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1. Introduction

Hydrogenin transport

In international energy forecasts, hydrogen is considexec promising energy carrier. Especially for
transport, hydrogen fuelled vetles are zer@mission vehicleas these vehicles am@nly emitting
water. If hydrogen igroducedin a sustainable way (e.g. out of renewable electrifiityn wind, solar

or awilable as aby-product from chemical industr}) the complete wehto-wheel chain is
environmental friendly.

Implementation of hydrogen aa fuel for transport requires the implementation of two major new
technologyconcepts:

1 an infrastructure network ohydrogen refuelling stations (HRS)

9 fleets ofFuel Cell Electri¢ehicles(FCEV)

The last decadédndustrial interest in hydrogen technology heavily increasesphecially fromworld-
Ofaa O2YLI yASaz a ¢Sttt FTNRBY AYyTFNI adNHOGdzNE | a

Actually worldwide a few hundred hydrogen refuelling stations atdut thousandC/ 9 ar@ a
demonstrated and monitored.

Europeg Directives and funding

The European directiven the deployment of alternative fuels infrastructu¢2014/94/EU)requires

member states to develop national policy frameworks for the market development of alternative fuels

and thecorrespondingneeded infrastructure. The alternative fuels are: electricity for electric vehicles,

CNG (compressed natural gas), LNGdfigd natural gas)biofuels, Liquid Petroleum Gas (LPG) and
hydroged Ly GKS RANBOGAGS A thava theadptiontdSdeveldpkhiydiogelr S Y 6 S NJ
infrastructure contrary to the other alternative fuels

Beside European directives promoting hygeo in transport, several European funding programmes

for demonstration/implementation of new, sustainable technologies are defined. Espewithlip the

LINE AN YYSa WCdzS tJoint Gnbertakingg(FCHE R NP ARY 1 KS WENF yayl GA
Networks for Transport (TEl0 Q K& RNB ISy F2NJ GNI yaLRNI Aa Fy AYL

I No regulations exist to classify4pyoduct hydrogen as an environmental friendly fuel.
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Based orthe industrial experience and triggered by nationavgrnments promoting zeremission
transport, there is a need to develop visions/roadmaps on large scale implementation of hydrogen in
transport.

Crucial in the development afuch avision is that the development of HRS corresponds as close as
possiblewith the introduction of C/ 9,sadAa focus on a maximum utilisation of the hydrogen
refuelling stations and a smart geographical distributieith the aim b reach economic viable
businesscases.

In 2009 ,Germanywasthe first country in Europe with the development of an integrated vision on

the development of hydrogen refuelling infrastructure and the implementatérC/ 9 + @ay Wi
a2oAfAle DSNXIyeQd Isy2Mbbiityhitklive wadthe®igett dteadidn 2 ¥ (0 K
between the relevant governments andhe industry, resulting in a vision with a strong
industrial/governmental support and commitment.

This German initiative has been followed by other European countries (Netherlands, United Kingdom,
France, Demark, Sweden,...Also in California and Japaisions on the implementation of hydrogen
in transport have been developed and implemented.
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1.2.2 H-mobility results irother countries

HydrogenRefuellingStations

408yl NA2QA

Following table shows the results afialyses of HRBY LIt SYSy G G A2y
the time-line 2015¢ 2030.Also the percentage @xistingpetrol stations is given.

Tablel: Expected rolbut of hydrogen refuelling stations 20£%2030

14.300 8.600 4.200 12.000 1.975 10.000 34.000 13000
0,7% 0,8 % 0,5% 0.2% 0,8 % 0,7% 0,3% 0,3%
2,8% 3,5% 1.9% 3,0% 9,4 % 1,0% 2,9 % 1,3%
6,2 % 12,8 % 4,8 % 50 % 3,8%

Table2: Expected share of HRS compared to fossil fuelled fuelling stations

These tables show following average penetaiN (i A 2R F 2 NJ

1 2020 about 0,5 %
1 2025 about 2,5% (exception Denmark with about0%)
1 2030 about 5,0 % (exception UK with about 13%)

2 Franceinitial focus on 350 bar HRS
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HRSnitiativesat neighbouring countries Germany, France, The Netherlands, Luxemburg)

In Germany, 6 HRS initiatives are within 90 km of the border of Belgium. In the Netherlands 4 and in
France 3In Luxemburgat the momentno HRS initiatives afereseen.

Figurel: Belgian border area

Fuel Cell Electric Vehicles

Linked to the rolout of HRS, several estimations in different caoigg have been made on the amount
of hydrogen vehicles to be deployed in the timeframe 2QZ®30.

10.000 20.000 1.500 1.000 1.000 20.000 15.000 5.000
100.000 300.000 15.000 100.000 100.000 100.000 50.000
1.800.000 1.600.000 150.000 800.000 300.000 500.000

Table3: Expected rolbut of FCEV 2012030

Sinitial focus onrangeextender vehicles for captive fleets
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1.3 Technology description

1.3.1 HRSaencepts

Adzii 2 Y 2 (i A @i&h atfudllimghidrogen in gaseous form(l 4 2 Wa Gl Y RF NRQ LINB & & dzN.
9 700 bar. passenger cars
350 bar other vehicledike busesheavy dutytrucks,garbage trucksF 2 NJ £ A TG & I X

Vehiclesare fuelled via a dispenser using a noz#eto 1). Hydrogen nozzles|
are already standardised for each pressure level.

Fotol: Hydrogemozzle

Because of the requiredressure, all HR&e equipped with &ompressorsystemcombined with a
local storage of hydrogen.

Foto2: Hydrogen Refuelling Station of WaterstofNet on the premises of Colruyt Group

Followingways todeliver or producédiydrogenat the hydrogen refuelling statioaxist

1 Onsite production of hydrogen:
0 by electrolysis: splitting water into hydrogen and oxygen by using electricity
o by reforming: cracking natural gagogasinto hydrogenat high temperature
o by plasma gasifation: upcycling the produced syngas from plasma gasification on

waste into hydrogen through a watershift reactor

9 Trucked in hydrogen
o Supply hydrogen biyucks being produced elsewhere

1 Connectedwith possibleexisting underground hydrogen pipeline networ
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The time schedule of the vehicles to be fuelled is key in dimensioning the components of the
hydrogen refuelling station.

2 AGK NBaLISOG (G2 YINYSG RS@St2LIVSyld LKIFAST dziAf A&
capacity configurationsral technological options are possiblslso, powerto-gas/powerto-power
concepts could play an important rdier instanceto improve the flexibility of the electricity grid.

Fuel cell electric vehicles are equippeith a fuel cell generatingelectricity by combining oxygen and
hydrogen in a chemical reaction. The electricity is used for propulsidhe electromotor andto
chargea small batteryWhen pure hydrogen is used, the only produate heat and water The
production of hydrogen can bsustainable iproduced from renewable energy likand or solar.

Advantages ofuel cell electric vehicles:

- zeroemissionfrom tankto-wheel and almost 100% from wad-wheelif hydrogen is produced
from renewable energgr in case by product hydrogen is used

- higher efficiency than combustion engines;

- Fast refuelling passenger cawithin 3-5 minutes;bus within 12 minutes

- Large driving range compared to battery electric vehicles: passenger cars abogt6B00km,
buses about 35Q 400 km

Issues to be solved

- Costof fuel cells

- Cost ofproducingrenewablehydrogen;
- Lack of refuelling infrastructure;

- Public acceptareof hydrogen

C/ 9 eaRlgecategorisel into vehiclesinto light- and heavy duty:

Light duty

1 Passenger OENars on 700 bar gaseous hydrogen, fuel cell dominated, small battery
9 Light duty vehicles/light commercial vehicles 350 bar gaseous hydrogen, hybrid: fuel cell and
battery.

Passenger cars

wS3IFNRAY3I LI &aaSyasSNI OFNAR FNRY h9aQaveliclesarka 2y f @
WYO2YYSNOALEEteQ @At ofSY .008HmwhRd i LINE RdzZOSR (KS 7
Asthe roll out of FCEWill be completely defined by the availability of catke introductionz2 ¥ C/ 9 + Qa
iscrucialin the rolk2 dzii & O, BisFiguxeR shawa

Thismeansthat up to the end of 201,bnlya few thousandC / 9 willb& availableonthe marketand
in 2020 several temof thousands ofars will beavailableon the worldwide market.
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Pre-commercial phase
1/1/2014 - 1/1/2015

D i genration RV MMM :/:/2017 1/1/2020

1/2/2020 - 1/1/2025

Hyundai IX35 FCEV for sale to the public

‘ A

Today

-3 worldwide
1/1/2015
Honda and Daimler for sale (sale prediction
} for Ford and Nissan)
1/1/2017
Hyundai, Toyota, Honda and Daimler 2nd generation Hyundai "new model"
‘}testﬂeet on the public raods " available, Lexus LS (sale prediction)
1/1/2014 1/1/2018
Toyota for sale to the public BMW, Audi, VW Hydrogen models for sale.
1/1/2016 1/1/2020
T
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2025

Figure2Y C2NB&aSSy AYiNRBRdzOUAZ2Y 2F LI &a&aSy3ISNI C/9+Q4

{ ’L = — N
Homndaa

FC\/

coNGgEFPT

Foto5: Mercedes BenzEell

Foto6: Honda FCV concept car

Foto7: Nissan Terra FCEV concept car

10
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Rangeextender cars

Recentlycars with a hybrid concepbased on a smadiliel cell andh relatively largéattery, have been

put into demonstration projects. Especially for captive fleets for companies focussing on delivery
sevices (e.g. postal ser8cd = X U typke FofShgdBogen fuelled hyl vehicles can be interesting
because with the fuel cell, typical logistical operations can become feasible for 2 or 3 shifts. The fuel
cell with hydrogen storage simply adds more energy to the vehicle and isaléfuel in a few
minutes.

The comingnext yearsa fewhundreds of tlese vehicleswill be demonstrated in Europe.

N

, =
) TaN
e @)

'
=

Foto8: Renault Kangoo A#2

Heavy duty

9 Buses for public transport on 350 bar gaseous hydrolygiorid: fuel cell and battery
9 Trucks, such as garbage trucks, on 350 bar gaseous hydrogen: hybrid: fuel cell and battery

Buses

Europeis leading indemonstrations of fuel cell§
buses on hydrogen, initially focussing af
Wadl yRIFINRQ 0dza Sa 27T |
demonstrations with articulated buses o
hydrogen have been initiated now. As
governments are more and mor®cussing on
improving air quality, he interest for zero
emission public transpoihcreases.
Implementation of hydrogen in public transpor
hasthe followingadvantages:
9 public transport is in most cases a
combination of government and industry
1 Buses are a captive fleet wittefinedfixed
routes/drivers
1 The capacity and utilisation of a HRS can be matched directly to the hydrogen consumption of the
buses

et ST 11 0

Foto9: Fuel Cell Bus manufactured by Van Hool operated |
Flemish bus operator De Lijn

11
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Up to now most hydrogen bus demonstrations in Europe atplippedwith 5 busesAberdeen has
the largest bus fleet in operation (10 buses, 2 bus opesatdtheach 5 buses). Following years Europe
is aiming for bus demonstrations with 20 buses per site.

In 2014 a coalition ofEuropearcities and bus operators haspressedheirambitionto operate about
400hydrogenbuses Rve bus OEN @an Hool, Mercedes, VDL, Solaris and MAN) have indicated their
targetto sell hundreds of ydrogenbusesin 2020.

Trucks

There is an increasing interest in hydrogen as a fuel for trugkisissa added value for trucks to be
Wi &QiNiBsion in combination with zeng 2 A Be@tgthese requirementsucks might be allowed
to enter city centres durinthe evening and/or night.

Examples of interestintyuck-applications are garbage truclsd city delivery tucks developments
and demonstrations of these hydrogen fuelled vehicles are just starting now in Europe

Foto10: Garbage truck on hydrogen

12



WaterstofNet

2. Objectived+-Mobility Belgium

2.1 Hydrogeninfrastructure m Transport 2 (H-2)

Within thisHIT-2 project a vision for the implementation of hydrogen in transport in Beldiasbeen
developed,calledd | -2 6 A f A { & the NafioHak IdpYeinentation PlagNIP)for Belgium (NIP

Belgium).

The objectivesf H--Mobilty Belgium are

i to develop a National Implementation Plan (NIP) for the implementation of a hydrogen

refuelling infrastructure in Belgium for the timeline 20852030, focussing on the TEN

O2 NNA R2 NA

FYR O2yySOiA2youitges (G KS

bLt Qa

%

1 to prepare the Belgiamarket for the introduction of fuel cell electric vehicles, focussing on

passenger cars and buses

Froma TENT perspective it is important notifying th&major TEN-corridors are crossinBelgium,

North SeaBalticcorridor, RhineAlpine corridor and the North Sédediterranean corridor.

Kl
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Figure5: RhineAlpine corridor

Figure3: North SeaViediterranean corridor
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Though Belgium has not the reputation of being a frontrunner in hydrogéas unique strong points
on hydrogen:

T

the centre of the largest underground pipeline transport networkpéirogert is situated in
Antwerp: the hydrogen network is owned and exploited by Air Liquide

GKS LR2NI 2F !'yigSNLI Aa 2yS 2F 9dzaNRPLISQa o6A33S
from natural gas as well as beingpaproductfrom chemical industry)

Belgium is home for a rather overarching industrial value chain on hydrogen with companies
as Hydrogenics, Umicore, Solvaygfa GevaertBorit, Van Hool,Toyoa Motor Europe,
Hyundai Air Liquide, ColruyGroupgz X

Recently following demonstrations projsavere realised:

1
1

1 MW fuel cell plant on bproduct hydrogen at Solvay

5 hydrogen buses (Van Hool) usinggogduct hydrogen in a dedicated HRS in Antwerp
(HighVLOcity-CHIU;

11 forklifts on hydrogen at Colruyt

1 HRS at Colruyt sitewned by WatersifNet, using renewable electricity for the production
of hydrogen fuelling fork lifts on hydrogen

Demonstration ofthe hydrogen refuelling station at the Colruyt site as part of a smart grid
application (Don Quichote, funded by Joint Undertaking Fulkd &eHydrogen).

At the moment4 Hyundai iX35 on hydrogeare drivingn Belgium (ColruytWaterstofNetand

2 for the FCH JJ

The first public HRS near Brussels willpog into operation in 2016 by Air Liquide
(SWARMproject, FCHIU) on the Toyota Motor Europe site;

Recently, the3Emotion project funded by JLFCH has beenapproved and foresee8
additional buses , built by Van Hool, for Antwerp.

4 Due to contamination, hydrogen from industrial byprodighot directly usable for fuel cells.

14
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Belgium(30.500 kmz, 11 million in habitants) is one of the most dense populated countries in the world
(average about 360 habitants/km?2) and has relatively a large amount of caisearud stations.

Characteristics for Belgium:

1 Passenger cars:
o 5,5 million passenger cars (2014, average: 1 car for two inhabitants)
0 9dzNR LISQ& KA IK 8adsii62o% deseNao is2gasoliRER0$3) S
o Nonhomogenous distributiorvehiclesacross the regions: Flanders 55%, Wallonia 29%,
Brussed 16%
0 High share of cars fmompaniesy leasing companies
o0 Very low penetration of zeremission battery vehiclgs 0,001%)

1 Fuel infrastructure
0 3.158petrol stations
dense network compared with. 2180 stations in Netherland41.526kmz2, 16 million
inhabitants), and with 14.678 stations in Germany (357.000 kmz2, 80 million
inhabitants)
o All refuelling stations on the highway are granted by auctions

1 Buses/public transport
o Public transport is completely public owned with a juridical entity for eafcthe three
regions (Flanders, Wallonia, Brussels)
o Flanders:
0 about 2000 buses
0 about55premises
0 operated by bus operator De Lijn
0 Brussels:
0 about700buses
0 about3 premises
0 operated by bus operatavilVB/STIB
o Wallonia:
0 about600buses
0 about 46premises
0 operated by bus operator TEC

15
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Regardingimplementation/promoting/supportingof zeroemission transport on hydrogenit is
important to notify that Belgium is a federal sta(Belgium) canposed of communities (Flanders,
Frenchspeaking, Germagapeaking) and regions (Flanders, Wallonia, Brussels), resulting in 6
governments.

With respect to promoting sustainable transport it is key to know that issues regarding fiscal climate
are partly déined by the federal state and partly by regional authorities: this mix of governmental
authorities makes a clear uniform support scheme for sustainablesport on the overall Belgian

level complicatedTherefore astructural cooperation between federand regional authorities is
necessary to realise targets on sustainable transport.

In Belgiunone nonpublic HRS at Colruyt in Halle has been put into operation in 2012 and the first
public HRS at Toyota in Zaventem tdlput into operation in 2016. Therefore knowledge and
experience of permitting, regulations, safety measures and inspections is very lithited.
recommendedo cooperate with neighbouring countries in order to build up knowledge and
experiences in anfécient way. Issues that have tee discussed are procedures concerning

exploitation of HRS, annual inspectioifiC/ 9 + Qa3 LI NJ Ay3 2F OFNA Ay LI NJ

guidelines for first responders.

16
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2.3 Targets Hydrogen refuelling stations (HRSYwaelaell electric ehicles(FCEV)

2.3.1 Targetdor HydrogerRefuellingStations

The garting point for the number of HRS in Belgiushthat thesewill be in line with the targets in
neighbouring countriesThereforea target of25 HRS iBelgium in2020is formulated: 20 HRS in
Flanders and 5 HRS in Wallorfisst HRS developmentse foreseenn the major cities in Belgium
and in the neighbourhood of the TENnetwork.

After 2020t is expectedthat £ Y2 &G | ff h9aQa ¢Afdndadehl@@BketC/ 9+ Q

introduction will start. Between 2020 and 2025, déditionalstations areplanned After 2025, the
network could grow to 1561RSn 2030.

Calculating with about.200petrol stationsin Belgiumthe amount of HRS refers to 848(2020) via
2,3% (B25) to 4,7% (2030). This is completely in line with the targets in othbtdhility countries.

Table4: Rollout of HRS in Belgium

RegardindHRSthe average investment cost of a HRS is estimaite2l million eura2020¥, resulting
in an overall investment cosf about50 million euro towards 2020With 1,2 million euro average
CAPEX in 2025, additional needed EARill be about 65 million eultween 20262025 With an
average BPEX of HRS of 750 keuro in 2030, the additionalfoo2030 willtherefore be about 55
million euro.

This results in overall CAPEX for HRS up to 2030 of atdutillion euro.

Thenetwork development has been projected in three figures. The colors represent the amount of
HRS that will be developed in or around a particularaita

Slees  IRRSoRsn,.  RERSCE,
‘;\ i . ’\_‘} - gﬂ, g 5 Sﬁb 5 5 $( of ‘&; & ; _;2
{ WSS Sy s P A Brg? B W,
Nl Ad WS T Taae WS o= L N W g o
- % g d Am %? % \Lﬁ“". "u RET W il q & Y)'x"’ > ""{,,/ X 7 ~ Py
\""x o K Z gt \’ﬂ;\“ %‘ﬁ y P 4’ ¥ h \;“\ Qs ; = v 2
g R | S [t S i Ee T
™ : { N S ) ‘ ¢ S
p ot . i Wy %
e _,f%z ‘ é, Conepilt £ ? e V'
= ] { 6 ’L\ &
2020 e 2025 Nl 2030 R
25 HRS 75 HRS 150 HRS
1.000 FCEV 7.500 FCEV 30.000 FCEV
1.0 1.0 1.0 1.0 2.0 3.0 1.0 1.0 2.0 2.0 3.0 5.0

Figure6: A visual representation of a possible network development in Belgium

5 Investments, but also operational costs are much depending on the size, capacity and the production
technology for hydrogen.
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2.3.2 Targetdor Fuel Cell Electric Vehicles
Theavailability2 ¥ C/ 9+ Q& A a 2 yihin tAelevéldpr8entjo® BRSOtV S NA |-

Based uporannouncemers of marketintroductionan estimaion on the number of vehiclesn
hydrogentill 2030has been made

For 2020 itresulted inabomt ®nnn C/ 9+Q& Ay . St 3IAdzy 6KAOK Aa Y
From our perspective, thisharacterzesthe phase in which hydrogen mobility in Belgium is present.

After 2020, during the early market introduction (26801 Hp 0 X G KS | Y2dzyi 2F C/ 9+,
L2aadaArofe Todpnn C/9+xQad ¢KAA A& I f-20208arampapmp’z 2 F
could emerge which results in 30.000 FCEV (0,55% market penetration).

1.000 (0,02%
7.500 (0,15%) 100
30.000 (0,55%) 200
Table5: Roltout of FCEV in Belgium

For busesthe target is50 buses in 2020, 250 in 2025 and 500 in 2030
The cost of a passenger FCEV up to 20@0 averageabout 60 keuro

Finally,assuminghat one car uses 250 kg/year (25.000 km/year and efficiency 1kg/100km) and a bus
8.000 kg/yea (80.000 km/year and efficiency 10kg/100krt)e amount of hydrogen and electricity

62 LINBRdOS WINBSYyQ KhadbeehBabylaledy SSRSR F2NJ Y20 A Al

Table6: Targets HRS, FCEV and buses, hydrogen demand and renewable electricity needed it Bigttioity produced
by wind and solar in Belgium in 2013 was 4,6 TWh)

18
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2.3.3 Ecological impact

With Euro 6 as a refereng&ablel shows the avoided emissions and the external cst&CEY

2.900 180 5.000 enodo
49.000 3.060 85.000 EpPM
210.000 13.125 364.000 EHM®P(

Table7: Avoided emissions amdlculatedreduced external environmental costs for FCE

Based upon our assumptions, the benefits brought by a vehicle fleet of 30.000 being 0,5% of the

Belgan passenger vehicle market and displacing Euro6 died@tles, could savmore thane H T

YAtfA2Y &a20ASGrt O2aita o0& wnond LT S 221 i GK
the vehicle fleet, based uposur assumptions, the societal cost savings in terms of CO2, PM, NOx

YR y2A4S 02dzZ R NBIFOK €0 YAfftAlFINRO®

6 Buses were not taken into account within this calculation

19
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Different member states in the EU use al kind of incentives to promote the developmbwptafgen

in mobility. Incentives are needed to create (investor) confidence in the marketplace. A comprehensive
plan with all kind of incentives that fit to each development phase will be necessary.

Possible incentivearelisted inTable8 .

National/regional mcentives to promote HRS and FCEV =S| 3| 8| _
g| S| |8
3| 8 3|3
LL o E

General
National Hcoordinator facilitating the implementation K| K
Align hydrogen in mobility with other plans like storage of electricity] K
renewable energy, air quality policy etc.
LYOSYyiGiA@Sa F2NJ LINPRdAzOUGA2Y 2F Y K
Investment support for industrial scale demonstration projects K
HRSncentives

Excise duty exemption for hydrogen (fit to market development pha K
Public procurements/auctions for refuelling stations near highways K| K|K
(extra requirements for alternative fuels and/or extension contracts
clean fuels are offered)
Fossil fuels added G@nd energy tax K
Introduce certificate system as part of Renewable Energy Directive| K | K
Bioticketsystem in The Netherlands) (Double/multiple counting for
hydrogen related to Renewable Energy Directive)
Governmental subsidies in station CAPEX and OPEX:
Capital expense grants for HRS (linked to cost or capacity) K| K
Operation expense grants (linked to cost, capacity or throughput) K| K
Market assurance grants (linked to utilization) K| K
Possibly for first movdrenefits: K| K

- Geographical buffer for early investors

- Priority status

- Multi-station grants
Tax benefit for investment and production K
Tax benefit for accelerated and bonus depreciation K
Tax benefit for property and other exemptions K
Permitting support by offering clear procedure/legislation K K
t NEY23GS WEiAQGAY3d t1F-6aQ 61 w{ 0O2d K| K|K
Introduce zero emission target for governmental fleets (buses, was K
companies etc). Fleets connectedHi®S are important early clients
Organise workshops/seminars (supply meets demand) K|l K| K|K

" For more information on multiple counting of alternative fuels $é://www.biofuelstp.eu/biofuels
legislation.html

20
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FCEV incentives

Public procurements with zero emission targets

=

Negative incentives for fossil fuels like diesel, natural gas and petrg

Reduced egistration tax depending on tailpipe €0

Purchase support depending on tailpipe,CO

Reduced tax on car ownership

Reduced tax on private usage

Tax deductions for environmentally friendly investments

Specifih Yy OSY G A@Sa F2N) aLISOATASR Ff
etc)

R R XX X|X|R|R

Free public parking

Road fee exemption

Driving in bus lanes

Carpool lane driving

RIR|R|R

Taxation of private use of company car

Traffic ban during certain time periods

X

Low Emission Zones

X

Subsidy on buying vehicle

Reduced congestion charges

Table8: List of possible incentives related to the governmental authority

21
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2.5 Market phaseand challenges

In the roll2 dziT 2 F

KeRNRISY

NBFdzStfAy3

adrdrzya I yR

distinguished, every market phagecharacterised by specific challenges, objectives, reanltl lead

investors (table 2.6):

1. market preparation (2012020),

2. early market introduction (2022025) and
3. full market introduction (2022030).

HRS25
FCEV: 1.000
Buses: 50

Overcome
uncertainty

Build HRS network to
sufficient coverage

Enable sale or leasing of ear
commercial vehicles

Monitor reliability of network

Enough demand and/or
projected demand

sufficient early
infrastructure coverage

Government
Strategic investors

HRS:75 Maintain Upgrade existing and build | Critically risk and Government
FCEV:7.500 | investment new stations based upon uncertainty have been Strategic & equity
Buses: 150 interest FCEV projections removed investors
Monitor reliability of network | Betterunderstanding on

FCEV adoption, station

deployment timelines

and capability
HRS:150 Enabling Build newstations Market takes over Equity investors
FCE\R0.000 | transition to development of network | Some government
Buses: 500 and Downgrade governmental support

competitive
private
market

support

Table9: Core challenges, objectives and results for each mpHaste

Costs and revenuageterminethe business cager a hydrogen refuelling station. Costee

composed otapital expenditures (CAPEX) and operational expenditures (OPEX). Rarenues
determined byl KS vy dzY 6 S tedbefdelle€/ 9 + Qa

These costs and revenues are deteriinigp the utilizationof the HRS, being a very important
parameter in the financial viability of a HRS.

In general, alRS operator facdke followingmain challenges:

1. High initial investments needsd operational costs

2. Initial underutilization
3. FCEV rampp risk
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In order toovercome these challenges a close cooperation between companies concerning HRS and
C/ 9 * Qthe gbvgrinenis needed with a focus on:

T
T

creating a firstmover advantage: only fancial support for early movers;

help to mitigate the FCEV ranyp riskby requiring a minimum share of zemmission vehicles in
large fleets and other inceives to support market pickp;

increasngthe strategic value of the HRS rollout: this is about regulations which can make the
need for the HRS network more urge
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3. Action phn

Followingaction pointshave been definetb start the implementation of themarketfor hydrogen

refueling infrastructure and fuel cell electric vehiciegelgiuni. Also the most

important

stakeholders are mentioned more detaileddescription has also been provided in this section

Target Target
25 HRS 75HRS
1.000 FCEV 7.500 FCEV
50 FCbuses 250 FC buses

WaterstofNet

Include hydrogen in Belgian national/regional policy framework
and align with other policy plans/targets

Support HRS: develop and introduce financial incentives
Support HRS: support procedures for permitting, legislation

B ———————
Support FCEV’s: develop and introduce financial incentives, purchase of fuel cell electric vehicles in governmental fleets, procedures
for parking,..

Support real life trials

Develop binding targets to reach renewable

Target
150 HRS
30.000 FCEV
500 FChuses

Market preparation Early market introduction Full market introduction

MOBILITY BELGIUM

hydrogen mobility market 1
———
1
Coordination with neighboring countries 1
1 1
1 1
1 1
1 1
I 1
I sovernme 1
I m Refuelling operator 1
! ! | I [ - J— |
I I B Folicy relatedactions |
1 1 1 ] ] B industry relatedactions 1
1 | 1 1 1 B Market phases 1
1 1 1 1 ] HRS= Hydrogen Refuelling Stations. 1
1 1 1 1 1 FCEV = Fuel Cell Electric Vehicle 1
1 1 1 1 1 1
| | | 1 1 1
1 1 | 1 | 1
I I 1 - :
2016 2017 2018 2019 2020 % 2025 2030
Co-financed by the European Union

Cofinanced by:
i Trans-European Transport Network (TEN-T) Flemish Government

81t was not part of this study to calculate the costs for implementing these actions.
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1. Include hydrogen efueling stations in the Belgianational/regional policy framework

In the context of directive 2014/94/EU on the deployment of alternative fuels infrastructure, new
infrastructure has to be developed in Europe for electricity (for battery electric vehicles), natural gas
(Compressed and Liquefied Natural Gas)wahdre appopriate hydrogenBased upon the

conclusions in this report and in particular teeonomicand environmental opportunitiest is
recommendedo positively decide on the retiut of hydrogen as fuel for transpoi the Belgan
nationaland regionapolicy framework.

2. Take afacilitating role to create confidence in the market for hydrogen mobility

It isrecommendthat the Federal and Regiongbvernmenswill take afacilitatingrole in developing
the market for hydrogen mobility with the objectite create confidence for all stakeholders
concerned Within thisfacilitatingrole, it isrecommenckd to:

1 Organee asynchronized rampup of hydrogen stations and vehicle deployment together
with a public/private consortium compromising key stakeholdembU®t commitment from
public stakeholders is very important in gaining confidence in the market.

91 Develop arinvestmentplan (with risk sharing mechanisms) with clear commitments from
industry/investors, roles antesponsibilities, correte rollout strategy with cross border
linkages, risk minimizing incentivee¢ure funding and assurance for early movers in this
market) and long term commitments to ensure enough confidence for investors to enter the
market.

1 Organizean independent hydrogen coordiation and implementation teamwhich monitors
the market developments (market barriers, opportunities, consumer awarengssonduct
local HRS&FCEV deployment plans, performs infrastructure monitoring, organise information
events, communication, conduchaual vehicle surveys, yearly update government strategic
plan with new activities, finding partners for specific challengas,contact with
stakeholders, looks for opportunities within European programswitidecommend the
government on how to aligimcentives with the challenges faced by private companies and
other stakeholderskFrom the governments, a legal expert can be delivered to help accelerate
legislation procedures.

i Stimulateinnovative demonstration projectswithin existing governmental progms

3. Alignand stimulate developments in hydrogen mobility with other policy plans/targets

Hydrogen not only contributes to climate and air quality policy but also to other national challenges
and opportunities like grid balancing, storage of surplusvesible electricity, greening the chemical
industry etc. Therefore, hydrogen could be part of a bigger strategy and this can further be
surrounded with incentives to promote the use of hydrogen in other sectors.
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4. Develop and introduce incentives tstimulate fuel cell electric vehicl@urchase and driving,
also for niche fleets.

One of the main issues for a hydrogen refueling station operator is the underutilization (long and
short period) of the infrastructure. A set of recommendations are importar@vercome this
situation and need further discussion with the government attier stakeholders:

1 Grantsfor FCEV linked to the additional costs of these vehicles and the irapact
sustainability

1 Exemptions for taxesegarding the use of the car

1 Use owngovernmental fleets to help early movers in the marketperators of HRS face
high risks on operational losses in the early years when exploiting skH&® as thesarly
mover disadvantage. This is becauséheflow number of vehiclethat will be on the
market. Tocommunicate good examplesdto help early mover station operators,
governmental achor fleets could be dmportance.The government has the possibility to
contribute to the development bysingtheir own fleetslike buses, garbage truclesd utility
vehicles to reach zero emissidhisrecommendabdto investigate which fleets and locations
could be developed to zero emission fleets to encourage the market for zero emission
mobility.

9 Stimulate companies with big (niche) fleets to reazkro emissionthe government can
take a leading role to develapLetter of Intent with Belgiaoompanies to implement zero
emission vehicles in their fleets help to mitigate the FCEV ranyp riskby regulation
requiring a minimum share of zermissia vehicles in large fleets and other incentives to
support market pickup.

5. Develop and introduce incentives tstimulate investment and operation of hydrogen refueling
stations

A set of recommendations are important in this particular situatispecialy for the regional
governmentsand need further discussion with the government:

1 Create a firstmover advantageonly financial support for early movers.

1 Encourage swift action by setting a limited time period during which the firsover
advantage isavailable:this can be done with a tender for a concession forcing industry
stakeholders to align and submit a proposal.

91 Help push down financing costlike issuing guarantees for public bank loans or make public
bank products available.

1 Stimulate combinel hydrogen refueling stationsPay specific attention to the development
of combined hydrogen refueling stations which serve as a station for passenger vehicles and
large fleets (like buses and garbage vehiclké&recommengbdto start an initial studyvith
the focus on these kind of fleets which can also serve as public refueling stations.
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1 Create incentives for higher cost of hydrogen from renewable electrieihd waste e.g.
this can be done by the introduction of a bioticket system like in Thaédkeinds, Germany
etc. The bioticket systerhas been developed teach the targetsvithin the EU Renewables
Directive (RED) which seeks to achieve a 10% share of renewables of the final energy
consumption in transport by 2020. Companies which deliverspart fuels to the market,
have the possibility to sell biotickets to other companidsch cannot or want to blend
biofuels In The Netherlands, green gas (subsidy free) injected into the gas grid, can generate
extra earnings when this green gas is besolyl via CN@efuellingstations. In case of green
gas being produceftom wastestreams the earnings go up bwultiple crediting The
bioticket system andnultiple creditingof these fuels can stimulate the market (if the
earnings also reach the producer). Hydrogen from renewable sourcesaHaigpotential to
contributeto the objectives of the RED.

6. LYLX SYSy(d o6AyRAY3a (GFNBSGa (2 NBFOK WINBSYyQ KeR

At the moment, most of the produced hydrogen in Belgium originates from steam methane

reformingor fromhydrogen as a bproduct.Incase/ I G dzNJ £ 3IFa A& GKS YIAy Sy
meet the requirements to reach a low carbon mobility system. Users®#Qa | yR (G KS O2YYo
expect that the market will decrease the carbon footprint for the production and use of hydrogen

and reach 100% renewable hydrogen in the futurew carbon solutions are relatively expensive

because of their short development hisyoand mismatch within our energy system based on fossil

energy. To start with the development of the hydrogen mobility market iniBelgwe expect the

use ofnon-renewablebasedhydrogen(e.g. from natural gasoal, oil, nuclear energwill be

acceptei2 yt & AF GKSNB Aa I OtSINIFYoAGA2We(d2 NBFOK |
recommend to:

1 Decide orintrodudngé A Y RAyYy 3 G NBSG& F2N) 6KS anddtag 2F W3IN
discussions with stakeholders

1 Develop and invest in 2 innovative projettanetropolitan areagfor bus and passenger
vehicles) to demonstrata 100% renewable hydrogen refueling station possibly in
combination with storage and grid balancing services.

7. Cooperatewith the neighboringBeneluxcountries

CNRY O2y@SNAEI(GA2ya 6AUK AYRdzZAGNE oO0OFN) h9aQa | & ¢
governments and the Europe&CHIU it seems to be an added value to coordinate the activities of

Belgium with Luxemburg and The Netherlands &ximize efficiency of investments and European

support.
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