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l. Inngangur

Pann 8. juni sidastlidinn skipadi paverandi idnadar- og vidskiptaradherra Valgerdur Sverrisdottir nefnd
til ad marka stefnu er vardar undirbuning og patttoku i alpjodlegum vetnisverkefnum i samradi vid adila
utan stjornkerfisins. Skipun nefndarinnar byggdi a akvordun rikisstjornar fra 5. mai sl. en par segir
m.a. “A grundvelli fyrri stefnumérkunar stjérnvalda, géds &rangurs verkefna og i samraemi vid
alpjodlega proun a svidi vetnismala sem og orku- og loftslagsmala, er lagt til ad undirbdin verdi
stefnumarkandi akvéroun um patttéku stiornvalda i frekari vetnisverkefnum hér a landi a grundvelli
hugmynda Nyorku. Mikilvaegt er ad haegt sé ad vidhalda samfellu i slikum rannséknum hér a landi og
préa frekar innviéi samfélagsins & pessu svidi.” | nefndina voru skipadir:

Baldur Pétursson, idnadar- og vidskiptaraduneyti, formadur,
Halldér Arnason, forsaetisraduneyti,

Gunnar Palsson, utanrikisraduneyti,

Hugi Olafsson, umhverfisraduneyti,

Johann Gudémundsson, samgdnguraduneyti,

Pordur Reynisson, fiarmalaraduneyti.

Starfi nefndarinnar skyldi flytt sem kostur er og lokid fyrir sumarfri 2006.

Nefndin kom nokkrum sinnum saman i juni og juli 2006 og fjalladi m.a. um tillégu sem fram kom fra
fyrirtaekinu Nyorku um alpjodleg vetnisverkefni hér a landi, auk pess sem hun fékk a fundi sina adila er
tengjast alpjodlegum vetnisverkefnum hér a landi. Einnig var fjallad um stefnumoérkun, patttéku og

reynslu af vetnisverkefnum hér a landi.

Eftirfarandi er umfjéllun nefndarinnar, asamt tilldgum og gdégnum sem starfinu tengist.



Il. Samantekt og tillogur
1.1 Samantekt

Stefnumétun & svidi vetnismala

Arid 1998 mérkudu islensk stjornvold stefnu & svidi vetnismala er midar ad préun i att ad vetnisvaeddu
samfélagi, svo fljott sem pad verdur taeknilega og efnahagslega hagkveemt. petta kom m.a. fram i
radherrayfirlysingu fra 27. oktober 1998 og patt rikisins i stofnun Vistorku 1998 sem st6d m.a. ad
stofnun Islenskrar Nyorku pad ar, asamt fjdlpjédlegum fyrirtaekjum. bessi stefna er i samraemi vid
vaxandi alpjédlega medvitund um mikilvaegi hreinnar orku. Jafnframt pjonar vetni sem unnid er ur
endurnyjanlegum orkulindum pvi hlutverki ad draga ur losun grodurhusalofttegunda sem talin eru hafa
studlad ad loftslagsbreytingum i heiminum.

Unnid hefur verid ad ymsum verkefnum & grunni pessarar stefnu og nylega var huan aréttud frekar i
stefnuyfirlysingu naverandi rikisstjérnar fra pvi i mars 2003, en par segir m.a.: "Stefnt skal ad frekari
afbngum i vetnisveedingu pjodarinnar og ad i framtidinni byggist orkunotkun landsmanna a
endurnyjanlequm orkugjéfum og verdi pannig sjalfbser." Markviss skref hafa verid stigin & grunni
bessarar stefnumétunar, par sem stjérnvéld hafa bodid island fram sem alpjédlegan tilrauna- og
préunarvettvang fyrir vetnisteekni @ grunni samkeppnishaefra starfsskilyrda. Pessi stefnumdrkun
stjornvalda og starfsskilyrdi hafa verid grunnur ad arangursrikum alpjodlegum samstarfsverkefnum
sem einstaklingar, fyrirteeki, stofnanir og haskdlar hafa unnié ad.

Reynsla og arangur af vetnisverkefnum

Vetnisverkefni, sem stjornvold hafa tekid patt i og stutt, hafa skilad gédum arangri, skapad jakvaeda
umfjollun erlendis og studlad ad teeknipréun og teekniinnflutningi. Med adild ad ECTOS
vetnisverkefninu hefur nadst verulegur arangur i rannséknum hvad vardar taeknilegar, efnahagslegar
og félagslegar hlidar a rekstri vetnisstraetisvagna hér a landi, en verkefnid var hid fyrsta sinnar
tegundar i heiminum. | kj6lfar pess féru svipud verkefni i gang i 10 stérborgum Evrépu. Verkefnid hafdi
pvi umtalsvert frumkvodulsgildi fyrir sambeerileg verkefni annars stadar. Pad hefur a sama tima aukid
moguleika islenskra adila a ad taka patt i frekari alpjodlegum vetnisrannsoknum sem kostud eru ad
stérum hluta til af erlendum adilum. Petta hefur komid fram i heimsoknum fulltrda alpjodafyrirtaekja
hingad til lands, m.a. fra General Motors og Shell Hydrogen. Sja medal annars bréf fra fyrirtaekinu
Shell Hydrogen og stefnumaorkun pess i Vidauka IV og a vefsidu fyrirtaekisins.

Heildarvelta vetnisverkefna fra arinu 2000 til 2005 var um 2 milljardar kréna, en steersti hluti fjarins
(um 70%) kom erlendis fra. Um 25 arsverk eru unnin & svidi vetnismala & islandi. Um 4000 Gtlendingar
fra ymsum stofnunum og félagasamtokum hafa komid til landsins i tengslum vid vetnismal, par af
rumlega 400 fra fjéImidlum, og ahugi fer vaxandi. Alls bodudu um 300 fulltrdar erlendra fjélmidla komu
sina sumarid 2006, m.a. a vegum erlendra fyrirtaekja a bord vid Daimler Chrysler og GM sem hafa
valid island sem vettvang til markadskynningar & nyrri teekni. Almenningstengslafyrirteekid Athygli ehf.
hefur azetlad ad verdgildi umfidllunar i erlendum fjdlmidlum um vetnismal & islandi nemi hundrudum
milljéna ef ekki milljoréum kréna.’

Alpjédleg préun

Aukin ahersla hefur verid 16gd & vetnisrannsokinr i alpjodasamstarfi & lidnum arum, eins og hafa ma
stofnun IPHE (International Partnership for the Hydrogen Economy) arié 2003 og starfsemina innan
ESB til marks um. Or préun a svidi vetnisteekni hefur att sér stad a sidustu arum og ymsir af steerstu
bilaframleidendum heims undirbda nu framleidslu flota tilraunabifreida & timabilinu 2010 — 2015 og
fidldaframleidslu fyrir almennan markad i kjolfarid. Unnid er ad uppbyggingu stadbundinna dreifikerfa
fyrir vetni i ymsum I6ndum til pess ad haegt verdi ad reka pessa tilraunaflota. Daemi um petta eru
vetnispjodbraut (Hydrogen Highway) i Bandarikjunum og Kanada, i Noregi (HyNor) & milli Osléar og
Stavanger og a nokkrum péttbylissvaedum i Japan, byskalandi og vidar.

" Svar idnadarradherra vid fyrirspurn fra Hjalmari Arqasyni - 430. mal : 2. mars 2003, um verdmaeti umfj6liunar um vetnisahrif.
Fyrirteekid Athygli ehf., og Bracken Public Relations a Irlandi mat m.a. pessi atridi. Nefna ma baekling um vetnisverkefni a Islandi
sem Shell Hydrogen dreifdi og gerir enn i miklu magni a alpjédlegum mérkudum sem og vefsidu sinni.



1.2 Tillbgur nefndarinnar

Nefndin hefur kynnt sér pa valkosti sem fyrirtaekid Nyorka hefur sett fram um frekari vetnisverkefni, par
sem reynt er ad mati Nyorku ad stilla kostnadi i hof, an pess ad slikt komi nidur & gaedum eda patttoku
erlendra adila i verkefnunum.

Nefndin leggur til ad stjornvold akvedi ad stydja frekari alpjodleg rannsdknarverkefni a svidi vetnis hér
a landi. Tillagan tekur mid af stefnumoérkun stjérnvalda a svidi vetnismala, godum arangri islenskra
vetnisverkefna, aherslum i alpjédastarfi og préun a svidi vetnistaekni i bilaidnadi. Jafnframt hefur
nefndin haft stefnu islands i orku-, rannsékna- og loftslagsmalum, samgéngumalum og
utanrikismalum til hlidsjonar.

A arinu 2006 lykur ECTOS verkefninu og af pvi tilefni hefur fyrirteekid Nyorka unnid ad undirbuningi
framhaldsverkefna & svidi vetnis med innlendum sem erlendum adilum, sem m.a. felst i tilraunaakstri
vetnisbifreida sem yrdu seldar eda leigdar til stofnana og fyrirteekja, auk pess sem settur yrdi upp
vetnisbdnadur um bord i skipum i tilraunaskyni. Med pessum verkefnum yrdi tryggt ad ekki slai i
bakseglin i préun vetnisverkefna 4 Islandi og ntverandi samkeppnisforskot tapist ekki, hvad vardar
moguleika & pvi ad Island verdi vettvangur frekari vetnistilrauna og -préunar. Taekju islensk stjornvéld
akvordun um ad taka ekki frekari patt i alpjédlegum vetnisverkefnum med fjarframlégum, ma telja vist
ad afar erfitt yroi ad fa erlenda fjarmodgnunaradila til ad taka patt i storum vetnisverkefnum hér & landi.

Nefndin meelir med pvi ad studningur rikisins taki mid af tilldgu Il i vidauka pessarar skyrslu, enda
tryggi hun samfellu i vetnisverkefnum hér a landi. Tillagan gerir rad fyrir rekstri allt ad 30 vetnisbila a
islandi & arunum 2007 — 2009. Auk studnings islenska rikisins, myndu innlendir og erlendir adilar
fjarmagna steerstan hluta verkefnisins. Heildarkostnadur pess er aaetladur um 533 millj. kr. Par af yréi
hlutur rikisins 225 millj. kr. eda um 42%, en hlutur annarra adila um 308 millj. kr., eda 58%.
Fjarmognun stjérnvalda naemi um 75 millj. kr. & ari i prju ar og yréi had pvi ad fjarmégnun annarra
innlendra og erlendra adila, samkvaemt tillégu Il i fylgiskjali, gengi eftir.

Vegna sérstakra adstaedna og adhalds i rikisfiarmalum arid 2007, er maelt med pvi ad fjarmoégnun
stjornvalda nemi 50 millj. kr. arid 2007, en 87,5 millj kr. 2008 og 2009 og verdi had pvi ad fjarmoégnun
annarra innlendra og erlendra adila samkvaemt tillogu Il i fylgiskjali, gangi eftir. Fjarmagn vegna pessa
rannoknaverkefnis verdi tryggt med sérstakri fiarmognun stjérnvalda og verdi veitt beint til verkefnisins
i formi haekkunar a hlutafé rikisins i Vistorku. Verdi af pessu verkefni, er seskilegt ad gerd verdi grein
fyrir framvindu pess til peirra raduneyta sem ad pessari umfjéllun komu, t.d. innan 6formlegrar nefndar
a vegum idnadarraduneytis sem pegar er starfandi og fjallar um alpjoédlega vetnisverkefnid IPHE
(International Partnership for Hydrogen Economy).

Ad démi nefndarinnar er verkefnid einkar mikilveegt fyrir préun innvida vetnissamfélags a island, auk
pess sem studningur hins opinbera er forsenda fyrir métframldgum erlendra samstarfsadila. Talid er
mikilveegt ad vidhalda samfellu i vetnisrannséknum og préa frekar innvidi samfélagsins & pessu svidi,
vilji stjérnvold halda &fram & peirri braut sem moérkud hefur verid til pessa. Jafnframt ma benda a ad
torvelt kynni ad reynast fyrir island ad taka upp pradinn ad nyju, verdi umtalsvert hlé a patttéku i
slikum verkefnum.



lll. Stefnumorkun a svidi vetnismala og tengdra malaflokka
1ll.1 Orku- og vetnismal

Syn til framtidar

i aratugi hefur pad verid stefna islenskra stjérnvalda ad nyta a sjalfbseran hatt endurnyjanlegar
orkulindir landsins i satt vid nattaru og umhverfi. bessi stefna byggist a miklum rannséknum og
hagnytingu & peim miklu audlindum sem er ad finna a svidi vatns- og gufuorku landsins.

island hefur nad pvi takmarki ad haetta allri raforkuframleidslu med jardefnaeldsneyti. Endurnyjanlegar
orkulindir anna na um 72% af allri frumorkuporf i landinu. Markmid stjérnvalda er ad haekka petta
hlutfall enn frekar og stefna i att ad kolefnalausum orkubuskap i framtidinni par sem endurnyjanlegar
orkulindir gegna veigamiklu hlutverki. Stefnumdérkun og verkefni a svidi vetnismala eru veigamikill hluti
af pessari stefnu. ESaia e

A arinu 1998  métudu
stjornvold skyra stefnu & svidi
vetnismala. Stefnumdrkun til
lengri  tima  midar ad
framleidslu vetnis med
endurnyjanlegum orkugjofum,
sem geti komid i stad
jardefnaeldsneytis i
samgdngum og a skipum um
leid og slikt verdur taeknilega
og efnahagslega hagkveemt.
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Vetni er mengunarlaus og
kraftmikill orkuberi sem ma
framleida med mismunandi
leidum, m.a. med
endurnyjanlegum orkulindum
landsins. Markmid islenskra
stjornvalda er ad auka hlut innlendra endurnyjanlegra orkulinda og ad draga ur mengun og losun
grédurhusalofttegunda med hagsmuni umhverfis, hagkerfis og almannahagsmuni ad leidarljosi. Med
bessu méti leggur Island jafnframt af mérkum i alpjodlegri baréttu til verndunar lofthjups jardar.

Alpjédlegur vettvangur fyrir vetnisrannsoéknir

Rannsoknir er varda framleidslu vetnis med endurnyjanlegri innlendri orku, hafa verid stundadar vid
Haskdla Islands um aratuga skeid og hafa leitt til aukins alpj6dlegs samstarfs og rannsékna a pessu
svidi.

A pessum grunni hafa islensk stjérnvéld lagt aherslu & ad bjéda upp & samkeppnisheeft starfsumhverfi
fyrir rannsoknir og tilraunir, sem byggist a alpjodlegu samstarfi opinberra adila og einkaadila — pannig
ad til verdi heppilegasta starfsumhverfi fyrir framproun og pekkingu & pessu svidi.

Stefnu islenskra stjornvalda ma skipta i eftirfarandi fimm paetti:

L] samkeppnisheeft starfumhverfi,

= alpj6dlegt samstarf,

. vetnisrannsoknir og tilraunir,

Ll kynningu, menntun og pjalfun,

Ll frekari stefnumoérkun og verkefni.



Starf a svidi vetnismala vardar i vaxandi meeli eftirfarandi prja malaflokka:

2 Orkumal
N Oryggi i frambodi a orku,
N nyting endurnyjanlegra orkulinda.
> Loftslags- og umhverfismal
N baratta gegn loftslagsbreytingum af mannavéldum,

N gaedi lofts og heilbrigdi.
2» Efnahags- idnadar- og taeknimal

N aukin teekifaeri og verdmeeti,
N hafa ahrif & préun taekni og umhverfis,
N alpjodleg samvinna einkaadila og opinberra adila.

wmmeg skref i att til.

Vaxandi tengsl eru a milli
pessara malaflokka, sem eru

helstu drifkraftar préunar a svidi
vetnismala. A alpjédavettvangi
hefur verid 16gd aukin &hersla a
oryggi i orkudflun med frekari
proun nyrra valkosta, ekki sist
vegna haekkandi orkuverds og
otryggs frambods orkugjafa,
einkum oliu og gass. Samhlida
hafa aukin  grédurhusaahrif
beint sjonum manna ad
métadgerdum, m.a. med pvi ad
draga ur mengun i
samgongugeiranum, en med
aukinni  notkun  vetnis i
samgodngum er haegt ad draga
verulega ur losun
grédurhusalofttegunda.  Sidast

—

vetnishagkerfi

& umlidnum 35 arum hefur island tekid margvisleg skref i itt ad
vethishagkerfinu

& 1970 Vetnisrannsikni hafa verié stundadar i 3 dratugi vié Haskdla islands
®» 1998 Stefnumdrkun stjornvalda a svidi vetnismala
®» 1999 Hyorka og ECT 05 verkefnid sett af stad

._ & 2003 Fyrsta vetnigstodin | heiminum byggé a hefdbundinni bensinstod
= ® 2003 brir vetniss=traetoar teknir i notkun

& 2003 island verdur adili ad IPHE, (The Internationa Partmershipforthe Hydrogen
® 2004 Fjdlmorg alpjddleg samstarfsverkefni med mismunandi hagsmunas
& 2005 Afnam tolla og skatta af vetnisfararteekjum til rannsokna

& 2006 Frekaristefnumirkun a svidi vetnis

en ekki sist hafa alpjodleg
bifreidafyrirteeki lagt aukna aherslu a teekninyjungar i orkusparnadi.

Miklu mali skiptir ad alpjodlegu samstarfi verdi fram haldid i vetnismalum svo unnt verdi ad na tékum
a peim teeknilegu vidfangsefnum sem enn er vid ad etja.

Starfsskilyrdi rannsékna

Aukin nyting endurnyjanlegra orkuaudlinda i formi vatnsafls og jardvarma hefur stuélad ad aukinni
velseeld islensku pjédarinnar @ undanfornum aratugum. Erlend fjarfesting & svidi orkufreks idnadar
hefur verid snar pattur i pessari proun.

islenskt samfélag er teeknivaett og hagkerfid préad. Frelsi 4 svidi erlendra fijarfestinga, einfalt
stjornkerfi, hatt menntunarstig og sveigjanlegt vinnuafl hafa ladad ad erlenda fjarfestingu, m.a. a svidi
vetnismala.



1.2 Loftslags-, umhverfis- og vetnismal

Vetnisverkefni og loftslagsmal

Verkefni a svidi vetnismala falla vel ad markmidum stjérnvalda i loftslagsmalum. Vetnid er unnid ur
endurnyjanlegum orkulindum a Islandi og kaemi i stad innflutts jardefnaeldsneytis, en vid bruna pess
myndast grédurhusalofttegundir, einkum koltvioxid, sem studlar ad hlynun lofthjupsins.

i stefnu islands i loftslagsmalum fra : : - — -
arinu 2002 kemur fram ad “Gerdar | | Minnkandi pekja hafiss a Noroursléodum

verdi tilraunir med orkugjafa sem
komid geta i stad oliu s.s. vetni.
Jafnframt verdi vel fylgst med
préun annarrar nyrrar teekni hvad
petta svid vardar.”

September 1979 September 2003

i umraedu um endurskodun &
stefnu islands i loftslagsmalum,
sem nu stendur yfir, hefur komid
fram ad lita beri til lengri tima og
stefnumoérkunin - tengd betur vid
adra malaflokka, m.a.

préunarsamvinnu,
gjaldeyrissparnad i  eldsneytis- Source: Ministry for Environmen !‘

kaupum og skograekt og
landgraedslu. bPréunarverkefni a svidi vetnis og annarrar loftslagsvaennar taekni vaeri audvelt ad setja i
slikt samhengi.

Miklu skiptir ad tekin verdi upp heildstaed stefna i loftslagsmalum. Prounarverkefni & svidi vetnis eda
annarra loftslagsveenna orkugjafa og teekni pjona pvi markmidi ad dregid verdi ur ahrifum
loftslagsbreytinga til lengri tima litid. Jakvaed skref hafa verid stigin i samraemi vid loftslagsstefnu
stjérnvalda vardandi gjaldtdku a undanférnum misserum, med timabundinni lsekkun & gjoldum a
vetnisbila og adra loftslagsveena bila, auk upptoku oliugjalds i stad pungaskatts.

i tengslum vié endurskodun loftslagsstefnunnar hefur m.a. verid reett um ivilnandi adgerdir vegna
sparneytinna bila, loftslagsvaent eldsneyti og loftslagsvaenni taekni. | sliku umhverfi vaeru
tilraunaverkefni a svidi vetnisbila og skipa rokréttur lidur i heildsteedri loftslagsstefnu, par sem
hagraenir hvatar veeru notadir til pess ad draga ur losun grodurhusaloftegunda og skapa
loftslagsvaenni teekni betri samkeppnisstodu, jafnframt pvi sem unnid yrdi ad pvi ad greida gotu
teekniprounar a afmoérkudum svidum.

A pessu stigi verdur ekkert fullyrt um hvada teekni er liklegust til ad skila arangri i loftslagsmalum.
/AEskilegt er ad almennir hagreenir hvatar verdi latnir styra teekniprouninni. Jafnframt er b6 naudsynlegt
ad hlta ad frekari rannsoknarverkefnum 4 akvednum svidum. Pannig veeri edlilegt ad islendingar
legdu fyrst og fremst af moérkum par sem mikil sérpekking er til stadar, t.d. & svidi djupborana og
annarra rannsoknaverkefna i jardhita, bindingar kolefnis med landgraedslu og skograekt og
vetnistilrauna.
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Vetnisverkefni og sjalfbaer proun

| stefnumérkun islands um sjalfbaera préun, “Velferd til framtidar”, sem sampykkt var i rikisstjorn arid
2002 kemur m.a. fram ad “Hlutfall endurnyjanlegra orkugjafa i orkunotkun pjodarinnar verdi auki® og
ad pvi stefnt ad notkun jardefnaeldsneytis verdi dveruleg innan farra aratuga. Stefnt verdi ad pvi ad
farartaeki nyti orku sem framleidd er med endurnyjanlegum orkugjoéfum eins flj6tt og kostur er og
hagkvaemt pykir.”

Verkefni sem mida ad framleidslu vetnis ur endurnyjanlegum orkugjéfum og nytingu pess i bilum og
skipum, svo og onnur rannsoknar- og préunarverkefni & svidi loftslagsvaens eldsneytis og orkutaekni,
pjéona pessum markmidum einkar vel.

1ll.3 Skattar og gjold — stefnumérkun a svidi vetnismala

Med logum nr. 72/2005, sem sampykkt voru & vorpingi 2005, voru gerdar timabundid eda til 31.
desember 2008 umfangsmiklar breytingar & légum nr. 50/1988, um virdisaukaskatt, I6gum nr.
29/1993, um vorugjald af dkutaekjum, eldsneyti o.fl, Ibgum nr. 97/1987, um vorugjald, og tollalégum,
nr. 55/1987, med sidari breytingum. Til ad mynda er eftir gildistoku laganna nu heimilt ad fella nidur
eda endurgreida virdisaukaskatt ad fullu af vetnisbifreidum og af sérhaeféum varahlutum i paer og ekki
parf ad greida vorugjald eda toll af dkuteekjum eda sérhaefdum varahlutum i pau 6kutaeki sem nota
vetni sem orkugjafa.

Framangreindar breytingar h6féu pad ad markmidi ad gera skatta og toIIaumhverﬂ fyr|r |nnf|utn|ng
vetnisbifreida og sérhaefdra varahluta i peer ‘ i
hagstaedari. Umraeddar breytingar voru gerdar i
samreemi vid stefnu islenskra stjérnvalda sem mida
ad sjalfbeeru vetnissamfélagi i framtidinni. | pvi skyni
m.a. ad baeta samkeppnishzefni islands var tali®
naudsynlegt ad veita vetnisbifreidum akvednar
ivilnanir par sem framleidsla peirra var enn &
rannsoknar- og tilraunastigi, og verd slikra bifreida
pvi mun haerra en annarra dkuteekja. Litid var svo a
ad med beettri samkeppnisheaefni vaeri mogulegt ad fa
hingad til lands aukinn hluta af peim alpjédlegu
rannsoknarverkefnum sem unni® er ad og greida um
leid fyrir peirri proun ad vetni komi i stad oliu sem eldsneyti i samgéngum i samraemi vid stefnu
rikisstjornarinnar.

1ll.4 Stefnumérkun a svidi samgoéngumala og proun vetnisbifreida

Frekari patttaka islenska rikisins i vetnisverkefnum er einnig i samreemi vié stefnu stjérnvalda i nyrri
samgodngumalum, en drog ad henni fyrir timabilid 2007-2018 voru kynnt & samgongupingi i april
2006.

Eitt af markmidum stjornvalda er ad stefnt skuli ad sjalfbeerum samgéngum. Markmidid felur i sér ad
umhverfisahrifum samgangna, baedi hnattreenum, sveedisbundnum og stadbundnum, verdi haldid
innan aseettanlegra marka. Dregid verdi Ur losun grodurhusalofttegunda med minni notkun
jardefnaeldsneytis og stefnt ad pvi ad samgonguteeki nyti orku sem framleidd er med
endurnyjanlegum orkugjoéfum auk orkusparandi adgerda vid farartaeki sem eru og verda fyrir hendi i
landinu, eins fljott og kostur er og hagkvaemt pykir. Markmid pessi taka mid af Kyoto sattmalanum um
losun grédurhusalofttegunda, sem island hefur stadfest. Sattmalinn gildir til 2012 eda um helming
azetlunartimabilsins. A peim tima mun umferd bila aukast, en naudsynlegt er ad utblastur
grodurhusalofttegunda aukist ekki ad sama skapi.
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i fyrrnefndum drégum ad samgénguaaetiun er sett fram ad medal adgerda til ad na pessu markmidi
verdi:

1) Studlad ad nytingu umhverfisvaenna orkugjafa. Midad verdi vid ad i lok asetlunartimabilsins
verdi notkun vistveens eldsneytis 20% af heildarnotkun i samgéngum. Einnig verdi 16gd ahersla a
beitingu orkusparandi adferda og rannsdokna til ad auka orkusparnad nuverandi fiskiskipaflota
landsmanna.

2) Skattlagning eignarhalds og notkunar bila med peim heetti ad sparneytnir bilar, tvinnbilar, bilar
sem nota vistvaent eldsneyti og bilar sem nota gasoliu sem eldsneyti verdi fysilegri kostur en nu er.
Sama skal gilda um notkun vistveenna skipavéla sem nota svartoliu og sparneytna adal- og hjalparvél
og vistvaenna véla i flugvélum par sem petta getur att vid.

Framtidarsyn um préun notkunar eldsneytis a bila -
% umhverfislegur arangur

100
/
90

Vetni hefur ad fullu

80 - .
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70 megin elds-

60 Vetnisbilar og vetni verdur neyti. Framtid an
algengt A CO,;

50
40 Teekninyjungar i
\etnisbila vélum og framleidslu
30 Metan- og eldsneytis.’ Lifolia,
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20 Skattalegar ’IbI6n<’jun
10 radstafanir dlsek)l',u °9
bensins
0
2005 2010 2015 2020 2025 2030 2035 2040
Ar

| Oll toluleg gildi eru taknraen

Meginhugsuninni i samgéngustefnunni hvad petta vardar ma skipta i prju stig. | fyrsta stigi verdi sem
fyrst tekist a vid ad breyta skattlagningu bifreida pannig ad hvatt sé til notkunar a sparneytnari
bifreidum. betta er afar brynt til pess ad draga ur innflutningi & jardefnaeldsneyti. Neesta stig, en stigin
eru reyndar 6ll samfallandi ad hluta, er ad skapa rymi fyrir annars konar eldsneyti. Getur par verid um
ad raeda eldsneyti sem kalla maetti lifraent, svo sem etandl, bidédisel og metan.

Pvi er spad ad miklar framfarir verdi i slikri framleidslu a naestunni par sem gerlegt verdur ad framleida
svokallad 2. kynslodar eldsneyti ur trénisrikari efnum sem jafnvel geeti opnad nyja moguleika hér a
landi. Skapa parf svigram fyrir slika innleidingu nys eldsneytis med skattalegum ivilnunum i byrjun.
Notkun a pessu eldsneyti verdur sifellt algengari i nagrannaléndunum og hefur ESB pegar sett sér pad
markmid ad hlutur pess i samgéngum adildarrikja verdi 5.75% &rid 2010. bridja stigid er vetni, ef vonir
sem vid pad eru bundnar, verda ad veruleika.

lll.5 Vegvisir a svidi vetnismala

Unnid hefur verid, & vegum idnadarraduneytisins, ad dréum ad vegvisi a svidi vetnismala, i samraemi
vid sambaerilega vinnu i 68rum 16ndum og tilmaeli 4 vettvangi IPHE. | meginatridum skiptist umfjéllunin
i eftifarandi fimm meginsvid: 1. vetnisframleidslu, 2. geymslu vetnis, 3. innvidi a svidi vetnis, 4.
tilraunaverkefni og 5. rannsoknarverkefni. Samkveemt vegvisinum er meginatridi a pessu svidi
alpjédlegra rannsékna ad byggja upp samstarf vid alpjodlega adila & svidi rannsékna og tilrauna.
Nanari grein er gerd fyrir pessum atridum i Vidauka lII.
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IV. Aljédleg préun
IV.1 bétttaka i IPHE

Arid 2003 var Alpjodavettvangur um vetnispréun, IPHE (International Partnership for Hydrogen
Economy) stofnadur. Island var medal stofnadila IPHE, en nu eru alls 17 riki adilar ad samtékunum,
sem hafa pad ad markmidi ad efla alpjodlegt samstarf og rannsoknir a svidi vetnis.

Vorid 2004  var undirritud
viljayfirlysing & milli Manitéba i
Kanada og Islands & svidi vetnis og
ymis onnur alpjédleg
samstarfsverkefni eru i gangi a pessu
svidi & milli adila & markadi.

e P e
Fvmngring e betnm [PHE §i
P e ] e

Stefna IPHE felst m.a i &herslu & |&iiscsimn™ I
aukid alpjodlegt samstarf, e - B
samraemingu, rannsoknir, kynningu og =
samstarf 4 milli einkaadila og I
opinberra adila. Vaxandi umsvif eru a
Svidi vetnismala hja flestum
adildarrikjum og auknu fjarmagni er
varid til malaflokksins.

I
by s b, by e B e s, b Bt i

Aherslur & svidi vetnis tengjast
stefnumoérkun margra landa a svidi
umhverfismala og vidleitni til ad draga ur mengun og grodurhusalofttegundum, sem og ad treysta
oryggi i orkuéflun. Takmarkadar oliubirgdir heims og sveiflur & verdi oliu hefur ytt enn frekar undir
préun a vetni sem sem orkubera.

patttaka [slands i starfi IPHE er i
samraemi vid stefnumérkun
stiornvalda a svidi vetnis- og
orkumala er midar ad préun i att ad
vetnisvaeddu hagkerfi, svo fljott sem
pad verour teeknilega og

efnahagslega hagkveemt. Einn pattur T

bessarar stefnu er ad & islandi geti
ordid vettvangur alpjodlegra
vetnisrannsokna, par sem 16gd verdi
ahersla a hagsted starfsskilyrdi,
alpjédlegt samstarf, préun
tilraunaverkefna og pekkingu.
Verkefni & svidi vetnisrannsokna hér
a landi hafa pegar vakid alpjodlega
athygli.

Tvo raduneyti, idnadarraduneytid og

= Yfir $35 trilljénir i

China

landsframleidslu, 85% af
landsframleidslu heimsins.

= Um 3.5 milljardar folks

= ¥fir 75% af notkun rafmagns i

-
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1 % Auntraia
e o

IS .

heiminum,
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orkunotkun
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Noreay  Com
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s |

Eraal

united e |
Kingdom == pes=

I
|
\ N

e ——

utanrikisraduneytid, eiga saeti fyrir islands hénd i styrinefnd IPHE, en Bandarikin fara med formennsku
i henni. Island fer med formennsku, asamt Pyskalandi, i framkvaemdanefnd IPHE. Nylega var akvedid
ad pessi skipan formennsku yrdi dbreytt naestu tvo ar.

Fundur styrinefndar IPHE verdur haldinn a islandi i september 2006, en slikir fundir eru haldnir til
skiptis i adildarrikjunum. Fundur framkvaemdanefndar IPHE var haldinn a Islandi hausti® 2004.
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IV 2 Vetniskynning a alpjédlegum vettvangi

Ad frumkvaedi utanrikisraduneytisins hefur mikil ahersla verid 16g6 & ad kynna modguleika
vetnisnytingar a alpjodlegum vettvangi.

island st6d ad kynningarfundum fyrir fastanefndir adildarrikia hja Sameinudu pjédunum,
alpjodastarfslid samtakanna, Prounarstofnunina (UNDP) og Umhverfisstofnunina (UNEP) i névember
2004 par sem kynntar voru aherslur Islands i vetnismalum og tengsl peirra vid sjalfbeera orkustefnu
Islendinga.

i framhaldi af fundunum var stofnad til samstarfs vid efnahags- og félagsmalaskrifstofu Sameinudu
pjodanna (DESA) um ad haldid yrdi freedslunamskeid um vetnistaekni og vetnispréun i tengslum vid
fiortanda arsfund nefndar Sameinudu p6édanna um sjalfbaera proun (CSD-14) i New York i mai 2006.
Jafnframt var akvedid ad Island |- =&

og DESA skyldu standa & —
sameiginlega ad  alpjodlegri
radstefnu um sjalfbaera
orkunytingu i préunarrikjum med
aherslu a jardhita og vetnistaekni

i Reykjavik i beinu framhaldi af Skipuleggja a
fundi  styrinefndar IPHE i arangursrikan hatt
september 2006. samraemdar alpjédlegar

® rannsoknir og pbroun — sem
= audveldar préun i att ad

) = alpjodlegu vetnissamfélagi.m
stefnt er ad pvi ad auka hlut == <8 o

A raostefnunni veréa kynnt
vetnisaform Islandinga par sem

endurnyjanlegrar orku i
orkubuskapnum enn frekar. ba
verda kannadir moguleikar pess
ad koma a fét samstarfsverkefni
i litlu eyprounarriki um préun
samkeppnishaefrar
jaréhitanytingar i tengslum vid vetnisframleidslu til ad draga ur innflutningi jardefniseldsneytis og studla
ad sjalfbeerum orkubuskap. Nidurstodur radstefnunnar verda lagdar fyrir naesta arsfund nefndar
Sameinudu pjodanna um sjalfbaera préun (CSD-15) i New York i mai 2007.

5

Med pessu moti vilja islensk stjornvold nyta alpjodlegt samstarf a svidi vetnismala til ad kynna malstad
sjalfbeerrar orkupréunar og styrkja jakvaeda imynd islands & svidi orkumala. Athygli er vakin & vidleitni
landsins til ad nyta reynslu sina af sjalfbaerri orkunytingu i pagu préunarrikja og aherslu islendinga 4
sjalfbaera nytingu natturuaudlinda til lands og sjavar.

IV.3 Aukin ahersla a vetnisproun i 6rum rikjum

Flest riki OECD og vaxandi fjoldi prounarrikja hafa rannséknar- og préunaraaetlanir a svidi vetnismala.
Greinileg aukning er a framlégum peirra til vetnismala a allra sidustu arum sem ber vott um
sannfeeringu margra steerstu rikja heims um ad vetni muni gegna lykilhlutverki i orkubuskap
framtidarinnar. Umhverfisstofnun Sameinudu pjodanna (UNEP) azetlar ad heildarframlag hins
opinberra til vetnispréunar vidsvegar um heim nemi arlega jafnvirdi allt ad hundrad milljoréum
islenskra krona. Framldg einkafyrirtaekja nema enn haerri upphaedum.

Hér ad nedan eru nokkur deemi sem bera vott pessarar préunar. Ljést er ad allir bifreidaframleidendur
heims eru nu ad vinna ad proun vetnisbilsins og er préunin hrédust par sem bpeir hafa sinar
hofudstédvar. Fair geta pd keppt vid islendinga um hreina orkukedju byggda & endurnyjanlegum
frumorkugjofum til vetnisframleidslu fyrir tilraunabila.
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Bandarikin

Bandarikin hafa lagt aukna aherslu a rannsoknir og lausnir & svidi vetnismala a seinustu arum eins og
gléggt ma sja i stefnureedum forseta Bandarikjanna og hefur haum fjarhaedum verid varid il
rannsokna a pessu svidi par i landi. Einstok fylki Bandarikjanna hafa einnig lagt sérstaka aherslu a
pessi mal. Kalifornia hefur verid leidandi adili i nytingu vetnis i samgéngum um all langt skeid, en
pegar i kringum 1990 voru settar par reglugerdir um ad eingdngu peir sem settu a markad vistvaena
bila meettu selja bila i fylkinu. NU pegar hafa verid byggdar & annan tug vetnisstédva, flestar p6 smaar
og an vetnisframleidslu a stadnum. Hvergi eru jafn margir vetnisbilar i umferd eins og i Kaliforniu og
ljést er ad su préun mun halda afram enda stefna stjérnvalda par mjég skyr.

Kanada

Mikil ahersla hefur verid 16gd a préun vetnis i Kanada & sidustu arum, baedi af halfu stjérnvalda sem
einkafyrirteekja. Pannig eru morg af fremstu fyrirtaekjum heims & svidi vetnistaekni stadsett i Kanada,
m.a & svidi vetnisrafala sem i mdrgum tilvikum eru pegar komnir i fjdldaframleidslu i ymsum
fararteekjum s.s. lyfturum og smeerri farartaekjum. Glégglega ma einnig sja ad préun a pessu svidi er
ad feerast fra rannséknum og yfir i fidldaframleidslu. Teeknistofnanir & svidi vetnis og samtdk fyrirtaekja
a svidi vetnis eru mjog 6flug i Kanada sem um leid gerir adsteedur til préunar a pessu svidi hagstaedari
en ella.

pyskaland

Anersla & vetni i Pyskalandi hefur stéraukist & undanférnum manudum og arum. Hér er baedi &tt vid
borgir, fylki og rikisstjérn. Nu pegar hafa verid byggdar fiérar vetnisstddvar i byskalandi, Hamborg,
Berlin (2) og Munchen. Steersti vetnisstraetisvagnafloti sem nu er starfraektur er i Hamborg og Berlin
hefur einnig fest kaup a fjortan vognum i tengslum vid Evrépusambandsverkefni.

Japan

Japan hefur markad skyra stefnu. Japénsku bifreidaframleidendurnir eru allir ad préa vetnisbila og eru
med tilraunaverkefni i gangi i Japan, p6 ad hluti peirra bila fari einnig til Kaliforniu. Stjornvoéld vilja ad
japanskir bifreidaframleidendur verdi i fremstu r6d i proun vetnisbila. Japanska rikid hefur pannig
byggt niu vetnisstodvar i Yokohama bpar sem vetni er afgreitt oOkeypis. Petta gerir Oll
rannsoknarverkefni mun audveldari i framkvaemd. Talid er hugsanlegt ad Japanir verdi fyrstir til ad
fidldaframleida vetnisbila.

Nordurléndin

Mikil umsvif eru na i Noregi og eru prjar vetnisstédvar i byggingu par. Nordmenn hafa stofnad til
samvetnisverkefnisins "HyNor” sem midar ad pvi ad sampeetta adgerdir og upplysingadflun par i landi.
i gegnum pad samstarf og med verulegum styrkjum fra norskum rannsoknarsjodum hafa sextan
vetnisbilar verid keyptir og stefnt er ad peir komi & gétuna a seinni hluta ars 2006. Svipada s6gu er ad
segja i nagrannaldndunum Svipj6d og b6 sérstaklega i Danmoérku. Myndadur hefur verid
samstarfshopur um skandinaviska vetnispjodveginn (The Scandinavian Hydrogen Highway”) sem a ad
na fra Jotlandi i gegnum Svibjod, Oslo og til Stavanger i Noregi. Fjarframldg til vetnismala i pessum
[6ndum hefur stoéraukist. Pannig nemur opinber studningur i Danmdrku til vetnismala um 100
milljionum DK & pessu ari og hefur verid akvedid ad tvofalda arlegan studning hins opinbera & naesta
ari.
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Evrépusambandid

Innan Evréopusambandsins hefur verid 10gd ahersla a auknar rannsoéknir a svidi vetnismala, ekki sist
hvad vardar rannsoknir er tengjast préun vetnisbifreida. islendingar hafa notid gods af slikum
aherslum, par sem verulegir fijarmunir fra ESB hafa runnid til verkefna & islandi 4 pessu svidi s.s.
ECTOS verkefnisins. bessi ahersla a vetnisrannsoknir og préun fer vaxandi innan ESB, samanber
margvislegar azetlanir og verkefni 4 pessu svidi. A grunni EES-samningsins & island adild ad pessum
verkefnum ESB.
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IV. batttaka i alpjédlegum verkefnum a svidi vetnismala

IV.1 Verkefni Nyorku

Vetnisstreetisvagnaverkefnid (ECTOS — HyFleet :CUTE) er enn steersta og mikilvaegasta verkefni
fyrirtaekisins. | pvi felst rekstur vetnisstédvarinnar vid Griéthals i samvinnu vid Skeljung og einnig
rekstur priggja vetnisvagna i samvinnu Straetd bs. Fyrri hluta verkefnisins er lokid en seinni hlutanum
lykur i janaar 2007.

Odru syningarverkefni, sem er i gangi a | ask; -- - ,

Keflavikurflugvelli og gengur ad 6skum, & slensk Nyorka' —
mun ljdka & svipudum tima. Um er ad Samstarf einkaadila og opinberra adila
reeda tilraunir sem styrktar eru af =
rannsoknarsjodum bandariska hersins par
sem gengid er Ur skugga um areidanleika
efnarafals sem varaaflsstodvar fyrir
lysingarbunad.

NyOrka er einnig ad vinna i sex 68rum
verkefnum sem styrkt eru af sjodum
Evrépusambandsins. Flest peirra mida ad
pbvi ad kanna samfélagsleg, efnahagsleg,
og vistraen ahrif vetnis. Meginahersla hefur
verid 16gd & ad rannsaka uppbyggingu
innvida og efnahagslegar forsendur pess
ad nyta innlenda raforku til vetnisframleidslu. Samhlida pvi er verid ad kanna dreifikerfi raforku enda
mikilveegt ad skilja sampeettingu raforkuframleidslu og dreifingu samfara uppbyggingu a
vetnisinnvidum. Su reynsla sem NyOrka byr yfir a pessu stigi hefur nyst vel og samvinna vid islensku
orkufyrirteekin hefur aukist. Samfara pessu =3
hefur fyrirteeki® kannad ahrif samfélagsins . Innvidir vetnissamfélags

og umhverfisins & vetnisframleidslu med _ Walkostir.og mt'igul"eilé’a'i'r
tilliti til hugsanlegrar framtidarpréunar. '

Kennsla og kennsluefnisgerd hefur verid
all stér pattur starfseminnar. Fyrirteekid E 1
hefur dreift kennsluefni til allra grunnskéla
4 Islandi og heldur ad medaltali um 20
fyrirlestra a alpjodlegum radstefnum a ari.
Athygli bladamanna hefur einnig verid
mikil en & sidustu 2,5 arum hafa meira en
400 bladamenn komid og heimsaott
fyrirteekid og eru greinar, paettir og vidtol i
erlendum fj6Imidlum fleiri en télu vedur a
komid.

Starfsemi VistOrku

VistOrka var stofnud sem eignarhaldsfélag til ad annast eignarhlut islendinga i NyOrku (&4 mati
DaimlerChrysler, Shell Hydrogen og Norsk Hydro). Helstu eigendur eru orkufyrirtaekin Landsvirkjun,
Orkuveita Reykjavikur, Hitaveita Sudurnesja og sidan Nyskdpunarsjodur, Haskdli Islands,
Idnteeknistofnun og Rikissjodur asamt nokkrum 6drum. Meginverkefni VistOrku er ad sampeetta
starfsemina 4 Islandi og skoda pa lykilpeetti sem hafa parf i huga vegna uppbyggingar
vetnissamfélags.
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| upphafi starfseminnar var Nyskdpunarsjédur leidandi adili en a undanférnum &arum hafa
orkufyrirtaekin prja aukid hlut sinn verulega og er nu svo komid ad baedi stjornarformadur VistOrku og
NyOrku kemur fra pessum fyrirtaekjum.

Orkufyrirtaekin gera sér far um ad afla sér upplysinga um préunina og hvernig sé rétt ad bregdast vid
henni nd pegar markadur fyrir vetni virdist i nand. bau hafa pvi tekid mun virkari patt i verkefnum
NyOrku og pa sérstaklega peim sem luta ad innvidum samfélagsins, framtidar dreifikerfi og samspili
raforku og vetnis. | athugun er ad starfsemi VistOrku verdi aukin og ad fyrirtseki® taki ad sér ymis
verkefni sem hugsanlega falla utan starfssvids NyOrku.

IV.2 Vetnisrannsoéknir vid Haskéla Islands

Fra arinu 1970 hafa verid stundadar rannsoknir @ vetni vid Haskola islands. Med pvi ad tengja
rannsoknir vid Haskadla Islands rannséknum i byskalandi var i raun lagdur sa grunnur sem nuverandi
vetnisverkefni NyOrku byggir a.

Um pessar mundir starfa alls fjérir kennarar vid Hi ad vetnisrannséknum. bessi verkefni eru notkun
jardhita til pess ad prysta vetni med notkun malmhydrida, gerd hvarfakerfis sem tengir jarohitakerfi fra
hitaveitu vid prystibanad og vinnsla vetnis ur brennisteinsvetni & hahitasvaedum Islands.

| samstarfi vid islenska NyOrku hefur verid
stadid fyrir menntunarnamskeidum sem H -

haldin eru allt ad vikulega fyrir erlenda - vetn_l‘_sverk«e&f-w" p—
gesti. Staerstu hopar sem teki®d hafa patt i AWegum helstu rannsoknaraila a Islandi
pessum namskeidum hafa veid fra Tokyo ,
Gas Corporation, Osaka Gas Corporation,
Singapore  Development  Association,

i lzipie e

5y Heskoli Akireyrar,
e_gaknistoff‘uun, @rkufiricteeki, ISOR, o.fl.

mental research into metal hydride chemistry and

Hollenska arkitektasambandinu, en alls * il
hafa um 300 adilar sétt pessi namskeid ostructures and Hydrogen

. ; : | thermal Hydrogen: geothermally assisted Hydrogen
sidustu misseri. = Npression rlllsiné| met?al hydrides ! P

ydrogen from vented Ha5
‘SocioEconomic studies of Hy

Norraenn sumarskoli um vetni var haldinn Rin Hydrogen

a Islandi 2003 og sumarid 2006 voru 60 Boro Hydrides

og 40 manna héskélastudentahépar ﬂvsr a dozen graduate students in projects related to
S Y, Yarogen

freeddir um vetni vid Haskodla Islands. |

formennsku sinni i framkvaemdanefnd 2

International Partnership for the Hydrogen Economy hefur Island lagt til stofnun svokalladra “Master

Class on Hydrogen” sem byggja mjog a reynslu Islendinga af pessum paetti. Islenskir

haskélastudentar hafa tekid patt i kennslu i vetnisverkefnum i Haskéla unga félksins undanfarin tvo

sumur.

Unnid hefur veri® ad ymsum verkefnum, m.a. a svidi 6rteekni sem beinist ad pvi ad rydja braut fyrir
nyrri tegund vetnisgeymslu par sem geymsluefnid er hannad og meitlad i 6rbyggingu efna, nyja
tegund gerviefna sem nu rydja sér til rams.

Styrkir og kostun verkefna vié Hi eru ad stérum hluta med framlagi rannséknasjéda, samkeppnissjéda
4 Islandi, @ Nordurléndunum og i Evrépu. ECTOS verkefnid vid Haskoéla islands hefur notid styrkja Gr
fimmtu og sj6ttu rammaaaetlunum EU. Fjdrmdgnun fr& Norraenum sjodum er einnig mikilvaeg i
verkefnum HIi. /Etla ma ad styrkir til rannsokna geti margfaldad grunnframlag Haskdlans til
vetnisverkefna a ari hverju. Starfandi er rannséknahdpur a svidi vetnis, en ad honum koma: Pprir
haskolakennarar. Tveir nydoktorar (postdoc.). Fjorir doktorsnemar. Prir meistaranemar. Auk
teeknimanna og patttoku studenta i almennu nami ma gera rad fyrir ad um 20 manns komi beint ad
vetnisverkefnum tengdum Haskéla islands.
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IV.3 Vetnisrannsoknir a Iédntaeknistofnun

I8ntaeknistofnun islands hefur tekid patt i métun vetnisrannsokna fra arinu 1999, eda fra pvi ad sk’yrsla
nefndar idnadarradherra um nytingu innlendra orkugjafa til framleidslu eldsneytis lauk storfum. | juni
2006 eru nokkur verkefni i gangi a 1dntaeknistofnun og ma par nefna eftirfarandi.

Vetni ur jardhitagasi

Markmid verkefnisins er ad skoda

moguleika pess ad vinna vetni ar brju helstu jardhitasvaedin & islandi
jarbhitagasi med pvi ad kljufa
brennisteinsvetni upp og minnka pannig 100
orkukostnad vid rafgreiningu vetnis ar 90+
vokvanum. 801

70

60+

50 o Krafla
Vetnisteeknimiosto6o 0] & Nesjavellir
Idntaeeknistofnun  hefur beitt sér fyrir 30 L eykianes
stofnun  vetnisteeknimidstodvar i 212
hisnaedi Efna- og lifteeknihlss & o 1
Keldnaholti. Verkefni® hefur verid unnid coz H2s H2 CHé  %of total
i samvinnu vid fyrirteeki, stofnanir og steam

haskola hérlendis, og hafa allir sem
vinna i vetnisrannséknum komid ad malinu.

Orkunyting i vetnisvognum

i pessu verkefni verdur unni® afram med upplysingar og gégn sem safnast hafa vid akstur
vetnisvagnanna priggja & leidakerfi Straetd sidustu ar. Verkefni® mun fjalla um orkunotkun og
orkunytingu vetnisknuinna straetisvagna med efnarafal og kanna ahrif ymissa ytri patta & nytnina, svo
sem hitastig, seltustig, feerd o.fl.

Verid er ad semja vid samstarfsadila & Nordurlondum um samstarf ad verkefni, sem leitast mun vid ad
gefa heilsteypta mynd af ahrifum vetnisveedingar og skilgreina pa paetti sem greitt geta fyrir eda
torveldad pa préun.

Vetnisvaeding mun leida af sér ymsar askoranir en einnig mymorg teekifaeri til endurbota og préunar og
naudsynlegt er ad skilgreina mikilvaegustu skrefin i att ad vetnissamfélagi, ef su leid skyldi valin. Med
nidurstédum rannsoknarinnar mun verkefnid skilgreina hugsanlega hvata, hindranir, kostnad og
avinninga vid vetnissamfélag og einnig raunhaefa adgerdardaetlun. island mun notad sem
rannsoknardeemi. Gefur pad gdda moguleika a ad aeetla heildarahrif vetnisveedingar a
nuatimapjodfélag og veita pannig yfirsyn og samhengi. Hins vegar mun stillt upp mismunandi
framtidarsynum vardandi orkuumhverfi, til ad skapa pverfaglegt hjalpargagn, er nothaeft yrdi il
akvardanatoku og stefnumérkunar baedi 4 islandi og annars stadar i Evrépu.

I&dntaeknistofnun er patttakandi i ymsum &66rum samstarfsverkefnum & svidi rannsékna med
Nordurldndunum.
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Icelandic New Energy Ltd.
Borgartuni 37, P.O. Box 8192, 128 Reykjavik, Iceland
Phone: +354-588-0310 Fax: +354-588-0315 Email: skulason@newenergy.is

e SMART-H: ;

INE’s SMART-H,
Lighthouse-project
Version I

SUMMARY

The goal is to establish a new lighthouse project in Iceland called the SMART-H,. It might not be a
fully correct name as the project involves a mixture of internal combustion engines and fuel cells. The
project also evaluates both transportation and usage of hydrogen and fuel cells in marine
environment.

The project will involve a large fleet of total of 36 vehicles and an auxiliary unit for a whale watching
boat. The project also involves a mobile refuelling station of small scale which could both produce and
dispense a small quantity of hydrogen.

This is a follow up of the so-called ECTOS/HyFleetCUTE programs which involved building a
hydrogen fuelling station and test driving 3 fuel cell buses over a 3 year period. The overall experience
from the project should prepare the Icelandic society for the estimated change that will take place after
2012, when most vehicle manufacturers expect serial production of hydrogen vehicles to start.

By having a large and mixed fleet the results regarding Life Cycle Analysis, Well to Tank studies,
infrastructure and economic analysis along with others studies which will be performed will give a very
broad results which will benefit the future hydrogen society.

Iceland’s aim it to evaluate the potential of becoming the first hydrogen society and the first results are
available. However further analysis regarding vehicles performances, infrastructure usage, economics,
maintenance, etc. are of utmost importance so full understanding can be established regarding the
impact of the new energy carrier for a modern society.

Introduction

The SMART-H, project is viewed as a follow up from the ECTOS/HyFleetCUTE projects which have
been operating in Iceland from 2001. In these projects the key activity has been the learning from
operation a hydrogen bus fleet and a commercial hydrogen refuelling station. The learning from these
projects has been very important and has demonstrated the viability of the technology for use in
normal society.
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At this point in time when it is crucial to prepare for the future serial and the commercial production of
H2 vehicles to continue the preparation of the society and increase the learning of operation H2
vehicles. Already INE has approached most of the key car manufacturers in the world and the general
view is that potential serial production of hydrogen vehicles will commence around 2012 and that the
commercial stage will be reached shortly after 2015. However it is very difficult to get demonstration
projects going as most of the vehicle developers state that the development is going according to
plans or faster. Due to such fast technological development the cost curve of components for the
hydrogen vehicle is actually steeper at the current timeframe than expected and therefore they are
convinced that the plans for launching larger fleets (serial produced) in 2010-2015 timeframe should
be sound.

The picture here below shows what many of the vehicle manufacturers state regarding the cost curve
of different hydrogen components (in this case the cost of a Fuel Cell was chosen as that is well
known, 50 US$ a kWh is always claimed to be the price of a conventional ICE gasoline engine). The
graph also shows that taking components out of the development curve for integration into the
vehicles is not only time consuming but also very costly. Therefore the vehicle manufacturers would
like to limit the number of vehicles put into demonstrations. They all agree that it is absolutely
necessary to demonstrate the vehicles and they are all doing so but the number of vehicles to verify
the technology only needs to be 10-30 vehicles. This they are all doing and therefore they can not
increase the production. Most of these demonstrations are taking place in the companies home
country and in California due to specific legislation.

This is the key reason why a potential fleet of OEM manufactured vehicles will not be available
for any large “lighthouse” projects in the next couple of years. Therefore the only option for Iceland is
either a very small fleet from OEM'’s, 1-3 vehicles or to evaluate the use of retrofitted vehicles.

Retrofitted vehicles could though be available for a larger fleet, i.e. + 50 cars. Development of such
vehicles has escaladed in the last few months as vehicles are needed for demonstrations and
increase use of hydrogen infrastructure for learning, along with all other necessary research activities
in connection to such demonstrations.

Producers of these vehicles have now been able to demonstrate safe operation of such vehicles and
do fulfil all available codes and standards. Governments, national and regional are now purchasing
such vehicles and these vehicles fulfil all available homologation documents and can therefore come
into wider use. The producers of these vehicles also now provide them with a warranty package which
is very important for future users/owners.
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Cost Fuel Cells

US$/kWh EXAMPLE: TECHNOLOGICAL DEVELOPMENT
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This picture demonstrates a potential cost curve for Fuel Cells for vehicles. It indicates the problems for the vehicle
manufacturers to build large car fleets with the current technology as that is very expensive and time consuming. All key car
manufacturers are already building a number of vehicles to verify the technology but the number of cars they are already
building is large enough to verify the viability of the technology. Therefore building a fleet of +50 cars for different
demonstrations would only slow down the development as that would be very costly and take a lot of effort from the
development of the vehicles.

NOTE: this graph is made by INE for illustration purposes only, it is not a fact sheet from any other sources, but based on
interviews with all the concerned parties.

This document describes the SMART-H, project which is mostly focused on demonstrating vehicles
that have been retrofitted for hydrogen, in this case Toyota Prius, Ford Escape and GM Pick-up
Sierra. This paper also discusses the use of a couple of DC F-Cell vehicles and potentially a GM FC
vehicles. In such a broad lighthouse project it is important to bring together the two different
technologies, i.e. the internal combustion engine (retrofitted vehicles) and the fuel cell technology.
Also as the goal of Iceland is to become free of fossil fuel use this project involves the first trial of
hydrogen used in marine application. A combination of using hydrogen on land and at sea will
establish a unique know-how regarding the future hydrogen infrastructure and how the society can
integrate hydrogen as the main energy carrier of the future.

This lighthouse project is therefore unique for combining research on vehicles, both ICE and FC, use
of hydrogen in marine applications and the investigation of integration of the future infrastructure. It is

viewed as a bridge between the current state of technology until the world will see and increased
production of hydrogen vehicles, competing with the conventional gasoline engine.

Project description

The project is split into 3 years, 2007-2009. In the chapters here below each year is described
briefly, key activities, etc. At the end of the description there is a table showing a full overview of the
project and a draft of the budget.

2007
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Vehicles

The goal of the project is to have the first vehicles delivered in the 1Q. In this case there will be 2 F-
Cell A Class DaimlerCrysler vehicles which would go into service. These vehicles are rented (leased)
for 12-24 months. In the 2-3Q the first Toyota Prius vehicles would arrive and a no of Ford Escape
vehicles. These vehicles are retrofitted by Quantum in the US. In this case the gasoline hybrid engine
is removed and a hydrogen ICE system installed. For the Prius there are two option for storage, i.e.
1,6 kg and 2,4 kg of hydrogen. If the larger system is used the driving range is +160 km but then the
spare tire has been removed®, however that option is more expensive (increases the cost of the
vehicles of US$ 30.800). Currently less is know about the Ford Escape as the first vehicle of that type
will be tested in Detroit in March. The details regarding storage of hydrogen and range is not fully clear
but will be made available within a few weeks.

These vehicles would not require any new infrastructure to be provided in Iceland. These vehicles
would be given to fleet operators which would all fuel at the same location. Though the current
hydrogen buses would also be operated there would still be enough hydrogen.

Marine application

During the winter time of 2007-2008 a team will install a auxiliary FC unit on board the Elding, a whale
watching boat (or a different boat. INE has in this sense been approached by a few boat operators). In
this case Icelandic technicians will install the system both the FC system and the storage bottles. The
fuel cell system will be a roughly 10 kW+ system similar to a system on board a fuel cell vehicle. There
would be a removable storage which could be hauled down into the boat and out again for refuelling. It
would depend on the usage how frequently this needs to be done.

This exercise would not only train the Icelandic team but would also be a unique project in the world
that you can stop the engines of the boat while enjoying the beauty of worlds largest creatures without
disturbing them with vibrations and/or noise.

2008

Vehicles

In 2008 6 new vehicles would be added to the fleet. The two F-Cell vehicles would continue to be in
service (if available). The new vehicles will be a retrofitted GM Sierra pick-up trucks, made by an
Canadian-US consortium. A large part of the trunk space has been removed for the hydrogen storage
bottles which gives the vehicle a range of 250 km, storing roughly 10 kg of hydrogen. The goal at this
point would then be to add a GM FC vehicle to the fleet*. This means that in total in 2008 there will be
26-28 vehicle in operation.

It should though be noted that the purchase of vehicles would be fully in line with demand from
customers.

Marine

During 2008-2009 the FC and hydrogen technology will be tested in the Icelandic harsh waters for
evaluating the future potential use of FC and hydrogen in marine applications.

2009

Further 8-9 cars will be added in 2009. Five from alternative vehicle producers, and potentially 3 new
(DC) FC vehicles will be added to the fleet (given that negotiations and predictions of DC come
through). This fleet is more undetermined than the fleet of the first 2 years. The reason is that the
development of new cars is difficult to predict and the goal of this project is to maximize the learning
by using as wide range of available vehicles as possible. At this point in time INE expects to have new
information on the development and availability of vehicles in the future.

Infrastructure

* This has not been negotiated nor confirmed.
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As the vehicle fleet grows it will be necessary to install a mobile fuelling station. This can be a small
mobile production and dispensing station which could be also connected to a trailer for added amount
of hydrogen depending on the behaviour of the customer operation. This will make the vehicles more
customer accepted as people can refuel in more than one location. Again the behaviour of the
customer will in a sense determine if this station needs to be installed in 2008 or later.

One of the key research part of the project is to evaluate the energy efficiency of the vehicles and
therefore the future energy needs of the hydrogen society. The interrelation between the hydrogen
production and available energy in Iceland needs to be carefully calculated so that current energy
companies can evaluate the potential reserves needed for a future hydrogen economy. Also during
the project period the partners will be in close contact with key vehicle manufacturers to get full
understanding of when serial produced cars will be come available (currently forecasted for 2012) and
when commercialisation can start (forecasted after 2015- ). This will bring important features into the
Icelandic energy society for evaluating the total energy needs of the future hydrogen economy.

Budget and financing

Estimating a cost to such a large scale project can be difficult to estimate. Already we have a cost
proposal from the Toyota Prius team, i.e. Quantum, but only a cost estimate is available for the pick-up
trucks. No prices are available for the FC vehicles and they are therefore a pure price estimate. In the
proposal the INE team does not expect to pay any VAT nor import duties on the cars, though the
governmental regulations are only valid until the end of 2008.

Regarding the cost of hydrogen the price is estimated at kr. 800/kg (roughly US$ 12) excluding VAT.
This might be a price which could be acceptable for the range of the Prius vehicles but is relatively
high for the pick-up vehicles since they are not equipped with hybrid engines and therefore have a far
lower fuel efficiency.

Therefore many of the estimates in the budget and financing here below are unconfirmed, however
based on the current knowledge this is the best estimate available. It does not include any service for
the vehicles as that is viewed as part of the operation cost of the car, except in the case of the FC
vehicles where specific maintenance is needed (then it is included).

24



Lighthouse project in Iceland 2007-2009 / SMART-H2

Project cost US$
2007 2008 2009
Vehicle cost Units Units Units
Prius vehicles/no range extender 5 750000
Prius vehicles/with range extender 5 900000
GM Pick-up Sierra 5 900000
F-Cell/DaimlerChrysler|] 2 240000 3 600000
Ford Escape (Quantum)| 10 1800000
GM FC vehicle 1 120000 1 120000
Other manufacturers 5 800000
Research cost 150000 150000 150000
Marine project cost
Auxiliary unit for Elding 1 700000 50000 50000
Infrastructure cost
Mobile refueller 1 400000
Maintenance current station 250000 250000 250000
New filling station 300 Nm3/700 bar
Homologation cost 15000 15000 15000
Project management 163333 163333 163333
_________ TOTAL _ . _ . _ _____4968333_ __ _ 1648333 _ 2548333
Funding
Vehicles
Vehicle customers Prius| 10 650000
Vehicle customers Escape| 10 750000
Vehicle customers/other manuf. 8 600000
Vehicle Customers Pick-up 5 375000
Vehicle customers/rent/DC/GM 2 84000 1 42000 1 42000
Research grant 100000 100000 100000
Marine project cost
Owners Elding 75000 50000 50000
Nordic grant 350000 0 0
Infrastructure cost
Mobile refueller/owner contribution 1 400000
Maintenance current station/cost 250000 250000 250000
New filling station 300 Nm3/700 bar 0 0 0
Hydrogen fuel sales 21095 35095 55095
Homologation cost 0 0 0
Project management 83333 83333 83334
TOTAL 2363428 935428 1580429
us$ Icelandic kr/ 1 US$ = 70 kr.
3 year total cost 9.164.999 641.549.930 %
Vehicle customer funding 2.543.000 178.010.000 0,2775
Research grant/unknown source 300.000 21.000.000 0,0327
Nordic grant 350.000 24.500.000 0,0382
Marine owner, input 175.000 12.250.000 0,0191
New owner mobile refuller 400.000 28.000.000 0,0436
INE owners funding/maint/manag. 1.000.000 70.000.000 0,1091
Income from fuel sales 111.285 7.789.930 0,0121
Government of Iceland 4.285.714 300.000.000 0,4676
TOTAL 0 0
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' SMART-H:

INE’s SMART-H,
Lighthouse-project
Version 11

SUMMARY

The goal is to establish a new lighthouse project in Iceland called the SMART-H,. It might not be a
fully correct name as the project involves a mixture of internal combustion engines and fuel cells. The
project also evaluates both transportation and usage of hydrogen and fuel cells in marine
environment.

The project will involve a fleet of total of 28 vehicles and an auxiliary unit for a whale watching boat.
The project also involves a mobile refuelling station of small scale which could both produce and
dispense a small quantity of hydrogen.

This is a follow up of the so-called ECTOS/HyFleetCUTE programs which involved building a
hydrogen fuelling station and test driving 3 fuel cell buses over a 3 year period. The overall experience
from the project should prepare the Icelandic society for the estimated change that will take place after
2012, when most vehicle manufacturers expect serial production of hydrogen vehicles to start.

By having a mixed fleet the results regarding Life Cycle Analysis, Well to Tank studies, infrastructure
and economic analysis along with others studies which will be performed will give a very broad results
which will benefit the future hydrogen society. The size of the fleet in this case is large enough to have
reliable conclusions i.e. on different economic, social and environmental factors.

Iceland’s aim it to evaluate the potential of becoming the first hydrogen society and the first results are
available. However further analysis regarding vehicles performances, infrastructure usage, economics,
maintenance, etc. are of utmost importance so full understanding can be established regarding the
impact of the new energy carrier for a modern society.

Introduction

The SMART-H, project is viewed as a follow up from the ECTOS/HyFleetCUTE projects which have
been operating in Iceland from 2001. In these projects the key activity has been the learning from
operation a hydrogen bus fleet and a commercial hydrogen refuelling station. The learning from these
projects has been very important and has demonstrated the viability of the technology for use in
normal society.
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At this point in time when it is crucial to prepare for the future serial and the commercial production of
H2 vehicles to continue the preparation of the society and increase the learning of operation H2
vehicles. Already INE has approached most of the key car manufacturers in the world and the general
view is that potential serial production of hydrogen vehicles will commence around 2012 and that the
commercial stage will be reached shortly after 2015. However it is very difficult to get demonstration
projects going as most of the vehicle developers state that the development is going according to
plans or faster. Due to such fast technological development the cost curve of components for the
hydrogen vehicle is actually steeper at the current timeframe than expected and therefore they are
convinced that the plans for launching larger fleets (serial produced) in 2010-2015 timeframe should
be sound.

The picture here below shows what many of the vehicle manufacturers state regarding the cost curve
of different hydrogen components (in this case the cost of a Fuel Cell was chosen as that is well
known, 50 US$ a kWh is always claimed to be the price of a conventional ICE gasoline engine). The
graph also shows that taking components out of the development curve for integration into the
vehicles is not only time consuming but also very costly. Therefore the vehicle manufacturers would
like to limit the number of vehicles put into demonstrations. They all agree that it is absolutely
necessary to demonstrate the vehicles and they are all doing so but the number of vehicles to verify
the technology only needs to be 10-30 vehicles. This they are all doing and therefore they can not
increase the production. Most of these demonstrations are taking place in the companies home
country and in California due to specific legislation.

This is the key reason why a potential fleet of OEM manufactured vehicles will not be available for any
large “lighthouse” projects in the next couple of years. Therefore the only option for Iceland is either a
very small fleet from OEM'’s, 1-3 vehicles or to evaluate the use of retrofitted vehicles.

Cost Fuel Cells

US$/kWh EXAMPLE: TECHNOLOGICAL DEVELOPMENT
A FOR COMPONENST IN FC VEHICLES
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This picture demonstrates a potential cost curve for Fuel Cells for vehicles. It indicates the problems for the vehicle
manufacturers to build large car fleets with the current technology as that is very expensive and time consuming. All key car
manufacturers are already building a number of vehicles to verify the technology but the number of cars they are already
building is large enough to verify the viability of the technology. Therefore building a fleet of +50 cars for different
demonstrations would only slow down the development as that would be very costly and take a lot of effort from the
development of the vehicles.

NOTE: this graph is made by INE for illustration purposes only, it is not a fact sheet from any other sources, but based on
interviews with all the concerned parties.

Retrofitted vehicles could though be available for a larger fleet, i.e. + 50 cars. Development of such
vehicles has escaladed in the last few months as vehicles are needed for demonstrations and
increase use of hydrogen infrastructure for learning, along with all other necessary research activities
in connection to such demonstrations.

Producers of these vehicles have now been able to demonstrate safe operation of such vehicles and
do fulfil all available codes and standards. Governments, national and regional are now purchasing
such vehicles and these vehicles fulfil all available homologation documents and can therefore come
into wider use. The producers of these vehicles also now provide them with a warranty package which
is very important for future users/owners.

This document describes the SMART-H, (version 1) project which is mostly focused on demonstrating
vehicles that have been retrofitted for hydrogen, in this case Toyota Prius, Ford Escape and GM Pick-
up Sierra. This paper also discusses the use of a couple of DC F-Cell vehicles and potentially a GM
FC vehicles. In such a broad lighthouse project it is important to bring together the two different
technologies, i.e. the internal combustion engine (retrofitted vehicles) and the fuel cell technology.
Also as the goal of Iceland is to become free of fossil fuel use this project involves the first trial of
hydrogen used in marine application. A combination of using hydrogen on land and at sea will
establish a unique know-how regarding the future hydrogen infrastructure and how the society can
integrate hydrogen as the main energy carrier of the future.

This lighthouse project is therefore unique for combining research on vehicles, both ICE and FC, use
of hydrogen in marine applications and the investigation of integration of the future infrastructure. It is
viewed as a bridge between the current state of technology until the world will see and increased
production of hydrogen vehicles, competing with the conventional gasoline engine. The size is
adequate to get reliable conclusions. Smaller fleets will become more costly as of number of
purchased vehicles and also information gathered might not be as reliable.

Project description

The project is split into 3 years, 2007-2009. In the chapters here below each year is described briefly,
key activities, etc. At the end of the description there is a table showing a full overview of the project
and a draft of the budget.

2007

Vehicles

The goal of the project is to have the first vehicles delivered in the 1Q. In this case there will be 2 F-
Cell A Class DaimlerCrysler vehicles which would go into service. These vehicles are rented (leased)
for 12-24 months. In the 2-3Q the first Toyota Prius vehicles would arrive and a no of Ford Escape
vehicles. These vehicles are retrofitted by Quantum in the US. In this case the gasoline hybrid engine
is removed and a hydrogen ICE system installed. For the Prius there are two option for storage, i.e.
1,6 kg and 2,4 kg of hydrogen. If the larger system is used the driving range is +160 km but then the
spare tire has been removed®, however that option is more expensive (increases the cost of the
vehicles of US$ 30.800). Currently less is know about the Ford Escape as the first vehicle of that type
will be tested in Detroit last March. The details regarding storage of hydrogen and range is not fully
clear but will be made available within a few weeks.

> The space in the vehicle is the same as in a normal gasoline version.
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These vehicles would not require any new infrastructure to be provided in Iceland. These vehicles
would be given to fleet operators which would all fuel at the same location. Though the current
hydrogen buses would also be operated there would still be enough hydrogen.

Marine application

During the winter time of 2007-2008 a team will install a auxiliary FC unit on board a boat (potential
demonstrator might be Elding, a whale watching boat (or a different boat. INE has in this sense been
approached by a few boat operators)). In this case Icelandic technicians will install the system both the
FC system and the storage bottles. The fuel cell system will be a roughly 10 kW+ system similar to a
system on board a fuel cell vehicle. There would be a removable storage which could be hauled down
into the boat and out again for refuelling. It would depend on the usage how frequently this needs to
be done.

This exercise would not only train the Icelandic team but would also be a unique project in the world
that you can stop the engines of the boat while enjoying the beauty of worlds largest creatures without
disturbing them with vibrations and/or noise.

2008

Vehicles

In 2008 6 new vehicles would be added to the fleet. The two F-Cell vehicles would continue to be in
service (if available). The new vehicles will be a retrofitted GM Sierra pick-up trucks, made by an
Canadian-US consortium. A large part of the trunk space has been removed for the hydrogen storage
bottles which gives the vehicle a range of 250 km, storing roughly 10 kg of hydrogen. The goal at this
point would then be to add a GM FC vehicle to the fleet®. This means that in total in 2008 there will be
19 vehicle in operation.

It should though be noted that the purchase of vehicles would be fully in line with demand from
customers.

Marine

During 2008-2009 the FC and hydrogen technology will be tested in the Icelandic harsh waters for
evaluating the future potential use of FC and hydrogen in marine applications.

2009

Further 8-9 cars will be added in 2009. Five from alternative vehicle producers, and potentially 3 new
(DC) FC vehicles will be added to the fleet (given that negotiations and predictions of DC come
through). This fleet is more undetermined than the fleet of the first 2 years. The reason is that the
development of new cars is difficult to predict and the goal of this project is to maximize the learning
by using as wide range of available vehicles as possible. At this point in time INE expects to have new
information on the development and availability of vehicles in the future.

Infrastructure

As the vehicle fleet grows it will be necessary to install a mobile fuelling station. This can be a small
mobile production and dispensing station (or only dispensing) which could be also connected to a
trailer for added amount of hydrogen depending on the behaviour of the customer operation. This will
make the vehicles more customer accepted as people can refuel in more than one location. Again the
behaviour of the customer will in a sense determine if this station needs to be installed in 2008 or later.

® This has not been negotiated nor confirmed.
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One of the key research part of the project is to evaluate the energy efficiency of the vehicles and
therefore the future energy needs of the hydrogen society. The interrelation between the hydrogen
production and available energy in Iceland needs to be carefully calculated so that current energy
companies can evaluate the potential reserves needed for a future hydrogen economy. Also during
the project period the partners will be in close contact with key vehicle manufacturers to get full
understanding of when serial produced cars will be come available (currently forecasted for 2012) and
when commercialisation can start (forecasted after 2015-). This will bring important features into the
Icelandic energy society for evaluating the total energy needs of the future hydrogen economy.

Budget and financing

Estimating a cost to such a large scale project can be difficult to estimate. Already we have a cost
proposal from the Toyota Prius team, i.e. Quantum, but only a cost estimate is available for the pick-up
trucks. No prices are available for the FC vehicles and they are therefore a pure price estimate. In the
proposal the INE team does not expect to pay any VAT nor import duties on the cars, though the
governmental regulations are only valid until the end of 2008.

Regarding the cost of hydrogen the price is estimated at kr. 6-800/kg (roughly US$ 12) excluding VAT.
This might be a price which could be acceptable for the range of the Prius vehicles but is relatively
high for the pick-up vehicles since they are not equipped with hybrid engines and therefore have a far
lower fuel efficiency.

Therefore many of the estimates in the budget and financing here below are unconfirmed, however
based on the current knowledge this is the best estimate available. It does not include any service for
the vehicles as that is viewed as part of the operation cost of the car, except in the case of the FC
vehicles where specific maintenance is needed (then it is included).
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Lighthouse project in Iceland 2007-2009 / SMART-H2

Project cost US$
2007 2008 2009
Vehicle cost Units Units Units
Prius vehicles/no range extender| 4 600000
Prius vehicles/with range extender| 4 720000
GM Pick-up Sierra 5 750000
F-Cell/DaimlerChrysler| 2 240000 3 600000
Ford Escape (Quantum) 5 900000
GM FC vehicle 1 120000 1 120000
Other manufacturers 5 800000
Research cost 125000 125000 125000

Marine project cost
Auxiliary unit for Elding 1 700000 50000 50000
Infrastructure cost

Mobile refueller 1 400000
Maintenance current station 230000 230000 230000
New filling station 300 Nm3/700 bar
Homologation cost 15000 15000 15000
Project management 153333 153333 153333
_________ TOTAL _ 3683333 _ _ __ 1443333 _ 2493333
Funding
Vehicles
Vehicle customers Prius 8 536000
Vehicle customers Escape 5 375000
Vehicle customers/other manuf. 8 600000
Vehicle Customers Pick-up 5 375000
Vehicle customers/rent/DC/GM 2 84000 1 42000 1 42000
Research grant 100000 100000 100000
Marine project cost
Owners Elding 75000 50000 50000
Nordic grant 350000 0 0
Infrastructure cost
Mobile refueller/owner contribution 1 400000
Maintenance current station/cost 250000 250000 250000
New filling station 300 Nm3/700 bar 0 0 0
Hydrogen fuel sales 18095 30095 50095
Homologation cost 0 0 0
Project management 93333 93333 91762
TOTAL 1881428 940428 1583857
US$ Icelandic kr/ 1 US$ = 70 kr.
3 year total cost 7.619.999 533.399.930 %
Vehicle customer funding 2.054.000 143.780.000 0,2696
Research grant/unknown source 300.000 21.000.000 0,0394
Nordic grant 350.000 24.500.000 0,0459
Marine owner, input 175.000 12.250.000 0,0230
New owner mobile refuller 400.000 28.000.000 0,0525
INE owners funding/maint/manag. 1.028.428 71.990.000 0,1350
Income from fuel sales 98.285 6.879.930 0,0129
Government of Iceland 3.214.286 225.000.000 0,4218
TOTAL 0 0
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Foreword

Hydrogen holds the potential to become a reliable and affordable energy carrier that can
transmit Iceland’s clean and renewable energy resources and thus enhance Iceland’s
economy, environment, and security. This Roadmap provides a blueprint for the coordinated,
long-term, public and private efforts required for hydrogen economy development.

In the coming decades, the world will need new energy supplies and an upgraded energy
infrastructure to meet growing demands for electric power and transportation fuels that will
contribute to reduction in greenhouse gas emission. Hydrogen provides high efficiency, can be
produced from a variety of domestically available resources, and by using domestic renewable
energy sources it offers near-zero emissions of pollutants and greenhouse gases. Developing
hydrogen as a major energy carrier, however, will require solutions to many challenges in the
areas of infrastructure, technology, and economics.

The Ministry of Industry and Commerce initiated the roadmap process in an effort to coordinate
the different parties that are working in the area and to highlight the desirable direction and
tasks that need to be addressed for the hydrogen economy to become a reality in Iceland.

This roadmap is neither a government research and development plan nor an industrial
commercialization plan. Rather, it explores the wide range of activities required to realize
hydrogen’s potential in contributing to Iceland’s energy security, diversity, and environmental
needs.
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A vision for the future today

From The Icelandic Ministry of Industry and Commerce

For decades Icelandic governments have actively promoted the utilization of the country’s
abundant renewable energy resources in harmony with the environment. This policy is based
on explorations and investigations of Iceland’s abundant hydropower and geothermal
resources. Iceland has reached the state of having eliminated fossil fuels from all stationary
energy needs. Thus renewables account for more than 70% of the countries primary energy
supply. It is the Government’s goal to go further and head towards a carbon free future where
indigenous renewable energy will as far as possible replace fossil fuels, also in transportation.
The policy and priorities on hydrogen are a central point in this vision.

In 1998, the Icelandic government made a clear policy statement towards the hydrogen
economy. The document'’s long-term vision envisages that hydrogen produced from renewable
energy sources could replace fossil fuels in the country’s transport sector and fishing fleet as
soon as this becomes technically and economically feasible.

Hydrogen as an energy carrier is promising for Iceland as it has abundant renewable energy
resources to produce hydrogen, a clean, energy efficient fuel that can be derived from diverse
sources. The aim of the hydrogen policy is to make further use of domestic renewable energy,
less pollution and a reduction in the emission of greenhouse gasses, along with all the
attendant benefits for the environment, economy and public health. In this way Iceland will
contribute further to the global effort to protect the climate.

International Platform for Hydrogen Research

Research related to the production of synthetic fuels, mainly hydrogen, from Iceland’s
renewable resources has been conducting at the University of Iceland for decades. This has
lead to close international co-operation in this field.

Building on this foundation a major goal of the Icelandic government policy on hydrogen is the
creation of a favorable international platform for research and testing within the country, based
on close co-operation between the public and private sectors and offering a unique framework
for future development and collective expertise. While Iceland is not capable of making major
advances in this area on its own, major steps can be taken in co-operation with other nations,
agencies and key industry operators worldwide.

Icelandic governmental policy on hydrogen can be classified into five main categories.

. On-going policy formulation

. Favorable framework for business
. International co-operation

. Research

L Education and training

Public and private co-operation work on policy formulation on hydrogen will continue. Emphasis
will be laid on international consultation and co-operation as the problems to be solved are
global in nature. Iceland realizes the importance of working with others on the hydrogen issue
to make it an integral part of a global agenda to succeed.
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Some Facts
Iceland - Energy - Hydrogen

To date, Iceland has harnessed only a small proportion - about 15% - of its natural energy potential, and this
does not include what could be derived from wind power. If utilized to the full, the remainder would be sufficient
to serve the entire electricity needs of a country the size of Denmark.

During the global oil crises of the 1970s, a concerted effort was made to replace imported fossil
fuels with geothermal energy as a source of space heating throughout Iceland, and today close
to 99% of the country’s houses and buildings are heated using renewable energy. As a result,
there are basically no greenhouse gas emissions from stationary energy use in Iceland. Two-
thirds of such emissions come from the nation’s cars and fishing fleet, and the remainder
largely from industrial processes.

Today, Iceland has reached the stage where over 70% of its primary energy consumption is met by
domestically produced renewable energy. Like the rest of the world, however, the country is forced to use
fossil fuels to drive its motor vehicles and fishing fleet, all of which must be imported.

Producing hydrogen from water using electrolysis powered by local hydropower and
geothermal energy would provide Iceland with its own source of domestically produced clean
fuel, replacing fossil fuel imports.

Since 2002, electricity production in Iceland has been the highest per capita in the world. Converting all the
country’s cars and fishing vessels to hydrogen fuel cell power would require an additional use of roughly 10%
of the remaining electricity potential by electrolyzing fresh water, a natural resource in which the country also
abounds.

Through long experience, expertise and commitment to innovative research on the exploitation
of sustainable, renewable energy resource, Icelandic energy companies, universities and
research institutes are making a contribution towards creating a hydrogen future for both
Icelanders and the world at large.

In 2005 a proposal for lowering taxes on hydrogen powered vehicles was placed in the Icelandic Parliament.
The objective of the proposal was to make hydrogen vehicles more attractive for Icelandic consumers as well
as making Iceland more attractive for hydrogen vehicle makers.
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1. Hydrogen
Pro%l’uctlgon

Hydrogen is not an energy source but an energy carrier, and as such it requires an energy source for its
manufacture.

Current Status

Many methods have been developed for hydrogen production, but today the primary means of
production is catalytic reforming of hydrocarbons, especially of natural gas. In particular steam
reforming of methane accounts for approximately 95% of hydrogen produced in the world, and
most of the hydrogen produced is used in industrial processes of ammonia synthesis and in the
refining of crude oil.

The steam reforming method for producing hydrogen is undesirable since large amounts of
CO, are produced in the process. Because of this, other more environmentally friendly
approaches to hydrogen production are being pursued around the world. In Iceland current
hydrogen production is via electrolyses. But because electrolysed hydrogen is created
indirectly, using electricity as an energy carrier, the economical aspects of this method is linked
to the price of electricity.

Iceland is fortunate to have abundance of sustainable environmental friendly energy sources,
such as hydropower and geothermal sources. It is clear that it is the basis for Iceland’s interest
in hydrogen that it will be produced utilizing these sources and in the future possibly combined
with other clean electricity sources such as tidal or wind power. Today hydrogen in Iceland is
produced by electrolysers. This is beneficial as all of the electricity used is made from clean
sustainable sources.

In addition to electrolysis several additional options are being considered which all are based on utilization of
renewable energy sources. For example Iceland’s geothermal sites emit hydrogen and hydrogen sulfite
components from boreholes which could potentially be hamessed. Estimates for the currently utilized
geothermal sites are that the total annual emission of HzS in Iceland amount to 13.000 tons and about 740
tons of Hz. Assuming one filling of a hydrogen car takes 4kg this gives around 400.000 fillings, which
approximates to fueling over 15.000 cars per year.

Other methods being studied around the world also hold the promise of producing hydrogen
without carbon dioxide emissions, but are in various stages of research and development. They
include thermochemical water-splitting using nuclear and solar heat, photolytic (solar)
processes using solid state techniques (photoelectrochemical electrolysis), fossil fuel hydrogen
production with carbon sequestration, and biological techniques (algae and bacteria). Iceland is
participating in and leading efforts in research programs around some of these. Figure 1 shows
the timeline for when some of these methods could be expected to impact hydrogen production
in lceland.

Iceland and Turkey are also looking at the possibility of converting H,S gas, which comes out of
boreholes in Iceland and can be found in suboxic zone in the Black Sea.
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Figure 1. Schematic diagram listing the likely intercept of different hydrogen
production techniques.

Key Challenges

Hydrogen production costs are high relative to conventional fossil fuels.

In Iceland we are well equipped from nature to approach clean production of hydrogen. We
have abundance of waterfalls and hydrothermal energy which is used to produce clean
electricity. The challenge therefore lies in securing a cheap supply of electricity to use in the
manufacturing process. Assuming all vehicles in Iceland transferred to a hydrogen fuel, more
geothermal power and/or hydropower would need to be harnessed and more power plants
would have to be built. To ensure the most economical solution cost analysis and risk
assessment for the plant and distribution system is necessary.

Today about 23% of the practicable hydropower and about 7% of the practicable geothermal energy is being
harmessed, about 8,4 TWh/a are being produced compared to 50 TWh/a which experts have estimated to be
available. Studies have shown that less than 8 TWh/a would be needed for in order to supply the energy
needed to sustain all of Iceland’s vehicles on hydrogen power assuming they are powered by fuel cells.”

7 I B. Skulason et al. Framsyni i Orkumalum, 2003
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Low demand inhibits development of production capacity.

A prerequisite before investment is set into increasing the power for a massive hydrogen
production is a stable and predictable demand for the new fuel. Today there is very limited use
of hydrogen in industries in Iceland and so government program might be needed to drive
public and private production demonstrations.

Vision/Strategy

In the United States and continental Europe the vision for hydrogen economy is that in the short
to medium term CO, emitting processes will be used for hydrogen production due to the greater
cost addition of the CO, free processesg,w.

In Iceland the vision is to build solely on hydrogen produced from renewable energy sources
with minimal air pollution. Most of the hydrogen produced will be through electrolysis but other
complimentary processes such as vented hydrogen from boreholes and hydrogen from H,S
could also become a production path. It is also possible that Iceland’s ‘green’ hydrogen can be
exported and sold to other countries where policy measures are expected to support CO, free
hydrogen production methods.

Foreseen areas of interest for further study for production in the local settings are:

. A detailed study of the optimal combination of plant size, storage capacity and production
phases.

o The feasibility of using high heat combined with electricity for electrolysis

. The feasibility of using H,S for production of hydrogen and trapping hydrogen emitted
from boreholes.

¥ J.B. Skulason et al. Framsyni i Orkumalum, 2003
® National Hydrogen Energy Roadmap, United States Department of energy, 2002

' Hydrogen Energy and Fuel Cells, a visioin for our future, High Level Group, 2003
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. Building demand for hydrogen by continuing demonstration of the technology and
facilitating the integration of hydrogen projects and research in Iceland.

About 72% of the energy used in Iceland comes from domestic renewable sources, the
remaining 28% comes largely from imported fossil fuel used in transportation applications. It is
the vision that Iceland through its potential of using green energy e.g. to produce hydrogen
could become the world’s first community which runs 100% on energy from renewable energy
sources.

Moving Forward

Moving forward it is important to tackle the key challenge facing hydrogen production in Iceland,
this is the supply of low-cost electricity. The energy for electricity production is there but work
needs to be done to ensure the best and most economic use of these resources and to get the
most economical price of electricity for the hydrogen production.

In addition close collaboration with global leaders in research and development of solution in
the field of hydrogen production by electrolysis is important. As are the collaborations between
the Icelandic energy companies and the research community to build, test and demonstrate
various types of production facilities.

It is important to enact policies that foster collaboration between the key stakeholders on
hydrogen production; the National Energy Authority in Iceland and the fuel distribution
companies.

To ensure the demand for the hydrogen produced demonstration projects are needed, where
production technologies are done in tandem with applications. Demonstrations are expensive
especially and thus there may be little initial demand for the hydrogen produced.
Demonstrations that integrate the production technology with other elements of hydrogen
infrastructure, including a market use will be more cost effective. This type of project has
already been successfully demonstrated by the ECTOS project which ran 2002-2005 in Iceland
and included three hydrogen buses and a fueling station where hydrogen was produced with
electrolysis.
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2. Hydrogen Storage

Hydrogen is a gas at ambient temperatures and pressures, but it can be stored as a gas, a liquid or a solid.
Despite these different options the storage of hydrogen for transportation and mobile applications remains one
of the greatest challenges that face the actualization of hydrogen as a mainstream fuel type.

Current Status

The US Department of Energy has set up a target of 6.5% hydrogen by weight of storage
media or 62 kg H,/m® and several storage techniques are able to meet these requirements
(magnesium being an example). These techniques do not, however, show other needed
features like release or filling rate at proper temperature or even reversibility.

Compressed  Liquid  Gasoline  Methanol
hydrogen hydiogen  reformer  reformer

aMm
% | Hyundai

Honda

Nissan

opel

Renault

Mg NiH, LaMizH H; (liquid) H; (200 bar)

Figure 3. Size comparison for different hydrogen storage media and a listing over
the different storage media the major automotive companies are designing for. "

In Iceland the hydrogen produced today, is stored as compressed gas. This is the most mature
hydrogen storage technology, although the very low density of hydrogen translates to inefficient
use of space aboard a vehicle. Despite this most car manufacturers today design their vehicles
based on storage of compressed hydrogen. Cylinders that withstand pressure as high as 1200
bars are currently being tested, while the first generation of cylinders used kept hydrogen under
a pressure of 360 bars.

Research is ongoing to look at various options and improvements for hydrogen storage.
Storage tank designs are advancing with increased strength-to-weight ratio materials and
optimized structures that provide better containment, reduced weight and volume, improved
impact resistance, and improved safety. Solid state storage has received great interest, and
some different approaches that are being researched as potential solutions in this field are
listed below:

Hydrogen adsorption on solids with large surface areas, such as carbon nanostructures
Hydrogen storage in metal hydrides
Water based carriers

The various hydrogen storage technologies and their volumetric vs. gravimetric properties are
shown in figure 4 and compared to the conventional transport fuels, diesel fuel and gasoline. As

" Riso Energy Report 3, Hydrogen and its competitors, 2004
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one can see various technologies are able to meet the US Department of Energy goal for these
two parameters but at this time they face other challenges mainly kinetics of loading and
release of the hydrogen on demand.

Iceland is involved in several storage research projects including evaluation and development
of the use of NaBH, for hydrogen storage, see appendix.
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Figure 4. Schematic diagram listing the different hydrogen storage media and the
set US DOE goal vs. their volumetric density and mass properties.

Challenges

The challenges that face the hydrogen storage are dependent upon the type of storage
technology. For the compressed gas and liquid hydrogen, safer and lighter design which can
meet the set US Department of Energy (DOE) goals for size and weight limits is the greatest
challenge. For the solid state storage it is the loading and release kinetics that are the
challenge in addition to the heat which is released by the formation of the stable metal hydrides,
this heat formation could make it necessary to include a cooling system which tend to be bulky
and heavy.

Public perceptions of safe use has been raised as a potential issue around hydrogen vehicles
and storage, there are some concerns that high pressure tanks will seem undesirable to the
public and this makes solid state storage options more attractable. Yet, during surveys the
expectations and public acceptance measures very high and the people of Iceland have
expressed their expectations through survey in the ECTOS project to welcome the idea of
using hydrogen as the main fuel, even in spite of high costs during the introductory phases.12

Vision/Strategy

The vision for hydrogen storage is that a selection of different safe, clean, reusable, lightweight,
low-cost, and low-volume hydrogen storage devices will be available.

Iceland will likely not be a producer of such systems but will use these for vehicle transport
applications as well as a storage system for possible export of hydrogen.

12 M. Maack, Socio Economic Results from Ectos, Hy-Pro-Files Conference, 2005.
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Moving forward

Follow developments and improvements in the area. Contribute to the technology
development by collaboration and facility sharing, as well as technology demonstrations by
linkage to projects linked to other aspects of the hydrogen society.
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3. Infrastructure

“Hydrogen infrastructure” refers to the physical links between sites where hydrogen is produced and where it
is consumed. This is irrespective of the type of hydrogen production site and consumption.

Current Status

Around the world hydrogen is produced in a number of plants and is used for making chemicals
or upgrading fuels. It is transported by pipeline or by road via cylinders, tube trailers, and
cryogenic tankers, with a small amount transported by rail car or ships.

In Iceland there is no pipeline distribution system, all hydrogen distribution has been handled by
use of gas cylinders which have been transported by trucks or ships. In the ECTOS project the
hydrogen production occurs on site at the point of delivery and thus no site transportation is
necessary. In Iceland the energy used by households is electricity and geothermal hot water,
use of natural gas for power or heating applications is very limited and no pipeline for gas
distribution exists.

Figure 5. Norsk Hydro high pressure electrolyser container used in hydrogen fueling
station in Iceland.

Challenges

It is likely that in Iceland hydrogen production will occur via electrolysis of water. The delivery
and transport of hydrogen will be greatly impacted by where the hydrogen is produced and
delivered to. For the hydrogen production three delivery systems need to be considered, the

3 www.electrolyzers.com
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delivery of electricity to the production site, the delivery of water to the production site and the
delivery of hydrogen from the production site to the user. The first two elements are already
distributed to every household in the country. Since no current infrastructure around hydrogen
delivery exists it is important that each of these be considered and an overall optimization
including production, delivery and end use be done in a comprehensive life cycle analysis
(LCA) study.

It is important that a hydrogen delivery system be flexible to accommodate new generations of
hydrogen production technology and next generation applications. A central issue is the need
for strategies to create hydrogen infrastructures that can grow gradually as demand increases.

Vision/Strategy

In Iceland the most likely method for hydrogen delivery is directly from hydrogen production
sites via transport of compressed gas in cylinders. This will be most economical in the
beginning as the volume of hydrogen use will not be sufficient to make hydrogen distribution
pipelines economical. As the hydrogen economy grows pipelines between the sites where
most hydrogen traffic lies could be started and built up around that.

A vision for hydrogen delivery in Iceland is that hydrogen production will be done onsite in
various locations at all highly populated areas and that small scale pipeline distribution systems
from these sites to neighboring fuel stations will exist. In areas of lower population hydrogen will
be transported in cylinders from the nearest hydrogen production facility. Another possibility is
that each household will have a small scale electrolyser where hydrogen for their own use will
be produced and loaded to their hydrogen fueled applications such as their hydrogen vehicles.
This could be expected to put high strain on the electrical distribution system but should be
considered once affordable and efficient electrolyzers/fuel cells come to market, a good Life
Cycle Analysis (LCA) analysis of this approach is needed and should be compared to the
option of centralized hydrogen production sites.

Moving forward

Hydrogen delivery and distribution is a critical step for a successful implementation of hydrogen
fuel economy. Since the introduction and growth of hydrogen fuel in the transportation sector
can be expected to increase gradually it is important that the delivery and distribution system be
flexible and adaptable to both initial low volumes and later growing demands. Several possible
scenarios of solutions for distribution systems are possible.

Hydrogen produced at fuel stations or other locations where short distance transportation
between places could occur in tanks (decentralized).

Hydrogen produced at power plants where long distance distribution and transportation could
be in tanks transported by cars or via pipelines (centralized production).

Due to the lack of gas distribution systems in Iceland and low population density building a
pipeline grid to support gas distribution might not be economical but, to understand which
solution or a mix of solutions is the best option a full scale Life Cycle Analysis (LCA) combined
with simulation of overall end cost for the different delivery options combined with the different
production options needs to be done. This should be the first step moving forward to ensure
that the right start of a hydrogen distribution system be taken.
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4. Conversion and
Application

Hydrogen can be used both in internal combustion engines and in fuel cells. Engines can combust hydrogen
in the same manner as gasoline or natural gas, while fuel cells use the chemical energy of hydrogen to
produce electricity and thermal energy. Since electrochemical reactions are more efficient than combustion at
generating energy, fuel cells are more efficient than internal combustion engines. However the fuel cell
technology is not yet economically competitive.

Current Status

The use of hydrogen in internal combustion engines is a fairly well developed technology — the
National Aeronautics and Space Administration (NASA) in USA and the US Department of
Defense use it in the space shuttle’s main engines and unmanned rocket engines. Other
combustion applications are under development, including new combustion equipment
designed specifically for hydrogen in turbines and engines. Vehicles with hydrogen internal
combustion engines are now in the demonstration phase, and the combustion of hydrogen
blends is being tested.

Fuel cells are in various stages of development. Current fuel cell efficiencies range from 40 to
50 percent at full power and 60 percent at quarter-power, with up to 80-percent efficiency
reported for stationary combined heat and power applications. To find out more about the
current state of the art in the hydrogen conversion technology there are scientific review articles
published regularly and IPHE and The US Department of Energy have links to new reports in
the field from their websites.

FUEL CELL STACK TECHNOLOGY TRENDLINES
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Figure 6. Predicted Fuel Cell technology trendline for some of the key operating
parameters from Ballard Power Systems'*

Keflavik Fuel Cell Project

At present a project based on cooperation between US and Iceland using stationary fuel cell system to light up
artwork at the Keflavik International Airport. This is a demonstration project with the aim to proof the reliability
of such a system and by that to investigate how such a system could be used for example as a backup power
in critical applications. The second aim in this project is to demonstrate the security of such a stationary
systems and to train personnel in handling and working with hydrogen power systems. In near future one
could expect to see such backup systems in use in hospitals, fire brigade and emergency telephone systems,
which use today diesel powered engines. This new system should outperform diesel systems in start up times,
which is very critical for computer based systems.

Challenges

Iceland needs to build up infrastructure to support bigger applications and conversion volumes.
Training of technicians and handling experts in maintenance and safety protocols is crucial as
well as training and information flow to all those who will be impacted by the change to
hydrogen fuel use.

Vision/Strategy

In Iceland the primary use for hydrogen will be for vehicle and transport applications, not the
least on board the extensive fishing fleet. Stationary applications are possible in remote areas
where electricity delivery is not feasible, and other fluctuating renewable energies such as
ocean tides or wind can be harnessed, and converted to hydrogen to be stored and used as an
energy source at off peak hours.

Private cars
Marinetime vessels
Company cars
° (transition to mid
g Corporate fleets markets tax incentive
g (mail and parcel driven)
~ delivery...
= ry...)
Public transport
and taxi fleets
(gov. Procurment
incl. Buses) Remote power (off-
grid/island
Portables communications)
(notebooks, gadgets,
mobiles)
time

Figure 8. Various hydrogen end use products and their expected hydrogen
consumption and possible time of commercialization.

For transportation application the vision is that the first hydrogen vehicles will be public
transportation and corporate fleet cars which then will be followed with commercial private
vehicles. The first steps of public transportation fleets has already started with the ECTOS
demonstration project where hydrogen buses have been used as a part of the public
transportation system.

4 www.ballard.com
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Moving Forward

Emphasis will be put on Iceland’s participation in international application and conversion
projects. Iceland has a history of involvement in demonstration projects and should continue to
use the size and positive attitude of Icelandic government towards these types of projects.

Government incentive could help companies take the first steps towards building up a hydrogen
car fleet which would have a domino effect on other aspects such as infrastructure
development.

Figure 9 shows a prediction of the relative H, market share for various commercializations in

Iceland.
Production Storage End Use
. —
]
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@
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=
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Figure 9. Expected relative market share of different hydrogen groups.
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5. Hvdrogen
Re’s’earcg:h

The challenge of making hydrogen fuel feasible for transportation and other applications requires new
solutions and development. To find these, extensive research in the area is needed.

The world community recognizes the need for new solutions and research in the field of
hydrogen fuel technology and specific funds for this area have been dedicated by most major
institutes and international councils. Here in Iceland most research in the area has been
through international collaboration. The international research projects have proven to be very
beneficial to all parties and encouraging for future participation. It is important for the progress of
hydrogen economy in Iceland that the government and key energy, and research funding
authorities continue to see the benefit of such collaborations and continue to endorse and
match the cost requirements needed for such participation.

Hydrogen Production

The challenge for hydrogen production is to provide hydrogen at an affordable and
competitive price. It is clear that Iceland will rely on electricity for much of it’s
hydrogen production and thus following and implementing new technologies in
electrolysis and potentially high temperature electrolysis will be crucial.
Developing technologies that allow other resources such as converting H2S from
geothermal sites and capturing Hz emitted from boreholes are research fields where
Iceland could provide leadership that could benefit the international hydrogen
community.

Hydrogen Delivery and Distribution

To allow a successful implementation of hydrogen as a fuel, a smooth integration
with hydrogen delivery to the end user is crucial. Careful studies and system
analysis of different production/end uses configuration need to be encouraged and
performed. Due to Iceland’s confined geometry these types of optimization studies
could be used as a starting point to benefit in a larger scheme of international
hydrogen economy.

Socio Economic

To compliment the development of a world class technology a careful study of
environmental and socio-economic study of different energy converter
configurations and transition pathways is essential. Here again Iceland can offer a
concise manageable set for data collection and analysis that could be used to
understand the impact to larger size communities around the world.

Hydrogen Storage
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Hydrogen storage for transportation applications is one of the biggest challenges
that the hydrogen economy faces. Icelandic researchers are actively participating
in international research in this area and continuing research involvement and
monitoring of all breakthrough progress in the field should be closely monitored.

International Research

Setting the direction for strategic research agenda for Iceland requires co-operation between a
broad range of stakeholders including academic research centers, industry, end-users, civil
society, small and medium enterprises and public authorities at all levels. Just as Iceland as a
country and a nation has much to offer internationally in areas such as in hydrogen production,
distribution, delivery and socio-economic research, we can benefit from international
collaboration in areas such as conversion technologies and hydrogen storage. Continuing
international research collaboration, participation in international hydrogen councils and
societies is of essence for a successful introduction of the hydrogen economy.
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Appendix A
Alternative Solutions for Fossil Fuel Free Transportation

Other environmental fuels are also being considered to replace the fossil fuels. For transport
vehicle applications cars that run on batteries charged by electricity and methane fuel are being
developed and many so of so called hybrid cars have sold well, these are cars which run on
two types of energy sources, usually gasoline and electricity so that much less gasoline is
consumed per mile driven than for a regular gasoline engine driven car. Some companies are
considering the same idea for hydrogen, that is to produce a hydrogen/electric hybrid car.

There are several hybrid cars on the roads of Iceland today and several methane fueled cars
and recently two methane fueled buses were bought by Straeto bs.

Alternative vehicle technologies which are being developed:
Clean Diesel, Gasoline-hybrid, Diesel-hybrid, Hydrogen-hybrid, Biofuel, Plug-in hybrid

Appendix B
Hydrogen Production by Electrolysis'®

Principle

The decomposition of water by electrolysis involves two partial reactions that take place at the
two electrodes. The electron-conducting electrodes are separated by an electrolyte that
conducts ions but not electrons. Hydrogen is produced at the negative electrode (cathode) and
oxygen at the positive electrode (anode). Energy to split the water molecules is supplied as
electricity to the two electrodes, and the necessary exchange of charge occurs as ions flow
through the electrolyte. The following sections describe electrolysis processes as optimized for
hydrogen production: the well-tested low-pressure electrolysis method, and two processes —
high-pressure and high-temperature electrolysis — that are still under development. Chloro-alkali
electrolysis is not discussed further here.

Conventional water electrolysis

Conventional water electrolysis uses an alkaline aqueous electrolyte. The cathode and anode
areas are separated by a microporous diaphragm to prevent mixing of the product gases. At
output pressures of 2-5 bar the process can reach efficiencies of around 65%. Instead of the
alkaline electrolyte with an inert diaphragm, a solid acid proton conductor of the Nafion type (as
used in PEMFCs) can also be used as a combined electrolyte and diaphragm [18].
Electrolysers are commercially available in capacities of 1 kW-125 MW. The Electrolyser
Corporation Ltd. (Canada), Norsk Hydro Electrolysers AS (Norway) and DeNora (Italy) are well-
established manufacturers of electrolysers for hydrogen, though much of their business is in the
chlor-alkali market. Electrolyser manufacturers with a more specialized background in hydrogen
include Ammonia Casale and Stuart Energy.

High-pressure electrolysis

As the volumetric energy density of gaseous hydrogen is rather low, it is an advantage to
produce pressurized hydrogen directly. High-pressure water electrolysers now being developed
can generate hydrogen at pressures up to 120 bar from an alkaline electrolyte. A 5 kW
prototype was tested at Forschungszentrum Jilich in Germany [19]. Another advantage of the
high-pressure electrolyser is that its internal electrical resistance is lower, so the overall energy
efficiency increases.

' Riso Energy Report 3, Hydrogen and it's competitors, 2004
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High-temperature electrolysis

High-temperature electrolysers started as an interesting alternative during the 1980s. If part of
the energy required to split the water molecules is supplied in the form of high-temperature
heat, less electricity is needed. High temperatures also speed up the reaction kinetics,
decreasing the internal resistance of the cell and increasing the energy efficiency. High-
temperature solid oxide electrolyser cells (SOECs) have the advantage that they can also split
CO; into CO and O,. A mixture of steam and CO, can be electrolysed to give a mixture of H,
and CO - synthesis gas — from which hydrogen carriers such as methane (CH,4) and methanol
(CH30OH) may be easily produced. Note that such artificial CH, will be a CO, neutral hydrogen
carrier provided CO, can be acquired from other sources.

The original idea was to use heat from solar concentrators or waste heat from power stations
for high-temperature electrolysis. Low energy prices halted this work around 1990, but the
current emphasis on hydrogen has brought renewed interest. If fossil fuels become scarce,
high-temperature electrolysis may have a future as a way to use heat from renewable or
nuclear energy sources. Several R&D projects on SOECs are in progress in Europe and the
USA.

Hydrogen Production from H,S'®

Hydrogen could be produced from H,S by using various different decomposition methods.
Mainly, these are the plasma, electrochemical, photochemical and thermal methods. The
plasma process uses microwave plasma chemistry to dissociate H,S into H, and S. Back
reaction of the products to H,S is minimized by in situ cyclonic separation and a rapid quench of
the products. Furthermore, experiments with water and carbon dioxide concentrations typical of
acid-gas streams from refinery operations and natural gas production have demonstrated that
these components are compatible with the proposed process. A preliminary economic
evaluation indicates that the plasma-chemical process will be substantially cheaper to operate
than the conventional sulfur recovery technology and that the sulfur emissions will also be
lower.

Photochemical reactions use photocatalysts that absorb ultra-violet light from the solar
spectrum to power chemical reaction. But this method is not effective since using UV light is
very expensive to produce hydrogen from H,S.

Most of the hydrogen sulfide produced in the catalytic hydrodesulphurization of fossil fuels is
processed in a Clauss process, producing sulfur and low-valued steam but doesn't produce any
hydrogen. But for a long time, it has been known that H,S can be converted to H, and
elemental sulfur by thermal decomposition of H,S at high temperatures (900-1100 K). H,S can
be catalytically decomposed to hydrogen and sulfur and the catalyst preparation, operating
conditions, catalyst type have a significant effect on the amount of hydrogen produced and on
the economics of the process. The stoichiometric equation of the thermal decomposition
reaction is

2H,S - 2H, + S, AH = 50 kcal/mol (Activation energy)

' M. Haklidir et al. Proceedings International Hydrogen Energy Congress and Exhibition IHEC 2005.
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Appendix C

European Timeline View for Hydrogen Implementation from High Level
Group Report'’

In the short and medium term (to 2010):

¢ Intensify the use of renewable energy sources for electricity which can be used to produce
hydrogen by electrolysis or fed directly into electricity supply grids.

¢ Improve the efficiency of fossil-based technologies and the quality of fossil-based liquid fuels.

¢ Increase the use of synthetic liquid fuels produced from natural gas and biomass, which can
be used in both conventional combustion systems and fuel-cell systems.

¢ Introduce early applications for hydrogen and fuel cells in premium niche markets, stimulating
the market, public acceptance and experience through demonstration, and taking advantage of
existing hydrogen pipeline systems.

¢ Develop hydrogen-fuelled IC engines for stationary and transport applications, supporting the
early deployment of a hydrogen infrastructure, provided they do not increase the overall CO2
burden; Considerable fundamental research is needed throughout this period, on key
technology bottlenecks, e.g. hydrogen production, storage and safety, and fuel cell
performance costs and durability.

In the medium term (to 2020):
¢ Continue increasing the use of liquid fuels from biomass.

¢ Continue using fossil based liquid and gaseous fuels in fuel cells directly and reforming fossil
fuels (including coal) to extract hydrogen. This enables transition to a hydrogen economy,
capturing and sequestering the CO2. The hydrogen thus produced can then be used in suitably
modified conventional combustion systems, hydrogen turbines and fuel cell systems, reducing
greenhouse gas and pollutant emissions.

¢ Develop and implement systems for hydrogen production from renewable electricity, biomass;
continue research and development for other carbon-free sources, such as solar thermal and
advanced nuclear.

In the medium to long term (beyond 2020):

® Demand for electricity will continue to grow, and hydrogen will complement it. Use both
electricity and hydrogen together as energy carriers to progressively replace the carbon based
energy carriers by the introduction of renewable energy sources and improved nuclear energy.
Expand hydrogen distribution networks. Maintain other environmentally benign options for fuels.

17
Hydrogen energy and fuel cells, a vision for our future, High Level Group for hydrogen and fuel cells, Report 2003.
http://www.epsoweb.org/Catalog/projects/index.htm
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A CHALLENGING EUROPEAN HYDROGEN VISION
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Figure A. Skeleton proposal from High Level Group for European hydrogen and fuel
cell roadmap for various hydrogen end use products and their expected hydrogen
consumption and possible time of commercialization.
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Shell Hydrogen B.Y.

The Ministry of Indusoy & Commerce Cerel van ki 23
Permancnt Secretary 59 HR The Hague
Mr. [ostjan Skarphedinsson The Mefwkres
Arnarholl Tel =31 70 377 3077
[5-150 Revkjavik Fox 231 70357 3130
leeland Irsbarmvel, hillp: /e shelloom o gen

Fridaw, 28 July 2006

Drear M Skarphedinsson,

[ very much enjoved meeting with von and Mt Petursson Inst week to start the dinlogue abour the
forume of hydrogen in leeland, and o particular Ieelandic Government Hydeogen policy,

nrogranmes and progress,

For vears the Ieclandic povernmene has heen ar the foecfront of new energy developinent and has un
ginbitions and highly praised rrger of ceeanng the first carbon free economy. We in Shell Hydrugen
have been contributing tovwards ies realisation |]:|:I'I:II.:IHI'I o investment and condnoed Pﬂrr_il:j_Pn mon i
lcelandic Mew Energy Limiced {INEH) and the Shell/Skeljungur hydrogen fuelling seation in

Feykjavik.

Az we discussed, the purpose of my visit was also to better undersiand how we can joindy ke the
steps in fulfilling our longer term vigion for leeland o ecome the woeeld leader in developing a
Hyalrogen economy. For rosd transport these steps elearly invalve more vebicles and construction of
maore integraced fuelling sites, which would offer customers convenient refuelling, Ar this early stage
in the development of hydrogen technologies when investments are not yet commercially s1able and
mcugiry parncipants have to set prioritcs, government commitment and support remainsg crifcal,
Therefore [ hope that the proposzl made by TNTD will be considered favourahly, as vehicles temaimn
crucial Lot the sext step of the matker deselopment. From my side, [ will be enpaging in further
discuszsions with auce manufacturers, Icclandic and international stakeholders on how we can

suppott this next atage,

A Shell Renewables Company



Lat

l_}ut'm.-:f the visit [ also leasst that the transidon to cleanet) tepnewalle matine fuel 15 an impurtant
priodty for the government and will look into this opportunity from the enecpy supplier perspective.
W would like to sec Tceland continue developing a [ydropen economy az 1 believe your counery has

everything it tales m hecome the leader o oruly reneveable hydrogen development in the world. T

losle forward to comimuenge our dialogue and wish you all success in achieving this geear vision.
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| Mtagleadd

Yice President

Shell Hydrogen BV
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tir. Bialdur Pemirsson [lead of Unit Ministey of Indoesiey & Comimerce
fir Hialmar Arnason Member of Pariament

Mr. Jon Bjorn Skulasen General Manager Tslensh Nyoeka
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Introduction

Much of our world worries about similar issues: about the envi-
ronment and air quality; about energy supply security; and about
energy prices. With over 100 years of experience in delivering
innovative energy solutions to society, the Shell Group' believes it is
our responsibility o give governments and consumers greater choice
in how they address these problems. Today, Shell is developing
bio-fuels, gas fo liquid fuels and also hydrogen, all of which can
become key parts of the world’s future energy mix.

Hydrogen is a clean energy carrier that, when used in fuel cells, emits nothing more harmful
than water vapour. It can be made in a number of ways, so countries can make best use of their
resources and governments can exercise addifional choice in their energy policy. In the medium
term, hydrogen will be made from conventional sources such as gas and coal - but in the longer
term, hydrogen may increasingly come from renewable sources.

Shell Hydrogen was set up seven years ago and owns or participates in a number of retail sites
- in Amsterdam, Luxembourg, Reykjavik, Tokyo and Washingion, D.C. - that demonsirate how we
can deliver hydrogen safely and reliably to our customers. Each site is unique - and each one
teaches us something new. These standalone projects are helping us fo introduce a new fuel into
the market and are part of an exciting programme that is helping to educate consumers about
the possibilities of hydrogen. These sites allow us to build sirong relationships with governments
and the car and bus companies who will use our fuels. Collectively, these projects demonstrate
that we can apply hydrogen technology in a variety of different environments.

But this is just e beginning. The next stage is o link these projects into mini-networks in urban
centres. We are going fo expand these networks - in California and Mew York, in Europe, China
and Japan - fo provide hydrogen fuel to more vehicles and this will take us closer to a mass
market for hydrogen. Working with other indusiry players, we are learning how to develop the
Hydrogen Economy by reducing the costs of manufacturing and retailing in a series of steps.
When mass production of vehicles siarts - perhaps around 2015 - we want to be at a point
where we can provide hydrogen at a price comparable with existing fuels.

My vision is that, in 10 or 15 years, our children will be driving these vehicles. Many of the
world's major cities will have hydrogen buses and cars; and countries like China, India and
Russia will be seeing the benefits of a Hydrogen Economy. When you put all of this togsther,
you are talking about a substantial new energy business for companies like Shell.

| am lucky to be leading such @ new energy business in Shell. | have a great team of people
who share this vision and are committed to making it real. | believe that the steps we are taking
today are helping to ensure that our children will have further choices in how they power the
world of fomorrow.

Duncan Macleod, Vice President, Shell Hydrogen

T Lpchi of s componied ! moks an e Shell Groayd of Compatis 3 on chepascas! sy ot bod A ceet eparole rhenary b1 i Dublostion e s "5l Mt or Rl
I wuacd for In whare rafs b mode o s o In geeernd, o wha co weebd purpess i sarved By Firg = k .




The Case for Hydrogen

The emergence of clean alternatives to fossil fuels and concerns about
global climate changes and air quality arouse strong emotions. As a
global leader in the provision of energy, Shell espouses an evidence-
based view of the benefits of hydrogen. The facts are clear: hydrogen is
already delivering cleaner energy and can play an important part in
the world’s future energy mix. However, for every benefit there is a
challenge. And for every challenge, Shell Hydrogen is pioneering - with
other industry players - the activities that ensure they are overcome.

The future is in our hands - provided we all make the right choices about

hydrogen today.
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Energy security and efficiency
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Safety
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The evolution to

the Hydrogen economy

Shell believes that the evolution towards an embryonic Hydrogen

Economy can be realised gradually within the next 20 years.

This may sound fanciful, but already governments around the world

are making commitments to promote hydrogen FCVs or even create a

carbon free economy.
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-E-hall's Vision for the First Ten Years

The techrelogy and infrastruchire 1o
support the future ans being put in place
bodary. The world's lsading cor companies
are underiaking the research o creabs
pradlical kydrogen vehiches, And tha
stations thak will fuel thase proobype
vahicles are baing built.

Shell's vision is that the next decads will
saa the creation of Fydrogen mini-nek
warks by bringing logether: hundreds

of wehicles from different cor compa-
nigs; clushars of four ar mone imegrated
bydrogen and gasaline refualling shations;
and et of mihs anergy companias and
feet cwners. Thess will play o crucial
rale in bridging the gop bebesean hodays
prajects and o commarcial infrastiuchans
roll-out. The retoll cost of hydragen will
also be much closar fo that of comentio-
nal fusls on an squivalent cost-parkilo-
medre basis. Tagether with inkarmediale
technologies - such as hybrid hydrogen
fual cell /ICE wahiclas - this will anchhe
consumers bo chooss hydrogen solufions
in evargreater numbaers and anable the
Fulfilmant of & mass markat for FCVs.
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Far axampls, California could have a
neshweark of 50-100 hydrogen shalions with
around 2,000 hydrogen vehicles driven
an the roads. Shall will hove built another
hydrogen refuslling shalien batwean
‘Washington, D.C. and Mew York o create
the foundation for an “Eost Coast
Cotrider”. Canada could have a netwark
of hydragaen stations Enking cammunitias
in British Colembia. Moy could have
a hydrogen infrastrechure linking Cslo
with other Morwegion citiss, Other mini-
nabworks in Eurape and Japan could alsa
harve bean complated.
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Shell’s Vision for the Following Ten Years

Thers is o good chance thak, in around hen
yaars' ime, the cost of fual call vahiclas
will be an order of mognitede cheaper
than they ane loday and that ydrogen
FCWs will ba a comman sight in car dea-
lerships - and increasingly on the oad.

Bry this point, the major urban centras in
Eurape, Marth Amarica ond the Far East
and tha corfidors betwean them will be
wall sarved by filling stetions for hydrogen
and other allernative fusls.

Shed balieves fhat afier 2020, hydrogan
vahiclas will ba in an increasingly
affordable olermative fo petrol-buming
cors and there will be parhaps thousands
of filling safians fer alternativalylusllad
cars in the key markets of Mordh America,
Europe and Asia. An increasing numbar of
vehiclas offerad for sals will be fualled by
hydregan e o bifual salution which inch-
des hydrogen, [caland will be well on the
way o bacoming the first counbry to hove
sliminatad hydrocarbon vehicles from s
anangy chain, The advancament of earbon
saquastration will bave browght truby clean
hydrogan misch choser to reality.

Government incentives and scole efficien-
cims will maan that hydrogen-powernsd
wahichas will be more commonhy vasd

in urban oreas, particulary for public
fransportation.

Automolive mandackirens will have
stared serial production of hydrogan-
burming ICE cams, and some will have
begun leasing them to corponahs
cushomers. Othars will have infroduced
emvironmentalh-friandly hybrid-powensd
and fusl call cars e China, In public
transport, car campanias will haws
launched busas with Fydrogen combustion
engines and hybrid kydrogen buses.

Parhaps not oll of these plans will be fulfil-
led, but they poink the way 1o the fsture by
showing that hydrogen offers a real alter

nafive to comventionalby-healled vehiclas.




As a leading provider of energy solutions - for today and tomorrow -
one of the Shell Group’s most important responsibilities is to explore and
exploit the potential for new energy and fuels such as hydrogen as part
of our overall energy portfolio. However, the evolution to the Hydrogen
Economy is a marathon, not a sprint and Shell Hydrogen’s strength lies in
being an integral part of the Shell Group - being able to draw on world
class international experience in developing and introducing new fuels
and sharing a vision of the future.
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Please contact Shell Hydrogen for further information:

Shell Hydrogen BY
PO Beee 152

2501 AN
Tha Hogus, The Metherands

Shall Hydrogen LLC

Pennzed| Place

700 Milam Strest

Marth Tawer

Houstan, TH 77002
United Stases of Amarica

Email: hydrogen-info@shal .com
LIRL: www.shall.com,Tydrogen




The lcelandic government has publicly committed to becoming the first economy
powered purely by renewable energy sources. Shell has been closely involved
with the island’s ECTOS (Ecological City Transport System) Project which has
demonstrated the feasibility of using hydrogen to power its public transport fleet.

Alms:
To test the practical, safe praduction and
distiibution of hydrogen and i e on
threa fuel call buses cperating on normal
routas in loaband's extrema waathar
conditions, Ovarall, ECTOS alma to
evaluate the socio-sconomic
consaquances of transforming the enargy
basa of a madarmn saciaty as part of
lealand’s avarall ohjective of baing antinhy
salf-sufficiant for its anangy resources.

Partners:
lealandic Mew Energy Lid. (IME], a Joint
Ventura of the fellowing companiss:
VistOrka hf EcoEnargy L. (o public
leelandic comparmy]; DaimlerChrysler A0
Marsk Hydre Fraduksjon A/5; and Shell
Hydrogan BY.

Hydregen Source:

The hydragen is produced on-aits by
the alectrolysis of waler using ‘gress’
alactricity produced from renswabla
anargy sources, It is then comprassed
and sored ks provide daily fuslling for
anch of the buses.
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The Role of Shell:

The ECTCS Projact centres on a kydrogen
ratall filling slakion at on edsting Shall
foracowrt in Reyijavlk - the firgt Shell-
bronded hydrogen station in the world,
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With abundant hydro and geo-thermal energy resources,
Iceland powers all stationary applications using renewable

energy: already it meets 71% of its energy requirements from

these sources. By evaluating the role of hydrogen in its
transport fleet, the ECTOS Project is laying the groundwork for
the world’s first truly green economy.

Real Lives

Eoucetional mhercials wee crecfied by [MIE

spedhcally for 10:15 year old draldnes and
prowicked do emery sehoal in loslond and them
has also besn o corcarted educational cuwtseach
iy the mesdio, A g omet, (he pubkc opprewvn
wafing for the use af paogen over fossil heels is

owver BOE

Real Business

Wiy hope & Ful, if we continos o progress

of the some mbe, we con moke bpdrogen
fechralogy viable somefime sround #e 20012
ot 2015 time bome - fal would be o major
sles lorwnd e the global evironment.

Vil con ged ko this peint hashes tan moamy ofher
couniniss g1 we have arfy 00,000 peopls
in kealand of wham FOE live in the Geeale:
Rakjovik oren: we would cnby resd about 15
filing =sations lo reach 20 of e populston
This iz & much leas complicoted gickne han

in Europe of the US bl it the friosruchore is
gaing o e eady for corsumess by 3015,
we reolhy reed o move fairky fost in e neat
bemnpy wprs

J&n Bjgrn Skiloson,

General Manoger, lkeelandic Mew Erargy

Real Technology

In lemland, fhe heabeells and skooge lanks
are mounled an the roal ol on othenwise
sfardarddesign loeelloo: Nencedes-Benz
Citans bus. The compressad hediogen anks,
pressurisad fo IS0 bar, wees wpplisd by
[hretek. Depending on the number of
passercers lup o oppecmimatialy 80, the
Pevsd v it in'lg Cilam can ovel mone than
FHem ot @ moximum spesd of opproximnoisby
80 kiometes on b

“When we storted this project, heel oalls cost
ten Frousand dallos per kilowett: now the
FOE series ol PEM tuel cals oosf anby 120
dallaes per kilowalt, Alsg, the aiginal el osls
could not tolesste host o amy tempescatues
bl zem and we hod o keep them warm o
righe. Mow they can withsiand empemtures of
s o cas <200, This is beoutibe newes bar vz os
hias hod 100 v

ol developmen, so | om happer o sy that

ther combustion sngine

EvEn in s pears v hove ssen enomous
prograss haf wil speed oo evabfion o S
Hiyeireopan Econamy.”

Thorsteinn | SigFus:ﬁn,

Professar, Univarsity of lcaland and
Ce-Chair of the Internaticnal Partnership
bar the Hydrogen Ecanomy, ILC

*The medio hos been very posiiive, the public hos been very posiiive:
in genem| we are working in a very sympaihelic environmeni. Most of
the public connects using hydrogen with clean fuel, with clean energy
and views it as a beautiful thing for the fubure. They are saying, 'we
would love to power Iceland with renewcble energy’ and in a sense
that is what we are all aiming for.”

Jon Bjorn Skilason, Genercl Manager, leslandic Mew Enargy

icmland
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“Shell has faught us a lot about
how o operate the rehuelling
sigtion and | think that the shation
has taughi them a lot about how
to manage hydrogen in the future

pariicularty the sofety aspecis
that are ahwoys linked 1o o new
energy carrier.”

Thorsteinn | Sigfusson,
Professor, Universify of Joslord and
Co-Chair of the Intemational Porinarshio

for the Hydrogen Economy, (LC

Real Rewards

“IHhink peopis hiowe occed of vs a3 o ke bed
far the weld, B can use inpdiosen ho pommer
wehicles o ships then, becouse of our exising
o and gectharmal enesgy sescucces, our
wramy wophy con become moe or less 9%
chean of renewabbe ond was wont hove b reby
o Poasil fusl impoits. In the lang n, | thiak the
world will ¥y o do whot lesland con do mons
spesediby - uze pcdhogan o belp o the
ward on & oemn amission cyche”

Jan Bjgrn Skilosan,

General Manoger, lkcelandic Mew Erergy




Washington, D.C.

Rehearsal for mm@

The creation of a commercial environment for hydrogen Fuel Cell Vehicles (FCVs)
will require the simultaneous arrival of both the cars and the infrastructure

necessary to refuel them. Shell Hydrogen opened its Washington, D.C. fuelling
station to further that goal and is now supperting major automotive suppliers in

their efforts to jump-start the Hydrogen Economy.

Alms: Hydregen Source:
T demonstrate the viability of kydrogen Delivarad ko the skation in Hquid form
FCVs as a practical means of ransport wia brisck.
and ta learn abaut marksting kydrogen in
a rehail anvironmant. The Role of Shell:
Shell constructed the hydrogen slorage
Partners: and fuelling focilities af an existing sarvice
Guneral Maotors, Shell Hydrogen. shation on Benning Reod, Washingion,
C.C. - the first integrated hydrogan
and gasoline retail fuslling sation in
Morth Amarica.
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Hydrogen can be produced from a variety of different
processes and will form a significant part of the energy

diversification strategy of many nations.
President George W. Bush, whe visited Benning Road in May

2005, is sponsoring the Hydrogen Fuel Initiative which is

developing hydrogen energy as one means of addressing
the energy security needs of the U.5.A.

Real Lives
“Shal wecrks with membecs of Congress and
theit stalf and differen opencies within the

odministation o waise teir oworeness of
bydregen a3 o Imrsporiation fuel. W olse
weeek with GM o demonstoie wehide
rehaslinga: they undersiond that Shel wil

Fepvs sfetions reody foe deivers when the cas
are eady.”

Kristin ‘Whitmar, Mun:qur, Government and
Exsurnol AFgirs, Shall

Real Business

“GA hos shown its commitment i bydrogen
technology by producing o sevies of el call
wishic s thiot wes b drfean an e
contirents over the s severol pears - we drie
thesm sy dery, Fy peclom like eal vebiceas
Cur ergginesrs one werking deay in ond dey ot
fo improve the elabiliy and dusability ol these
wishic ks wettiler o ther samee fime seducing their
cost. And we hove mode emerdous Stides
hrwands our shetch harget ol |:r|:1'r{__1 ahble o
dedives - in mo= peoduchion quonties - on FCY
that could be commerciclised by the end aof

ther descode or sharhy Serealer,

“e wart o ovoid the s of shonded
irmesimes ore sa by bringing ediogen el
el wehicles and el cehoslling foowend at
comparable pacss in key sholegic markets, we
con go o long owary fowards commescialsing
FCMs and making them something that the
overacpe cuslomes will ore oy bave in his or
bt Aoy

Raj Choudbury, Manoger, Genenl Motors

Real Technology

Oine at the major echrical challenges of the
Benning Rood site wos o liguid hydogen
sfeorogpe Forik inshalled below grour - fhe s
LS. Shell worked with the

Whashinglon, DUC. Fine Depariment ard other

of its kind in th

regulaices o saithe on o design thal wos
inoorpomiea inka Fee sile. %o har, the siafen
his sefaby ond successhuly performed over
A00 gaseous hydiogen wesicke fils and dose
te TOHD) licguicd brpedrescpen Hills.

The LS. Possal Service hos besn using o G
HydraGend FCV 1o delver mail i the greahe:
‘Whashinglon, DUC. ansa. Crer an 18 menth
period, il delivensd cppraximalehy S00,000
pisces of moil ond ochieved 99L5% mhabilihy

« in f heot ol the summer and te eald ol e
winker. |0 addition, the Benring Road siafion
bea alsg refueled FOVS of all majos cumomotive
companies - DaimleChryslen, Fod, Hordn,
Tepcte and Plissan, oz wel o fuel-oel buses.

“1 thirk. thal, in the shoif o med leem, an aray
ol lechnalogies is going fo be deployed o
oddiess mreporiation needs; bt soch of thess
vehicles iz on imparian building bledk keeaids
bpddracuen BFOWs. Sa, dor auample, novural gas
vetiches soch an o Civie GF howve fough v
bear b handle compressed goses which is
temindy imparkant bar bpdrogen vehices. With
ther gpaselinefaleciic bybrid, we'ae legmed a
lof about eleciic divie which is essentialy whal
o fuel cul wehicle . S0, | fhink et the rear

to mid fm hechnologies are catteeoys jo the
brpeirecen futura,”

Edwuard B. Cahen, ¥F, Governmerd and
|n|:|L|:|I'r1.- Alairs, Horda Marth America

*The hydrogen FCV projecis that
GM and our energy partner Shell
are involved in around the world
show the general public that this is
not something which exists purely
within the loboratory or in the
realm of Research & Development
- this is real.”

Raj Choudhury,

Manoger, Gensm! Motors

Real Rewards

“Ir ther el tean fo bavesthy years wes ane gaing
i mews On increose it numiber ol hydiogen
vehices an the ood - our kids o ealy gong
i et from o whole rew seonomy.

W know that gosoline hos liemlly Fuelled

thes mooomy owes e lost cerfury o | ook
joramd fo the possibiities ot bydrogen-based
weonomy can baag with it

Dionnell B, Petarson, Assishant Principal,
River Terrace H-un'rm'rlur}- Schoal,
Washinglon, DuC.

" Some in the community around the Benning Road site did have inifial

concemns about locafing a hydrogen station in the heart of the
community. YWe overcome ihose concerns through a confinuing
presence in town hall meetings and following through on everything

we said we would do. What we've shown through being open since
2004 is that we hove been oble io run evenyihing in a sale manner.
The project here on Benning Road is very imporiant for bringing about
the awareness that hydrogen is safe and viable for transportation.”

Kristin Whitman, Manoger, Govemment and Extemal Affairs, Shell



Amsterdam: '
Towards zero-emission public transport =
|

Fuel Cell Bus

-3

For the last three years, some of the one million passengers of Amsterdam’s
municipal transport company GVB have been travelling around the city on
hydrogen-powered buses. Shell Hydrogen has been working closely with GVB
to help them realise their vision of making all Amsterdam’s urban buses
emission-free in the next ten to fifteen years.

Project Alms:

T fast the design, construction ond
operation of a hydrogen fuslling site and
its use with thres fuel call buses sparating
an narmal reulss in densa urban traffie,
Aleng with Projects in edght other
European cities, Amsterdam s part

of the Europaan Commission-aponsored
CUTE [Clean Urban Tranapart for

Europa) programma.

CUTE aims o provide an ecalogical,
technical and economical analyais of the
antira life-cyels of hydrogen vehiclas and
a comparison with conventional aher-
natives. Originally planned to finlsh in
2005, tha Project hoa baan extended for o
year, Comprahansive deata collactad fram
Amstardam and the ather CUTE cities will
be applied to further development of both
fual cells and the kydrogen refuelling
imfrastructure with a lang-tarm view bo
move fosonds moss produckion,

Projact Pariners: i,
GVYB [municipal transport company), o
Dianst Milieu en Bouwioexicht J
(Erviranmental Sarviea Daparimant], 7

Hosak Loos BY [contracter fior hydragen

rafualling station], Evolius GmbH

{suppdier of the busas] Muon [power

eompany] and Shall Hydrogen.

Source:
The hydragen is produced on-aite by
the alectrolysis of waler vsing ‘green’
alactricity ganeratad fram ranewahls
anargy sourcas. The B i
eomprassed and storad bo provide daily
fuelling for sach of the buses.

Tha Role of Shell:

Shell Hydrogen is assisting GVB in:
wyssem design, oparaling procaduras and
consruction; safety managamant of the
hydragen rafuslling salion; project
anginearing, project monogamant and
consulloncy arcund the tender procass
and contract evalsation,




The hydrogen used in Amsterdam’s fuel-cell buses is
manufactured from the electrolysis of water - a process whese

only by-product is oxygen. This process is powered by green
energy from Nuon and the enly vehicle emission is water

Real Lives

The general public has eacked positvely o

thes CUTE Project and by the end of the second
yaar ower POE of e posienges and owe
BOE of the reighbouring community
apresied thair wish 1o see mose bydroge:
porwerad publc ianspoit in Amslesaam,

Real Business

"W ara now in the demontnsdon phosa, with
projects woetaned coound Seowand, 5o this is
ey all aboed echnalogy validafion. The newd
sty is o go o the longer so-oalled ‘lighthouss'
projecs, with hour or bve bpdrogen efueling
sites i o poticular oy o region. 5o we wi
a0 hem demansinaiion prajects o mirkneheocks
ard then we will buld up e wbole irha
stracture. That will toke Sme bul the rext sap

is baeing laken now. This is something Shel iz
activehy porsuirgy today.”

Frank Schnitzeler, Business Developmend
HManager, Shell Hydragen

=

Real Technology

Shal hos oppled the praject and sabaty
manegement axperlise derived rom S0 pears
safe handling of bydrogen to this verfone,

Thiz hem comtibuled 1o e Amsterdam hoelling
sfation - with one of B highes! cilabiity ang
seibety peclarmence rafings - being ciled as best
praciice far the entine CUTE Project.

I Ameterdam, the fuelcels ond domge lonks
are mounled an the roal ol on athenwise
srararahdesign loee oo Mencedes-Banz
Citane bus. The compressad hediogen anks,
presssurisad fo 350 bar, wess wpplisd by
Dyruatek. Depending on e number of
passergpers lup o asmeceimatialy B0, the
tevede mete long Cikeo can ol mone than
FHem ot @ moximum spesd of opprokimnoisy
80 biometes on b

“Thee buses bove besn operafing weey
successhehy over the ourse of the pojec:
weer howe put mearky 1200000 kilometes on the
clock with far hvens fachnical preblens than
weir anficipated. As g ok, we desided o
eciend the project foe an exha pear. We think
that eeciical toction is a major step lorwand
brvn @ member of ditteneat pemsectives

O course, a3 o pem-emizson echnology,

it is much betier for air quality in uroan
emvironments; Dué also # is betier hor e city
emvironment as e & less rumble and noise
and the buses anre more comboriabie bor driver
ond possergemns”

Gartjan Kmaan, CEOQ, GY3

"We were locking for partners that
had knowledge of hydrogen ond
one of them was Shel Hydrogen.
50 we asked them fo join the
project and bring in their
knowledge of hydrogen and
satety regulafions.”

Frits wvan Drunen,
Froject Manager, GVB

Real Rewards

“The public hawe been lormsic. The

prossmnges hios the buses becouse fusy oo
handhy aery sound. And B people an the
modside am enthuiosic becouse e i
na pollution. We howe proen fuel cells ome
wlinble in public tanspon and s they sse that
ther hefuee i nearky, Dusvsloping penc-emission
buses is o challeage bul e hetvre i seoued
bry thomsa kircds of busas. Inn 15 yesars - o longer
diese] buses will be cbsclel in Arsterdor’s
publbe respart. F'm convineed abaut thal.”
Frits wan Drunen, Project Manoge:, GYE

In the beginning, the public were very curious 1o try out the bus.

They were wailing of the bus stop and they saw o fuel cell bus coming
and they saoid, ‘| want 1o get on that bus. MNow they are used to it in
the northern part of Amsterdam becouse they hove been using it for
hwo years. My family and friends haove a lot of interest in whot | am
deing and they all like to hear how it is going. | think it's exceptional
to do things like this in my work and | like it”

Peter Pape, bus driver, G\B



Luxembourg
Improving urban air quality

With a long track-record of alternative fuel use, a strong desire to improve urban
air quality and a hilly terrain that is unusual for a capital city, Luxembourg was a
natural location for one of the EU’s hydrogen bus trial projects. Shell has been
working closely with the transit authority of Luxembourg to help introduce their
citizens to the ‘fuel of the future’,

Alms:
To test the practical, saofe production and
distribution of hydrogen and its me on
threa fusl zall buseas sperating on normal
rautas an hilly larrain. Alang with eight
ather Evrapsan cities, Luxemboung s
part of the European Union-spomsoned
CUTE [Claan Urban Transpart for
Eurspa) programma.

CUTE aimsa o provide an scological,
technical and economical anabyais of the
antira life-cyela of hydragen vehiclas and
a comparisan with canventonal allar
nalivas, Originally planned to falsh in
2005, the Project has been extendad for o
yaar. Comprahansive data collectad fram
luxembaurg and the ather CUTE sitias will
be appliad to further development of both
the fuel calls and the infrosrectures with o
lang-tarm view to mass production,

Parinars:
Autobus Villa da Liseemboung [municipal
transport comparny], DaimlerChrysler
(suppliar of the busas), Air Liguids (supplier
of the kydrogen) and Shall Hydregan.

Source:
The kydragen is produced off-sita and
tranzparied fo the fuelling sation.

The Role of Shell:

Cirawing on its expariance with similar
activities in the US, Japan and ather
Eurapean cifias, Shall Hydragan prevded
technical advice on the construction of the
refualling stotion and alsa funding. Shell
Hydrogen has eonsiderable expartiss in
rafarmer lechnalagy for the praduction of
hydrogen, particulardy on a small scale for

damestic ar vehicular vsa.




Bio fuel buses were introduced into Luxembourg's urban
passenger vehicle fleet about 10 years ago and hybrid

gasoline/electric buses were trialled around five years later.
With Hydrogen Fuel Cell buses in operation for three years,
Luxembourg is a vivid testimony to the role that alternatively

fuelled vehicles might play in the future - particularly in

public transport.

Real Lives

*IF it weas up ho me, | would probobly chooss
o drive bpddrogen buses ol the lime becouss
of the srvimrmerl isuses they oddness.
prefer b drive o cleon bus, 2o peophs ina oo
behird me dort hove lo dose fe windows lo
kmap oul the pollution and fhose an bicyeles
o simply on the sieet e better off. # any
wong peaple axk e ot these buses | say
this is thesr Fulure becouse # all vehicles were
using fuel cal lechnology, ey could breathe
in peoce.”

Chrskian Cordier,

bus driver, Avtobus Ville de lusembouwg

Real Business

"W ara now in the demoninsdan phosa, with
projects soatened aeound B world, so this is
eyl aboed echnology walidaton. The nesd
shess is bo go o the longer so-oalled ‘Light
house' projects, with bour ar live reiad sites n
o particukar ity o megeon. 5o we will go fam
these demensimation projects o minknetworos
and then we will build up the whole inlostuc
turs. That will toke some lime 2o the nest sien
is being laken now. This is something Shel is
activehy porsing foday.”

Frank Schnitzeler, Shell Hydrogen

" Hydrogen was new fo us, the bus monufaciurers
and the builders of the fuelling station: we imoled
Shell trom the beginning jo provide their knowledge

ot satety issues around refuelling.”

Georges Feltz, Autobus Ville de Luwembourg

Sebahy in one ot the pormout corsidentions

Real Technology

in =ach af the CUTE projects. Shell's pooject
and sabety monagament expertise derives bom
ot 50 years' sole Fanding ab nediogen.

In bucermbaurg, e luahoslls ond seooge

iomks ooe mounted on the roof of an otherwise
siandamd-design iowetoor Mecedes 3anz
Citam bws. The sompressed bydnoogen tonks,
pressurised o 350 bar, were supphed by
Dwenatek. Depending on the number of
possengess (v o oppraximalely 0], the
taveshes mefre long CiFans can fnovel mane taa
200km at 6 maximem speed ol aporodrately
B0 kilometres ar hour.

Real Rewards

*| think fhee posantial of el coll buses is realy
vary important. These buses mee the cholenge
o aliminating vehicle emissions i the city
cpetnn, They are also very Hexible an o how
the ovaiable power is put ordo the whes|,
much mcee 3o $han wilh comerional buses.

li ene coniders the cwibkazility of painl o
natural ges, | Eink that bydrogen sally s the
fue al the huawe

Georges Feltz, Auvtobus Ville de luxembousg

* Luxembourg has a very special iopography: it has a varied terrain with

lots of hills in the cenire and flot areas oround the city so this presents
a reol challenge for the Hydrogen Fuel Cell buses we ore using in this
project. The farget for the research was and is fo fest the reliability of
the fuel cell system: the performance was excellent and so far the
buses have been in operation for more than 3000 hows. We got
outsianding results and we gained valuable experience - not only
regarding emissions but also noise reduction. This project has definitely
been one cf the building blocks for tuture aliernativelyfuelled public
transport systems.”

Fhiiipp Beitzel, CUTE Project Technician




Tokyo

Driving towards the Hydrogen Economy

Japan intends to put five million Fuel Cell Vehicles (FCVs) on the road by 2020.

As part of the Japan Hydrogen and Fuel Cell (JHFC) Project, Shell is collaborating
with all FCV manufacturers to put hydrogen-powered vehicles through their paces
in Tokyo and the surrounding areas.

Alms:

Ta fast the safe preduction and disribution
of hydragen and its practical application
1o safe and efficient kydrogen refuslling
gystams: the overall objective is 1o damen-
siraibe the sustainability of the Hydragen
Economy. The JHFC Project also aims ko
provide several cor manufacturers with an

apporunity 1o addrass the kydrogen
challanga, while raisting public awarenass

and creating a demand for bydrogen in
the Japaness markat,

Partners:
DaimlarChryslar, Ganaral Matars, Hing,
Haonda, Mitsubizhi, Missan, Suzrvkl and
Tewota [FCY manufocturers).

processes in manufocturing plants
owned by lvatani and Mippon Steal.

Hydregen Source:
The kydragen is ganaraled aff-uile by =l
capturing the by-products of industry S i N
i
It Is then liquefied and trucked to the n -

rafuelling station. " :

The Role of Shell:

Shell's primary rola in tha Project was o

design, construct and operate the Araks

shation - the first and, so for, anby liquid

hydrogen stotion in Japan. Aricke con

provide bath liquid and eompressad

hydragen at 350 Bar.




With only 4% of its energy produced indigenously, Japan
wants to balance a steady supply of energy with demands for

environmental protection. As a result, it intends to be among
the first countries with significant numbers of alternatively-
fuelled vehicles and has set a target of intreducing five million

FCVs by 2020.

Real Lives

Buik in co-opercfion with bealoni, the swalian i
e ol e 12 bydrogen tuelling lociliges in the
Tokyo area. Since siaring aoerations in june,
20403, thee site has refifed ower 700 wehicles
making # the mos! wilised ycbomen eiueling
siofion i the Easlern hemisphane.

e feal it i moonian o pesole o Epeienoe
thes “meits® ond the “joys” of el call vehicles
Wie'd also fike o learn how FCWVe would be
ooseshed infe society. Withowt locing the
prssangess ciecly, we'll never fiad oo
Takashi Kaolo of tha FC System Development
Division, Teyota Mabor Carparatian

Real Business

DaimlmiChrysler, Ganeml Momrs, Hine,
Handa, Mitsubishi, Missan, Sueuki ord Toyola
hove baen simulianeoushy sesting thei fue cel
wvehides o puslic mods o aiguire and aro-
ez dola on ronning pecformance, wefiobiley,
ervimnmentl chamdenisics, heel ecoromy
and the use of bydmgens feeling siaticas.

When wes book ol Ao, we nesd o eole
the this is o momthen ond not a speint and
difhesart countries run of dilfemnt speads. jopan
is chearly o leade - i s best equinped teough
its pencmenal cor companies. |Halso has a
couniry stotegy thal is weslthought throegh and
hos the backing af e erfire industy. Shell ties
i align s sbalegy lo the country skalegy and
i try 40 help shope it by sharing baowledge
aryd kroweehow oogquined globaly: we one
imashvesd in morufoctuing projects, sfotionary
projects wsing sesadantial feel cels o determine
Shell’s mobe in dutibuled power gerestion and
inanipariafion projects such os with JHRC®
Gobriel de Scheemaker, General Manoger
Hydragen, Asia Pacific, Shall Hydragan

*Chr hope is lo commenciolize the FCX as soon
o pessible in order fo alow the wes o shore

thes fealing of fre ride. 'm sune this & o thought

shared [y the voriows momulochmes. ™

Yuiji Kowoguchi, heod mesearche:,

Horda Technical Resmarch Inssitute

Real Technology

W hove besn wery successiul o fems
al whery - thens bas besn no inddent o
ocoident i the Avioke siofion. Safeby is
ahaays o top pricrity.”

Toshia Imahama, Shation Maroges,
Shell Hydregen Takyo

O hoewee goal i= o seolise e
commerciclisstion of FOW, priced for easy
purchase. However, our immediale aim, first
and lomwemas!, is the odameial establishermecd
of lechnalogy. Thiz means thet we hoe 1o
handm ore poblem af g lime. Thess's no
magic potion thal con resahe ol the problems
al once. | can't sy exocthy when cur new
mectel FOV will nee b infrocivoed, bt | think

it will b span.™

Taro Hogiwara, Direclor, FCV Devalopment
Dliwisian, Miszan Motor Co.

*In terms of energy security and
also air quality in the urban
environment in Japan, hydrogen
energy is the ulimate option.”

Hiroshi Matsumoto,
Concept Frojeds,
Technalogy Compiionce.
DaimlerChngsier jaopan

Real Rewards

*Hydiogen hechrology hos geat potecdol as
Fesrer 7 Jopen wee et hove ncthorsd resources
ard most enengy bos ho be imported.

Bu hydmogen con be peoduced hom

arything from ampehess using local resounces,
Im Hhis corfest wsing Fydbogen ey is

vy wzehd dar the hobwe in an eoonomi:
sarse and foe enengy seouriby”

Katsumi Yoshida, Business Developmens
Muanager, Shell Hydrogen Tekyo
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