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Introduction

This work is mostly based on the recent hydrogen road foapinland[1]. Information of this report
is reviewed and analysedith the focus orpath dependencg?].

In general, it should be noticed that the change of the paradigm is mostly driven by major global
stakeholdersn EU, Korea, Japaand major automotiveoriginal egiipment manufacturer§OEM).

Therefore, vihen discussing the possibilities foew path creatiorin Nordic countriegincluding
Finland)it must be done by closely monitoring the development of global hydrogen and fuel cell
technology.

The case study dfinland is focused on issues, which would create possibilities to initiate new
technologies in certain niches taking into account the specific situation in Finland.

The ase here ishe role ofindustry byproducthydrogen in path creatioof hydrogen infastructure
for Finland

Finland has peculiar characteristmsmparedto many other countries, when discussing thald-up
of hydrogen infrastructure.

There is an EU directive in preparation, which wallligemember counties to build sufficient

amount of refuelling ad charging stations. In Octob2613 there were no information availabléf

there will be requirement for hydrogen refuelling stations (HRS) for Finland and how many stations
should be build. Prehinary, a distance limit of 300 km between HRS has been mentiongdicle 5
Hydrogen supply for transpoim A proposal for a Directive on the deployment of alternative fuels
infrastructure (COM(2013) 18B)

In Finland there are very significant amah7 000 t/year) of byproduct hydrogen produced in
chlor-alkal industnyf3]. A major part of this could be used for vehicles, when fuel cell vehicles are
commercialisedThe production of byproduct hydrogen is also relatively distributed, but laezht
mostly in southern Finland with highest population density.

The use of inexpensive ipyoduct hydrogen in the first phase of hydrogen infrastructbu#d-up
would alsofavour relatively centralised hydrogen production in the latter phase, as delivery
infrastructure would bebuilt around the byproduct hydrogenWith other words, inexpensive by
product hydrogen mapave acentral role in path creation for hydrogen infrastructure in Finland.

Anotherimportant industrial factor in Finland is availability of biomass and high level technological
knowledge in biomass and solid waste gasification.

TheFinnish companietso h&a RSt A 3SNBR (GKS ¢2NI RQa I NASad o0A2Yl
in Vaasa [4]. In addition Metso has delivered the first power plant using first solid recovered fuel
(SRF) gasificatidb).

Gasification of biomass isséep in liquid biofuel production (biomass to liquids, BTL). On the other
hand, hydrogen can be produceaiin biomass by gasification and this has been a topic of intensive
research in many countries, including USKA [

! http://eur -lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2013:0018:FIN:EN:PDF
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Figure 1 Economics of hydrogen production via gasificatfoom [6].

The energy efficiency of hydrogen production by gasification of biomaggmigicantly higher
compared to production of other fue[Z]. This will favour hydrogen as soon as sufficient demand is
available.

As the gasification and gas purification preses are common for both BTL and hydrogen

production, there is possibility for wiwin situation, instead ofletrimentalcompetition. As

discussed later, hydrogen production by gasification of biomass/waste is not a short term option, as
it must be done idarge scale anfinal purificationstepmay need to be done by liquefying. However,
production of hydrogen production by gasification of biomass/waste would favour the general path
of centralised hydrogen production and road delivery in Finland.

2 100
=
e
o 80 i
(%)
= B Detailed
] :
- 60 - | calculations
=)
o O Syngas-
2 40 — conversion
g model
Q
x 20 4 —
s
N
§ D 5 T T T
w FT CH30H SNG H2
Figure2.  Efficiency for biofuel productiofi, 7]. (FT=Fischer Tropsch diesel, CH30OH = methanol,

SNG = synthetic natural gas, H2 = hydrogen)
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1. Value chain characteristics

1.1. Main activities/segmentsof the value chain

1.1.1.Production of hydrogen

Concerning the production of hydrogen, the special feature of Finlamghgsoduct hydrogen from
chlor-alkal industry.

The use of industry bgroduct hydrogen would create an opportunity to replaignificant amount
of fossil (importedfuelsin first applications. As the value of-pyoduct hydrogen for different use
nowisonlyev € ®@@ A € k,a farfgedpart of this hydrogen could be economically used for
vehicles, where the value islbn € k | 3 &iRc8 thig BB dgdh Roultl ree expensive
imported fossil fuel, the benefits for Finnish economy are clear and measurable.

The key issue for all forms of centralised hydrogesductionis cost and efficiency adelivery and
distribution. Thisis studied in DOE projects [, It s&ems that reasonable distance for compressed
gas delivery can in future be up to 300 km, see Chapter 1.1.5.

The production is located in few places (mégure 3, which are outside of main consumption
centres However, these sites aret very far forconsideringroad delivery if the costefficiency of
road delivery can be improved.

Another keyissue here is the cost for upgrading hydrogen to the quiliy 14682:2012 which is
required forautomotive applicationglSO 14682:2012, Hydrogen fual Product specification
Part 2: Proton exchange membrane (PEM) fuel cell applications for road Jehicles

Anothermajor production location in Fiahd isthe oil refinery in Porvoo50 km from Helsinki
where hydrogen is produced in large sc@dl@8000 t/year)using natural gaand steam methane
reforming (SMR) The only supply for the natural gas in Finland is import from Russia. However,
number ofLNG terminalssin preparation and investment subsidy for LNG terminals will be
availablé. This could, in turn, further accelerate the use of NG as a source of hydrogen for road
transportbefore sustainable sources of hydrogen become cost efficient

Forthisrefineryd 8 SR K@ RNR3ISYy (KS EINRKJzODA DY aThechdiof ba mep
this hydrogeris mostly dependent on NG price and therefore does not provide advantage to Finland
compared to other countries

However, if NG price remains low, also the use of this hydrogen would provide significant economic
benefits to Finlad, as it replaces even more expensive fossil fuels [1, pagéS]6Rorvoo refinery is
also located less than 50 km from Helsinki area, which is the largest consumption centre for
transportation fuels.

Neste Oil has another refinery in Naantali. The ugglof hydrogen from that oil refinery will
depend on the investments either on NG grid in FinlandNG terminals in Naantali, as inexpensive
NG would be required for hydrogen production.

2 http://www.tem fi/energia/tiedotteet_energia?89519 _m=112049
http://www.tem.fi/sv/energi/meddelanden_energi?89520_m=112057
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The drawback of using NG would be the carbon dioxidg)(@@isions. While some reduction in €O
emissions can be achieved using hydrogen from NG, this hydrogen source should be seen as bridging
technology towards Cdree hydrogenCarbon capture and storagegCCS) may redutke emission

level of central hydrogen pduction from NG by SMR.

In general, there are and will be number of hydrogen centralised production units in southern
Finland, not far from the main consumption centres.
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\ other major
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Figure 3 A layout for hydrogen stations in Finland with the main hydrodgproduct locations
(from [1], with additions)

As discussed in the introduction, in Finland thereigh levelof knowledge and industrial activity for
the gasification of biomass and waste.

This is importantas it provides the way to use paraledisting infrastructure and technology, which
are also developed for the production of liquid biofuels

Large scale gasification plants should not be located too far from raw material sources due to logistic
costs.

A major issugfor hydrogen produced via gdicationis the purification and quality assurancest for
this hydrogen as there are vergnanypotential impurity componentsIncreaseof impurity levels in
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standardISO 14682:2012and development omore cost efficienguality assurance method winl
significantly increase possibiésfor hydrogen from gasification.

The increase of impurity levels in standard ISO 1482112 is not possible, before more

information is gained on the contamination processes of automotive PEMFC syBlevetopments

of materials (catalyst, membrane) may improve PEMFC technology so that higher impurity levels are
possible in the future.

A rumber of companieare producinghydrogenin Finland, see Table 1 [3]. Hydrogen production in
Neste Oil Naantali refery (about 10 kt/year, 30000 ni/day) is not included in this table.
Otherwise, therenavenot been major changes for the information in this table.

Table 1.  Hydrogen production sites in Finland [@F.S: Chlorine sodium hydroxide electrolySis,
Sodiumchlorate, SMR: Steam Methane Reformer, SR: Steam Reformer WE: Water Electrolysis)

Region Capacity | Process/

(= NUTS level 3) Plant site Owner {10’ miday) | source Current Use / Remarks Availability
Ita-Uusimaa Porvoo gc;num Oiland Gas 3300 | SMR Refinery Captive
Varsinais-Suomi Raisio Linde 17 Merchant
Kymenlaakso Voikoski Oy Woikoski AB WE from hydropower Merchant

Oy Finnish
\ 0,
Kymenlaakso Voikkaa Poroxides H;0; production Captive
Etela-Karjala Joutseno Kemira Oy s5|CS By-Product
Etela-Karjala Joutseno gn;mnsh Chemicals 115|S By-Product
Etela-Karjala Joutseno g‘;nmh Chemicals 63|CsS hydrochleric acid By-Product
OMG Harjavalta SR
Satakunta Harjavalta Nickel Oy 60 Naphta Metals Captive
Satakunta Aetsa FOI;n«sh Chemicals 240|S By-Product
Lappi Oulu g:mwa Chomicals H:O; production Captive
Lappi Oulu Eka Chemicals 30|Cs Hydrochloric acid and fuel By-Product
Lappi Oulu Eka Chemicals 90|S Hydrochloric acid and fuel By-Product
Uusimaa Espoo Oy Woikoski AB Merchant
Uusimaa Helsinki Linde 12 Merchant
Ita-Uusimaa Porvoo gzreahs Polymers 161 | Ethylene By-Product

As shown in the table, most of the hydrogen is produced for industrial use (captive). In addition,
some of the byproduct hydrogen hakigh value use close to productioites A smaller amount of
hydrogen is produced for merchant purposegwever, a very large amount (>Q00 t/year) by
product hydrogen has no high value use or no use at all.

The key issue here is the value of sold hydrogen for the producermidalyct hydrogen. When
hydrogen is replacing peat or wood chips in heat and power production, it has a valu&of 15

eka2 KX YSI yiwedk DR deiie RINBpI Sy a2t R (2 | Odzad2YSNI A
taxes) compared to its currentusebn € K { 3 @

The cost of purification, quality assurance, delivery and pressurising are determining the final value
of industrial byproduct hydrogen. In case of chlatkal byproduct hydrogen it could be estimated

that there are relatively inexpensive ways to upgedd/drogen quality to the level of standard ISO
146872:2012 and the cost for the quality assurance could also be kept minimum. When hydrogen is
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produced from NG these cost are higher, but reasonable if production scale is large enough, which is
the casen centralised production.

However, it should be noted that all these cost items (added value) take place in Finland. Therefore,
the benefits for the national economy will be high even if relatively expensive domestic hydrogen is
replacing imported fossiliels.

Currently, it is difficult to estimate, which share of the hydrogen could be used for road transport
purposes. If hydrogen is used for chemical production, it is not available. If it is used for heat and
power production, it could be partially oompletely replaced by other fuels.

In addition to these points, there are several future opportunities fopbyduct hydrogen. For
example, if Kemira Chemicals would change maaterial for their Formic acidnd hydrogen

peroxide production from heavy @l oil to LNG, this would mean additional 4000 tons of hydrogen
available for vehicle use in OuNeste Oil has planned expansion of Naantali refimapacity which
would mean 58 times largehydrogen production capacity.

1.1.2. Production of fuel cells for ransportation means

In Finlandhere is currently no production of fuel cells for transportation mediteere is knowledge
at VTT foproducing PEFC systearsd operating systems with low quality hydrogd®, 11, 14, but
this knowledge has so far not been commercialised.

The production of hydrogen fuel cell systems for transportation means is strongly dependent on
production scalg13]. In addition, the development of technology is extremely IPR intensive.
Therefore, it$ expected that there is very little room for independent fuel cell system producers for
automotive uselt can be expected that automotive fuel cell system manufacturing is done by
automotive companies, possibly even several companies together. Thislexthe possibility for
independent actors.

The major factor driving the value chain for fuel cell stack to the direction of hierarchy is the

complety of fuel cell systems. Namely, the system design and operation is dependent on the
properties ann perfanance of membrane electrode assembly (MEA) including gas diffusion layer
(GDL). A change of this key componert inapredictable consequences in stack and system

behaviour requiring, in the worst case, redesign of system design. This means that wheard-CEV

mass produced, automotive OEM would be completely dependent on component suppliers, as
OKIy3aS 2F 02YLRYySyl ¢2dzZ R YSIYy NBRSairAay 2F GKS

This means that the current value chain for PEFC stacks may chanuaidadly. It is possible that

all major automotive OEM will have their own MEA and GDL manufacturing lines in the future. This
means that one or more current MEA manufacturers may leave the business (or sell membrane,
instead of MEA), as they see no majastomers for MEA in automotive OEM in the future.

This development may seriously hinder the PEFC commercialisation, as high quality MEAs are key
component for both independent stack and system manufacturers and for automotive OEM, who
still not have their own MEA supply chain.
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Alternative value chain delopment is in the direction of captive governantethis type of

structure both independent stack/system manufacturers and automotive OEMs are dependent on
MEA manufacturers. However, only automotive OEMs have financial power to establish own MEA
manufacturing lines, if needed.

The opportunities are in clever application of fuel cell products and component/material
manufacture for the stack and systems.

1.1.3. Production of equipment for storage and transport of hydrogen

The Finnish steel industry (Ruulgkbup) already supplies the raw materials for the manufacturing of
the hydrogen pressure vessels and pipes in Eufbpén future, hydrogen pressure vessels and pipe
systems or parts of them could also be manufactured in Finland.

TheFinnish company \Wikoski isdeveloping refuelling station [12 2 A | 2réfdeling station
concept is a mobile unit with own innovative technology

1.1.4.Integration with other energy production technologies

There has beesomediscussion about hydrogen production for the gsighportin road map report

[1]. However, in the near and medium tetthre needs for grid support using electrolysis of fuel cells
are not so large in Finland, &t amount of intermittent (solar, wind) renewable electricity

production also in the futurevill be small compared to other countries (Germany, Denmark, Ireland).
Therealsoisastrong transmission grigithin Finland andtrong transmission cagity to

neighbouring countries, which enable the exporrefewable electricity in times of highguiuction.

The exempbn for this may be island of Ahvenanmaa with excellent wind resource and limited
transmission capacity to mainland of Finland and Sweden.

A larger opportunityto integrate hydrogen production with other energy production technologies
may exist in combination of hydrogen production via gasification of biomass and waste with heat and
power production

1.1.5. Distribution of hydrogen for transportation means and related
infrastructure

As discussed in 1.1ad in ref [1]Woikoskiis developingpwn mobile hydrogen refuellingtations.

It has been discussed in the road map repajt fhat the use of mobile hydrogen refuelling station is
beneficial in many ways. In the baging of the deployment mobile hydrogen refuelling stations can
servea small number of vehicles in the first points of locations. In the later phase, these mobile
stations can be replaced by larger stationary stations. In this scenario the mobile hydedgelling
stations are then moved to new locations.

Whatis not discussets the scale of economics in hydrogen delivesich is a topic of intensive
study [8,9] In ader to understand the cost of delivery a large number of parameters must be
andysed.

PageB of 21



The economicsf road transportcan beexpected to improve significantlas the delivered hydrogen
in each truck can be increasgt¥].

Figure 4 New type of hydrogen delivery truck [14].

In the earlier studyrom 2007, the cost of delivery fogaseous hydrogen would be excessive, if
transport distance is increased [[LIn this study, the net delivery of 244 kg per truck was assumed.
The results ofhe 2013DOE studpn Hexagorindicate that even up to 1350 kg per truck coblel
transported[14]. The difference of factor of 5.5 imprawdelivery of trucked hydrogen significantly.
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Figure 5 Transmission costs breakdown ($/kg) for hydrogen as a function of flow and distance for

the three different transport modes considered in [{&]H: Compressed hydrogen)

Howeveri KS SFTFF¥FSOG 2F o0SGGSNI RSt A JSNEThSdgest idpa&y Oe 4| 3
on the delivery cost occurs when switching to higtressure tubérailers (i.e. double capacity at the

same cost) because it reduces the number of truck trips, thereby lowering capital costs and reducing
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the amount of fuel required. These trucks are being developed and certified for H2 delivery in the US
and throughouthe world¢

Hydrogen Cost [$/kg]

Figure 6 Minimum hydrogen transmission costs as a fumetdf hydrogen flow and transport
distance[15].

Currently, Woikoski is deliveig gaseous hydrogen in 20@ar bottles with 247 kg Hper truck [1].
Woikoski plans to increase the pressure level to 300 bar, which would improve the economics of the
delivery.When considering the upper weight limit for road transport, the chosen solution is about
100 composite bottles with about 400 kg total payload capacity. Woikoski will take 6 such transport
units in operation in 2013. As the maximum weight forieéds in in Finland will be increasgrdm

60 to 76 tons in the near future, this may further improve the payload up to 550 kg delivery.

However, this is still far frorthe 540 bar and.350 kgdelivered by Hexagoi4]. If later on legal

issues allow theise of large composite cylinders on European roads, the economics of road delivery
are further improvedAs the transport cost is common for all forms of centralised production (also
NGSMR with CCS), there will be intensive research efforts to improvestos of delivery both as
compressed gas and in liquid for®j.|

When comparingpossible futureoad transport of compressed hydrogen and in liquid hydrogen,
thereis large numbeof both economicand technical issues toe considered.

Liquefyinghydrogen and transporting it as liquid not an energy efficient way ttistribute
hydrogen. @ the other hand, if waste is used fdret gasification, then raw material cost is very Jow
as well as Cmissions.

Inthe EUproject HyWaysfinalised in 2008here has been discussion about local hydrogen
production [L6] with focus on year 2050

Taking into account the improved economics of hydrogen deljtkeycosteconomicalproduction
methods for the hydrogen are more determined by total cost of hydrogedelivery cost is
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decreased Thereforethe figure 6from HyWays projeds not too relevanfor the near term when
market introduction of hydrogen and FCEZassideredupdating.

The combination of hydrogen production by gasification and liquefyyolgdgen would improve
purity of hydrogen. This would remove one of the major barriers, which is purification and quality
assurance of hydrogen, when it is produced from complex hydrocarbons, especially from waste.

In addition to cost and energy efficienagliability of components (especially compressors in
hydrogen refuelling stations) shall be considered as well as purification and quality assurance of
hydrogen.

Estimated primary energy for H, and share
D Natural gas (or coal)

D Non-nuclear EL
D Nuclear EL
. Wind EL

. Biomass (gasification)
E Mixed Nucl.EL & Wind EL

D Mixed Nucl EL & NG (or coal) ‘

aftaa

¥ Helsinki

-
Main Roads ® > 100,000
Secondary Roads @ 50,000 - 100,000
...... Railway Tracks

Figure 7  Hydrogen production feedstock divided by primary energy and regiong[13g.

Woikoski sees the use of pyoduct hydrogen and road transport as highly attractive opfiamthe

first phase of hydrogen infrastructure as-pyoduct hydrogendinexpensive and purification and
quality assurance (for ISO 14682012) are relatively straight forward. When economical transport
distance is exceeded, hydrogen can be producedllg, with truck delivery as batkp option.This is
especially important in the market introduction phase, as the station may be the only one in that
region. The reliability of single HRS must be very high.
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In conclusion, there ignurgent need of evaluang the options of centralised and distributed
hydrogen production in Finland.

1.1.6. Marketing and sales of hydrogen and fuel cell cars

There are no marketing or sales of fuel cell cars in Finland and no sales of hydrogen for automotive
fuel. However, due ta possibleEU directivg17] there can beaneed to builda network ofhydrogen
refuelling statiorsin Finland.This could trigger ab marketing or sales of fuel cell cars in Finland.

Currently, there are no incentives for purchasing or leasing fuel cell vehicles in Finland. However,
vehicle purchase tax is based mostly o @@ission. Therefore, hydrogen fuel cell vehicles can
potentially have significantly lower vehicle purchase tax than other cars. This would be true
especially for vehicles, which have large weight and powerful engines.

1.2. Main supporting activities

1.2.1.RD&D undertaken in companies

There has been and ssill aclearinterest in working machine industry (Konecranes, Cargditec)
hydrogen fuel cellsHowever, thecompanies damot see demonstrations possiblathout clear

interest from their customersliB . In generalthe working machine industry is following the rése

of their customers. | any customer is willing to pay extra price for a new solution, this can be done.
However, the companies are not developing products without orders from their custdib@rs
Therefore, creating marked on this segment requires regulations or subsidiesdhbéd attract
customers of these companies.

The working machine industry is, however, developing and commercialising series diesel hybrid
vehicles 19]. The use of fuel callin these vehicle platforms is relatively straight forward in case the
cost and availability issues for FC systems and hydrogen can be solved.

The Fuel Cell Finland Industry Group (FCF) operates in parallel to Tekes Fuel Cell programme 2007
2013. In Augst 2011, a joint demonstration project was launched, called Demo2013, which is
working towards a major fuel cell demonstration in the Port of Helsinki, Vuosaari Harbour. Increased
public acceptance is a key aim, as is awareness of the viability of theotegly among policy

makers. During the second half of 2013 there will be an-agefiatre in Gatehouse building sharing
information about fuel cells, their applications and hydrogen safety. Several round tours for public,
professionals, decisiemakers andtsidents and schools will be arranged.

The demonstration will encompass a fuel cell car (Hyundai) and associated hydrogen refuelling

station from Woikoski Oy. A fuel cell bagl power system by Finnish Company T Control, based on

a Dantherm system, will&lz 6S GS&ad0dSR 2y ¢StAlF {2ySN}IQa ol as
already on 8 September, 2012. A smaller PEMFC backup power system based on methanol will be
presented by company FitelneThere will a remote monitoring of a 50 kW PEMFC statiopawer

unit DuraDemo operated by VTT and located in a chemical factory in Aetsd, 300 km away. The project
partners would like to test materials handling vehicles from various suppliers in the-degyvy
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environment of the harbour, as they see considergiéential for fuel cell powered cargloandling.
However, the first versions will be electric hybrid systems and available later in 2015. Also a 50 kW
SOFC stationary power unit using natural gas and bio gas is postponed and will be demonstrated
later in 2A.5-2016 by company Convion Oy. Cargotec was planning to participthte in

demonstration project in the Port of Helsinki. In the beginning of 2013 there was a change in the
R&D policy. Cargotec is currently following the technology with no public pladerioonstration
projects.

Currently, Woikoski is the only company actively doing large scale RD&D work in the field of
automotive fuel cell and hydrogen delivery.

1.2.2.RD&D undertaken by public research organisations

RD&Din Finlandhas been concentrated ATTTechnical Research Centre of Finlafite general
description of VTT fuel cell activities can be found in recent re@6tt [

VTT is dominating research and hydrogen and fuel cells in Finland. However, hydrogen and fuel cells
seems not to be in the focusf the new strategy of VTT. Instead the focus seems to be in gasification
of biomass and liquid biofuels (BTL).

However, hydrogen production and gas purification is a common topic and creates possibilities for
synergy for both BTL and automotive gradetogen production.

When considering R&D activities on vehicle applicativii§hasdemonstrated the hybrid fuel cell
forklift [10Q]. In the last years, the focus of RD&D at VTT has been the development of simulation tools
for optimising fuel cell systemsid how to use industrial quality hydrogen in PEFC systems.

Arctic power, a unit of Rovaniemi University of Applied Sciences has been active in developing
electric snow mobiled0, 2]. A part of that project has been demonstration of hydrogen fuel cell as
range extender for electric snow mobile.

1.2.3.RD&D funding support by public agencies

The domestic RD&D funding has been stable during the Tekes Fuel Cell prograriad €007
2013)intherange of M n ae€ Kk @ S| NI |lishmdsath@etbie donestiSRDE.D fénding is
expected to decrease significantly. This will be, however, compensated partially bpditgf(FCH

JU), as Finnish stakeholdersrbdeen very successful in FCH JU calls. Tekes Fuel Cell programme has
created a solid knowledge base in Finland leading to success, when competing EU funding.

1.3. Companies/actors involved in each segment of the value chain

The alue chaimanalysiswill focus on hydrogen fuel productiand distribution.

The value chain for hydrogen production and distribution is shown in F&a®urtesy:Spinverse
Oy)
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1) Production, supply

Hydrogen producers:

» Woikoski

* Gasum

» (Neste Qil)

» Kemira Chemicals (by-product H2)
* Promoters Prizztech, FinHydrogen

2) Filling stations

Domestic:
Woikoski

International competition:
H2 Logic, Air Liquid, Statoil,
Hydrogenics, Linde, ITM Power, Air
Products, Powertec, Proton OnSite

Specific materials:

Subcontractors: Pennanen Design ( engineering: 1,2)

Production technology:

Figure8.  Value chain for hydrogen production and distribution in Finland.

The fuel supply part of the value chain can have a large domestic share. Hydrogen is a local fuel and
should be produced in Finland.

There are number of alternatives for hydrogen production and delivery. As discussed in other parts
of this work, byproduct hydrogen andoad delivery is the most probably early market option.

For the development of the HRS infrastructure, the coniirgctive on the deployment of
alternative fuels infrastructurwill have high importance. If only number of stations and distance
between themare criterig container basedmall capacity50-100 kg/day)stations have clear
advantage.

In the long term future biomass based hydrogen, electrolytic hydrogen and natural gas based
hydrogen are competing with each other. There might not be a clear winner and the forms of
production may also complete each other, occupying different parts of Finland and differéahsta
sizes.

Value chain for FC hybrid vehicles using hydrogen is shown in Bigmertesy: Spinverse Oyijhis
vale chain has been developed to undarsl how FCEV development witfext the value chain of
possible FC hybrid vehicles manufactumeérinland. Most of these FC hybrid vehicles would not be
for road transport.
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Figure9.  Value chain for FC hybrid vehicles using hydrogen.

Since the FCEV manufacturing is most probably not taking place in Finland, the parts of the FCEV

value chain ar@ot too much dependent on the domestic decisions. However, as many of the

components are also the same as in FC hybrid vehicles, the working machines the global
RSOSt2LIYSyid oAttt KIG@S AYLI OO 2y CAYYAAaKd AYyRdzdNE
vehicle value chain.

The buildup of the HRS infrastructure may have significant impact on the FC hybrid vehicle
development in Finland. If HRS for road transport would be available feraaahvehicles this

would enable more efficient demonstratiolas HRS cost is always an issue, especially if FC hybrid
vehicle fleets are not large.

1.4. Value chain governance structure

When discussing value chain for hydrogen infrastructure, there are two main cost lgdrsegen
production and transport as wedls hydrogen refuelling stations (HRS).

The formation of value chains for both HRS and hydrogen production will be depending on the
governmental subsidies. Therefore, thexe no real market conditions in the beginning. The
operation of the HRS will noelprofitable in the beginning and must be subsides, too.

Due to subsidies, the formation of the value chain is dependent on the subsidies. Some forms of
production and distribution may be preferredhich have significant impact for the profitability of
the production and distribution of hydrogen
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