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Foreword

SenterNovemhascompiledthis reportat therequest of theMinistry of Economic Affairs, asa form of
‘hydrogenmap’ (2002-2003)thatincludesbothnationalandEuropeanhydrogen-basedactivities. It
providesanswersto questionssuch as‘which R&D activitiesaretakingplacein whichDutch
organisationswith respect to hydrogentechnologies,andhowdotheseactivitiesrelate to thosein
othercountries?Theauthorshave split this questioninto a numberof subsections,andhaveprovided
answersbasedona largenumberof data sources,e.g.theSenterNovemprojectinventory,datafrom
theACTSSustainable Hydrogen(NWO, theNetherlandsOrganisation for Scientific Research),the
EuropeanCommission’s Fifth andSixth FrameworkProgrammes(FP5andFP6),andtheBSIK
(subsidyinvestmentin knowledge infrastructure) programme, aswell astheknowledgeand
experienceavailablewithin SenterNovemandNWO.

Themediaregularlypublishesarticlesconcerning theopportunitiesfor usinghydrogen.Almost all
industrialisedcountries have anactive hydrogenpolicy, including theMinistry of EconomicAff airs
(EZ) in theNetherlands.This is why theministry recentlyrequestedSenterNovemto conductan
analysisof hydrogenprojects, i.e. to providereaderswith anoverviewof hydrogendevelopmentsin
theNetherlands. This report alsomakesclearwhichareasarestill unexploited.

Hydrogenasanenergycarrier is a ‘hot item’ in two current policy initiativesby the Ministry of
EconomicAffai rs (EZ): i.e.EOS(energy researchstrategy)andEnergyTransition. TheEOS
programmeemphasisesfundamentalresearch,but alsoincludestheapplicationanddemonstration of
convertinghydrocarbonsinto hydrogen,aswell asfuel cell systemssuchasPEMFC(protonexchange
membranefuel cells)andSOFC(solidoxide fuel cells). Energytransition focusesona sustainable
energy managementsystemthrough systemchanges.Five mainrouteshavenowbeendefined.Oneof
theseroutes(concerningefficientandgreengas)concentratesonnaturalgasandhydrogen.The
energy transitionprogrammeis supportedthroughsubsidiesfor feasibility anddemonstrationprojects,
e.g.OTC(supportfor transition coalitions)andtheUKR (uniqueopportunitiesscheme).Both schemes
haverecently beenintroduced.

Theauthorshopethatthis reportmeetsyour expectations,andthatit wil l stimulate thediscussionon
thefuturehydrogenpolicy in theNetherlands.This reportwasoriginally written in Dutch.It hasbeen
translatedand reduced.

More information:

FrankDenys MSc
LongTermEnergyResearch
SenterNovem
f.denys@senternovem.nl
+31703735928
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Introduction

There is considerableinterestin hydrogenasanenergycarrier.This is understandable,aseveryone
realisesthathydrogencan playanimportantrole in a sustainableenergymanagementsystem.It also
offersmany commercial opportunities.The interestin hydrogen,by thegovernment, industryand the
generalpublic,hasincreased significantlyasa resultof thepolitical developmentsin theMiddle East:
thesmallproductioncapacity reservesof crudeoil andtheuncertaintyregardingthesizeand
availability of theextractable oil reserves.During2002-2003practicallyall themajorcountries(USA,
JapanandCanada)plustheEuropeanCommunity havedevelopedactivepoliciesregardinghydrogen
andfuel cells.

In June2003Mr Prodi, formerPresidentof theEC,announcedtheinitiative to setupaTechnology
Platformfor hydrogenandfuel cells. Hydrogenis alsospecifically includedin theEU’s Sixth
FrameworkProgramme(FP6)for whichEUR300million hasbeenreserved.Europeaimsto generate
around22%of theEuropean electricity requirementfrom renewablesourcesfrom 2010onwards.In
thelongerterm,theEU hasseta steppedtargetfor thetransitionto a hydrogeneconomybasedon
renewableenergy(around2050). At national level manyMemberStateshavealreadydefinedtheir
individual policies.Germanyplaysthegreatestrole in Europe.

A step-for-step transition to a hydrogen economy based on renewable
energy (around 2050).

Theinterest in hydrogenisalsoincreasingoutsideEuropeanborders. In his 2003‘Stateof theUnion’
speechPresidentBushpresentedhis planto investUSD1.2billion in researchinto fuel cellsand the
useof hydrogenfor energy generationandtransport purposes.TheAmericansreferto it asthe
‘ freedomfuel’, becauseit would reduceAmericandependenceon fossil energyfrom theMiddle East
andalsocontributeto thereductionof environmentallydamagingemissions.Japanalsohashydrogen
asa newenergy carrier high on its agenda.Thegovernmentimplementsanactivepolicy andis well
informedof thelatestdevelopments(vehiclesandconsumerappliances).PrimeMinisterKoizumi
statedin 2002that: ‘The fuel cell is the key thatwill openthedoorto a hydrogeneconomy.We planto
beusingfuel cellswithin threeyears asa powersourcefor vehiclesandhouseholds.’

In 2002,at therequestof theMinistry of EconomicAffairs (DG InnovationandDG M&E), Senter
conductedaninventory into theDutchdevelopmentof hydrogentechnologyover theperiod 1997-
2001. Theknowledge that Senter had built up (throughimplementinga largenumberof subsidy
schemesandprogrammes)proveda centralfactor. Thesevariousprogrammesprovidedsupportto
companiesandorganisationswith respectto innovation, theenvironmentandenergy. In 2003the
ministry requesteda follow-upstudyfor theperiod2002-2003,plusanoverview of the European
projectsunder FP5(1999-2003).This gavetheimpressionthatthingswithin this areaof technology
haveacceleratedoverthepastfew years.Questionsareregularlyreceivedfrom companieswith
respectto hydrogentechnology. Theserequestsfor informationconcernsupport, possiblepartners,
technologydevelopmentand internationalopportunities.

Questions are regularly received from companies with respect to hydrogen
technology. These requests for information concern support, possible partners,
technology development and international opportunities.

In orderto compilethisoverview, theauthors havenotonly takendatafrom theformerSenter
organisation, but alsothosefrom theformerNovemand theACTSSustainableHydrogenProgramme
initiatedby NWO. This report shows thestrengthsandweaknessesthatexistwithin theNetherlands.
TheNetherlandshasthedisadvantage thatthereis little or no industryto actasorganiseror investor
for theapplicationof hydrogentechnologiesfor tractionapplications(e.g.theautomotive industry).
This overview will allow the Ministry of Economic Affairs to focuson theopportunitiesthathydrogen
canprovidefor theNetherlands,and thepoliciesnecessaryto implementthis strategy.
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The Netherlands has the disadvantage that there is little or no industry to act as
organiser or investor for the application of hydrogen technologies for traction
applications (e.g. the automotive industry).

This report attemptsto provide an up-to-dateandcompleteimageof theDutchactivities regarding
hydrogenasanenergy carrier.Previousresearchby Sentershows that(groupsof) industrial
companiesarecollaboratingclosely, andthatcompaniesareworkingwith knowledgeinstitutes.The
latterhavea clearspecialisation in thesesubjects andthebroad knowledgelevel within the
Netherlandsis good.However, theNetherlandshasa realdisadvantagein thatthereis little or no
industrywilling to act asorganiseror investorfor theapplicationof hydrogentechnologyfor traction
applications(e.g.theautomotive industry).Interviewswith anumberof important stakeholders show
thatthey have generallycollaboratedwith foreign companiesor knowledgeinstitutes.These
stakeholdersview the developmentof hydrogentechnologyasa globalracein which collaboration
with foreignpartiesis extremely important.

Hydrogen technology a global race?

A completeimageof thisdevelopmentwithin theNetherlandscanonly begivenif we takeinto
consideration therole thatDutchstakeholdersplay in internationalprojects.Followingon from the
nationalactivitiesin Part 1, Part2 outlinestheseinternationalcollaborative projects.For international
developments, Dutchparticipation in theEuropeanFrameworkProgrammesandtheEureka network
hasalsobeencoveredin this report. Theamountof Dutchparticipation,comparedto thatof other
countries, indicatestheNetherlands’internationalposition. A comparisonbetweentheNetherlands
andEurope,with respectto technology inputandtheapplication orientationof theparticipation,
providesa pictureof Dutchexpertise,aswell asthatin otherEuropeancountries.Theassumption is
thatparticipationin nationalandinternationalprogrammesmatchesin detail. Part3 lists theauthors’
conclusions,andprovidesacompactimageof currenttrendsandfutureopportunitiesfor everyone
involved(eithernowor in thefuture)in hydrogenprojects.

Thecentralquestionaskedby this reportis:

Which R&D activities are taking place in which Dutch organisations with regard to
hydrogen technology, and how do these relate to such activities in other countries?

This questionhasbeensplit into a numberof subsections:
• Which Dutch companies and knowledge institutes are actively working on hydrogen

technology? Which industrial sectorsandcategoriesareinvolved?
• Which technologiesarethesestakeholdersdeveloping?
• Whichapplications form themain focusof their R&D efforts?
• How aretheprojectsdivided overtheinnovationchain (from fundamentalresearch to specific

applications?
• Whichcollaborationsarecurrently usedto implementtheprojects?
• Which foreign partnersare includedin thecollaborationefforts?

This report providesanswers to thesequestions.

N.B. In orderto avoidmisunderstandings,pleasenotethefollowing. In orderto indicatethesizeof the
R&D taking placefor anareaor sub-areaof hydrogentechnology,this report consistently refersto the
total projectcostsof therelevanthydrogenprojects.Therefore thetermsR&D size,R&D investments
andprojectcosts aresynonymous.Subsidiesor fiscalfundingschemescanonly financepartof these
amounts.



8

Summary

Hydrogenis seena mainenergy carrier of thefuture:this is increasinglyconfirmedby thepoliciesof the
Ministry of EconomicAf fairs (EZ). This summarycontainsthecurrentpolicy developmentsandabrief
descriptionof thestudyundertakenwith respectto thecurrent hydrogensituation.This meansthatthere
is certainlygoodnews,but therearealsoconcernsabouttheslownessor lackof certaindevelopments.

In theNetherlands,theMinistryof EconomicAffairs aimsto defineanenergypolicy that contributesto
a sustainable globalenergy managementsystem. Thismeans:goodsecurity of supply, economically
efficient andecologically maintainable.At theendof 2000theDirectorate-Generalfor Energy(DGE),
setup theEOS(energy researchstrategy) projectgroupin orderto developastrategyfor energy
research.

TheNational EnvironmentalPolicy Plan(NEPP-4) describesthreepossible pathsthatcanbetaken in
order to achievea sustainableenergy managementsystem(energytransition).Oneof theseconcerns
advancedenergytechnologies,e.g.usinghydrogenasanenergycarrierandfossil energy technologies
with almost-zeroemissions(CleanFossil).

During thesecondhalf of 2002variousstakeholders,togetherwith theMinistry of Economic Affairs,
made anextensiveinventoryof goodtransitioninitiativeopportunities.Thereport ‘Hydrogenmapof the
Netherlands:1997-2001’ formedpart of this inventory.At this point in time, thefirst projectsto prepare
for transition experimentshave beenstartedvia theOTC(support for transition coalitions).

What are these positive developments?

• Hydrogen research is increasing. Since1997therehasbeenaclearupward curvein
investments (by companiesandknowledgeinstitutes)with regardto hydrogentechnology.
During theperiod2002-2003,a total of EUR68.2mil lion wasinvestedin suchprojects,
whichwerealsosupportedby EUR22.5mill ion in subsidies.TheEuropeanFramework
Programmes(FP5andthestart of FP6)spentEUR 13.7andEUR 6.6million respectively.In
total, dutch companies andresearchinstituteshavespendEUR83.5milion (2002-2003) on
hydrogenandfuel cell research.Taking theEU FrameworkProgrammesasa basis,the
Netherlandstakesfifth place (in absolute terms)within Europe.However,whenrelatedto
GDP(grossdomestic product), theNetherlandsis actuallyin secondplace.This iscertainly
partly dueto theprominentroleplayedby ECNwithin Europe.

• We have our own specialisations. TheNetherlandshave certainspecialisationsthat
differentiateit from therestof Europe,e.g.thecountryfocusesprimarily on hydrogen
production: (petro-) chemical industry, andlocal production for micro-cogeneration.Also
with respectto gas transport and distribution the Netherlandshave gainedconsiderable
expertise.

• Increasing attention to storage. Two yearsagotherewerevery fewactivitieswithin the
Netherlandswith regardto hydrogenstorage.However,via theACTSSustainable Hydrogen
(NWO) programme,universitiesandcompanieshavenow initiateda numberof research
projectsto redress this problemarea.
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However, there are a number of concerns relating to:

1. The narrowness of the fuel cell base. Therearevery few Dutchpartiesfocusingon theuse of fuel
cells. ECN andNedstackaretheonly organisationsfound.This is certainly not dueto a lackof
expertise,buta production increase is not expectedin thenearfuture.

2. The production industry requires more encouragement. Othercountrieshavefoundthe
automotiveindustryto beanimportant stimulation for hydrogentechnologydevelopments.The
Netherlandshaslittle or nosuchindustry therefore theproductionsector (thatcan produceparts
for thehydrogenchain)playstoosmall a role in thedevelopmentof hydrogentechnology.The
authors’impression is thattheGermanproductionindustry hasmadefar betteruseof this
opportunity.

3. International collaboration is essential. TheUSA, CanadaandJapanhaveinvested themost
moneyinto hydrogen,butEuropehaslittle connectionto this knowledge.Thegovernmentoffers
little assistancein bringing knowledgefrom suchcountriesto theNetherlands.
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Research method

This section of thereport lists thesourcesonwhich theresearchis basedandindicates thecriteriathat
were used,e.g.regardingtechnologyareas andapplications.

Research sources
SenterNovemhasa completedatabaseof all projectsthathavebeensubmittedfor thevarioussubsidy
andfiscal fundingschemes.A numberof specifickeywordswereusedto retrievetherelevant
hydrogentechnologyprojectsfromthedatabase.

TheCORDIS(Community ResearchandDevelopmentInformationService)databaseconsistsof
Europeanprojectsto whichDutchstakeholdershaveparticipated,andthis toowasconsulted,i.e.
projectsfrom 2002and2003 thatwereimplementedundertheFifth andSixth Framework
Programmes.

Theauthorshavealsoconsideredtheinitial flow of funds,i.e. researchundertakenby theDutch
universities.Sourcesusedinclude:annualreportsfromtheSTW (Technical ScienceFoundation),the
DutchResearchDatabase,plusour ownknowledge of thevariousDutchuniversitywebsites.

Four technology areas
Theselectedprojectshave beencodedusingtheprojecttitle andsummary;this sectionprovides
further informationon thiscoding.

Theprojectsaresplit into four technological areas:hydrogenproduction, storage,
transport/distributionand use.Theseareessentialfor ahydrogeneconomy.Theyarealsofurthersplit
into a numberof specif ic technologies(not to beconfusedwith technologyareas).Seethefollowing
table.

Table of technology areas for hydrogen projects
Hydrogenproduction Storage Transport anddistribution Use
Fossil source Liquid Mixed Fuel cells
From waste / residual
products

Compressed Separate hydrogen network (Petro-)chemical

Electrolysis Chemical-physical form Small system connectors and
pipes

Boilers and burners

Biomass (thermal) Networks, large infrastructure,
distribution points

Combustion engines, turbines

Microbiological
Hydrogen purification

Several projectsfocusedonnon-technicalsubjectsin relation to thehydrogeneconomy.These
projectscoverall typesof questionsconcerningthetransitionto a hydrogeneconomy, e.g.social
acceptance,legalaspects,legislation andsafety.

Where is hydrogen technology used?
Theprojectsarecodedaccording to theapplicationof thetechnology,andaredifferentiatedinto the
following applications of hydrogentechnology:mobile,stationary, transport/storage, industrial
processesandgeneralapplications.

Mobile applications
Theseincludeall kindsof transportapplicationswherebyhydrogenformstheprimaryfuel. Projects
coverfor examplefuel cells(theengine),storagesystemsfor hydrogen(gaseous,liquid), control
systems,batterysystems,DC/AC adaptorsandtheentire vehicleconcept.Thesystemonboardthe
vehicledependson thetypeof fuel cell usedand,in theend,on thetypeof fuel in thetank. If 100%
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pure hydrogenis used,this requires astoragesystemfor gaseousor liquid hydrogen.If not,e.g.for
(fossil) fuelssuchaspetrol, biodiesel,diesel,LPG, naturalgasetc. thenanon-board reformer is
required to producethehydrogen.For mobile applicationsthere is a furthersplit betweenthe
following sub-applications:cars, (motor) bikes,shipping,aviation,portableequipmentandspace
travel.

Stationaryapplications
Fuel cells canbeusedfor thelocalproductionof electricity andheat.Portablecogenerationsystems
usually consist of a reformer (to producehydrogen)anda fuel cell. Fuelcell systemscanbeused,
dependingon thescalesizeandthe temperaturelevelsrequired.Variousscalesizescanbeidentified:
smallscale(residences)and largescale (apartmentbuildings,non-residential buildings).Another
application consistsof thelarge-scalegenerationof electricity andheat. This can involve large
industrial processeswhereby hydrogenis releasedasresidualproduct.Large-scalefuel cell systems
are suitablefor contributingto thereserve within theframeworkof securityof supply (shortresponse
time). Anotherapplicationis thestand-alone production of electricityfor nichemarkets(luxury
vehicles andyachts) or for locationswherethereis noelectricity networkavailable.Stationary
applicationsalsoinclude:small-scale generationof electricityandheat(abuilding or house),large-
scalegenerationof electricity andheat(industrial), andgeneration for spacetravel.

Transportandstorage
This application concernsthestorage of hydrogenby theend-user,or thetransport of hydrogento the
end-user.This typeof hydrogen storageclearlyhasa differentscalelevel.Therearemany
developmentsconcerningsmall-scalestoragesystems(bothlightweightandnewmaterials)aswell as
developmentswherebyexistingstoragetanksaremadesuitablefor higherpressureandbetter
insulation.Bothdevelopmentsare deployedata filling station.

Large-scalehydrogentransport occurs usingcylinder-tanktrucks,but shipsmayalsobeusedin the
future.A largenewnetwork wouldbeanotherpossibility, but this would requirehuge investment,and
theexisting naturalgasnetwork (natural gasmixedwith severalpercenthydrogen)is alsobeing
considered. Thefollowingnetworkapplicationsareconsidered:networksanddistribution, filling
stations,large-scalehydrogentransport,storage,small-scale storagein bottles,packs, anddrums.

Industrialprocesses
Thesearemostlylarge-scaleindustrial processesthatallow theproductionof hydrogen.There isa
differentiation betweenthechemicalindustry andotherindustry.Hydrogenis usedin industryfor a
varietyof applications,e.g.to removesulphurfrom crudeoil, crackingheavyoil components,
hardeningfats,hardeningsteel,aswell asin thepharmaceuticalsector. Whichprojects are relevantfor
a hydrogeneconomy? Relevantprojects arethose thatstudynewhydrogenproductionmethods,
improvingexistingproductionprocessesor managinghydrogenflows. Thesearethereforeincludedin
theanalysis.This meansthat projectswherebyhydrogenis oneof thereactorsduringa chemical
processdonot fall within thescopeof this study.Theseweregenerallyprojectsfrom the
pharmaceutical sectoror projectsaimedat developinga catalystfor the productionof chemicals.

General applications
Therearecertainprojects wheretheresultscanbeusedfor severalapplications (mobile and
stationary).Someprojectsare not aimedat aspecificapplication.An exampleis thedevelopmentof a
specificpartof a fuel cell thatcanbeusedfor bothstationaryandmobile applications.It is therefore
not alwayspossibleto differentiate basedonapplicationalone.Thecodingusedaimsto keepthis
category assmallaspossible,by taking into considerationthestrategy usedby theprojectparticipants.
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Part1 Analysis of Dutch National Hydrogen Projects
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Important stakeholders in the field of hydrogen

This chapterprovidesanoverview of themostimportantstakeholdersin thefield of hydrogen
technology.Section1.1includesa list of themostimportantcompaniesandknowledgeinstitutes.
Section1.2 lists themostimportantcompaniesandknowledgeinstitutesthatspecif ically focustheir
researchtowardsa hydrogeneconomy. Section1.3 includestheR&D activities concerning hydrogen
technologyasconductedby thevariousDutchuniversities.

Top-10 in hydrogen technology

Thefollowing list includes theTop-10companiescurrentlyconductingresearchinto hydrogen
technology.Shellappearsto conducta lot of R&D, followedby theGVB (localauthoritytransport
companyin Amsterdam) andthesmaller organisationssuchasNedstackandJacobs.Shell focuseson
reforming liquid hydrocarbonsin hydrogen,for whichcatalysts,reactorsandrelatedtechnologiesare
beingdeveloped.TheGVB conducts practical experiments with fuel cell busesin Amsterdam.
Nedstackdevelopsfuel cells,andJacobsfocusesonhydrogenpurification(in orderto produceclean
diesel).

Top-10 Companies (amount of R&D)
Top-10 Companies
Shell Nederland
GVB
Nedstack
Jacobs
Hexion
Ballast Nedam
Teesing

Stork
Plug Power Holland

Thefollowing list showsthe Top-10knowledgeinstitutesthatare currentlyconductingresearchinto
hydrogentechnology.ECN undertakesby far themostR&D, followedby theVU (FreeUniversity)in
AmsterdamandTwenteUniversity.ECN studiesanddevelops fuel cells (SOFC,PEMFC) and
equipmentfor producinggreengas(frombiomass).

Top-10 Knowledge institutes (amount of R&D)
Top-10 Companies
ECN
VU Amsterdam
Twente University
ATO
TU Eindhoven
RU Groningen (RUG)
RU Leiden
TNO
Wageningen University (WUR)
Utrecht University
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R&D activities at Dutch universities

General
Dutchuniversitiesprimarily conductfundamentalresearch,e.g.into production, storageandusage.
Researchinto hydrogentransport and distribution is usually not includedin universitystudies.

Thenumberof cross-relationships betweenandwithin universitiesis remarkable. Facultieswork
togetheronawholerange of subjects. Thecommitmentshownby companiesandknowledgeinstitutes
is alsoconsiderable,particularlyby Shell, GasunieResearchandECN.Theprojectsanalysedalso
includeda limited roleby TNO. ApparentlyTNO doesn’tusesubsidiesto finance their hydrogen
relatedresearch.

Technological research
Comparedto thepreviousHydrogenMap, theTU Eindhovennowclearly hasa widerangeof projects
focusingonhydrogenproduction,storageanduse(fuel cellsandelectricityusage).However,other
universitiesalso featureprominently: TU Delft, Twente University, UtrechtUniversity,RU Leiden
andtheVU Amsterdam,whichprimarily conductresearch into productionandstorage.In addition,
WageningenUniversity is alsoworkingon ‘biological’ hydrogenprojects aimed,for example,at
biomassconversion andmicrobiological shift reactions.RU Groningenplaysa relativelysmallpart,
andprimarily workstowardsusage, i.e. specifically thecombustionbehaviourof naturalgasto which
hydrogenhasbeenadded(‘greengas’).

Details per university

TU Delft
This universityis theonly oneto study(togetherwith theColoradoSchoolof Mines)thestorageof
hydrogenin gashydratesfor usein motorisedvehicles.Theuniversity alsoconductsconsiderable
researchinto monolithic reactors for all kindsof reactions.TheTU studiesCPO(catalyticpartial
oxidation)from methanespecifically for hydrogen.It is alsoworth mentioningtheresearch conducted
into photocatalysisandhydrogenproductionfromsunlightthroughphotoelectrolysis.Theuniversityis
alsoconducting ‘beta-gamma’ research into thebuild-up towardsa hydrogeneconomy.

WageningenUniversity (WUR)
Hydrogenproduction from biomassformsthemain focusfor this university,plus desulphurisation of
hydrocarbons(e.g. methane)via biological routes.

Rijksuniversiteit(RU) Leiden
Researchis conductedinto producing hydrogenby oxidising water and modelling the hydrogen
storage processin metal hydrides.

TU Eindhoven
This universityhasa clear specialisation in electrical driving techniques,includingresearchinto power
convertersandinductionenginesfor PEMfuel cells.A studyis alsobeingundertakeninto storagein
metal hydridesystems,plus thepossibility to operateSOFCfuel cells at low temperatures.Ongoing
researchis alsolookingat reforming fuelssuchasmethaneandmethanol.Finally, researchersare
studying thesocial acceptanceof hydrogenasanenergycarrier.
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UtrechtUniversity
Utrechtdoesa lot of researchinto hydrogenstoragefor vehiclesbasedonmetalhydrideson carriers
made of plasticnanofibres.Theuniversityalsostudiesceramicmembranesfor separating hydrogenin
a catalyticmembranereactor.There arealsoa numberof ongoingstudiesintoproducinghydrogen
from biomass(super-critical waterenvironmentsand ‘steam-iron’ process).

Vrije Universiteit (VU) Amsterdam
Researchprojectsincludestorage(metal-hydridefilms),hydrogensensorsand(‘beta-gamma’)
researchinto strategiesfor implementing thetransition to a (sustainable)hydrogeneconomy.

Rijksuniversiteit(RU) Groningen
TheRU focuseson theinfluenceof mixing hydrogenon thecombustionbehaviourof natural gas.A
researchprojectalsolooks at theconsequencesof a hydrogeneconomyfor theenergysupply at
suburbanddistrict levels.

Twente University /MESA+ Institute
Twentestudieshydrogenproductionfrom biomass,catalytic membranereactorswith ceramic
membranesfor applicationin fuel cells,andmodellingof lightweightmetalhydridesat microscopic
level.

Spin-off research
Althoughin someprojects theresearch is not directly relatedto thehydrogeneconomy, thereare
sometimes usefulspin-offs.For example,theTU Eindhovenresearchinto dehydrogenatingreactions
of alkanes,whichaimsto increasetheefficiencyof hydrogen.This researchfocuseson
dehydrogenating,ratherthanhydrogenproduction. However, it canproduceaspin-off for the
hydrogeneconomy.Wageningenalsostudiesbiological desulphurisationcyclesfor desulphurising
gas,for example.Theresults of this researchcanbeusedin hydrogenproductionsystems,e.g.from
biomass.LeidenUniversity hasconsiderableknowledgeof catalytic processes.Researchersvisualise
this via scanningtunnellingmicroscopy.This techniquecanbeusefulin researchingcatalytic
behaviour in a reformeror whenstudyingdegradation processesof membraneplatesin a fuel cell.
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Dutch national hydrogen projects

This chapteranalysesthecontent of the nationally supportedprojects.Most R&D concernsindustrial
research.Thereis alsoquitea lot of fundamentalresearchtakingplace.This is not sosurprising, since
hydrogentechnologyis currentlystill in thedevelopmentphase,ratherthananapplicationphase.

Innovation path

Thehydrogenprojectscanbesplit according to their placealongtheinnovationpath.Figure2.1
shows howthetotal R&D into hydrogentechnology is spreadovertheinnovationpath.Most R&D
concernsindustrial research.Around25%of this is fundamental research.Therewasonly one
demonstration project,andthatwasa trial projectwith threehydrogenbusesin Amsterdam,theso-
called CUTEproject(Clean Urban Transport for Europe).

Figure 2.1 Project costs for hydrogen projects over the entire innovation path (mln. EUR)

R&D per sector and category size

TheprojectcoststhatDutchstakeholdersincur regardinghydrogenresearcharesplit according to the
relevantindustrial sectors.Table2.1showstheTop-10sectors.

Most projectcostsareincurredin the researchsector,i.e. primarily universitiesandknowledge
institutes.The otherthreelarge sectorsarethegasextractionsector,themachineryandequipment
industry,andengineeringconsultancies.
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Table 2.1 Top-10 Total project costs per sector (based on SBI categories)
Sector Total project costs (EUR mln.)
Research 28.5
Natural gas and oil extraction 10.1
Machinery and equipment industry 9.8
Engineering consultancies 9.0

Land-based transport 5.4

Medical and optical equipment
industry

1.1

Energy supply companies 0.9

Other electrical equipment industry 0.6

Chemical industry 0.6
Oil and coal industry 0.5

Table2.2 showstheseproject costs split accordingto the categorysizeof the organisationsthat are
implementingtheseprojects.

Table 2.2 Total project costs per category size
Category size of the organisations Total project costs (EUR mln.)
1000+ 19.0
500-999 15.5
250-499 9.8
100-249 4.5
50-99 4.1
10-49 11.9
0-9 3.3
Final total 68.2

This tablealsoshowsthatthere is relatively litt le R&D conductedby companieswith 0-9 and50-249
employees. However,thecategorieswith 10-49employeesandover250staff conducta relatively
largeamount of R&D.

Hydrogen technologies

Thefollowing technology areashave been analysed:hydrogen production,usage,storage,transport
anddistribution, plusstudies into thehydrogeneconomy. This lastcategoryformsa groupthat
includesprojectsresearchinga hydrogeneconomyasasystem, or partsthereof. The emphasisis then
generallyon non-technological aspects.

Figures2.2and2.3showtheamountof R&D per technologyarea,whichconfirm thatmostR&D
focusesonhydrogenproductiontechnologies(aroundEUR35million in 2002-2003). With regardto
thedevelopmentof usage technologies(mostlyfuel cells), aroundhalf of thishasbeeninvested.There
is far lessinvestedin developingtechnologiesfor storageandtransport/distribution(approximately
EUR 5 million in 2002-2003).NB: Aroundhalf of theR&D investmentsconcerningtransportand
distribution donot (directly) concern the hydrogeneconomy(compareFigures2.2.and2.3).
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Figure 2.2 Project costs for hydrogen projects per technology area (mln. EUR)

Figure 2.3 Project costs of hydrogen projects per technology area, excl. hydrogen industry projects (mln. EUR)

Figures2.2and2.3showadifferencefor R&D investments for production.This is dueto the
hydrogenproductionat refineriesandpetrochemical plants.

Production technologies

Hydrogenproductiontechnologiescanbe split into five categories:

• Productionfrom fossil sources(reforming, fuel processing).
• Productionfrom biomass(thermal gasification).
• Productionfrom wasteandresidual products.1

• Microbiologicalproductionvia micro-organisms.
• Purificationof gasflowsthatcontain hydrogen.
• Productionvia electrolysis.

1 Hydrogenproduction fromwasteandresidual products was barely found(roundedup to 0%),sothattheseare
not includedin thefigure.
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Figure 2.4 shows the project costsfor productionsplit into thesefive categories.The project costs
totalledEUR35milli on for theperiod2002-2003.

Figure 2.4 Total project costs per production technology (mln. EUR)
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Usage technologies

Thetechnologiesthatusehydrogencanbesplit into: fuel cells (stacks),turbines/enginesand
boilers/burners.In total theprojectcostsfor theperiod 2002-2003amountedto aroundEUR19
mill ion for developinghydrogenusagetechnologies.Figure 2.5showstheprojectcostsperusage
technology.

Figure 2.5 Total project costs per usage technology (mln. EUR)

By far themostR&D into usage technologiesconcernsthedevelopmentof fuel cells(90%),although
R&D is alsoconductedinto boilers(for hydrogencombustion) andhydrogenburners.Theresearch
alsoindicateswhich typeof fuel cell wasstudied.Also projectsthatwerenotdirectly focusedon
developingfuel cells,but which includedareferenceto a particular type,wereincludedin the
analysis.Figure2.6showstheamountof projectcostsconcernedpertypeof fuel cell, for theperiod
2002-2003.

Total: EUR 19 mln.

90%

6% 4%

Fuel Cells

Turbines / engines

Boilers / burners



20

Figure 2.6 Total project costs per type of fuel cell (mln. EUR)

5

10

15

20

25

PEM SOFC METH

T
o

ta
lp

ro
je

ct
s

co
st

s
(m

ln
.E

U
R

)

5

10

15

20

25

PEM SOFC METH

T
o

ta
lp

ro
je

ct
s

co
st

s
(m

ln
.E

U
R

)

It is clearthat most of theR&D concernsthedevelopmentor useof PEM fuelcellsthatusehydrogen
directly. Farfewerproject costsrelate to theSOFCtype.Thereis little research conductedinto
developingmethanolfuel cells.

Storage technologies

Hydrogenstorageformsa vital link in hydrogensystemsfor thoseoccasionswhenthehydrogen
producedis not requiredimmediately. Therearevariousformsof storagebeingdeveloped:
compression in gaseousform, turninghydrogeninto liquid form, andchemicaland/orphysicalbinding
of thehydrogenmolecules.Project coststotalledEUR 7 million for theperiod 2002-2003(seeFigure
2.7).

Figure 2.7 Total project costs per storage technology (mln. EUR)

Researchgenerallyconcentratesonstoragein chemical-physicalform (92%of theR&D investments).
This researchis primarily conductedwithin theACTSprojectsfromNWO. Themostimportant
researchteamsincludethosefromtheTU Eindhoven,LeidenUniversity, UtrechtUniversity,VU
AmsterdamandTwenteUniversity.

Transport and distribution technologies

Total: EUR 7 mln.
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Thetransport anddistribution technologiescanbesplit into four categories: infrastructure/distribution
points,mixing/additives, small systems/sealing,andothers.Figure2.8shows theR&D investments
(approximatelyEUR5 million for 2002-2003)for transport anddistribution technologies,split over
theaforementionedcategories.

Figure 2.8 Total project costs per transport and distribution technology (mln. EUR)
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Approximatelytwo-thirdsof the R&D investmentsarespenton infrastructure/distributionpoints,and
one-third onmixing/additives.Considerablylessinvestmentis spenton theothercategories.

Applying hydrogen technologies

Thevarioushydrogenprojectscanbecategorisedaccordingto applicationareaaswell astechnology
area.This referslessto thecontent of theprojects,but looksmoreat thepracticalapplicationson
which these projectsfocus.Figure 2.9showsthetotal divisionof the R&D investmentsoverthe
variousapplicationareas,while Figure2.10showstheR&D investments specifically for thehydrogen
economy.

Figure 2.9 Total project costs for hydrogen projects per application area (mln. EUR)
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Figure 2.10 Total project costs for hydrogen projects per application area, excl. hydrogen industry projects (mln. EUR)

Perhapscontrary to expectations,mostR&D effortsfocusonstationaryapplications.TheEDI
(energy-saving through innovation)programmehasplayedan importantrole here.Mobile applications
take secondplace.A considerable amountof theR&D conductedhasnot ledto aspecific application,
but is possibly important for a variety of applications.Transportandstoragealsoreceivesli ttle
attention, particularlyin projects thataresupportedby theACTSprogramme.However,thereis a
fairly evenspreadof researchover the variouscategories.

Stationary applications

Variouscategoriesof researchare differentiated:
• Small-scaleproductionof electricity andheat.
• Large-scaleproductionof electricity andheat.
• Spacetravel.

Figure 2.11showshowtheR&D investments regardingstationary applicationsaredividedover the
aforementionedcategories.
Figure 2.11 Total project costs for stationary applications of hydrogen technology
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With regard to thestationary applications,two-thirdsof theR&D investments arespentonsmall -scale
electricity andheatsupply. ShellGlobalSolutions,ECN, Inoc,Hexion,PlugPower,Nedstack,
Gasunie,andGreenVision arethemostimportantpartiesconcerned.Theother33%of the
investmentsarespenton large-scaleproductionof electricityandheat.TNO, MEP,Nedstack, ECN,
Exendis,EcofysandtheRU Groningenarethelargestimplementersof this research.A verysmall
percentage of theR&D is aimedat stationaryapplicationsfor thespaceindustry(on-boardelectricity
generation).

Mobile applications

Figure 2.12showsthe investments over thevariousmobileapplications.
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Figure 2.12 Total project costs for mobile applications of hydrogen technology (mln. EUR)

By far themostR&D efforts (for mobileapplications) focusonautomotivevehicles.The
organisationsconcernedincludeGVB, ShellNederland,Shell GlobalSolutions,Nedstack, CCM,
Gastec, AlstomTransport, andStork ProductEngineering.Spacetravel andshippingeachrepresent
6% of theR&D investmentfor mobileapplications.Organisationsconductingresearchfor spacetravel
includeStorkProductEngineering, AerospacePropulsionProductsandBrunsInteractive.

Transport and storage applications

Figure 2.13showsthe divisionof R&D transportandstorageinvestmentsover five categories:

• Networks/distribution.
• Filling stations.
• Storage in bottles,packs,andsmalldrums.
• Large-scaletransportandstorageof hydrogen.
• Large-scaletransportof hydrogen.
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Figure 2.13 Total project costs for transport and storage applications of hydrogen technology (mln. EUR)
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Half of thetransportandstorageapplicationsconcernsmall-scalestorage.Almost one-third of the
projectfundsarespent onnetworkanddistributionaspects,12%focuson filling stations,and5% of
theR&D investmentsarespenton large-scalehydrogenstorage.Only two projects areresearching
networksanddistribution.

General applications

Projectsaimedat general applicationsinclude:
• Researchinto methodsof producinghydrogenfrom oil derivedfrom biomass.
• Developingfuel processors for hydrogenproduction.
• Experimentalresearchinto producing hydrogendirectly from water,usingsunlight.
• Experimentalresearchinto concepts for hydrogensensorsfor large-scaleusein ahydrogen

economy.
• Gammaresearchinto thebeststrategiesfor implementinghydrogen.
• Recoveryprocesses(oxygenandwatervapour)for fuel cells.
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National collaborations

Thefollowing sectionprovide aninventoryof thecollaborationatnationallevel.Thepartiesare
collaborating in production,usage,transport anddistribution respectively. Appendix2 includesa list
of theacronyms(organisation names)usedin thefigure.Theknowledgeinstitutes,universitiesand
companiesareshownin differentcolours:companies(salmoncolour),knowledgeinstitutes(brown)
anduniversities(orange).Thediameters of thecirclesindicatethetotal of theprojectcosts for the
respectivestakeholders.Organisations that oftenwork togetherareplacedclosertogether.These
diagramswereproducedby CWTS,aninstituteundertheuniversity of Leiden.

Figure 3.1 shows the organisations that havecollaboratedin the subsidisedprojectsduring 2002and
2003. Appendix2 includesa list of acronymsfor theorganisationsshownin thefigure.Thefollowing
list also includes the organisationswith which ECN has collaborated in various projects. The
knowledgeinstitutes,universities,andcompaniesareshownin different colours:a salmoncolour for
companies,brown for knowledge institutes,and orangefor universities.The diameterof the circles
represents the sumof theproject costsof thestakeholdersinvolved.Thedistance betweenthecircles
represents the extentof the collaboration (i.e. numberof collaborativerelationships).The closerthe
circles,the morecollaborationbetweentheorganisations.

Figure 3.1 National collaborative organisations

ECN has taken part in the higher numberof collaborative projects,followed by Shell, Nedstack,
Agrotechnology & Food Sciences,TNO, andWageningenUniversity. The stakeholderswith whom
ECN has collaboratedinclude Shell, Siemens,Gipec, Corus, TU Delft, WageningenUniversity,
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Nedstack, Agrotechnology & Food Sciences, Hexion, Sparqle, RU Groningen, TechnoInvent,
Agromiscanthus,Grontmij, DuynieandTechnogrow.

Practicalexperimentswith hydrogenbusesin Amsterdamarenot included in Figure3.1becausethis is
a differenttypeof collaboration, wherebymoneydoesnot changehands.EvobusandHoekLoosare
subcontractorsof theGVB Amsterdamandtheycollaborate with Nuon,ShellHydrogen,and
Amsterdamcouncil’sBuilding SupervisorandEnvironmentdepartment ona ‘no money’ basis.

National hydrogen platforms

De Nederlandse Waterstof Vereniging (NWV) / Dutch Hydrogen Association
Theassociationaimsto promotetheuseof hydrogenasa cleanenergycarrierin anincreasingly
sustainable energymanagementsystem. TheNWV hopesto achievethisby actingasa central
helpdeskfor knowledge and expertiseregardinghydrogentechnologyin theNetherlands,at
universities,knowledge institutesand companies;encouragingcollaborationbetweenscientists,
developersandentrepreneurs at knowledgeinstitutesandcompanies;developingandimplementinga
strategicvisionof therole thathydrogentechnologycanplay in theDutchenergysystem.TheNWV
thereforeactsasagent/brokerbetweenthevariousstakeholders,andexchangesknowledge and
information betweenall relevanttarget groups,includingthegeneralpublic (moreinformation:
www.waterstofvereniging.nl).
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Supporting project costs

Thedatabaseincludesa total of 325relevanthydrogenprojectsfor theresearchperiod2002-2003,and
doesnot includethose projectsfor whichcompaniesor institutesdid not requestgovernmentsupport.
This alsoappliesto researchat universitiesthatwasfinancedthroughprimaryfunds.It is therefore
logical to expectthatthereis more researchin theNetherlandsthanis mentionedin this report.
Projectsthatwererefused fundingarealsothereforenot includedin this analysis,becauseit is not
possibleto verify whetheror not theseprojectswereactuallyimplemented.

Financing: national schemes and programmes

During the researchperiod (2002-2003) a total of EUR 68.2 mill ion was spent on project costs,
throughsubsidies and fiscal advantages.Thelastyear(2003)shows a clearincrease,evenwhentaking
into account theprojectsthatwere startedundertheACTSSustainableHydrogenProgramme.

National policy funds

Figure 4.3shows thefundsperphasein theinnovation path.Themajorityof theprojectscanbe
characterisedas‘Industrial research’. More field testsand demonstration projectsareexpected in the
comingyears.

Figure 4.3 Total policy funds per phase in the innovation path

Total: EUR 22,5 mln.
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Total: EUR 22,5 mln.

2

4

6

8

10

12

14

16

Fun
da

m
en

ta
l r

es
ea

rc
h

In
du

str
ial

re
se

ar
ch

Fea
sib

ilit
y stu

die
s

Fiel
d

te
sts

Dem
on

str
at

ion
pr

oje
cts

T
o

ta
lp

o
lic

y
fu

n
d

s
(E

U
R

m
ln

.)



28

Part 2 Analysis of European Hydrogen Projects
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European participants in hydrogen projects

Before looking at thecontentof Europeanhydrogenprojects,it is fi rst worthwhileconsideringthe
most importantstakeholders at theEuropeanlevel.This chapterfocuseson theEuropean parties
involved,aswell astheDutchcompaniesandknowledgeinstitutesthat are well represented. Please
noticethat in 2003only a part of FP6subsidieshadbeencontracted.

Top-25 European stakeholders

Table1.1shows thetop25Europeanproject participants.Table1.2showsthetop25andtheir total
projectcostsin Europeanprojects.Appendix1 explainsthemeaningof thetechnologyacronyms used
here.

Table 1.1 Top-25 European participants (number of project participations)
Number of participations per
technology

Technology

Organisation WO OC OG PA PB PE PF PO PZ TB TH VB VV

Total

ECN (NL) 3 1 1 5 1 10 21

Centre National de la recherche
scientifique (CNRS) (France)

1 3 3 3 1 6 17

Commissariat à l'Energie
Atomique (France)

1 1 1 1 1 10 15

Fraunhofer Forschungszentrum
(Germany)

3 9 1 13

Johnson Matthey (UK) 1 2 3 1 5 12

Volvo Technology (Sweden) 2 1 1 1 1 5 11

Ansaldo (Italy) 1 4 1 5 11
ENEA - Ente per le Nuove
Technologie, l'Energia e
l'Ambiente (Italy)

3 4 4 11

Daimler Chrysler (Germany) 3 2 1 1 1 3 11

Norsk Hydro ASA (Norway) 7 1 1 2 11

Instituto Nacional de Tecnica
Aerospacial (Spain)

3 1 1 1 4 10

Shell (NL) 3 2 1 1 2 1 10

Consejo Superior de
Investigaciones Cientificas (Spain)

1 2 1 1 4 9

Centro Richerche Fiat (Italy) 1 1 1 6 9
Air Liquide (France) 3 1 1 2 1 8

Deutsches Zentrum für Luft- und
Raumfahrt (Germany)

1 6 1 8

Forschungszentrum Jülich
(Germany)

1 1 1 1 4 8

Kungl Tekniska Hoegskolan
(Sweden)

1 1 1 4 7

C.R.F. - Societa Consortile per
Azioni (Italy)

1 1 1 4 7

Consiglio Nazionale delle
Ricerche (Italy)

1 1 5 7

Imperial College of Science,
Technology and Medicine (UK)

3 4 7

Rheinisch - Westfalische
Technische Hochschule Aachen
(Germany)

1 5 1 7

TNO (NL) 2 1 1 3 7

Electricité de France 1 1 4 6

Gaz de France 1 5 6
Total (mln. EUR) 249
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Table 1.2 Top-25 European participants (total project costs)
Total project costs per
technology (EUR mln.)

Technology

Organisation WO OC OG PA PB PE PF PO PZ TB TH VB VV

Total

Rolls Royce (UK) x x

ECN (NL) x x x x x x x

Daimler Chrysler (Germany) x x x x x x x

Johnson Matthey (UK) x x x x x x

Commissariat à l'Energie
Atomique (France)

X x x x x x x

Ansaldo (Italy) x x x x x

MTU (Germany) x x x x

Centre National de la
Recherche Scientifique (Fr)

x x x x x x x

Fraunhofer (Germany) x x x x

Forschungszentrum Jülich
(Germany)

x x x x x x

Air Liquide (France) x x x x x x

Volvo Technology (Sweden) x x x x x x x

Nederlandse Gasunie (NL) x x x

BP (UK) x x x x x x

Risoe National Laboratory
(Denmark)

x x x

Autobus de la Ville de
Luxembourg

x x

GVB Amsterdam (NL) x x

Stuttgartner Strassenbahn
(Germany)

x x

Centro Ricerche Fiat (Italy) X x x x x

Empresa Municipal de
Transportes (Spain)

x x

London Bus Services (UK) x x

Norsk Hydro (Norway) x x x x x

Transports de Barcelona
(Spain)

x x

Energie Baden-Wurttemberg
(Germany)

x x

Total (mln. EUR)x 143.8

Theselistsconsistof a numberof research institutes,(urban)transport companies,carmanufacturers
andenergysuppliers.ECNis oneof thelargestEuropeanstakeholders.Theaforementionedtables
clearlyshowthatthemost importantEuropeanstakeholdersconcentratemostof their R&D efforts on
developingfuel cells.ECN plays animportantrolehere.Therearealsomanystudiesconductedinto
the(integrationof) hydrogeneconomyasanenergysystem.Theattentionpaid to producinghydrogen
is primarily concentratedon hydrogenproductionfromfossil sourcesandbiomass.BothECNand
JohnsonMattheyplayanimportantrole in studyingproduction from fossil sources,andDaimler
ChryslerandAnsaldo are themainfrontrunnersin productionfrom biomass.

Dutch participation in European projects

Table1.3shows theDutchcompanies,knowledgeinstitutesandotherorganisationsthatparticipatein
oneor more of theFifth or SixthFrameworkProgrammes(submitted to date).
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Table 1.3 Dutch participants in European Framework Projects
Total project costs per partner (EUR) Framework programme

Organisation FP5 FP6

Total

ECN x x x
Gasunie x x x
GVB Amsterdam x x
Twente University x x
Plug Power Holland x x
TNO x x x
TU Delft x x x
Nedstack x x x
BTG x x
TU Eindhoven x x
ECO Ceramics x x
European Commission - DG -Joint Research Centre x x

Shell x x x
Hexion x x
MESA Research Institute x x
Airborne Development x x
Continental Engineering x x
Sparqle International x x
Promikron 3 x x
DAF Trucks x x
Innogas x x
Bekaert x x
Denso Europe x x
Compositeringsbedrijf Zuid-Holland x x
Milieudienst Amsterdam (environmental services) x x
KEMA x x
Netherlands Standardization Institute x x
NOVEM x x x
IMTECH Marine & Industry x x
European Natural Gas Vehicle Association x x
Innovation Support and Partners x x
Final total 26.61 11.59 38.20

TheDutch organisationsthatare conducting themostresearchunderthe EuropeanFramework
Projectsinclude:ECN, Gasunie,GVB Amsterdam,TwenteUniversity, PlugPower,TNO, TU Delft,
Nedstack,BTG andTU Eindhoven.



32

Analysis of European hydrogen projects

This chapteranalysestheEuropeanframeworkprojects with respectto hydrogentechnology. Section
2.1 providesanoverview of thetotal hydrogenresearchbeingconductedin Europe,againper
technologyandapplicationarea.Section 2.2providesageographicdivisionof thehydrogenresearch
over thevariousEU MemberStates,andSection2.3givesanoverview of theDutchparticipation in
this Europeanhydrogenresearch.Section 2.4lists themostimportantEuropeanstakeholders,and
conclusionsareprovidedin Section2.5

Hydrogen research in Europe

Theprojectcostsfor theprojectsapprovedunderFP5andFP6for theperiod1998-2003totalled EUR
441million. This includesall thehydrogenprojectssubmittedundertheFifth FrameworkProgramme,
andthe projectsthat,to date,havebeensubmittedundertheSixthFrameworkProgramme.Figure2.1
shows howtheEuropeanR&D into hydrogentechnology is distributedoverthevarioustechnology
areas.Pleasenot only a partof theFP6projectshadbeencontractedin 2003.

Figure 2.1 Distribution of project costs for European hydrogen projects per technology area (mln. EUR)
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Althoughthe Netherlandsinvestsalmosttwiceasmuchinto productionasusage,this situation is
reversed on a European scale. Most projectsfocuson theuseof hydrogentechnology– almostentirely
on thedevelopmentof fuel cells.Storagereceivesrelatively little attentionat theEuropeanlevel, and
thoseprojectsthatareimplementedconcernstoragein chemical-physicalform.

Figure 2.1also showsthattransportanddistribution receivedrelatively li ttle attention under FP5,but
thatthissituation is being redeemedwithin theFP6programmes.Theprojectcostsfor thefirst FP6
projectsarefive timeshigherthanfor transportanddistribution projectsunderFP5.This is primarily
dueto theNATURALHY projects,with 61participantsfrom 15countries.This includes10
organisationsfrom theNetherlands.This projectconcernsa study into usingtheexistinggas
infrastructurein thetransitiontowardsa hydrogeneconomy.
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Figure 2.2 Distribution of project costs for European hydrogen projects per application area (mln. EUR)
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Themain emphasisat Europeanlevel concernsmobileapplicationsof hydrogentechnology (primarily
in vehicles), while R&D in theNetherlandsconcentratesonstationaryapplications.This is
understandable,sincethereis noDutchcarindustry.

Geographic division of European hydrogen research

This section showsthegeographicdivisionof theEuropeanhydrogenresearch,bothpertechnology
andper applicationarea.Theabsolute R&D investmentpercountryis alsorelatedto its GDP,thus
giving a betterideaof the relative R&D investments.

Figure 2.3shows theproject costsof theEuropeanparticipants,geographically split over thevarious
countries, andthebreakdown pertechnologyarea.Figure2.4showsthis same geographicdivision, but
nowshowingeachcountry’s investmentsperapplicationarea.
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Figure 2.3 Geographic division of EU project costs for hydrogen projects per technology area

Translation legenda: Technologies
Opslag-Storage, Transport-Transport, Verbruik-Usage, Productie-Production, Waterstofeconomie-Hydrogen economy

Germanyis mostrepresentedin theEuropeanFrameworkProjects,followedby theUK, France, Italy,
theNetherlands, SwedenandSpain. TheNetherlandsis thereforein fifth placefor EuropeanR&D
investmentsinto hydrogentechnology. Germanyconductsthemostresearchinto storage(26%).
Austriaand Francealsoconductrelatively largeamountsof researchinto storage.TheNetherlands
conducts very little research into storagevia Europeanprojects (thoughit doesparticipate in the
nationalACTSprogramme).

TheNetherlandsandtheUK are really theonly countriesimplementingR&D into thetransportand
distribution of hydrogen.Studiesinto thenon-technologicalfactors of implementing a hydrogen
economyareprimarily beingconducted by theUK, France,Germany, Norwayand theNetherlands.

It is remarkablethatIrelandhasrelatively lit tle participationin EU projects:only aroundEUR2.4
mill ion in projectcosts.This maywell presentopportunities.Up to nowIrelandhasimplementedits
own hydrogenbusproject(comparablewith CUTE), astudy into transportinghydrogenby boat,anda
study into usinghydrogenfor fishing boats. Irelandconductsnoresearchintohydrogenstorage.
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Figure 2.4 Geographic division of European project costs per application area

Translation legenda: Applications
Stationair-Stationary, Mobiel-Mobile, Algemeen-General, Transport & opslag-Transport and storage, Industrieel proces-Industrial
process, Waterstofeconomie-Hydrogen economy

Only theNetherlands,Germany andSwedenareconducting researchinto industrial hydrogen
applications.With regardto R&D into stationaryandmobileapplications,it seemsthattheUK,
France,Spain,theNetherlandsandItaly invest aroundthesameamountof moneyin European
projects. For thesecountries,aroundone-third of thefundsarespentonstationaryapplications,and
two-thirdsonmobileapplications.VariousEuropeantownsandcitiesareconductingexperiments into
hydrogenbuses,e.g.Amsterdam,Barcelona,London,Luxemburg,Stockholm,Hamburg, Madrid,
StuttgartandPortoareall participating in theCUTE(CleanUrbanTransportfor Europe)project.
Hydrogenbusesarealsobeing usedin Reykjavik,via theECTOS(Ecological City Transport System)
project.

In order to give a betterideaof the relative R&D investments in the variousEuropeancountries,the
absolute project costshave beendividedby the GDP. The valuesshownin Figure 2.5 indicatethis
quotient,multipliedby a factorof 1,000,000in orderto achieve practical values.
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Figure 2.5 Geographic division of relative project costs in European hydrogen projects, per technology area (related to
GDP: absolute investments/GDP*1,000,000)

Translation legenda: Technologies
Opslag-Storage, Transport-Transport, Verbruik-Usage, Productie-Production, Waterstofeconomie-Hydrogen economy

Figure 2.5shows that,with respect to its GDP,theNetherlandsconducts considerableR&D into
hydrogentechnology,comparableto Denmark,NorwayandSweden.Despitethefact thatthe
Netherlandsis asmallcountry, it is notbeing left behindtheothercountries.In absoluteterms,
GermancompaniesandinstitutesconductthemostR&D via theEU FrameworkProgrammes(see
Figure 2.3). However,whenrelatedto its GDP,Germanyemergesin themiddleof thegroup,
comparableto Portugal, GreeceandAustria.

Dutch participation in European research

Of thetotal budget(EUR 441million) spentonhydrogen-relatedR&D in Europeancollaborative
projectsunder FP5andFP6, EUR 38million wasspenton fundingprojectcostsfor Dutch
stakeholders(around9%). Dutchorganisationswereinvolved in 47of the96projectsidentified in this
report as‘hydrogenrelated’underFP5andFP6.These47projectsreceiveda totalof EUR249million
in projectcosts. Figure 2.6showshowthe R&D fundsfor Dutchorganisations weresplit overthe
varioustechnologyareas.
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Figure 2.6 Distribution of project costs for European hydrogen projects to Dutch organisations per technology area
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Overtheperiod1998-2003Dutchstakeholders investedalmost EUR18million in R&D into hydrogen
use.Investmentsinto hydrogenproduction amountedto aroundEUR 11mill ion, andFP6project costs
for transportanddistributionamountedto aroundEUR 6 million. Pleasenotethat in theperiod2002-
2003 only a partof theFP6werecontracted.

TheNetherlandscontributes very little to Europeanstorageresearch(EUR0.7million), while all the
otherEU countriescollectively spendEUR29.5mill ion on thissubject.However,storageprojectsare
conductedat universities on a national level (EUR7 million in projectcostsfor theperiod2002-2003).
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European collaboration

Thefollowing sections provideaninventory of thecollaborationat Europeanlevel.Sections3.1to 3.4
includethepartiesthat arecollaboratingin production,usage, transportanddistributionrespectively.
Appendix2 includesa listof the acronyms(organisationnames)usedin thefigure.Theknowledge
institutes,universitiesandcompaniesareshownin differentcolours:companies(salmoncolour),
knowledgeinstitutes(brown) anduniversities(orange).Thediametersof thecirclesindicatethetotal
of theprojectcostsfor therespective stakeholders.Organisationsthatoftenwork togetherareplaced
closertogether.Thesediagramswere producedby CWTS, aninstituteundertheRU Leiden.CWTS
producesthese diagrams frominformation takenfrom theEU FrameworkProgramme,asupdatedby
SenterNovem.Several importantstakeholdersarethenhighlighted,andthefootnotesindicatetheFP
programmein which theyparticipate.Furtherinformationconcerningthecontentof theseprojectscan
beobtainedfrom thewww.cordis.lu website,whereall FPprojects are registered.

Section3.5 containsageographic overviewof thecountrieswherethestakeholderscollaboratein
certainareas.

Collaboration regarding production

Figure 3.1shows thecollaborationregarding hydrogenproductionthroughoutEurope,at organisation
level.

Figure 3.1 European stakeholders working on hydrogen production
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ECN is oneof thelargestDutchstakeholderswith respectto hydrogenproduction in theEuropean
collaborative projects.Twente University alsoplaysa relatively significantrole. Bothorganisations
participate in thecluster shownin thetop-left areaof Figure 3.1,whichprimarily concernsprojects
into sustainable(i.e. biological) hydrogen production andfuel processing(reformers).Thebottom
clusteralsoconcernsprojects onsustainable (i.e. biological) hydrogenproduction aswell asan
electrolysisproject.Theclusterto theright is alsoworkingonsustainablehydrogenproduction
projects.

Other largeEuropeanstakeholders in this field includeMTU (electrolysis project),Växjö (synthesis
gasproject,togetherwith surroundingstakeholders),Ansaldo,JohnsonMatthey,CentreNational de la
RechercheScientifique(SNRS),andtheInstitut für Mikrotechnik.ChorenIndustries,Volkswagenand
DaimlerChryslerarecollectively implementinga projectconcerningtheapplicationof sustainable
fuelsfor advancedvehiclepropulsion.

Collaboration regarding usage

Figure 3.2shows theEuropeancollaborationregardinghydrogenusage,at organisationlevel.

Figure 3.2 European stakeholders working on hydrogen usage

Europeanprojectson theuseof hydrogenall focuson thedevelopmentandapplicationof fuel cells.
ECN alsoplaysanimportantrole in this field. OtherrelativelylargestakeholdersincludeRolls Royce,
RisoeNational Laboratory, Commissariat a l’EnergieAtomique,ForschungszentrumJülich,Nuvera
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Fuel Cells Europe,Air Liquide,JohnsonMatthey,Fraunhofer,DenmarkUniversity, EnergieBaden-
Wurttemberg,Fiat, Daimler Chrysler, Volvo andEdF.

Thecluster to theleft of the figure representstheCUTE project(hydrogenbusesin Europeancities),
in which theGVB Amsterdamparticipates,alongwith severalothertransportcompaniesfrom
Europeancities.Theotherstakeholderscannotbeassignedto specific clusters,astheycollaborate
with eachotherin a multitudeof ways,thereforetheyhavebeengroupedinto onecluster (developing
SOFCand/or PEMfuel cells).

Collaboration regarding transport and distribution

Figure 3.3shows theEuropeancollaborationwith respectto transportinganddistributinghydrogen,at
organisation level.Theclusterto theleft concernstheNATURALHY project,whichstudiesthe extent
to which theexisting European natural gasnetworkscouldbeusedascatalystfor theintroductionof
thehydrogeneconomy.TheDutchGasuniecoordinatesthis project, andis thelargestparticipant,with
EUR 4.1million in project costs. Thecluster to theright representstheEIHP(EuropeanIntegrated
HydrogenProject).Thisgeneratesinput for definingnewregulations,at bothEuropeanandglobal
level (to facilitatein harmonisingproceduresandstandardsfor hydrogenvehicles).Theorganisations
placedbetweenthe two clusters areinvolvedin bothprojects.

Figure 3.3 European stakeholders working on the transport and distribution of hydrogen
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Collaboration regarding storage
Figure 3.4providesanoverview of theEuropeancollaborationwith respectto hydrogenstorage,at
organisation level.

Figure 3.4 European stakeholders working on hydrogen storage

Only oneDutchcompanyparticipatesin storageprojects,i.e.AirborneDevelopmentBV, in the
projectentitled‘Zero hazardgasstorageby multi-sensingopticalmonitoringsystem’.Thelargest
participantsin hydrogenstorageprojectsincludeJohnsonMatthey,Centre National dela Recherche
Scientifique, Institute for Energy Technology, DaimlerChrysler,Institut für Verbundwerkstoffe,
BMW, MagnaSteyrFahrzeugtechnik, ContravesSpaceandConsejoSuperior deInvestigaciones
Cientificas.Practicallyall theseprojects concernstoragein theform of metalhydrides,with only the
bottomclusterworkingona storagemonitoring project.

Geographic collaboration

Figures3.5and3.6showthegeographicdivisionof theproject costsfor thoseprojectsin whichDutch
organisationsparticipate: Figure3.5showsthetechnological split percountryandFigure3.6shows
this per applicationareafor eachcountry. Thetotal projectcostsof therespectiveEuropeanpartners
(in collaborative projectswith Dutchorganisations)arealsogivenpercountry.
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Figure 3.5 Geographic division of project costs per technological area for projects in which Dutch organisations
participate

Translation legenda: Technologieën-Technologies, Opslag-Storage, Transport-Transport, Verbruik-Usage, Productie-Production,
Waterstofeconomie-Hydrogen economy

Thecountries with which theNetherlandshasthemostintensivecollaborationin Europeanprojects
are Germany(EUR 65 mln.), theUK (EUR30mln.), Italy (EUR24mln.), and Sweden(EUR18
mln.). Germanyis by far the mostimportant partner,particularly for thedevelopmentof fuel cells,but
thereis alsoconsiderable collaborationwith Germanpartnerswith respectto storage.Thereis
relativelylitt le collaborationbetweentheNetherlandsandGermanywith respectto hydrogen
production.

There is alsoconsiderablecollaborationwith theUK, Italy andSwedenwith respectto fuel cells.The
Netherlandsalsoworks with Italy andSwedenonhydrogenproduction,particularly biomass-based
production.Thereis generally little collaborationbetweentheNetherlandsandFrance,particularly
regardingfuel cells.
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Figure 3.6 Geographic division of project costs (per application area) for projects in which Dutch organisations
participate

Translation legenda: Toepassing-Applications, Stationair-Stationary, Mobiel-Mobile, Algemeen-General, Transport & opslag-
Transport and storage, Industrieel proces-Industrial process, Waterstofeconomie-Hydrogen economy

There is little collaboration betweenthe NetherlandsandtheUK, Italy, Spainand Francewith respect
to stationaryapplications.Themostimportantpartnersin projectsfocusingonmobile applications
includeGermany,theUK andItaly. Thesearethecountries with national car manufacturing
industries.

European partners

This studyfound176instanceswherea Germanpartnerwasinvolvedin projectswith oneor more
Dutchorganisations;69 instancesof British partners;62 Italian; 61French;40Swiss;and33 Spanish.
Thelargestcollaborative partners in Germany,theUK, Italy, Sweden,Franceand Spainarelistedin
Table3.1.
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Table 3.1 Most important collaborative partners in countries with which the Netherlands collaborates the most
Germany UK Italy Sweden France Spain

Fraunhofer Johnson Matthey Ansaldo Volvo Technology Centre National de
la recherche
scientifique

Instituto Nacional
de Técnica
Aerospacial

Daimler Chrysler AG Imperial college of
science,
technology and
medicine

ENEA - Ente per le
nuove technologie,
l'energia e
l'ambiente

Kungl Tekniska
Hoegskolan

Commissariat a
l'energie atomique

Consejo Superior
de investigaciones
scientificas

Deutsches Zentrum
für Luft- und
Raumfahrt

BP Centro Ricerche Fiat Sydkraft Air Liquide Centro de
investigaciones
energeticas
medioambientales
y tecnologicas

Forschungszentrum
Jülich

Rolls Royce C.R.F. - Societa
Consortile per
Azioni

Lunds Universitet Electricité de
France

Foundation
inasmet

Rheinisch-
Westfälische
Technische
Hochschule Aachen

Intelligent Energy Consiglio Nazionale
delle Ricerche

Stockholm
Universitet

Gaz de France Instalaciones
Inabensa

BMW University of
Newcastle upon
Tyne

Politecnico di Torino Uppsala University Regienov - Renault
recherche et
innovation

Chloride Espana

MTU University of
Strathclyde

Universita degli
studi

Turbec AB Peugeot Citroën
Automobiles

Elcogas

Forschungszentrum
Karlsruhe

University of
Warwick

Nuvera Fuel Cells
Europe

Värnamo Institut Francais de
Petrole

Ruecker Iberica

L-B-Systemtechnik Air Products CESI - Centro
Elettrotecnico
Sperimentale
Italiano Giacinto
Motta

Växjö Association pour la
recherche et le
developpement des
methodes et
processus
industriels

Universidad
Politecnica de
Madrid

Technische
Universität
Hamburg-Harburg

Alstom De Nora Alstom Ecole Nationale
Superieure des
mines de Paris

Air Liquide

International hydrogen platforms

International
EuropeanTechnologyPlatform HydrogenandFuelCells (ETP)
TheNetherlandswasinvolvedin thecreationof ETP.This platform aimsto achieve better
harmonisation of nationalandEuropeanpriorities,andbettercohesionof research activities,e.g.by
harmonising theagendas for futurestrategic researche.g.,the7th Framework Program. Platform
participantsincludepublic, industrial andsocialorganisations.ECNis involvedin theAdvisory
Council, andSenterNovemis involvedin theMirror Group(theconnection betweennationaland
Europeanprogrammes). The‘Initi ative Groups’includevariousDutchhydrogenandfuel cell
stakeholders.

Furthermore,variousDutchcompaniesparticipatein theglobalnormalisationfor hydrogenandfuel
cell equipmentvia theNEN (Dutchnormalisationinstitute),i.e.NEC105andISO TC 197.
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International EnergyAgency(IEA)
TheNetherlandsalsoparticipatesin theIEA. This is anautonomousbodythatwassetupby the
OECD2 in 1974asaresult of theenergy crisis.TheIEA aims to monitorthesupplyanddemandof
energy, developpoliciesto ensurethecontinuity of theenergysupplyandregularly publicisetheir
findings.

Within theIEA thereare awholerangeof internationalcollaborativeactivities beingimplementedon
thebasisof collaborative contracts,theso-called‘ImplementingAgreements’(IAs); theseare
managedby Executive Committees(ExCo)thatimplementselectedtasks.Furtherdetailingand
implementationtakeplace in theAnnexesto theseIAs, which reportto theExCo. Countries
participating in theIA mayalsoparticipatein oneor moreAnnexesif theywish to doso.Participation
costsareeither fundedcollectively or arepaidaccording to theefforts involved(i.e. cost-sharingor
task-sharing).

TheNetherlandsparticipatesin two IAs: ‘HydrogenProduction andUtil isation’and‘AdvancedFuel
Cells’. Thesearetask-sharing agreements.SenterNovemandECNrespectivelyhaveseatson the
ExCos,andvariousDutchorganisationsparticipatein theAnnexes.Theseinternationalactivities aim
to increasetheefficiencyof R&D activitiesin selectedareasandto continually evaluatethemost
relevantdevelopments,field testsandresearchsubjects.

During thespringof 2003theIEA initiatedthe‘HydrogenCoordination Group’ (HCG), in which over
25 countriesparticipate,and where several relevantIAs are represented.TheHCG aimsto implement
studies and activities that are of collective and structural importancefor hydrogen technology.
SenterNovemrepresentstheNetherlandsandis co-chairof this group.

2 Organisationfor EconomicCo-operation andDevelopment
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European policy funds

TheEU hassupportedresearchprojects,technologicaldevelopmentanddemonstrationprojects(RTD)
for hydrogentechnologyandfuel cells sincethe1970s.

The European Framework Programme (FP5, FP6)

FP2startedby spendingEUR8 milli ononsuchprojects.Thissubsidyhassince increasedto around
EUR 130million for FP5(1999-2002).

FP5projectsconcern:fuel cells (SOFC, MCFC,DMFC, PEMFC), polymer fuel cells (PEMFC),
reformers,fuel cell andhydrogennetworks,hydrogen(production,sustainable productionand
acceptance)andrelatedmaterialresearch.

Thehydrogen-relatedresearchwithin FP6falls underthetheme‘SustainableDevelopment,Global
ChangeandEcosystems:Sustainable EnergySystems’.The availablebudgetfor this researchamounts
to EUR810million. Thecalls for tenderare publishedby DG TransportandEnergy (shortto medium
term),andDG Research(long-termprojects).

Dutch participation in FP5 and FP6

During theperiod1999-2003Europeancompanies,knowledgeinstitutesanduniversitiesspent EUR
441million in implementing projectsundertheEuropeanFramework Programme.TheDutch
contribution amountedto EUR38million (9%). TheNetherlandswasinvolvedin 47of the96
projects.

Table4.1providesanoverviewof the Europeanpolicy fundsfor encouraginghydrogenresearch in the
Netherlands.

Table 4.1 European policy funds from FP5 and FP6
Total policy funds of Dutch
participants (EUR mln.)

Framework
Programme

Year FP5 FP6 Total
1999 3.3 3.3
2000 3.9 3.9
2001 4.2 4.2
2002 2.3 2.3
2003 0.03 6.6 6.6

Total 13.7 6.6 20.3

During theperiod1998-2002a total of EUR 13.7mill ion wasspent on fundinghydrogenprojects
under FP5. Within FP6,EUR6.6million wasallocatedaspolicy fundsduring2003alone,andthis
programmeis dueto runup to 2007.
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Part 3 Conclusions, Trends and Policy
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Conclusions, trends and policy

Stakeholders, policy funds and investments
In total this study found325 relevanthydrogenandfuel cell projectsin 2002and2003.Three-quarters
of the national projectsinvolve using hydrogenas an energycarrier. The remainder are hydrogen
industry projects.The total project costs totalledEUR 83.5 milion for this period(2002-2003). Since
1997 thetotal annualprojectcostsshowaclearupwardcurve.

Project costs per year (mln. EUR)
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Total project cost (national
and FP5/6)

Cost of national Dutch
projects

FP5, FP6 Dutch project cost

ImportantDutch stakeholders, both in the national and European researchprojects include: ECN,
Shell, Nedstack,Hexion, Agrotechnology & Food sciences,TNO, TU Delft, TU Eindhovenand
Sparqle. These Dutch stakeholdershave increasingamountsof policy funds available that the
governmentallocatesfor hydrogendevelopment.Previoussectionsof this reportnotedthat thepolicy
funds for hydrogentechnology are increasingrapidly. The national policy funds totalled EUR 22.5
mill ion for the period2002-2003.The EU’s Fifth FrameworkProgramme made EUR 13.7million in
subsidiesto Dutch participants available for theperiod1999-2002.In 2003thesestakeholdersreceived
EUR 6.6million from theSixth FrameworkProgramme.

Investering in applications
Most of thesefunds are invested in hydrogenproduction technologies (EUR 35 million for 2002-
2003), followed by usage technologies(EUR 19 milli on in 2002-2003).Another EUR 7 mill ion was
also spent on storagetechnologies (2002-2003).Production technologies concentrate on production
from fossil sources: reforming (42%), purifying hydrogenand electrolysis. Fuel cells are by far the
most important subject in usage technologies. Hydrogen storage focuseson storage in chemical-
physical form (metal-hydrides,nanotubes,gashydrates). Infrastructure with distribution points and
fuel additivesarethemostimportantpointswithin thetransportanddistributiontechnologies.

Stationary hydrogen applications are often studied
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With respectto application areas, it is remarkablethatstationaryapplicationsof hydrogentechnology
(EUR 18 million in 2002-2003) areso often studied.This is in contrastto generalEuropeanopinion.
The most important stationary application is small-scaleproduction of heat and electricity (around
two-thirds of the project costs in this area);the remainingone-third is spenton large-scaleelectricity
andheat production.Mobile applications takesecondplace(EUR 14 mill ion in 2002-2003),themost
important of thesebeing road vehicles,which takesup 85% of the project costs. The rest concerns
mobile applicationsfor the space and shippingindustries.Thereare also many projects that do not
specifically concernany singlestationaryor mobile application,but thesearerelevant for both types
of applications.

Activities per technology area
Thetotal projectcosts for hydrogenprojectsin theNetherlandshavealmostdoubled.Overthepast
two years theupwardcurvehasincreased considerably,particularly with respectto hydrogen
productionprojects.This is partially relatedto theincreaseddemandfor industrialhydrogen.Research
into microbiologicalproduction of hydrogenis still in its infancy.

Project types
Hydrogen projects can primarily be classedas industrial research.Most R&D concernsindustrial
research.However,there arealso a considerablenumberof fundamentalresearchprojects.Since2001
several practicalexperimentsand a few demonstration projectshavealso beenconducted.Against
expectations, the past few years have seenno experimentsstarted into local hydrogen networks.
However,thenumberof demonstrationprojectsis expectedto increaseoverthenextfew years.These
will be supported by the new Dutch programs: Energy Transition scheme(UKR) and the EOS
Demonstrationscheme.

Industrial research tops the list of national hydrogen projects

European focus on hydrogen
All previousFP5(1999-2002)andthe ongoingFP6(2003)projects havebeen inventoried usingthe
EU’s CORDIS database (www.cordis.lu). This allowed an analysis of all European companies,
knowledgeinstituesanduniversitiesworking on hydrogen.The Netherlandsis involved in 47 of the
96Europeanprojects.

International position of Dutch knowledge institutes and companies
TheNetherlandsholdsastrongpositionwith respect to gastransportanddistributionknowledge.This
report hasconfirmedthis advantage throughits analysisof theEU’s FrameworkProgrammes.ECN
hasastronginternational knowledgeposition;this is shownby theinstitutes participationin the
European FrameworkProgrammes.TheNetherlandsspendsEUR 11mill ion onEU projects (1999-
2003) andtherebytakessecondplacein thelist of EU countries.

The Netherlands holds a strong position with respect to gas transport and distribution

One-third of theresearchprojectsconfirmthatmanycompaniesareworking togetherwith German
companies.Interviewshave shownthattheGermanproductionindustryhasfocusedmoreon
hydrogentechnology,andeventheknowledgeinstitutestakea morepracticalapproach.Analysis of
FP5andFP6shows thatGermanyinvestsmorein hydrogen technologythan anyothercountry in
Europe.

Technology trends: new and ceased developments

Trends in mobile applications and fuel cells:
In recent years the core motives to use hydrogenin traction and stationaryapplicationsgained
importance.Both the concerns on environmentalissuesandthe availability of suitablefuels ask for
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transition to clear CO2 free use of fossil fuels and increaseddeployment of renewablesources.
Hydrogencan be the linking fuel. Various systemconceptsare now being testedin somerealistic
dimensions.Someconclusionscanprudently bedrawn.

Hydrogenstorage‘on-board’ insteadof ‘on-board reforming’.
It would appearthat the large car manufacturersno longerchoose‘on-boardreforming’. Converting
(liquid) hydrocarbons into hydrogenis fairly complexandcostly for thecarowner, andthe technology
is not yet developedfar enough that it can be easily integratedinto a car. This conclusionby car
manufacturers, leads to have pure hydrogenon-board and increasesthe needto develop efficient
storage systemsandgivestherelative temperaturePEM fuel cells a distinctadvantage.

Working towardsefficient loadsratherthanpeakloads.
Over the past few years, fuel cell developmentfor mobile applications has primarily focused on
achievinga particular(peak) capacity. However, the fuel cell does not functionat its most efficient at
this peakcapacity. Systemconstraints howeverwould appreciatehighertemperaturethan theusual 80
˚C. Thecar manufacturershave chosenanotherstrategy.A lower currentdensityby fuel cells thanthe
maximum capacity,e.g. 25% rather than the maximum, increasesthe efficiency and extends the
lif espanof thefuel cell. The greatertheefficiency,thelessresidualheat. This is extremelyfavourable
for mobile applicationsas consequently lesshydrogenneedsto be storedon board, andthe radiators
canbemuchsmallersized.

Increaseddemandfor additional electrical powerin roadvehicules.
Carsarerequiringincreasingly moreelectricity on board,dueto thegrowinguseof computers, DVDs
andother(navigational) equipmentin thecar.This trendhelpstheintroduction of fuel cell systemsfor
mobile applicationsor additional electrical power(APS).

Suitablefor usein portable consumer electronics.
We will probably first widely seeapplications of fuel cells in small portable electronics,such as
cellphonesandcomputers.Theseapplicationsdo not requireanylarge-scalesystemchanges.In Japan,
researchersare currently focusing on portable consumerelectronics. The first ‘fuel cell battery’
(methanol)hasalreadybeenlaunchedby Toshiba.

Trends in stationary fuel cell applications:

PEM: highworking temperature,resists degradation,longerlifespan.
There arethreedevelopmentswith respectto PEM fuel cells.Firstly, researchersare trying to increase
theworking temperature of thesefuel cells.This would meanthat, in stationaryapplications, the fuel
cell could meet the required heat demand(especially the temperaturelevel) without additional
hydrogenburners or heatpumpsbeingrequired.The working temperatureis currently around80̊ C.
Higher temperaturescausedegradationof thepolymer. Theseconddevelopmentconcerns makingthe
PEM fuel cell resistent to toxic components,such as sulphurcompoundsand carbonmonoxide.A
certain amount of resistanceto thesecomponentsis required,particularly whena fuel cell is switched
directly to a reformer. The third developmentconcerns the lifespanof the PEM fuel cell. Thereare
variousmechanismsthat degradea PEM fuel cell. Understandingthesemechamismsshouldlead to
improvementsin the polymer, improved processingof the fuel cell system, or even result in the
developmentof a newpolymer.

Vir tual powerplants.
It is possible to centrally control and monitor decentralisedstationaryfuel cell systems(in housesor
flats).Thesedecentralised systems togetherform a so called‘vi rtual powerplant’. Depending on the
scaleand possibilitiesto usethe heatproducedon thespot, this could be economicallyviable. In the
future thesevirtual powerplants will alsobeableto runonvariousenergysources.
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Part-loadoperationprovides greaterefficiencyandopportunitiesfor emergencyelectrical power.
A fuel cell runningat partial capacity is moreefficient thanoneworking at full capacity.This is in
contrastto conventional techniquessuchasgasenginesandgasturbines.If morecapacity is required,
the electrical production of the fuel cell can be increasedvery quickly. Running at part-load is
thereforeenergetically favourable andcanalsoprovidea solution to suddendemandsfor morepower.

SOFC: newstackconcepts,extendinglif espan,improvingefficiency.
With respectto the SOFCfuel cell, researchin the Netherlandshasprimarily beencarriedout by
ECN. This research institute hasa good knowledgeposition in Europeon this subject. New stack
concepts, lifespan and efficiency are central to this research.More efficiency can be obtained,for
example,by reducing theoperating temperatureof theSOFC.

Due to its high operating temperature(600-1000̊C) andfuelled by variousgases,the SOFC is fairly
resistant to polluting components.The cell is alsosuitablefor integrationinto certainchemicaland
industrial processesata high temperature.

Trends regarding hydrogen storage:

Moredemand for hydrogenunderlinesthe importanceof hydrogenstorage, problemsolved?
Various formsof hydrogenstatesarestrongly underresearch.As previouslymentioned,theemphasis
on on-boardstorageof purehydrogen hasincreasedsincethecar manufacturers have chosenfor this
system. However,researchersare still planning to store high-pressurehydrogenin gaseousform. A
numberof stakeholders have indicated that interestin hydrogendevelopmentsareclosely monitored
by severalSMEs who develop partsfor energysystemsin the built environment.Entrepeneurs are
interested to see whether hydrogen can be given a place in their product portfolio, and therefore
regularly contactthemainstakeholdersfor information.
Liquid storagehas interestingproperties as for the storagehowerver there is a drawback, the high
energy costwhenliquify ing hydrogen.

Storagein metalhydrides.
Various hydrides,compound of metalsand hydrogen,havealwaysbeenseenas the solution to the
storage problem. A car with a metal hydride storage tank wil l need new suspensiondue to the
incredible weight of the storage tank, but there are also applicationswhere this weight does not
constitute a problem.An example is a newGermansubmarinethat is fi ttedwith a 30-50 kW Siemens
fuel cell. The hydrogenis storedin metalhydride cylinders. Another problemof storinghydrogenin
metal hydridesconcernsstorageandemissionspeeds.

Storagein hydrogenhydrates.
A new possibilityconcernshydrogenstoragein hydrogenhydrates.TU Delft hasdevelopeda method
to form hydratesat acertain temperatureandpressure.This research is still in theearlystages.

Innovative storagesystems important for thebreakthroughto a hydrogeneconomy.
Althoughstoragegenerally forms a problem, it is not yet deceleratingthedevelopmentof a hydrogen
economy. Under the ACTS SustainableHydrogen programme, a number of Dutch knowledge
instituteshave begunresearchinghydrogenstorage.

In Europe a lot of attention is being paid to hydrogen storage. This could be an
interesting area for the Netherlands to develop new activities

Trends in industrial processing:

Demandfor hydrogenby refineries.
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In order to meet the new European norms for diesel, refineriesmustnow remove moresulphur than
ever before.This meansthat the demandfor hydrogenby refinerieshas increased. Consequently,
various oil companies and engineering fi rms have recently extended and optimised large-scale
processesfor producinghydrogenandresearchingnewpossibili tiesto achievethis.

Industrialhydrogenproducers are lookingat variousnewapplications.
IndustrialgasmanufacturerssuchasHoekLoos (Linde), Air Products andAir Liquide haverecently
becomeinterestedin hydrogenenergy applications.Thesemanufacturersseea clear marketandtend
to participatein projects.

Typical Dutch trends:

The extensive natural gas and electricity grids make micro-cogeneration plants
a good opportunity for the Netherlands

Micro-cogeneration.
This cancontributeto energyconservation in all homes.It is extremelysuitable for the Netherlands,
with its manyblocksof flats androws of rental homes(housingassociations).This therefore forms a
goodopportunity, combinedwith theextensiveinfrastructureof natural gasandelectricitygrids. The
Netherlandshave considerable knowledgeof gas infrastructure,and engineering companieshave
experienceof installing industrial networks.TheRijnmondareaseemsparticularlysuitabledueto the
availability of largeamountsof hydrogen.Micro-cogenerationplantsarecurrently beingconsideredin
several regional locations.

Integratingwith thechemicalindustry.
Nedstackand Akzo Nobelhaveinitiateda projectto developa 50MW powerplant(PEM fuel cell), in
which theyplanto couple a fuel cell power plant to a chlorinemanufacturing plant.TheNetherlands’
positiononPEM fuel cells is quitestrongandwehavea keyplayerin Nedstack.

The SOFCcan be integrated into high-temperature processes.ECN hasa good position in Europe,
with respectto SOFC technology. Spin-offs from this researchare currently being developedin
collaboration with industry.

Producinghydrogenfrombiomass.
The Netherlands’ position concerning the productionof hydrogenfrom biomass is strong– there are
several knowledgeinstitutescurrently conducting researchinto this subject.The industriousnessof
theseDutch activities is quite nearing for pyrolysis, but for supercritical hydrolysisand biological
processesarestill in its infancystage.

Inlandshipping industry.
The Dutch inland shippingindustry hasshownan interest in limiting emissions of harmful exhaust
gases. There are a numberof possibilit ies here: reforming gas oil into hydrogen, and running the
propulsionor on-boardelectrical systemsvia a fuel cell. TNO, Stork Special Products,the TU Delft
andthe VNSI (NetherlandsShipbuilding IndustryAssociation)areall activelyworking on thissubject.
The Ministry of Defence is also interestedin convertingshipping diesel into hydrogenand then
electricity.
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Appendix 1: Coding for hydrogen technology projects
used in this report

Theprojectsdiscoveredduring thisstudyhavebeenallocatedacodeaccordingto thefollowing
factors:technologyarea,applicationarea,applicationscale,companysize,system,development
phase,andthesector.A numberof questionswereusedto providethefollowing qualifications:focus
onhydrogentechnology, knowledge institute,consultancy,materialdevelopment,sensors,absorption
andmembranes. 
 

Thecategory ‘Other’ is given to projectsthatdonot fall within aspecific technologyarea.‘General’
refers to projectsto donot focusononespecificapplication,but combineseveralapplications.

Technology area
(with sub-areas)

Application Scale System J - Yes
N - No

Development
phase

Sec-
tor

Size

P* – Hydrogen
production

PA – waste / residual
product
PB – biomass
(thermal)
PE – electrolysis
PF – fossil source
(reforming)
PM – microbiological
PZ – pure hydrogen

PO – other

M* – Mobile

MA – car
MD – portable
MF – (motor)bike
MR – space travel
MS – shipping
MV – aviation

C – central

D – decentral

O* – Hydrogen
storage

OC – chemical
physical form (solid)
OG – compressed
OV – liquid

OO – other

S* – Stationary

SG – electricity & heat
buildings / homes /
small scale
SR – space travel
SE – electricity & heat
production (large scale)

T* – H2 transport &
distribution

TA – small systems,
valves and pipes
TB – additives
TH – networks, large
infrastructure, distrib.
points

TO – other

T* – Transport &
storage

TC – storing bottles,
packs, barrels (small)
TN - networks,
distribution
TT– refuelling stations
TV – transporting
hydrogen (large)
TG – large-scale
transport & storage
U* – Industrial
process

UC – chemical ind.
UI – ind. process

V* – Usage

VC – chemical
VB – fuel cells (METH,
PEM, SOFC)
VK – boilers, burners
VV – turbines,
combustion engines

VO – other

B - General

WO – hydrogen
economy studies

WO – hydrogen
economy studies

Type of fuel
cell:

PEM

SOFC

METH

MCFC

ONB:
unknown

NO:
no fuel cell

Combina-
tion of :

P:
produc-
tion

O:
storage

T:
transport
& distrib.

V: use

NO:
no
system

Focus on hydrogen
economy (spin off)

Knowledge
institute

Consultancy

Material
development

Absorption

Sensors

Membranes

FT - Fisher
Tropsch

UP – petrochem.

H - feasibility

FO – fundamental
research project

IO –industrial
research project

P – Practical tests

D – demonstration
project

T – application
project

SBI-
code

Number of
employees in
the following
categories:

A: 1-9 
 
B: 10-49

C: 50-99

D: 100-249

E: 250-499

F: 500-999

G: 1.000-
9.999

H: 10.000-
24.999

I: >25.000
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Appendix 2: List of abbreviations used in collaboration
maps

Dutch collaborative organisations
Organisation Abbrev.

Agromiscanthus Agrom

Akzo Nobel AkzoN

Atlas Copco Compressors Nederland B.V. Atlas

ATO ATO

Ballast Nedam Balla

Compressor Systems Holland Compr

Corus Corus

Duynie Duyni

ECN ECN

Ecofys Ecofy

Enertec Entec

Grontmij Water & Reststoffen Gront

Hexion Hexio

LTO Groeiservice LTO

Nedstack Nedst

NUON NUON

Promikron Promi

RU Groningen RUG

Shell Shell

Sparqle Sparq

Stork Stork

Techno Invent TechI

Technogrow TechG

Teesing Teesi

TNO TNO

Urschel Int. Ursch

Van Vliet Recycling Vliet

WUR (Wageningen University) WUR

BTG BTG

Cogas Cogas

DuCH4 DuCH4

Gipec Gipec

KUN KUN

RUL RUL

Siemens Sieme

Technical University Delft TUD

Technical University Eindhoven TUE

Twente University Utwen

VU VU
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Most important European stakeholders
Organisation Abbrev.

Rolls Royce (UK) Rolls

ECN (NL) ecn

Daimler Chrysler (Germany) daim

Johnson Matthey (UK) jm 

Commissariat à l'Energie Atomique (France) cea

Ansaldo (Italy) ansal

MTU (Germany) mtu

Centre National de la Recherche Scientifique
(France)

cnrs

Fraunhofer (Germany) fraun

Forschungszentrum Jülich (Germany) juel

Air Liquide (France) airl

Volvo Technology (Sweden) volvo

Nederlandse Gasunie (NL) gasu

BP (UK) bp

Risoe National Laboratory (Denmark) riso

Autobus de la Ville de Luxembourg avlu

GVB Amsterdam (NL) gvb

Stuttgartner Strassenbahn (Germany) ssag

Centro Ricerche Fiat (Italy) fiat

Empresa Municipal de Transportes (Spain) emt

London Bus Services lonbu

Norsk Hydro (Norway) hydro

Transports de Barcelona tbarq

Energie Baden-Wurttemberg ebwa


