of
energy’ technolegy, supply, anediconsumpiien eVer a iwe
year pered: Witheut this = Ql&ss eets: CommuRnIby,
contibubion; effert anad support, thisWork Woeuld not
HaVve EeEn PeSsIbIE.
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heE2aY/ SHDISCUSSIoN

Eraming| eff the ISSUes;and the guestiens.

-+ Popular myths and misconcepions akeut hydregen.

» liechnical Issties Impeding the penetraon off hydregen:
» \Where can hydrogen come from?

» e economics, Emissions; and Security aspects ol Various
pathway/s.

\

SUmmany: of preliminan/ results.

\

[DISCUSSION| Gff thE MEANS) Gfi analy/sIs:
» Overview: off EA-US VARKAIL.

» Use olf goal-programming as a technigue fer IdEntiying selutions
10, muli=elhjecuve prokliems.

» Seme preliminan/ results anedrconciusions.

*

Some Wrap=Utp comments:

Greeiing
ICes/Alames; INIVI

\

@ctoher 1.3, 2005



Pepuia Viyiastand ViISConcepons

» Nyl one: Hydreogen Isianl energy: source.’
HYdregentis an eneray. carnier Jjust like: electiciity.

o« Wyl twer We: are running eut off ell; and averer are aboui: ready.
10 gol over ‘Hubhert's peak.:
At this peiRtinrume, We: have only used aboeuit: 1/6)efi the
WOHGE'S pELeletn reseurces. A Better statement might Be that
We are rinnRing eut ol cheap: ol

» Myl three: Hydrogen) Isia nen-politing, nMere-secure substitute
01 carbeR-INtERSsIVE fuels inrany NUMBER off applications—
particularly: transportaten:

It depends:, . .and, here lies; the prokliem.

Greeiing
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ViR @ne

» Altheughrreughly:90%: efrallfparticies Inreurr UnIvVerse=—and
that’s ever 15 nillienyears altelf the bigihang=-are
yareagen, thisi simplest off elements; s usually founalheund
101 GUNEIT atemS; €.9:; H50) Ny drecaIiIons; BIeMASS, coal:

» As a result; In erder terentai pue hyaregen, Nydrogen-
PEANNg Sstances must URCEr 9o a CORVErSION! PreCESS
ustialiy invelving eat e electricity. Inr ether Werds, We

INPUL GRE e Gff ENErgy INte) the: Precess o) optaln anotie)
form.

» IS ISTNE diffierent than the pProcess WerUneergo Inrthe
QERerauen oif electricity—another energy’ carrier. And, We
Have BeEEnI andlare: new rouiiely  using iyaregentin tie
production: eif ammenia fierlizers and relinnel elrgaseling.
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VIVERSINVG

[iFyeu helieve thermethods ol analysis el HUBRERES peak: for werld
conventienal ol production, then el agree Wi the fellewWingk

Peak Point Cumulative

RPErcentage
Production 20)0)5 4907
Iniral finds 1964 9497

Nlakeniirom: Hubberts Peaki The Impendima\Werd OlfShortage and
Beyend Oil: Tihe View lrom Hulbbert's Peak by Kenneth' S, Defiieyes

Assuming slightly, ever 2 trllionrbalrels, then We: have: pretty well
discovered all ol the possiblerreseurce, and have used abeut halir of
OUIF resenves inlanouir 150years. Thisiwas before we: stali fiacing the
lncrease in demand-freom China, lndia; and the rest of the

developing werld:

October 13, 2005 Creening
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Vg2 inerAltermauveView eoiVerd Petreleum
RESOUNCES

Oil cost curve, including technological progress:
avallability of oil resources as a function of economic price
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The x axis represents cumulative accessible oll. The y axis represents the price at
which each type of resource becomes economical.

Soure: [EA,
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VieresianrJust: Petreletim SUpRIIes

» | eUr cCORCErIISISEcUiity ana oIl

» Canada with s ol sands: ranks; second after Saudia Arala
O World reSenves,

» The US has en the order ofi 620 billion harmels of
recoveranie el withrteday sitechnelogy in: the feim: ol el
shiales;

» | OUIr CONCEIISI SEeCUIHiLY:

- [Low=grader coal supplied approximately 60%) of the
German fivelfreguirements, duina WAL

» Jleclhinelegies fer the conversion: eff coall ter liguidifuels have
supstantially impreved and costss have declineadl since the
|aSt; serpus considerauen ol this eplion| Ik the: late 197 0s;

» Basedl en culent usage, the USihas on the erder ol 225) te
2200/ years, of ceall resoulce availanie.

Greeiing
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VIVERSIEEe: ATSUmimeiy

- Hydrogenrhas a Iower enengy: density  than gaseling; and
ISTmoere flammeabie:

» e l[iave net solved oK reselved Vareus technical ISSUEs
Asseclated With transpeiting), Sterng or dlstrlbutlng laige
guantities ol this energy: carrer ecenemically. |
additien;, fuel cell technoelogles (the end-Use technology)
currently Havelimitations; SUch that ECs are net an
eguivalent technelegy te (or PErect substitute fier) the
Interall compustion engine.

» Hydrogen, like other previously: prepesead altermative
fiuels, competes against arwell=estahlished inirastruciure:

» Hydregen can e produced By any: NUMBEr off MEtiods
USINg any. AUMBEr eff feed Stecks. IHoWEVENR, Ve few
procduce: lewer emissiens 6r ane Clese: 1o belng
ecenemically competitve withr gaseling.

Greeiing
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HYAGYERE e Stasis
(G chickenVersus eqgar)

REality  of Introducingf altermative fuelstiearned from
PrEVIoUS, EXPEFIENCE:

= . .liFhydregentis going te make it in the mass market
as & iransport fuel it hasrtere avallaklienn S0 ter50%) 6f
therretalls network firemithe day, the first mass
Mmanufactitred cars hit the shewreems. Weknew!: thal the
CUStOMEr must e akle te fillfthe tank Inrakeut a minuie
... salely withrnerleaksiwhller telling the kids ter Keep
guiet IR the lhack: ofi the: car.*

Bemard Bulking, Chieli SCIentist for British Petroleum), presentation) to the

INational HydregenrAsseciation's Eourteenta Annual US: Hydiegen; Conference and
Hydregen Expos Washingten,, DEC; Marech 4-6; 2003

Greeiing
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HyAregen PIStipuition

» A distrbution netwoerk Initating) a hyedregen transpoeriatien
economy’ Weuld require refitting er bullding between 4500rand
17,700 stations With! a capital investment of between $v: and $25
pillien. (Velama, 2008, International Journall off Hydrogen Eneray, 27:1108-11.)

» 0 retielit er bulld 30rter 50% of a retailfnetwerk s the USiwould
fequiie an estimated 505000 16 90,000 serice stations at-an

estimatediinvestment o haliFa trllien dellars.
(Miniiz;, et alt, AN Wavw. tiransportation. anl.gev/pdis/AE/222: ndi)

» Hydregenireguires addivenal salety reguiationrdue to iiammaiility
GVEr aWide range ol CoRcERraiens; Mydregen as a minmum
IgnItien; eneray: twenty: times; smaller than that oif naturaligas ol
gaseline. Asia result, modificatiens would need 16/ e made: te
garages, mantenance fiacilies; andren-read nirastructure (e.q.,
tURNEIS).

Greeiing
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HYAGGENR Stelage

- Hydregen storage systems needitor enaniera VehIcle to triavel 500 1o
400 miles, huit can Net ComPremise Passenger Comiort or titnk
S[PACE!

»  SUchra draving range With cUireni technelegy Weuld require: a tank
hoeldinel appreximately 5 kg of hydregen.

- Jlree methods with nevel storage metnodsi(€.4., Naneiues)
developing:
- [Houid: Relatively compact and ightweight: Vessels  arne: availahle; however,
appreximately: 40% off the hydregen eneray is required fior liquely for sterage.

Eoi 1 kg off hydregen, thiswetldresultinrarrelease off 17,5101 241 peunRds o CO5,
while ar'gallon’ olif gasoline: releases aboui 20/ peunds.

»  Compressed hydregen: Compression Is a mature technelogy, NeWever,
appreximately 10 te) 15% additional energy is required. Eurther, a tank ten times
greater invoelume e the average gasolinertank woeuldise reguired and would
Costanfestinated 100 times ($2100 per kg ol capaciiy) more:

- etal hydrades: Allange velume: ol hydregen (5 kg) caniloe stered in ene-third the
Velunie e compressed hyadregen; NBWEVEr, hyardes ane  heavy/ (e:g., a tank
caimying 6 kol el hydregen couldiweighras muchi as; 300 kg or 6601 16s). Euither,
nydraes arerslow to re=iuell, and siow: te release:

Greeiing
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HYGeEER iansSpelitaten

- Awell-developed Ryedregen eEcenemy Weuld prelanly evoelve: Inie: a
supply: cham imeltcingl centralized production \Withr a transportation
COMPOBNERT:

» Jlaree methods; for delivery ter distrution peints: are culrently,
envisioned:

» Tanker trucks: Liguelied hydregeniis currently, delivered to industrial
sites) using this methoed. Liguetactiontis niually eneray-intensive; hu
fueling statiens Weuld reguire: pressurization equipment (another 10/ te
15% o usalkle energy. or a totalf el S0%0 Mere: Ior the entirée chain):

» Hydregen pipelines: Hyearogen: PIPElines have: special materals
reguirements; capitalicoests; ave been estimated at $1. million;per mile
oK a Orte) 14-Inchidiameter pipeline. IHewever, only abeuit 6) e 10%; 6f
usable eneray. Is Uusedi ior Conmpression.

» railers carying compressed hydregen canisters: A 40 ViF truck weuld
Be reguirediterdeliver 400rkg o ydreeen; the same: size' tiick can
deliver 26/ ViF el gasoline (10,000 gallens):

Greeiing
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HYAFGHERI PIodUcCHieNn

» Hydregen can e preduced frem any numher of
feedstocks, and withra Vamnety e metheds. Cuiently; the
MaJerILY, (98%+) O NYdrogen| Is; preduced through the
refiermulatien el Raturall gas) e OLHElR hyarecaraens With
EfifiCIENCIES OF aeund 72% ) te) slightly Iess, than 60%.

» VUch o thernibial Work on tiie; EConemiIcs off nydrogen
as d transportation option nas focused on cential
production with pipelinertiranspertatien. HeWever,

» IIsi pathway. results Inf greater emissions: el greenhnouse gases
(mere eneray-mntensive alona eacki step: off therpathn).

» And depends onreadily availaklersupplies; ol relatvely
INExpensivernatural gas. Acconrding te the: EIAS by 2025,
appreximately: /3t eff USrnatural aas Willfe Inporied 1n the form
oif LNG;, and average costs; to) therend=user Wil increase
SOMEWREreNn therange off 5% 1o 10%) (1 realfterms). Gaseline
PHICES 1N thE SAIME: iGrECAST are! exPecied 1o iemalin constani or
decline slignily-

Greeiing
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CoOMpPaRNGrORUGRS

llordora validicomparsen off different nydregen panwaysiand personal
transportation; options; costsion: a Venicle: mile travelediasis (the actual
genved demane) neeaite e perfenmed.

TESEI ty[PES| Of ComParisens NEEM 1o INCONPOrALE: PrCE anditecnnology.
Uncertaimty.

ihe fellewing are excerpis ihem:

Greening, LAY, 2005: “Hydregen Strategies Under Uncertainty: Risk=averse CheICes
ier Hydrogent Pathway: Development. pages: 22-28

(Attp=// W iaee. ora/decuments/0SwWin. pdi)

ASSUMpPLIeNS:

» Vehicle costs and efficiencies are those underlyingl the Annual Energy: Ouiloek for 2004 and
analysis perfiermed by Olf/DOE:

- Vehicles are assumed to; e mid-sized with future costs andi technical efficiencies|forecast by
the EIA. Dilfierent vehicle types: ane assumed: tor iave dififerent trajectories for costs and
technical efficiency ImpreVeEments,

»  EUel pice uncertainty/Is treated through projection: i a spreadi off prces ol each fiuel
commedity, oVer a ferecast homzen| extending firem; 20001 ter 2050.

»  Some ol the unpriced externalities assoeciated with transpolitation are included=—GHGr and
Increased dependence on fereign: SeUnCESs ol IMPerts.

Greeiing
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http://www.iaee.org/documents/05win.pdf

EUel Costs for Selected fechnelogies

ICE, Ref orm gasoline

Hybrid, Ref orm Gasoline

FC, Ref orm gasoline

Distributed hydr ogen (gridelectricity)
Centr al hydr ogen (gridelectricity)
Distr i buted photovoltaic (el ectr ol ysis)
Distributedwind (electrolysis)
Distributed hydr ogen (Al gae)
Distributed hydr ogen (Nat gas)

Centr al hydr ogen (Ngas)

October 13; 2005
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ERvirenmentalrandrSecurty Costs for
Seleciead liechnolegies inr 2050

ICE, Reform. gasoline

Hybrid, Reform. gasoline

FC, Reform. gasoline @ Environmental
costs

FC, Hectro., grid electricity, central hydro.
FC, Algae, distributed hydro.

FC, Algae, central hydr

FC, Nat. gas, distributed hydr @ Security Costs

FC, Nat. gas, central hydr

0 0.02 0.04 0.06 008 01 0212 014 0.16 0.18

$2003 per vmt

Greeiing
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Total Costs:
Reformulated Gasoline vs. Euel Cells

=

Hybird, Reform gasoline
Reformulated gasoline ICE

Hectrolysis, grid electricity, distributed
I N R R

Hectrolysis, grid electricity, central
Hectrolysis, solar, distributed

Hectrolysis, wind, distributed
Algae, distributed
Nat. gas, distributed

Nat. gas, central

o

0.1 0.2 0.3 0.4 0.5 0.6

Greeiing
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hetalrCests el Oter Poteniial Persenal
ranspertation ©ptieRsH N Compansen e
HYAGOERIEC

ICE, Reform. gasoline
Exist. Diesel, Low-sulfur diesel
Existing diesel, BD20

Adv. diesel, Biodiesel

Adv. Diesel, Low-sulfur diesel
ICE, Flex alcohol, Ethanol
CNG, Dedicated

Hybird, Reformgasoline
Hybrid, Low-sulfur diesel
SIDI, Reformgasoline

Elec., grid sourced

Elec., solar dist.
Elec., wind dist.
0 0.1 0.2 0.3 04 05 0.6
$2003 per vimt
Greening
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Seme lieughts EremrRreliminan/ Analysis

Based o total Cests; Incitding semerexternalities; hydregentisin thesall
park.;

DistribUted generation of hydregen: Isfless costly than centrial generation
coupled With' transnission and distibution.

v

The paradigms for the supply: chaini ol central production/transportation/iecal Isi prokakly not
going te nitiate market penetrauon of hydregen.

Small"and lecalwill prehably initate the hydregen econemy,, I.e., forecourt or by-product
preduction will-leap-ireg" ether methods.

Irie reductions off emissions, panticularly CO2Z, are: only going to: 19e possikie
WHENR RYdregen: ISy preduced Wit eltner renewanie o nuclear technelegies:

v

Renewahle seurces (Wind,; PV; phote-hielegic) definitely appear to: have petential inrthe mid-
1o longer-term.
Not Included: on| these graphs;, IS the: use of advanced nuclear” fior the production) of

hydregen. Tihe complexity: off Issues; surreunding this pathway lllustrate the value of more
detailed analyical firameworks.

Nuclear and renewable technologies alse provide the greatest energy’ security  lenefits—andy
ENnerngy. Securty seems to be a greater driver than envirenmental considerations.

Othert alternative fuelsisuch asihio-diesellane alsoiverny econemically: competitive With
gasoeline andl ane closer sulkstitttes. o be competitive, costsiof hydiogen EC venicles
woeuldineed to fiall terat Ieast Current Costs) off ylrds.

@ctoher 1.3, 2005
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ISSUES; for “Hydreogen EcConemy

QUESTIONS N ther policy denater over nydrogen and
rRRSIeNING 16 2 NYdIregEn ECONGMN:
» WillFRydregen| ever Be: a cost-compeuiive substiilie: el gaseline?

» Are seme: seurces of hydregen: Iess carbon-Intensive than
Gthers?

» Are’ seme: SeUrces of Nydregen; more: Secure: tham others?

Goeall el this Work:

- o Identiy the hydregen supply: chalns thab BeSt move
therUS, tewards these three: geals;, simultaneousiy:

» [0 sliggest a timing.

» [0 Identiy the sustained or Ieng:itn prce for a Parrell of
eIl and ether conditions Underrwhich Rydregen
Wr2RSIeNSH INLE the market:

Greeiing
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Attrbutes ol Modelh o EA=USHVIARKAL

»  EXpanded technelegy choIce set ol over 4500 technelegIes:

»  EXpanded set off reseurces mncluding conventienal (e:.ak, coal, ail)),
renewanles (e.g., wind, selar, MSW); and Unconventional (e.q,
methane hydrates shale o1l):

»  Detalled precess specliication usedi i nine: off ten| Industrial Sectors.
»  Use off materials inlmdusirial secters andnuclear fuel cycle.

»  EXxpancded depiction off electrcity, generation; captuing poetential
Interactions: hetween cenirally dispatched generauen and distrbputed
generation.

- Complete nuclear fuel cycle Incltdingfspent nuclear fiuel disposal
and reprecessIng

-+ Nine different emissions typesi (€Ox, SO,, NO,, N;O, CO; VOC, CH,,
particulates; and mercuRy) tiacked through the economy

- Inclusion of demand respense to prices andiiINComes INconporates|a
response that resultsiin a lewer total cost ol satsiying eneray.
demand.

Greeiing
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Hydiregent Produiction int EAUS IVIARIKAIL

» Eorty different fuel/technolegy/distikution: patnways
nave been depicted i LATUS MARKAIL.

» [echnologies depicted Inciude:

-+ Central with distrbuiien by, pipeline; Criyogenic tanker truck, amnd

gas; tuke trailer to statiens:
-+ (Gasilication off iemass; petreletm: coke; coal, andl petreleums residue
»  Electrolysis
» Steam methane referming
» Phoete:hiclegic

» Nuclear: BN GR=Gil" ter electrolysis andl plasma arc; HIGR=PHIte SVMR) Suliur=ieding,
Moedified HIGR=GilF ter SVR, Modified Steam: Cycle BT GR ter SMR; and Steam
Electrelysis.

» E@recourt (er de-centralized)

» Steam referming of natural gas, methanel, and gaselineg
»  Electrolysis using allfseurces ofi electricity’ (e.g:, grd), Wind-Speciiic, and selar-specific.
» Phieiehielegic:

Greeiing
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Hy@regen EnaEtses Currenty ldentiiediin
FA-US MARKAIL

. POSSIDIINES TOIF OEVEIOPMENT O NEW
MAarkets or expansion of cUrrent USesias a chiemical
feedstock; fiux materal, e similar applications.

> IHYAreGER! POWErEd N (Gn=hoard
[efiermers and externall SouUrces) ECSsI VERICIES ComPELnG
against ICES; existinglane advanced aiesel; ICE fex
alconol; dedicated CNES, hyerds; and similar
alternatives.

Elel cells for the generaton of
electrcity, andrneat fer Vaious end-usesiin tiese Sectors:
Currently, these: ECs are assumed te be fessil-fuelead,
HGWEVEIF any/ SeUIce ol hydrogen coulaine used. And, 1
the market developed, these end-Uuses could rely on
centrall preduction/pIpeling distriButed SOUNCES.

Greeiing
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Eeeahack [LOePSs

» Eeedback leops play an impertant rele in
PrEMOLIRG/IMPECING techneIegy, PERELAUIGNR:

» Examples developed i CA-US VARKAIL:

» Complete nuclear fiuelfcycle designed o censider the
QUEstIen el W a Spent- nucieaFfuel pelicy (GIF Iack
thereeh) Willinpederer promoete Rew nuclear
IECNNBIOQIES as SOUICES.

(For detailsien therNEC seerGreening and SChREIGer,
pPages 12-19  VWWiW.Iaee. era/eocuments/0siall par)

» Caron capilre and sequestiation, and methane
fecoveny ieealback |oeps nelp determine the: share: of
carpon-Intensive fiuels in the leng-termm energy: mix.

Greeiing
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http://www.iaee.org/documents/03fall.pdf

Expanded INUCIEar REprEsentation
WithrViaternalsrEIews

Red boxes represent
Fabrication level of resolution of
previous MARKAL
UOX Fabrication model.

Natural U

UO, to UF

Gaseous
Diffusion

Mining / Milling
(3 cost steps)

MOX Fabrication

6 .
UF, to UO, Gas Centrifuge
HEU downblending Laser Isotope
(UNH process) P

Depleted U
Imports

Other Fuel Forms:
Metal, (An)N, (An)C, ..

Recovered
Irradiated LEU

LEU from Russian
Surplus HEU

US Surplus
HEU

(B ~ 38 MWd/kg)
(B ~ 55 MWd/kg)

ALWR-MOX
(B ~ 49 MWd/kg)
Thermal GCR
Fast Reactor
Concepts
On-site dry

Off-site interim
SF storage Implemented
Planned / Possible

PUREX
UREX/UREX+
HLW TRUEX or
vitrification similar
SF conditioning / Aqueous separation
encapsulation of Cs, Sr, I, Tc

Natural U as UFg

Reactor Grade Pu
(3 vectors)
US Surplus
Weapons Grade Pu

On-site wet

. . Minor Actinides
Materials credit at (MA)
end of forecast -
Transuranics
(TRU)

High Heat Release
(HHR) FP

Separated actinide 88 pyrometallurgical
and FP storage separations

Transport costs
assessed but
not shown.

Greeiing
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@ctoher 1.3, 2005

ConilictsrvetWeen ERergy ane
ERvireRmentalrRelicy,

USIpolicy iermulationiin Betnr aneas: has heen Ristercally narrow-
OCUSEM G SPECITIC aSPECLS.

Eneray pelicy, as focused on relialility, SUlficiency, Secuniy, Energy: demands,
and ENeray. prices:

Envirenmentalf pelicy has fiecused en emissions! ieductions:

AS 2 result;a poelicy/ I Gne area Can! Giiiset the eneis eff a pelicy in
dNOthEr. Fol DOLNISELS Off POIICIES) COSES My e NIGREN than
anticipatedand resultsican: e subeptimailk

Both energy and envirenmentaliISSUES o) PelICIES embody,
URCErtaINes evelving| firen:

Long;, but Very different time firames.

Magnitude off capital imvestnent.

PDevelepment eff eachi tyjpe off policy. Invelves petential i net nherent
CORMICES, WhICH! are cliaracterzed by technicall secial, econemic, and
political value judgements;

Greeiing
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Ar Exaimple ol a Veryi ikeal Connict LEeen =Eiergy ana:
Environmental Policy

U.S. Gasoline Requirements

Morth Dakota

1 RFG - North [ ] RFG w/Ethanal
I RFG - South [ Invceea
I Oxygenated Fuels - 7.2 RVP
I cAcsG [ 7.0RvP
[ ] RFG/ICACBG [ ] 7.8 RVP, MTBE-No Increase
I 7.8 RvP
e OXY Dusle 7 B HIE 7.0 HVR 30 Pem S This map is not intended to provide legal advice or to be used as guidance for state end'or federal
- Oxy Fuels/7.0 RVP v ' Tuel requiremants, including but not imited to cxy tuel or RFG compliance requirements.

| makes no representalions or warranties, express or ctherwise, as lo the accuracy or
|:| Conventional completeness of this map.

K.W. Gardner
o D0

Greeiing
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Wihaiis: GealfProgiamming?

»  Goal programminglIs a mathenmaticals progamminge| teol ol the Class
elerreditoras VICDV: Eer more oil therapplication o VICBDM
Metheds to) the seluiien: ol eneray/enviienmental planning

proklemss:

Greeningy, LAY, and S, Bernow. 2004, “[Design off Coordinated Energy and
Envirenmentall Pelicies: Use: off Muluicriteria Decision Making.* Energy. Pelicy, 32: 721-35.

» \Vathematical pregramming metheds are the most data Intensive
and- the: moest widely: tused ofall
(MICIDM).

» GP s a prescriptive method hased en minimizing the distance firom a
goal for each attrihute represented inl the ehjective function.

» As With ether MCBNSs, Welghtings represent the preferences of
decision| makers;

»  SelUen off arGP can previde the: Pareter epuimeal altermative.

Greeiing
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cal Fermuiatien ol a
G0l Progdiem

K
minz= ) 100(Ui”i + Vi P )

st £()+n—p =h,i=1. QxeC

where

uand viare preference weightings,

ni and pi represent negativeand positivedeviationsfrom atarget vaue, b;
and

f (x) isalinear function (the original objectivefunction).

Greening
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POLENTIEI SNErE BIf PErsenalhrcnspotauon Energy: Provided
Py HYEregEn: Goal Prodcmming in: Compansen torCost
Viinimizauoen

B AEO 2005 Base case

B GP example, equal
weightings

B GP example,
security

B GP example, envir

?QHHJ
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~GIODEr 29, 2ULS IFeSIAIamMES; INIVI



Added Comments; en Rreliminan Resulis

» Usingla goal progamming fermulation, hydregen fuel
cells dorentert therselution: Iihat IS, PecalSe: Gther goals
BESIHES cost minimizauen have been Inclided inrthe
analysisy, a broader set of viakle altermatives are
considered.

» Prer 10, 2020} asi the market for Nydrogeni initiates, fore-
COUNE generauen using renewanles or natuiel gas will
prekakly e the technoelogy. i ChBICE::

» Withrthe advent eff advanced nuciear technelogies:
cential production Via nuciear generaton (Process neat
from HIIGRS)NIS cost: cCompetitve Withrmethane refierming
andl dominates this set OiF CBICES: HeWEVEN, this amnalysis
@OEs not INcllde: preferences tewares rEprocessing and
PENMARERT diSpesall el AUCIear WaSte:

Greeiing
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@ctoher 1.3, 2005

Conclusions

Minimizing| total financiall costs dees, not capitiie. all
fACELS) ol AeW technoloey adeplion:. OLHER aclers VEer
eften drve the CheICE OF Mmarket penetraoen.

Goal programming IS Gne: ofi a Set ol tools that can e
enmployeditorNinCorperate; OthEs PETENENCES OF aCtoNS
IR anranalysis:

WitoUr IRCOrpPeratien ol preferences: ol Secuiy/ ana
EMmISsIeNS; reductions INter ar decision-making PrecESs),
SUCKHITECHNGIOYIES as Y degEn pronakly WORH 19e
adepted spontaneousiy:

Coeprdinated pelicies—envirenmental and energy—
coupled withr a stanler regulater/ envirennment are
RNEcessany e attiract the'levels off capitalfreguired el any.
type of majoer transiermation el the: US energy: system.

Greeiing
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