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Initiallyywe summarize a set of general conclusions and
comparative results of the preliminary business case analysi

> Help participating Regions
and Cities navigatke large
pool of applicatians terms of
key decisiamaking dimensions

> |dentify common challenges
and opportunities to start
discussions about integrated
deployment approaches

> Provide first orientation for
individual strategic fit
assessment

> |dentify further areas for
detailed analysisn Phase 2

SourceECH2JU Roland Berger

Key premises for comparikgHapplications

> Time horizorfocus on the nex8 Year$ a realistic
deployment timeline following this project

> Alternative technologielsenchmark FCH applications
against conventional and/or edrmars@ion technologies

> Marketsfocus on Europe as market environment, e.g. in
terms of commereailability amelgulation

> Use casesattempt to abstract from specific use cases an
consider a "representative" deployment context (e.g.
operators' requirements, fleets, energy prices)
regionalisation in Phase 2

> Financingexclude any specific public support schemes ir
the initial, geneaalalyses
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The FCH applications in scope are heterogénéetent tech.
readiness, economic competitiveness and deployment comg

Evaluation of 10 FCH applic%aﬁiomss seven dimensions INDICATIVE
TRL Economic Environ 1| Unique Ease of B Direct pre Visibility
competi mental selling deploy curement as "show
tiveness benefits propos. ment case"
<@~ (urban) Buses | I I
Transport

appls Cars ] I N N ]
cations )
Delivery vans | . B
Heavyduty trucks B, B
Trains 5 1 ]
Port operationsl:l _ | | | | | |
S0 Fowron I e |
applk gas grid
cations
Residential mC_ _
ofgidpower [N | | N N
B High Medium | Low

1) Please note that the selection only contains thartkedepplications as stated by the Regions and Citiesd Bethssegsmestirvey (June 2017)
2) Results differ depending on location, time horizon, benchmark technology as well as specific use case under consideration
SourceFCH2JU Roland Berger | 6
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TRLrange from 4 ta Gorklift trucks, cars amdHP&ave the
highesTRL they are fully commercially available

TRLand commercial availability compared to alteohaiolegiés INDICATIVE
Key question > Bikes > Cars.

: > Deliveryans > Forklift
To what extent is the FCH > Garbagérucks trucks
applicatiotechnologically > Sweepers > Residential
matureand can be considered > Scooters mCHP
commercially availabie Europe > Commercial
compared to competing building CHP
technologies? - frains
Key metrics ¢ Lowey : ’ : g & Higher
> Technology Readiness TRL ® ® TRL

LevelTRLD
> Industrial capacities > Urban Buses
> Backup power
> Deployable volumes > Gensets
> @ > Industrial CHP/PP
> Heawduty > Offgrid power
trucks
WGl mwG2 > Construction
WG3 WG4 mobile
WES equipment

1) Results differ depending on location, time horizon, benchmark technology as well as specific use case under consideration

SourceECH2JU Roland Berger
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Forklift trucks are among the few applications thatacan build
business cases on a s@pde basis; trains are not far behind

INDICATIVE
Key question Low Medium High
Howeconomically competitive | Significant cost premiurModerate cost premiumSmall or even no cost
the FCHpplication frcime for FCH application  for FCH application premium for FCH app.

user's/operator's perspective [generally >1000€ ¢ [generally 3000%TCQ [generally <30P€(

compared to kéygmission or

conventionatpmpetitors? > cars [+8200%] > Bikes
> Garbage trucks [+86] > Forklift truck${15%]
) > Constructianobile > Sweepers
Key metrics equipment
> Total cost of ownershipQ, > D(?L'lvery \é/ans
levelizedost of energy (dep. [+1064009%]
) ) 7 > Scooters
typical economic decision
making process) > Ind. CHP/PR3P-200%]
> Estimated cost of system / > Backup power > ResmCHH30660%]
purchase price > CommCHP [16800%)]
C . > Gensets
> Cost premium > Offgridpower
> ..
WGl mEWG2
WG3 mmWG4
WG5

1) Results differ depending on time horizon (ker@nshorizon of nes& Years, excl. public support schemes), beashmedirks specific use case
2) Values in parentheses "[ ]" are based on results of the prel. business case anylsis; they indicate therdltir&TCB@ppkoaition over the conventional benchmark

SourceECH2JU Roland Berger
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Environmental benefits differ, e.g. dep. on efficiency, fuel, siz
of typical deployments and technologies that are replaced

INDICATIVE
Key question Moderate Significant Very strong
How significant are the Relatively moderate  Significant environmentalery strong
environmentdienefitdof aan environmental benefits benefits environmental benefits
F lication in ical
Cgszlafgec?; Omemacgrﬂ e | > Bikes > Forkliftrucks [n/a] > Carg3040%)]
main (Cor?vexrlltio mpeF':ing > Constructianobile > Delivery vans [I5%]
) )'ab_ ) equipment > Backup power
technologies, considering both > Garbage trucka535%] > CommCHP [85%]
relative emissions savings and > Scooters > Ind. CHP/PP-f&%)]
absolute abatement (e.g. vehicle> Sweepers > ResmCHH1650%)]
fuel consumption, fleet sizes)?, = Gersets
Key metrics > Offgridpower-R030%]

> Greenhouse gas emission Please note: All hydrefyetied FCH applications have zerdTodal (
emissions. When considering green hydrogen atongetioum

savings (esp_eCI_a”yZI:O_ hydrogen supply options , [6€&#y andtotal VTV emissions fall to
> Pollutant emission savings zero for all applications.

especiall WGL  mmWG2

( P y Np _ WG3 WG4
> Noise emissigsavings WG5

1) Results differ depending on time horizon (ker@nshorizon of nes& gears, benchmark as well as specific use case
2) This indication is based on a typical usef@klplications, considering emissions savings of a typical use case (single unit or fleet), based on cons. of "grey" hydrog
3) Values in parentheses "[ ]" are based on resultpifebbutiress case analysis and indicate the potgrtigdstid savings compared to conventiontlgfptesihnologies

SourceECH2JU Roland Berger



Several applications, e.g. forklifts, trains and buses, have alr
found a clear USP and focus on specific use cases

Unique Selling Proposition (USP) compared to akehmatiogiés

Key question

Does the FCH application have
unique selling propositide.g.
refuelling time, range, use cas¢
compared to other low or zero
emission technologiésom a

user s/operator's point of viewf;

Key metrics

> Proven, tailored, viable use ¢

> Operational advantages

> New business models /
opportunities

> Regulatory incentives
> e

Improvable

> ffylly defined
<

Moderate

, Application use caseApplicatiespecific use case,
and USP still to be USP to be sharpened

INDICATIV

Strong
Proven use case with
distinct FCH USP

>

> Constructianobile
equipment

D
> Scooters

ase

WGl mmWG2
WG3 B WG4
WG5

VvV V

vV VVVYV

Bikes
Delivery vans
Heawyduty trucks

Backup power
Commercial building CHP
Gensets

Industrial CHP/PP
ResidentiahCHP

> Urban Buses

> Trains

> Cars

> Forklift trucks
> Garbage trucks
> Sweepers

> Offgrid power

Strength of USP

1) Results differ depending on location, time horizon, benchmark technology as well as specific use case under consideration

SourceECH2JU Roland Berger
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Implementatioelated ease of deployment differs and depend:
on infrastructure requirements and necessary stakeholder bt

Implementatipalated ease déployment

Key question
Howeasyis the implementation

the application in comparison to deployment

competing technologies? Or in
other termishow complex is it?

Key metrics
> Setup time and cost
> |nfrastructure requirements

> Numbeof stakeholdeis be
involved per project

> Project management
requirements

> Completenes$ FCH regulatio
> Workforce training requireme

<

> Backup power

n
NS

WGl mmWG2
WG3 B WG4
WG5

> Urban buses

> Cars

> Constructianobileequ
> Delivery vans

> Garbage trucks

> Scooters

> Sweepers

> Oftgrid power

INDICATIVE
Low Medium High
ofRelatively compleXModerate complexity Straightforward
implementation
>
> Heawyduty trucks > Bikes
> Trains > Forklifts

>Commercial CHP
> Gensets

> |ndustrial CHP/PP
> ResidentiahCHP

Ease of deployment

1) Results differ depending on location, time horizon, benchmark technology as well as specific use case under consideration

SourceECH2JU Roland Berger
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Regions & cities have several options to engage directly in t
deployment of FCH applications, e.g. in public transportation

INDICATIVE
Key guestion FCHeadsmainly FCH leads private FCHeads
How are the possibilities for private andpublic ~ mainly public
regions and citiesrtplement Regions & cities act Regions have direct linesfegions & cities can
FCH applications as indirectly as facilitators, buyers ¢anin some cases act (more or less)
users/operators? Do they act as €nablers and promoters be direct customers directly as customers
direct customers or are they rathetv
indirect facilitators/enablers for c i mobil Bik Garb o
private users? > on.structlcmo lne > blKes > Garbagérucks
equipment > Cars > Sweepers
. > Delivery vans
Key metrics > Forklift trucks > Commercial building CHP
> Owner of technology purchasing Scooters > Gensets
decision (public vs. private) > Offgridpower
> Common operating model > Residentiah CHP
> Potential of regions and cities as
multiplier/facilitator WGl g WG2
> @ WG3 WG4
> Backup power WG5

> |IndustriaCHP/PP

1) Results differ depending on location, time horizon, benchmark technology as well as specific use case under consideration

SourceECH2JU Roland Berger
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Public transport applicationgaateularly visible to the public ar
hence have a great potential to BC-hSshowcases”

Visibility as public "showcase" to promote oveeahrabty INDICATIVE
Key question: Limited Moderate Strong
Howvisibleis the application in Relatively limited visibilisfoderate public visibilitystrong public visibility
the every day life of European, >
citizens? How large is its impact in Forklift trucks > Constructianobile > Heawvyduty trucks
promoting the acceptance of fuel equipment > Trains
cell and hydrogen technologies? > Urban buses

> Bikes
Key metrics: > Backup power > Cars
> Degree of usage in public space _ > Comm. building CHP > Delivery vans

and by European citizens > IndustriaCHP/PP > Gensets > Garbage trucks
> Oftgrid power > Scooters

> Role in public infrastructure
provision

> Location and size of application

> e

» ResidentiahCHP > Sweepers

WGl mEmWG2
WG3 mmWG4 L
WG5 Visibility

1) Results differ depending on location, time horizon, benchmark technology as well as specific use case under consideration

SourceFCH2JU Roland Berger | 13
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Somapplicatiorsan baleployed in the short term, as they are
comm. available amgblementatiaas withim the public domain

Shorterm deployment opportunities for RaguQhses INDICATIVE
What applicationsanl deploytomorrow? Key considerations
High | ‘ Residential mCHP Urban buse

- Forklifts ¢ . L J Cars A

Industrial CHP/PP

) ‘ ¢ Gensets

. * —® ®_A Offgrid power

| Delivery vans L Sweeper

. A Bikese¢ & Trains

ScootersA |  Comm.CHP |Garbage truck
TRL 11— Heavyduty trucks . .
A L . TRLapplicationgor actual deployment projects
1 Boatse A Ferries o ]
| Construction mobile equ. > Publicinfrastructure sectorarewell suited for
| _ deploymeimtf applicatiol&cause of direct control of
i Alrport equ. | public authoritiesd. publicalbyvnedocal/regional
- : L"_e‘:]'“” transport operators or utilities)
ig
Low — T T T AL > Cities anRegionsan reduce complexity in-multi
Low Opportunity for direct public engagement ~ High ~ Stakeholder settings by actidgext customersf

_ industry
Implementatiorel. ease of deployment:

1) Results differ depending on location, time horizon, benchmark technology as well as specific use case under consideration
2) Applications in parentheses are still to be discussed within Working Group Calls
SourceFCH2JU FCH2JU Roland Berger | 14
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Going forward, the preliminary business case analyses are fl
for the renewed assessment of all applications by Regions &

Recap. of project approach: two phases and eleven modules

V)

Phase 1Preliminary business cases > Phase 2Detailed business cases, roadmap;

eRegionaI "self eAssessment d eAssessment of | 0Detalled @Concept QRoadmap @Engage

assessment” preliminary “fit" for reglons/ business for maxi and menbf
survey as initia business casq cities (refined cases mising implemen local
market (generic) market 5 (specific) use of tatiorplan stake
screening screening) i funding holders
Technology '

introduction for e Ranking of

regions/ cities applications

ForH2valleys("Tier 1 regions/cities")

For demonstration projedtSier 2")

9 Mapping funding/financing mechanisms ! @ Dialog platform for technology development ("Tier 3")

@ Communication outreach/impact

I Modulesurrently under way

SourceECH2JU Roland Berger | 15
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Working Group 1 has attracted interest from a broad coalitiol

Regions and Cities as well as industry players

Working Group 1: Heavy duty transport applications

|
regions & cities are part of the
Working Grodfrom

5European countries

1. Traing "Hydrails

2. Buses 2 Oindustry participants are now pairt
3. Heawyduty trucks ofWorking Grodpfrom

6 European countries <=

7 BOC
CALVCRA BMW C |TM
@airtiquide = BALLARD GROUP ™+ €D
o DAIMLER ALSTOM @ JweD  Uni
B

. er
Nedsre vorocenics  EVOBUS p _Nm

SourceECH2JU Roland Berger | 17


http://www.holthausen.nl/

FCH BerFES'ae”FI )
Each analysis consist of 3 key elements (usecbaséogies,
performancé)Regional differences will be tackled in Phase 2
Prel business case components and flow of asly$EsMATIC

Exogenous assumptions.g. energy/fuel cost, carbon intensities

VvV
FCHapplication Basicperformance
> Technical features (e.g. 1 "generic" use case
output, efficiency, lifetime, o
fuelling requirements) ang- - - = = = = = = = = = = = = — — — — — — — a°
general readiness
> Est. CAPEX / system cost Fﬁ m
> Est.OPEXe.gmaintenance) . -’ o
e 0
é plus benchmarking ______ >
agarl:ns}cqmpetmg éconsisting of t ®)|0)
technologies requirements of European regions

and cities

SourceFCH2JU Roland Berger | 18
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Trains FCH

Use case and applications determine cap(@s,Nagt
Infrastructure cost that in turn make up the op€@tor's

Key elementsieCHransport applicatiofGOr SCHEMATIC, SIMPLIFIED

Operator's

p le rFEHranc/ systame é 1. Capital cost

"Total Cost of

The task / scenario at hand:
use case, deployment
context, target operating
model, e.g.

> Route definition and length,
required stops/stations

> Target capacity

> Target roundttime, target
schedule for operations

> Target availability

> Topographic and other ext.
conditions

> Fleet size, depot structure
> Energy cost

> Carbon intensities
> e

specifications and performancs [nvestment / depreciatio
> Size, volume, weight, other> Financing cost
physical train configurations

> Maximum / average speed

Ownership"TCQin
EUR p.a. or EUR/km

> Powertrain design, i.e. fuel 2 Fyel cosbH, "
cell + battery + engine consumptioh, price(dep. l

> Fuel cell technology onproduction, distribution

> Efficiency / fuel consumptiorvolumes, input prices, etg.)

> Hydrogen storage systen
> Degradation
> Lifetime

> Availability
> é

utilities, fees/leviesxed

1
3. OtheO&Mcost,e.g. for I
train maintenance, personyel,

Hydrogen infrastructure
specifications and perform:
I sharing ratios

4. Infrastructure cost

ANCS Investment / depreciatio
> O&Mcost

1) Largely excluded for preliminary business case analysis, more detailed consideration in Project Phase 2

SourceECH2JU Roland Berger
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Hydrailsnight almost reach cost parity with diesel trains in the
medium run, while reducinga@®putting Nemissions to 0

Economic Environmental Technical/operational
Estimated annualised Total Cost of > Zero tailpipe emissions of f@utants > Rising technical maturity of iacgér
Ownershi@ CQ [EUR/km], 2017 prices  such a®NQ andfine dust particlesg. fuel cell modules to be used in trains or
saving ~185 t NQyear tram cars; ralt in Germany in first
CURRENT POTENTIAL)

> Weltowheel CQemissions depend on major “redife” projects under way, tech.
fuel source, use case characteristics ar moving towards commercialisation for

-1020% 1050 efficiency (i.e. fuel consumption) trains starting operations over the
medium term (tender processes in part
807 == kg C@km already ongoing)
6.0 — 4.0- > Once deployddydraiDEMs would
- (feel compelled to) guarantee same
404 B pm 3.5 -2040% availabilities of conventional diesel trains
30- (e.g. approx. 97%), not withstanding
2.0 initial deployment challenges
. . . l 23 > Range of a fully fueldiraiat 600
0.0- 2.0~ 800 km, aiming to reach parity with
Diesel ;  FC Diesel L diesel at up to 1,000 km
I Infrastructure Il Depreciation (trains) 0.5 0
Labour (trains) Fuel 0.0
Maintenance (train§jll Fee for railtrack usage "Green"H2 "Grey" H2 Diesel
Financing (Electrolysis) (SMR)

SourceECH2JU Roland Berger



Trains @ Berﬁgolaengl )’
The impact ®CQdrivers varies, creating several levers for fur

reduction of hydrogérOcompared to dies€lO
Key determinants of the busoassed INDICATIVE EXAMPLE

| mportant sensitivities <conésiedsetr.e dC@pUREnt] o0 n

1 Hydrailpurchasing pricareducing the purchasing price of the FCH  _ g s 6.6

train to the price of diesel trains in 2017 potentially results in the :
overall reduction of costs per km of ECR ~50 ._-_l

Fuel costsa price reduction for hydrogen to 4 EHR / kg 87 84 82 79 76 7.3 7.1 66
2 potentially results in a reduction of EOf st80ng regional e
differences 10 9 8 7 6 5 4 11
EUR/kg EURI/I
Infrastructure cost@mitting the infrastructure expenditures and
3 therefore levelling the infrastructure relatedcG#PB Rith the diesel 29 — o6

case, potentially results in a cost reduction per km oftdUR ~30 : ! :
strongly dependent on fleet size and depot structure ._-_l
[ HydrairCQbase casdlll Hydrail CQ ajusted variabldSJilf Diesel traiiCQ base case

1) Unless otherwise stated, all statements shall be considebecded &0dsteris paribuise. "albthesthingsequal”
SourceFCH2JU Roland Berger | 22



Trains @ Ber%ggl .
As an example, we considered a relatively sizeable fleet dep

of Hydrailswith changing cost and performance parameters
Key assumptiontNDICATIVE EXAMPLE ~

/7 NQ
// o/)S‘],. ™
. . . ¢ ~
Applicatiorrelated assumptions Use case and exogenous factors ~ 5‘%"’%\
~ c ” ~
.................................................................................................................................. "%, 0
H 06’
; ; ; ¢ > The assumed train operator has sevezldatdfied route § )
tOdayou“OOk .............. Hydra” ............................. [..) .'.(.:'..Sf.l..t.'.r?'f ..................... . of ~100 km and ~10 stops each to service. The tramig @
Technical 150 passenger (seatet§0 passenger (seated) at an average speed of ca. 80 km/h. The ambition is to service t_he route

specifications o o during peak hours hourly, with 10 hours in operation + additional refuelling
P Lifetime: 15 years  Lifetime: 15 years :  time per day. The operator deploys ~15 trains with a total expected distan
Availability: 95%7% Availability: 97%7% . travelled by each train of ~750 km per day (fleed tnaketsper year)

> Hydrogen consumption: -2B80kg/d (1 train), ~3;4%00 kg/d (eret)

CAP_EX _ _ > Financing costs of train operator: 5% p.a. :
> Price train [unif EUR®.5mA5m EUR4.3n 4.5m : > Labour costs: based on 2 shifts and 4 FTE per train, with average Westerr
> InitiaHRS EUR 9 Mm7.2m - European wages of EUR 32,000 per person per year
Fuel : > CAPEX for refuelling stations: one HRS at centraF@iicifus; for :
ue :

i counterfactual diesel train deployment no additional investment :consrdere(
> Fuel type Hydrogen (350 bar) Diesel i due to widgpread availability of diesel refuelling infrastructure today

> Consumption 0.28/0.25%gH,/ km 1.2/ 1.4 diesel / km

> Source of hydrogen: Stétathane ReformiB§iR, truckn
Maintenance costs > Cost of hydrogen for operator: 7 BYRAGUR/kdH, R m :
> Train per km EUR 0.720.65 EUR 0.790.71 > Cost of diesel : 1.1 EUR/IEEUR/I RGO
> Ref. station p.a. EURL80K 180k  EUR 10,3500,350 > CQ emissions fragneyhydrogen: 9 kg /g J o/;f"’%g\," -~
> CQ emissions fragneerhydrogen: 0 kg /Hg N c/.J’o'ep NS
Labour costs p.a. EUR 128,000.28,000 EUR 128,000.28,000 > CQ emissions from diesel' 2.64 kg/l ~ < ey, g,

1) Assuming productscale scenarios fydrailDEMs, current price of diesel train as initial targdﬂ;adxm{;ﬁmelrmrnanyto be validated)
2) HRS cost prelimiriaity be validated
SourceFCH2JU NOW, Roland Berger | 23
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Heavyduty trucks
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Giving their growing share in road tr&aidpernissions, future
European regulation will likely also tackidutgadmycks

European road transport greenhougeH@®Mmissions [%0] INDICATIV

%
100+
90 -
80 -

H

60 -
50 A
40 A
30 A
20 -
10 -
0

2012

Vans (LCV)I Trucks & buses (HDill Cars & motorbikes
Source: Transport Environment, EEA, European Car@higHipRoland Berger

2030

> Emissions from heaxduty vehicles
(HDV, incl. trucks, grew by >35% from
1990 to 2018nd keep increasing. Without
additional measures, they are projected to
reach as much as 40% of European road
transport emissions by 2030

> Current emission regulations in road
transport focuses heavily on passenger
carsjt is to be expected that future
regulation will tackle trucks as well
even considering that efficiencies have
already been maximised to a great extent,
given the highly commercial nature of the
sector and the high share of fuel cost in
total cost of ownership

> Several levers for further reducing truck
emissions exist for example from:
i Alternative powertrains (e.g. fuel cells)
i Alternative fuels (e.g. hydrogen)
i Other levers, e.g. digitization effects
such autonomous driving

| 25
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First truck prototypes w@kpowertrains are being deployed
Commercial availability of vehicles is expected to improve

Overall technological readinesenerally at advanced protstgge; prototypes are being

(or will soon be) demonstrated in relevant environrasotrsi-€. gruck tailored for retailer COOP| dr.
ZECTI program; Nikola Gi@Hruck officially presented in December 2016; further announcement by
Norwegian grocery retAigQn 2017 fa*fCHiruck based on Scaniataydrogenicystems

Demonstration projects / deployment exan{ptdection)

Project Country Start Scope
H2Share m 2018 Production and demoldftbeavy duty truck on a DAF chassis and\idilt\shicles to be
deployed in DE, FR, BE & NL and used BplDiBreytneand CURE
ASKdlistribution logistics trucks : = 2017 Partially govtinded demo project to deploy up to 4 FC trucks for regional grocery distribution
logistics (=500 km distance); Sd#ttizhassis andydrogeni¢sC
WaterstofrecgogOHydrogenRegidrd __ 2016 Interredrlanderd he Netherlands fundétiruck based @AFCF Fx2modular BE truck with
FCHrange extension up4006kmange. Built MDL& Chassis Eindhoven, demo. starting 2018
COOP distribution logistics trucks ﬂ 2016 Due to a lack of fuel cell trucks in serial production, retailer COOP developed a tailored fuel ce
N~ with OEMEsordor its regional distribution logistics
0 = .
%8 Name OEM Product features Country Since
'O
S0 Project Portal Toyota Motor North  Based on a Kenwdr@®chassis with twiirafuel cell stacks and a 12 kWh batter @ 2017
o America Inc. engine with ~500 kW power output and torque Nid-1,800
S’v US Hybrid FC US Hybrid Drayage day cBGHtruck based on NavistaPiri$tafor regional haul operations#&= 2017
.% drayage truck 320/430 kW operating/max. power (Ballard); ~3,750 Nm riduuteogueattery
= Esord=C truck Esoro 4-wheeled MAN chassis with trailer (total 34 t.); synchronous engine with 250 Jjutp@016

Nikola One Nikola Motor
Company

stack of 455 fuel cdflewerCellvith 100 kW output; lithiumibattery
Night cab truck with a range of >1,300 km; engine power output ~750 kW, tor#==f 2016

~2,700 Nm; LithHmon battery (320 kWh); to be comm. available in several years

SourceECH2U Roland Berger *) Technology Readiness Levelds 67 Y89 9 Specifically adjusted to port requirements



Heavyduty trucks

The truck market is highly heterogeneous with respect to use
as well as available (and conceivablegrtosgon technologies

Trucks by category and availableslong€ion technologies

Classificatio#

Descriptiord
Use case
c;\/
Range [avg. <<§
yearly range] é(,
o <<,
Emissiond V%

Low/Gemission - Q\’
technologies

Engine output

Consumption

’(.-. '{._. '(.._. '(...-..-..

>35t <75t >75t <12t >12t Truck tractor

" Delivery in short Delivery in regional Motor vehicle for drawhangdistance hauling, e.g.

distance traffic, e.gransport, transport thiler in lorgjstance
around central  bulky goods, e.g. hauling, esite traffic,
distribution centrearound regional e.g. for transport
(typically light distribution centre companies with
goods; inner cities) standardized freight

for international transport or
transport of goods with
special storage
requirements

12,300 13,70&m 25,700 28,40&km 70,30G 77,700 km 101,000 111,008m

~ 430 g/km ~ 59Qy/km ~ 78Qy/km ~ 1,00@/km
FCEV, FC hybrid FCEV, FC hybrid, FCEV, FC hybrid, BEVIFCEV, FC hybrid,
BEVCNGLNG, BEVCNGLNG, CNGLNGDies&! CNGLNGDies&}
Diesél Diesél

Highly dependemt individual use case, for exa

type of good transported, truck superstructur#ﬁ.. &B M -l

trend towards heavily over motorized fleet

1) Gross vehicle weighiVeltoWheel CO2 emissions for all street categories assutWidieEeirpowertrain and 50% utilization 3) Oveshetitld diesel hybrid trucks

SourceGnanret al. 201 DLR ShellHWWR010FCH2JU Roland Berger | 27
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Alternative powertrains still face several challenges, especia
regarding the economics of regionahgdstance hauling

N . 11} 11}
Powertrain benchmarking, segment ">12 t" (typ26)to 24 INDICATIVE
1 FCHTruck 2 Diesel truck 3CNGLNG truck 4BE truck
Yy
Eﬁ l,l,!]

CAPEX Actual 2015 302,00834,000 62,00668,000 95,00€105,000 175,004.93,858
[EUR] Estimate 2030  115,008.27,000 78,00686,000 136,00€.50,000 124,00€37,000
ConsumptionActual 2015 1.912.11 2.272.51 2.532.79 1.041.14
[KWh/km] " Estimate 2030 1.641.82 1.801.98 2.032.25 0.911.01
Maintenance Actual 2015 0.480.53 0.150.16 0.170.19 0.240.27
[EUR/KM] Estimate 2030 0.120.12 0.150.16 0.150.16 0.110.12
Rangé@ Mediurtigh range & High range @  Mediushighrange (B Lowmediumangé (%
Lifetime Typical holding periods are ~6 years (e.§00ktm~p.a.). Proxy considerations look diesel/FC buses to draw conclusions

FC trucks. Typically, bus demo. projects have shown the two technologies at par
Key Availability of infrastructure;CQO.and NQemissions and Infrastructure availability/rangest, size and weight of
challenges tradeoff between size of  related regulation limitation, higher upfront  batteries; range limitations;

hydrogen tanks (range) and CAPEX investment extended recharging times

cargo payload; vehicle cost
TRLlevel Level 67 Level 9 Level 89 Level 67

1) Expected, still being tested and under constant development
2)BEVSoperational ability to service this segment questionable (different considenatibicgistidsngs. delpased reégnal distribution use cases)
SourceGnanret al. 201 FCH2JU, Roland Berger | 28
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In principle, analysts see FCH as a viable opaongsing
heavyduty/longpaul truckirigesp. from a payload perspective

Tradeoff between alternative powertrains and payload acc. to US DOE

Payload benchmark of alternative powertrains Tradeoff considerations

Available payload for different truck categories and powertrains [kg] > Assumption: payload consideB€ &m
driving range

¥ Diesel .
rcey > Fuel cell trucks only compromise up to 5% of
B BEV the payload of the incumbent diesel
technology

> BEV trucks offer between 19 and 87% less
available cargo payload

> Please note:

i 800 km driving range is at the upper limit of
feasible mileage per day

i Currently available batteries are
economically not fit to match a 800 km
driving range. Size and weight of necessary
unitsare showtoppers

FCEV trucks are an attractive
option to replace regional and
long distance diesel triicks

from an payload point of view

27,938 @

Source: US Department Of Enklggium and Heavy Duty Fuel Cell Electric Truck TargeGH2D1 &pland Berger | 29
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FC trucks need signifiCHPEXsavings in order to compete
against other lovefission competitors

Schemati€COcomparison of different FC truskdPLIFIED INDICATIVE
Total Cost of
OwnershipTCQ 1. Fuel cell 2. Diesel 3.CNGLNG 4.Battery

(e.g. in EUR per km)

Capital > Higher cost/kW > Lower cost/kW > Lower cost/kW > Higher cost/kW
V TCOfor heavy duty cost > Higher > Maturity level > Producticat > Higher cost for
/—vehicles around 20% development and reached, low scale nearly reaching adequate
/ of overall lifetime cost permitting cost development cost  reached range (if tech.
"'"':: possible)
' ? Ops. & > Less frequent > Hig_her > Hig_her > Higher
s Maint routine, lower cost maintenance cost maintenance maintenance cost
:'_": due to engine set frequency for withdecr battery
,:\?PE)Sh o up safety reasons performance
| are i
i ipicallyip to 80%
7 Fuel > Lower fuel prices > Highly regulated & > Pricesensitive > Lower fuel prices,
cost (withH, supply uncertain prices fuel segment but many
A onsite) > Lower efficiencies > Lower efficiencies recharging cycles
: > High efficiency > High efficiency

Take The upfront investment weights relatively little when considering the intense use
and yearly km driven by the tiQe&sXesp. fuel cost) become the relevant
differentiating factors

away

1)BEVSoperational ability to service key truck segments questionable
"/ Additionalostrange for alternative powertr#“#sRange for additiosavingsthrough alternative powertraingifferent considerations fotlanigogistics vs. delpaged regional

SourceFCH2JU Roland Berger distribution use cases) | 30



Roland

FCH Berger '

FC trucks are the "cleanest" option amongst the fully flexible
competing technologies; grigbrars &VTWemission potential

Benchmarking "CURRENT"

kgCQknt
0.8 -

0.6 -

0.4 1

0.2 1

0.0

-16%-(-100%

BenchmarkingPOTENTIAL

kgCQknt

Diesel FCH FCH*

*) Green hydrogen
1) Assumed km/a of 80,000
2)BEVSoperational ability to service this segment questionable (different considehnatibfeyfstiteng. delpased ragnal distribution use cases)

SourceFCH2JU RolandergerGnanret al. 203 NGVAEurope 2017

INDICATIV

> Key drivers

I Availability of green hydrogen is
decisive in outperforming the
benchmark technologies

i Development of the energy mix
highly determines the
environmental competitiveness of
BE trucks

> Underlying assumptions

i CQintensity of "grey" hydrogen:
9.00 kg / kg,

I CQ intensity of diesel: 2.64 kg/l

i CQ intensity of electricity:
0.51 D.30kg/kWh (BE vehicle's
WTWCQO, emissions depend on
development of energy mix in
Europe)
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FC trucks can benefit §pihoverifom cars and buses; specific
challenges include infrastructure anebdbgawguirements

Spillovereffects from

FCH sector development 0

> Technologspllloveeffects from the
development and experience of
passenger cars and buses (e.g. fuel
cell stack production volumes) are

expected to boost the competitiveness
of FC trucks

> In particular, FC trucks could benefit
from (sectfwide) performance
improvements in the following areas:

i Cold start ability

i Lifetime

I Production cost

i Volume of fuel cell production
I Standardization

i Safety requirements

I Consumer acceptance

Influence of
efficiency on
TCO

Influence of
refuelling infra
structure

Reliability of
FC trucks

Specific
challenges for
heavyduty
long-haul
trucks

[
Specific challenges for FC trucks H

The degree of powertrain efficiency determines much of a truck's
TCObecause of the higREXshare (~780% OPEXfuel cost
3045%); improvements of FCH efficiency thus highly beneficial, &
expected efficiency gains for diesel trucks are relatively small

HRS are typically considered in the context of passenger cars or
depot applications such as buseghaul trucks have more

specific needs for refuelling determined e.g. by drivers' rest perio
and routes (typical refuelling range28@BRMO along major

transport corridérs)

Econ. value of truck loads puts great pressure on reliability; logist
companies are highly sensitive to downtime issues

> Fuel storage: lehgul transport dependent ondatyzardH,
tanks, 700 bar storage likely necessary; size might compete wi
commercial truck load (generally solvable issue acc. to industry

> Truck tractors need engine output of up to 300 kW. Current FC
systems (e.g. from buses) need to be scaled up to this level

1) At current diesel prizg#\ssuming an average speed of 70 km/h, also in line with EU regulated rest periods for truck drivers

SourceGnanret al. 201 FCH2JU Roland Berger
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Regulation will shape technology race for truck use cases; R
and Cities can stagetotypdemonstratiqgmojects

)

European, national and regional regulation will shape the future of different truck powertrain
technologiesif zeremission regulation for trucks is put in place-¢amddimn alternatives like
LNGCNG etc. are dacto excluded from the technology mix), FC trucks could have distinct
advantages in laingul heavgluty use cases (esp. vs. battery vehicles) due to superior ranges,
shorter refuelling times and less adverse impact on payload cargo (saime ppecgiens

as diesdlucky)

Shortterm opportunities and immediate implications for Regions & Cities

> Map local stakeholder landscape for truck use cases and potentially interested partners a
discuss current level of interest in alternative powertrains for truck fleets

> Participate in prototype demonstration projects together with local partners to push techne
readiness to the next level

> Closely monitor developments in the various demonstration projects across Europe in alig
with interested regional stakeholders

> Think or rhink hydrogen infrastructureutadtrategy depending on potential needs of FC truc
in the region

1) Operational equivalence to diesel depehrttantiorize arahboardtorage considerations
SourceECH2JU Roland Berger
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Urban buses @ BengolaenF l )'

Fuel cell buses are a highly flexible zero emission option for
transport; they can in principle be operated like diesel buses

Value propositions of fuel cell hydrogen buses

— Highdailyranges Full routdlexibility
% é ofup to 40@mwithout € not bound to a

refuelling range extension infrastructure on the route
% possible

Strong performance Fast refuelling

€ comparable to diesel buses, E!j é down to min per bus

e.g. accelerationgpadeability possiblé severatefuelling

cycles per day poss#sevell

Close to full
technological maturity

e withnearly 15 yeaand10
milliorkm of operational
experience in Europe

High passenger
comfort

'.‘ € due to reduced noise levels

and smooth driviexperience

Note: for a comparison of different alternative powertrain solutions, please refer to the FCH study "UrhzmvbusasisAibe batoee”, 2012
SourceFCH2JU Roland Berger | 35
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We considered the deployment of 20 new buses from one de
covering a typical distance of ~200 km per day and bus

Use case ﬂj @ Exogenougactors) m

> Bus operator renews (part of) his fleet out of the sam€ost of hydrogen for operator: 8 QEUR/KkdH,
depot: deployment of ~20 new buses with routes of £a¢y: of diesel: 1.0130 EUR/I

~200 km per day, i.e. annually ~65,000 km per bus .
> Cost of electricity: 0.04.2 EUR/kKWh

> Financing costs of bus operator: 5% p.a. - GO intensity of o .00 ke K
> Labour costs: based on 2 FTE per bus with average Qintensity of "grey"” hydrogen: 9.00 k / kg

Western European wages of each EUR ~32,000 p.&. CG intensity of diesel: 2.64 kg/|

> CAPEX for refuelling stations: one HRS at depot for CQ intensity of electricity: 0(620kg/kWh
FCH buses as well as substation, central transformerNQ, intensity of diesel: 4.00 g/l
and cable charging infrastructure for BEnbuses (~1.5 g N@Qkm)
additional investmeosidered for counterfactual
diesel bus deployment

Biis

.............. o
> Resulting hydrogen consumption (considering the 6 eQeﬂ\‘}z e
assumptions on the next skdép0 kg per day (bus), 7 O“Q\;‘;{\g‘eg\ g
~350 kg per day (fleet o o\ o0 X 087
o 6\(0\\“§ ..............

s

1) Two scenarios: "CURRENT" / "POTENTIAL"

SourceECH2JU Roland Berger
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Within our analysis benchmark FC buses with electric as wel
conventional diesel buses In a current and a future scenario

Applicatierelatecassumptions in two scenar®&MPLIFIED

CURRENTPOTENTIAL FCEBus BEBus Diesel Bus

Technical specifications ~ FCHdominated powertrairOvernight charging BE Full diesel powertrairg (

12 m; ~380 seats 12 m; ~380 seats 12 m; ~380 seats
Holding period: 12 years 12 years 12 years
Availability: 85%5% 90% A5% 95% P5%
CAPEX'000 EUR)
Purchase price ~620 /400 ~450 ~350 ~230 ~250
Refuelling station ~2,400+2,000 ~1,000 -
Fuel
Fuel type Hydrogen (350 bar) Electricity Diesel
Consumption (per km) 0.086 0.06%g 1.5 kWh 0.4l
Maintenance cos{EUR)
Bus per km 0.37 0.26 0.30 0.26 0.26 0.26
Refuelling station p.a. ~80,000 ~30,000 ~10,000
Replacements ~60,000+430,000 ~90,000+/60,000

1) Guaranteed y@aound ranges for BE buses will only become apparent through ongoing European prd@)rassanmss@ddd of 200 km/d in this use case is still TBC
(potentially no feasible alternative in the "current" use case for ranges of 200 km)

2) Assuming productiescale scenarios for bus OEMs as per "Fuel Cell Eleétifotumsie for Sustainable PubligpbraisEuropd™GHIU 2015)

3) One FC stack or battery pack replacement during lifetime

SourceFCH2JU Roland Berger | 37
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The cost premium of hydrogen buses might decrease signific
the medium run, emissions can be drastically reduced

Economic Environmental

D)

Total Cost of Ownership [EUR/km],
annualised at 2017 prices

> Zero tailpipe emissions gf @@utants
(NQ, SQ) and fine dust partickss/ing
~100 kg N@er bus a year (in this

CURRENT POTENTIAL example)
5 > Weltowheel COemissions depend on
4.0 -4050% fuel source (sourcdHgfelectricity mix,
35 etc.) and vehicle efficiency, ¢gtgen
' 100% green electricity would reduce w
3.0 -1015% towheel COemission® zero
257 . kg CQ/ km
2.0
[ 1.50+ 0 5

15 B = -100% -25%

B - 1.00-
1.0
05_l_l_l_l_l_l 050_
0.0- 0.00

FCE BE Diesel FCE BE Diesel Diesel

Infrastructure (incl. maintenari@g) Financing (bus-+infrastructure)
Fuel Depreciation (buses)
Maintenance (buses) I Labour (buses)

"Green" Electricity "Grey"
H, H,(SMR

@ Technical/operational

B

> Fuel cell electric buses (full FC
powertrain and FC range extender) are
entering the commercial phase with
large scale demonstration projects

under way; besides, add. OEMs will
launch vehicles in the short/medium run

> FC electric buses currently with
availabilities of ~85% (longer down
times), expectedéach ~95% in the
medium run

> Range of FCH buses-250 km;
(comparable to diesel buses), BE buses
reaching 18800 km max. guaranteed
range

> Refuelling times ofX5/min per bus;
comparable to diesel vs. BE bus
several hours charging

1) ThePOTENTIAlscenario requires a numideCBfelated and other factors to fall in place in the medium/long run (please see previous slide)

SourceECH2JU Roland Berger
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Impact oFCOdrivers varies, opening up several leverage poin
reduction of hydrogérOcompared to diesel & elect(©O

Key sensitivities consi der eéd e(ssteilneacttdd® ni)mpéa

[EUR/km]

Bus purchasing priceeducing the bus purchasing price by 20% 3.8 35 27 -

would lead to a reduction af@@@ef ~EUR 3€&per km; total - B ==

purchase price reductions to ca4@Wker bus have been — — e Diesel

established by European studies ("POTENTIAL" scenario)

Infrastructure costsetting attributable infrastructure investments fgr 3.5 26 o
2 FCBbuses (as well as electric buses) to zero, results in a potenti -_

TCOdecrease of ~EURcBper km for FC buses FCE - BE -

. Diesel

Fuel costsreducing hydrogen costs to the operator from 10 EURIRg?® 38 3736353433 5,
3 H,to 3 EUR/Kkg, results in a potential reducG@pef km of ~@&d I l_l

or ~120%

10 9 8 7 6 5 4 3 BE

EUR / k&, FC
I TCOn EUR/Km, base cas TCONn EUR/kmgdausted variables

1) Unless otherwise stated, all statements shall be aatertepedibpise. "albthesthingsequal”

SourceFCH2JURoland Berger
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Please note the following:

> Today's analysis showed one hypothetical exampledohansiatial performance comparison
betweeRCE BE and diesel buses. Riegbrojects will differ based on regional circumstances and
have to consider a range of additional factors (e.g. specific routes and scheduleslated/idual bt
requirements, national labour laws, additional cost items such as e.g. insureglatedrmbgi)ot
that this highvel analysis omitted for simplification purposes

> Similarly, the scenarios shown above should be interpreted as potential combinations of key vi:
affect the comparative technology performance

> Please note that a number of (irbdaseg) studies B@Ebuses have been published under the
auspices of tikCH2JUover the past years. Please consult them for further reading:

I £2017

i 12017

I N202%

I ) 2015
i , 2012

SourceECH2JU Roland Berger


http://newbusfuel.eu/wp-content/uploads/2017/03/NewBusFuel_D4.2_High-level-techno-economic-summary-report_final.pdf
http://newbusfuel.eu/wp-content/uploads/2017/03/NewBusFuel_D4.2_High-level-techno-economic-summary-report_final.pdf
http://newbusfuel.eu/wp-content/uploads/2017/03/NewBusFuel_D4.2_High-level-techno-economic-summary-report_final.pdf
http://newbusfuel.eu/wp-content/uploads/2017/03/NewBusFuel_D4.2_High-level-techno-economic-summary-report_final.pdf
http://www.nwba.nl/wordpress/wp-content/uploads/2017/06/Final-Report_CHIC_28022017_Final_Public-copy.pdf
http://www.nwba.nl/wordpress/wp-content/uploads/2017/06/Final-Report_CHIC_28022017_Final_Public-copy.pdf
http://www.nwba.nl/wordpress/wp-content/uploads/2017/06/Final-Report_CHIC_28022017_Final_Public-copy.pdf
http://www.nwba.nl/wordpress/wp-content/uploads/2017/06/Final-Report_CHIC_28022017_Final_Public-copy.pdf
http://www.fch.europa.eu/sites/default/files/Strategies for joint procurement of FC buses_0.pdf
http://www.fch.europa.eu/sites/default/files/150909_FINAL_Bus_Study_Report_OUT_0.PDF
http://www.fch.europa.eu/sites/default/files/150909_FINAL_Bus_Study_Report_OUT_0.PDF
http://www.fch.europa.eu/sites/default/files/150909_FINAL_Bus_Study_Report_OUT_0.PDF
http://www.fch.europa.eu/sites/default/files/150909_FINAL_Bus_Study_Report_OUT_0.PDF
http://www.gppq.fct.pt/h2020/_docs/brochuras/fch-ju/20121029 urban buses, alternative powertrains for europe - final report_0.pdf
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The diverse Working Group 2 covers the most mature applic
(forklifts) as well as early stage prototype endeavours

Working Group 2: Light and medium duty transport applications

. Cars
Delivery vans
. Garbage trucks

. Sweepers

g A W N P

. Construction mobile
equipment

(o))

. Material handling
7. Bikes

8. Scooters

5

regions & cities are part of the
orklng Grogdgrom

8European countries

Industry participants are now part
ofWorking Gro@gdrom

rrrrr

8 European (:ountrle'f*0

@ﬂirl-ilql-llde Power ‘ atawey DAIMLER m ' Bmw ‘
GZZ>  BALLARD s PP oM TS O
BMW \(L) , uni L
Logan B MercedesBonz  qeiama % 1@ per POW%E

LLLLLL
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Each analysis consist of 3 key elements (usecbaséogies,
performancé)Regional differences will be tackled in Phase 2
Prel business case components and flow of asly$EsMATIC

Exogenous assumptions.g. energy/fuel cost, carbon intensities

VvV
FCHapplication Basicperformance
> Technical features (e.g. 1 "generic" use case
output, efficiency, lifetime, o
fuelling requirements) ang- - - = = = = = = = = = = = = — — — — — — — a°
general readiness
> Est. CAPEX / system cost Fﬁ m
> Est.OPEXe.gmaintenance) . -’ o
e 0
é plus benchmarking ______ >
agarl:ns}cqmpetmg éconsisting of t ®)|0)
technologies requirements of European regions

and cities

SourceFCH2JU Roland Berger | 43
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B cars @) et}
Each customer segment has a distinctive user profile resultir

different priorities with respect to their purchase decision

FCEV: customer segmentation, share of new vehicles & respective purchasing

Private individual Company car Commercial fleet
customers customers operators

—

Characteristics > Exclusively private use of the vehicle > Private and busineskted use of > Exclusively commercial use of the

> Low mileage (typically less than the vehicle vehicle (company fleet)
~10,000 km p.a.) > Medium mileage (~20,000 km p.a.) > High mileage (up to ~40,000 km p.a.)
> Holding period ca. 7 years > Holding period ca. 3 years > Holding period ca4 $ears

Share of new vehicles ~409% ~309 ~30%

Purchasing criteria

> Vehicle cost pactel el et levan T
> Technology performance O Partly relevant @ Not very relevant O Partly relevant

> External influences O Partly relevant O Partly relevant @ Not very relevant\
> Infrastructure / charging patterns(. Partly relevant 0 Very relevant O Very relevant

SourceNPE FCH2JU Roland Berger | 45
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As an example, we consider a public procurement of FCEV
municipal level, with different cost and performance paramet

Applicatiorrelated assumptions

currenpotential FCEV BEV

Diesel

Technical Midrange car Midrange car

specifications

> Holding period: 4 years 4 years

CAPEX'000 EUR)

> Purchase price 70 /3% 35/ 30

> Ref. station - -

> Residual value 50% 50%

Fuel

> Fuel Hydrogen (750 bar)Electricity

> Consumption 0.008 kg 0.13kWh
(per km)

Maintenance

costs(EUR)

> Car per km 0.023 0.018

Midrange car

4 years

31/31

40%

Diesel
0.043

0.023

Use case and exogenous factors

> A municipal authority has a total vehicle fleet of ~3ezee g r@
vehicles, potentially resembling a city with ~500,000 inhaiSitaftss
Ca. half of these vehicles are operated by police, emergency services and tt
fire brigade, each with specific requirements. The other half, e.g. vehicles fol
social services, are considered in this context.

> Hence, the operator deploys ~30 new vehicles with each vehicle travelling ~
km a day, five days a week (~220 days of a year) on average, covering a tot
of ~660,000 km p.a.

> The vehicles hydrogen consumption: ~0.8 kg/d (1 car), ~24 kg/d (fleet)
> Financing costs of operator: 5% p.a.

> Context for refuelling infrastructure: this base case assumes existing availak
of public refuelling infrastructure for FCEV, BEV and diesel vehicles

Source of hydrogen: Stdéethane ReformiSdiR, truckn
Cost of hydrogen:2EUR/kdH,

Cost of diesel : 1.24EUR/I

Cost of electricity: 0.213(EUR/kKWh

CQ emissions from grey hydrogevk®/ kdH,
CQ emissions from diesel: 264kg/|

CQ emissions from electricity:/@5kg/kWh

V V. V V V V V

1) Assuming productéscale scenarios for vehicle OEMs, current price of diesel cars as initial ECgeapsiger&iminaryo be validated)
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FCH cars might almost reach cost parity with electric and die

vehicles in the medium run, while reducargl®Pemissions

Business case and performance ovelNBVCATIVE EXAMPLE

. @ . . . [N
Economic ¢ Environmental @ Technical/operational E’
Estimated annualised Total Cost of > FCEV have zero tailpipe emissions of > FCEV technology is commercially
Ownershi@d CQ [ctkm], 2017 prices CQ, pollutants suchMN§, andfine dust ready with leading OEMs offering

particlese.gsaving ~115 kg My2ar selected models in serial production;
! compared to diesel fuelled vehicles widespread market introduction
%, > Welkltowheel COemissions depend on depending on expansion of hydrogen
06, [\ A050% ! fuel source, po%er mix, use c%se and refuelling infrastructure and economies
: efficiency (i.e. fuel consumption): of scale / learniogrve effects to lower
0.5 . ; the premium on the product cost
04 kg C@km > FCEV have a range of approx. 350
] 700 and can reach top speeds of up to
0.15-
03, (-35% 160 km/h
0.10- — > Refuelling process & times of FCEV
0.2 are, with a duration c#i+inutes,
i f— comparable to conventional combustion
0.1 0.05 - engine vehicles
0.0 0.00 ) _
FCEV BEV Diesel FCE BE Diesel Electric  "Grey"H2  Diesel
Maintenance (vehicl@)l| Financing (vehicle) 1 2 3 4 5 6 7 8 9
I Fuel costs Il Depreciation (vehicle) o for;i?\gﬁon e colgﬂ:grcwal
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The impact ®CQdrivers varies, creating several levers for fur
reduction of hydrogérOcompared to electric and di€3@l

| mportant sensitivities conésiedsetriendateddO | mp a

[EUR/km]
. .- . . 14
Infrastructureif additional infrastructure investments for fleet 0.6 o
. . . . 0.3 L. 0.3 0.3
1 operator are included (i.e. in a pure captive fleet case), such as - T 1
refuelling stations for FCEV (and BEV), this cal @Qpalekm FCEV —— Diesel
1.0

0.7
Mileage per dayarying the mileage of vehicles per day from 50 t0 250 = °%° 05 04 04 3 g3
2 km, might result in a potéifi@decrease of ~EUR @idstrong

usecase dependent differences 50 75 100 125 150 175 200 250
km/day FCEV

Fuel pricesa price variation from EUR 10 to EUR 3per kg 0,55 0,5 0.54 0.5 0,5 0.5€ 0,57 0,5¢ DIeS:el

potentially reduces ové@i@{costs by ~1€0 prices forH, can I 0,2¢ 0.3

vary significantly across Europe
3 45 6 7 8 9 10

EUR / ke, FCEV BEV

I TCQbase case TCQ aljusted variables
1) Unless otherwise stated, all statements shall be considebeded &0d €eteris paribus, i-ethalthingsequal”
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In order to successfully deploy an FCEYV fleet, regions & citie
take specific steps

Key considerations for Regions and Cities deploying FCEV

Use case

Look for use cases with critical concern for range (>200 or eve
km per day) as well as refuelling time

Customers

Consider especially approaching and incentivizing key fleet
customers, e.g. taxis,-aaelcarsharingperators, smaéhicle
delivery services, social services in order to better distribute
CAPEX for e.g. infrastructure

Emissions

Look for availability of gk¢em order to seize full ¥oaheel
zero emission potential of FCEV

SourceFCH2JU Roland Berger | 49
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FGhybrid/electric delivery vans fulfil many requirements
operators are interested In

) FC electric or hybrid deliveryarar@&mission vehicles, complying wititityner
regulations orefnission zondsCHdelivery vans could also potentially benefit
from special niglglivery permits for-tamse vehicles

) Already today, technologies faybi@/electric delivery vans demonstrate ranges
sufficiently long to cover typical driving perimeters around distridusiod centres
could particularly do so in laagge use cases (suburban or rural delivery), as full
FCHpowertrain or range extender solutions

) Refuelling can be conducted at idugfaelling stations and/or corguangd
depot stations, short refuelling times minimize interruptions in the daily operating
schedule

) Maintenance and fuel costs-biyb/electric delivery vans are outperforming
costs of conventional diesel powertrains

SourceECH2JU Roland Berger
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Vehicles for all types of operators are available since the del
van market covers highly heterogeneous use cases

Types of delivery vans by category and available technologies | inoicariv

TS

LY

\
| \ "
% .
. \

;_ﬁv

i

e
_la
)

(e

Load bed ca. 1,000 ca. 5,000 | ca. 10,000 | ca. 35,000 |

ExempModel e.g. Renautangoo e.g. VW Transporter e.g. Mercedes Sprinter  e.g. Iveco Daily

Descriptiord  Justintime delivery of e.g. Transportation and Innefcity and regional Regional delivery of larger

Use case perishable goods or courieselected stock keeping of delivery of parcels from parcels and bulky goods

(examples) deliveries to clalsg inner  replacement parts and  distribution centres to the (e.g. furniture elements)
city surroundings tools for craftsmen final customer

Range [per day|307 150 km 3071 150 km 3071 350 km 3071 250 km

Available FCEV, FC hybrid, BEV, FCEV, FC hybrid, BEV, FCEV, FC hybrid, BEV, FCEV, FC hybrid, BEV,

technologies CNGLNG, Diesel CNGLNG, Diesel CNGLNG, Diesel CNGLNG, Diesel

Engine output 457 60 kW 507 150 kw 6071 110 kW 701 150 kW

Highly dependemt the individual use case, for example type of good transported, erif W
L 4 6 o~

SO stops per day, rural or urban area of operation, etc.

SourceSymbiofceNolkswageinwheelsagd@rucklNational Renewable Energy Labdra@bi3d Roland Berger | 52
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Already today, a variety dfiyitid/electric vehicle types have
been prototyped successfully or are even already deployed

Overall technological readineBEEV delivery vans are still inghamfcept
phase, use cases are predominantly centred around range extension of existing‘battery
powered vans in commercial use forléadeliveries

Demonstration projects / deployment exan{p&lection)

Project Country Start Scope Project volume

Hydrogen Mobility Eurb{&ME: “ 2016 H2MBbrings together eight European countries to improve hydrogen refud@lii®y 170 m
infrastructure and to demonstrate feasibility of over 1,400 vans and cars in real
life operations
Fuel Cell Hybrid Electric Delivery Van PEE= 2014 Proobfconcept for commercial hydrogen powered delivery vehicles as wellBs10.3 m
- performance and durability data collectiorsénwiseéroperations of 17 fuel
cell vans in collaboration with UPS, funded by U.S. Gov. through DOE

HyWay l l 2014 Largest European hydrogen fleet and 2 refuelling stations to test operation of n.a
hydrogepowered range extender&a@o@E H, in service

VULeartag® l l 2014 Commercial car sharing service in partnership with Paris town hall targeted at n.a
merchants and craftsmeial@o@ EH, (range extended) in service

Products / systems availalgelection)
Name OEM Product features Country Since Cost

UPS delivery van Unique Electric SolutioRsel cell powered walian based on Navistar Interndf@28@x2 32 kW E== 2014 n.a
fuel celHydrogenid¢4D30, 45 kWhiFeMgOHattery (Valence Technology) in
California. Similar project of FedEx in the same region

1) Only fuel cell range extender comprised
*) Technology Readiness LeVelO5 67 Y89
SourceECH2JU Roland Berger
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Due to their superior range and refuelling times as well as th
emissions, H@ybrid/electric vans are an attractive alternative

Average powertrain parameters for delivery vans < 3.5t INDICATIVE
1 FCHDelivery Truck 2 BE Delivery Truck 3 Diesel Delivery Truck
CAPEX Actual 2015 149,40465,200 68,906r6,200 28,50681,500
[EUR] Estimate 2030 51,30656,800 53,30658,900 35,60689,500
Consumption Actual 2015 0.580.64 0.330.37 0.70.78
[kWh/km] Estimate 2030 0.490.55 0.290.32 0.580.64
Maintenance Actual 2015 0.230.25 0.090.1 0.090.1
[EUR/km] Estimate 2030 0.050.06 0.050.04 0.090.1
Refuellingime? Low ™ High o Low ™
Rangé Mediuntigh range D Lowmedium range ™ High range o
Key Commercial availability (only Cost, size and weight of batteries; CQOand NQemissions and related
challenges prototypes in the markgt)_, size (_)f range restricts delivery service_ in regu_lation as weII_as noise pollution,
hydrogen tanks for sufficient daily  less densely populated operational particularly in the inner city
range without return to depot areas operational areas
TRLlevel Level 67 Level 89 Level 9

1) Expected, still being tested and under constant development
SourceGnanret al. 2017, Bentley Truck SexiigglotorsCenter for Transportation and the Envir@geROH2IU Roland Berger | 54
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However, FC delivery vans need a competitive advartade or
In order to benchmark well against the powertrain competitio

> More expensive spare parts

Diesel Battery electric Fuel cell
Total Cost of Ownership Capital > Lower price per kW power > Higher costs per kW > Highest costs per kW
(TCQ e.g. in EUR per km cost > Maturity level reached, low > High_development costs > Highes_t development and
! development costs starting to decrease due to  permitting costs
. > Conventional fossil fuel increasing production > High investments in company
y refuelling stations can be use#igh investments in companyowned refuelling stations or
owned recharging stations or reliance on public stations
é reliance on public stations
| - Op's & > High maintenance costs > Frequent maintenance routiné.ess frequent maintenance
j maint > Less expensive spare parts for batteries necessary routine, lower maintenance
/ cost > Moderately priced spare part$oSts

Fuel > Highest fuel costs per km > Lowest fuel costs per km > Low fuel costs per km,

cost > Higher maintenance cost > Low carbon footprint poter;_tially further decreasing
over time

> Low carbon footprint

Currently, high capital costs make fuel cells the more expensive alternative. However, further
improvements in production and fuel price reductions can lead to a superior cost position in
comparison to combustion engines and battery electric vehicles in the future.-Faaes on longer
use cases and possibly rexgender solutions might be warranted

/. Additionaostrange for alternative powertr#./sRange for additiosavingsthrough alternative powertrains
SourceFFCH2JU Roland Berger, Shell
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Currently, fuetllidelivery varsethe cleanesption amongst the
competinggchnologies but BE delivery vasstaoecatch up

INDICATIV

Benchmarking "CURRENT" BenchmarkingPOTENTIAL > Key drivers:
i Availability of green hydrogen is
decisive in outperforming the

kg C@km benchmark technologies
0.6- 2% —100% i Development of the energy mix
highly determines the
05 - | environmental competitiveness of
' FCEdelivery vans vs. BE vans
0.4 - ] > Underlying assumptions:
I CQintensity of "grey" hydrogen:
0.3- ] 9.00 kg / Kd,
' . -12% -100% i CQintensity of diesel: 2.64 kgl
11% i CQintensity of electricity: 0.51 /
0.2 7 +50% 0.30 kg/kWh (tBEV'CQ
_ — advantages depend on the
0.1- - development of the energy mix in
Europe and the assumption that
0.0 range issues will be overcome)

Diesel BEV FCEV FCEV* Diesel BEV FCEV FCEV*

*) Green hydrogen

SourceFraunhofdnstituteF CH2JU FCH2JU Roland Berger
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BEVdor now take most of the early conversion markets for u
lastmile deliverifCssee potential in lorgarge use cases

)

Until now, battery electric delivery vans already capture partsssidimecOnversion
opportunities for urban/suburbanilastelivery vaf@sl00 km/d range, esgreetscooter

in Germany), benefitting from cost and performance impr@Evsenesalf, FCH

vehicles might better focusrarerrange use casdg.g. rural delivery servioespecial

purpose vehicles with extra energy nesa$ as delivery vans with permanent cooling

either as full powertrain or as range extender solutions. In such uses cases, larger batteries
might reduce the payload of the vehiggmvidmtrain related disruptions are another key
determinant of future vehicle market volumes

Shortterm opportunities and immediate implications for Regions & Cities

> Map local stakeholders and discuss potential FC delivery vani sqyppatidhe
development of interest groups and demonstration projects

> Incorporate battery and FC range extenders into potential portfolio of alternatives to incre:
the applicability of fuel cells

> Closely monitor developments in the various demonstration projects across Europe in alig
with interested regional stakeholders

> Think or R€hink the hydrogen infrastructuoetrstrategy depending on potential needs of
FCelectric/hybrid delivery vans in the region

SourceECH2JU Roland Berger
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E Garbage trucks

FCHY Berger 1D

Use case and applications determine cap(@s,Nagt
Infrastructure cost that in turn make up the op€@tor's

Key elementsieCHransport applicatiofGOr SCHEMATIC, SIMPLIFIED

Operator's

p

The task / scenario at hand:

use case, deployment
context, target operating
model, e.g.

> Route definition and length,

required stops/stations
> Target capacity

> Target shift schedule for
operations

> Target availability

> Topographic and other e»
conditions

> Fleet size, depot structur
> Energy cost

> Carbon intensities

> e

e rFEHreck /tsyistene

t.

é
specifications and performg

> Size, volume, weight, oth
physical configurations

> Maximum / average spee

1. Capital cost
ANCS |nvestment / depreciation,
er > Financing cost

Total Cost of
OwnershipTCQin
EUR p.a. or EUR/km

d

> Powertrain design, i.e. fuel 2 Fye| cosbH,

cell + battery / other
hybridisation + engine
> Fuel cell technology

> Efficiency / fuel consumption

> Hydrogen storage systen
> Lifetime

> Availability
> é

consumptiohi, price(dep.
onproduction, distribution
volumes, input prices, etg.)

Hydrogen infrastructure
specifications and perform:
I sharing ratios

'3 Othe©O&Mcost,e.g. for I
truck maintenance, personnel,
utilities, fees/levitemsed
4. Infrastructure cost

ANCS |nvestment / depreciatio

> O&Mcost

1) Largely excluded for preliminary business case analysis, more detailed consideration in Project Phase 2

SourceECH2JU Roland Berger
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There is a cost premiurk@hitrucks for each km travelled and
significant G@mission reduction potential 85%5

Business case and performance ovelNBVCATIVE EXAMPLE

Economic (3 Environmental @ Technical/operational Ei
Estimatednnualise@iotal Cost of > Zero tailpipe emissions of @@utants > So far, only electric trucks with hydrogen
Ownershi@ CQ [EUR/km], 2017 prices  such as fine dust particled\spa fuel cell range extender (e.g. in

saving ~8000 kg N@year Eindhoven) or conventional diesel

> Weltowheel CQemissions depend on combustion powertrain with hydrogen

fuel source, use case characteristics ar fuél cell powbox for loader and
efficiency (i.e. fuel consumption) compactor (e.g. in Berlin) as prototype

®1 demonstration; only conceptual studies

5 - ka COkm for entire fuel cell garbage truck publicly

4 9cq disclosed (e.g. in Honolulu, HI, U.S.)
2.0 > FC powered garbage trucks currently

-2535% A
3 1 (2535% have an availability of ~85% due to
5 1.51 higher down times, with reliability
expected t@ach 95% eventually
11 1.07 > Rangeéof FC electric garbage trucks
0 - likely up to ~3k, similar to diesel

FCH 017 Diesel 631%

0
Maintenance (truck8)l Financing 0.0 TRL_____L___
. " " " " i 1 2 3 4 5 6 7 8 9
Infrastructure I Depreciation (trucks) Green"H2 "Crey"H2  Diesel dea ~ Tech. Prootype ~ Fully
Fuel - Lab (t K ) (EleCtrOIyS|S) (SMR) formulation commercial
ue abour (trucks

1) Analysis is based on a hydrogen vehicle with both, hydrogen propulsion as well asboydragpesigingef theldoaand compactor
2) Specification based o#HECF FA freight truck with hydrogen as a range extender, deployed witHiyditogyendigegion for Flanders asolitivern Netherlands

Source: Life "N Gk U.S. DoEECH2JU, Roland Berger | 60
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The impact of drivers on vehicle economics varies, creating
levers for further reduction of hydrGg®mmpared to diesel

Key determinants of the busoassed INDICATIVE EXAMPLE

Sensitivities considered ¢ € est. TOORWRKIN] o n

5.6
1 Garbage truck purchasing priceducing the hydrogen garbage truck > -39
purchasing price by 20% might lead to &dRi3€tion GICOper km ._-_l

2 Infrastructure costexcluding infrastructure costs in the hydrogen case,
l.e. Ievellmg of infrastructure expenditure in both cases to EUR O, could.” 4.7 3.9

result in a decrease offili@er km of EUR &@® infrastructure ._-_l
costs strongly dependent on fleet size and depot structure i

3 Fuel costsreducing the fuel costs for hydrogen supply from EUR, 7 p&Pk#® 5.7 56 56 55 54 54
to 4, results in a potential reduction of total costs per km of&EUR ~4( '

strong regional differences fdyprices 7 65 6 55 5 45 4 11

EUR/kg EURI/I
I FCHruckrCQbase case Jll FCHruckTCQ adjusted variables [l Diesel truckCQ base case
1) Unless otherwise stated, all statements shall be aentsidepadibuise. "albtheithingsequal”

Sourcetife "N Gra4 U.S. DoEECH2JU, Roland Berger | 61



Roland y

FCHY  Berger 1D

Similarities regarding lifetime, costs of labour and maintenan
FCH trucks likely, differences in CAPEX investment for HRS

Applicatiorrelatedassumptions

FCH siddoader

Full FCH vehicle
Weight: ~24 t
Lifetime: 12 years
Availability: 85%

Technical
specifications

CAPEX

> Purchase price  ~ EUR 406850k

> |nitial HRS ~EUR 2.4 m

Fuel

> Fuel type Hydrogen (350 bar)

> Consumption (/kmy-0.12€L.30 kg
> Consumption (/day)2025 kg

Maintenance costs
> Trucks
> Ref. station p.a.

0.460.50 EUR/km
EUR 7@5k

Labour costs p.a. EUR 64,000

Diesekideloader

Full diesel vehicle
Weight: ~20 t
Lifetime: 12 years
Availability: 95%

~ EUR 20R20k

Diesel
0.6 litre
110 litre

0.5 EUR/km
EUR 10,350

EUR 64,000

~

e,
- > Municipal waste management company with need to rﬁ/\;@ es )
i (part of) its 150 garbage truck fleet. First tranche of ~1

to be purchased. Overall coverage of ~400,000 km per year, W|th a dally
distance covered by a single truck of ~180 km-déhweek at an
average speed of ~15 km/h

> Financing costs of waste management company : 5% p.a.

> Labour costs: based on 2 FTE per truck with averaged Western European
¢ wages of EUR 32,000 per year

: > CAPEX for refuelling stations: one HRS considered at depot for FCH buses
i for counterfactual diesel truck deployment not add. investment c9n5|dered
due to widgpread availability of diesel refuelling infrastructure today

> Source of hydrogen: Stddethane ReformiS§iR, truckn
- > Cost of hydrogen for operator: ~5.5 EWR/kg m 5
i > Cost of diesel : 1.1 EUR/I

> CQ emissions from grey hydrogen: 3kg/kg

> CQ emissions from green hydrogen: Hkg/kg

. > CO,emissions from diesel: 2.64 kgl

> Nq emissions from diesel: 4 g/l

....................................................................................................................................

1) Tech. spec. based on fully hydrogen powered garbage truck deployment asKimluGd#8Ilacthie Refuse Truck for Waste Transpsittdli¢®oE, 2015)

SourceEFCH2JU Life "N Gra4 U.S. DoE, Roland Berger
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@ Berer |

FCH sweepers are a highly flexible zero emission option anc

comparatively high utilization rate

Value propositions of fuel cell hydrogen sweepers

—>
—>

%

@9
A

SourceECH2JU Roland Berger

Long ranges

é of1216 hours deployment
withoutefuelling range
extensiopossible

Strong performance

€ comparable to diesel
sweeper®.g. acceleration or
gradeability

High operational
variability
é d u@HGananoise

emission reduction, add. appl.

areas like warehouses and
railway stations feasible

24

High utilization

€ compared to di
alternatives due to strong
reduction of noise and resulting
overnight deployment options

Fast refuelling

€ down t&-7 minutes per
vehiclgossiblé several

refuelling cycles per day possible
as well

On the way to full

technological maturity

€ withseveral FCH sweeper
demonstration projects underway

| 64
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After successful demonstration deployment of prototypes, fir:
commercial orders show Rigrogress ({CHsweepers

Overall technological readineadvanced prototype/demo stage; several prototypes have been
deployed in demonstration projects, including fully hydrogen powered sweepers; first commercial orders
by California Department of Transportation (Caltrans) in May 2017

Demonstration projects / deployment exan{pétection)

Project Country Start Scope Project volume

Fuel cell sweeper deployment for Califor 2017 Manufacturing of fuel cell powered street sweeper by Global Environmental  n.a.
Department of Transportation (Caltrans) Products in California, for 24/7 deployment after successful five year testing of
diesel hybrid solutions

Fuel cell sweeper demonstration with 2017 Conversion Bblthausediesel model into fuel cell electric sweeper in n.a.
municipality of Groningen cooperation with municipality of Groningen, Netherlands and system integrator
Viseddrom Finland. Single hydrogen charge allows for 1.5 days of operation
and noise pollution was reduced by half

LIFE + ZeroHytechpark Project = 2014 Aragon Hydrogen Foundation developed and deployed a fuel cell sweeper. n.a.
Street Yet Washer Project funded by the EU's LIFE programme

Products / systems availalgelection)

Name OEM Product features Country Since Cost
Fuel Cell Electric GEP  gefiac 80KilowatECe80uel cell, 200 kW driveline. The street sweepers are B 2017 n.a.
Street Sweeper : manufactured in San Bernardino GBHahe electric powertrain and the fuel

cell is manufactured by US Hybrid in Torrance CA and in South Windsor, CA

*) Technology Readiness LeVelO5 67 Y89
SourceECH2JU Roland Berger
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Besides emission reducki@ijsweepers offer higher utilization
rates due to noise reduction and large operating ranges

Benchmarking with comparable street sweepers INDICATIVE
FCHSweeper A BE Sweeper B Diesel Sweeper C
: g
()
Description Fuel cell hydrogen powertrain for propulsiBattery electric powertrain for propulsionGomilventional, diebaked powertrain for
and brush rotating system brush rotating system propulsion and brush rotating system

Specifications

Costs 400,000 450,000 400,000 280,000 300,000

Powertrain: 30 kW FC with 108 kW (700 bar) 48V, 1,000 Ah 501 80 kW

Range: 121 16 hours 471 9 hours 127 16 hours

Weight (unloadedji 6t 415t 5716t

Max. speed: 307 40 km/h 251 35 km/h 301 50 km/h

Key benefits an@Zero loc&HGand noise emissions Q} Zero locdbHGand noise emissions QReIiabIe technology

challenges @ Fast recharging @ Usually no additional infrastructure re@iFedt refuelling
QLarge operating ranges (e.g. at night) QNO additional infrastructure requirements
QCAPEX premium due to tech. maturitj»e Long recharging times QLocal emission of &@d NQamong others
QUsually, add. charging infrastructure QJltiafdited operating ranges QNoise pollution

1) CAPEX expenditure for the entire vehicle, including the base chassis as well as the conversion/integration

SourceFCH2JU Roland Berger | 66
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FC Sweepers are not fully commercialized yet, but large ran
lower noise emissions emphasize their future potential

Economic Environmental Technical/operational
> Higher system efficiendpwer > Zero tailpipe (i.e. tatd-wheel) > Advanced prototype/demo stage
maintenance and operating costs are emissionof CQ, pollutants suche€ several prototypes have been deployed

counterbalancing relatively higher capitandfine dust particles for FCH swelepel

: : : _ in demonstration projects, including full
costs of FC sweepers vs. conventional key benefits for outside environment, Pro) gty

hydrogen powered sweepers; first

owertrains including other workers nd : O
P resident% , pamsa commercial orders by California
> Short refuelling timeznd long ranges _ o _ Department of Transportation (Caltrans)
increase availability rates in comparisonltower noise emissions as key benefit i, May 2017 indicating close to
batter5_elect.r|c sweepers an(_JI he_r_lce for operationsesp. durlng_ night time technological maturity
potentially improve the profitability deployment in urban environments
. . . > Demonstration projecits operational
> Key business case drivers > Weltowheel COemissions depend on environment have beempletecr
integration efficiency (i.e. fuel consumiition) o _ o
potential for zero weth-wheel > Similar operational characteristios

i Additional infrastructure costs, esp. o _ ; .
refuelling station CAPEX (incl. emissions for FCH sweepers with 92 GPEEEE £ el ULl

utilisation) a@PEX "green hydrogen" sweepers (e.g. refuelling times,

. . : N flexibility, ranges)
I Potential 24/7 operations significantly

improve utilization rate (depending also
on regulation and c@stongthery

SourceECH2JU Roland Berger
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E Construction mobile equipment

Use case of FC constr. mebguend resp

FCH Bergerl )'
ective infrastructure

reqg. are highly dependant and adjustable according specific

Use case characteristics

Description gl}

> Fuel cell construction mobile equipment such as tractors, excavators or crawle
use fuel cells as a range extender for batteries (hybrid concept) or to fuel the ¢

machine including drivetrain and auxiliary systems

>Vehicles are refuelled directly at the construction site, either by tank trucks or
independent refuelling stations

4h

Technical characteristics Eﬁ'

> Changing the type of powertrain mostly requires to redesign the vehicle in ord
ensure sufficient vehicle counterweight

>Necessary engine output is strongly dependespenifitygpe of vehicle (e.g. 75
kW for a FC tractor)

> Significant noiseductions of cB0dBout and 2@Binsidecompared to diesel
counterfactuals damrealized

Competing technologies E‘j

> Diesel, BatteBjectric, Diedahttenhybrid

Source: Industry publicat®ymmbiofceNolvo, New HollaR@H2JU Roland Berger
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FC construction mobile equipment is still in a prototyping sta:
not fully commercialized yet, with several domo projects ong

Technical/operational Economic Environmental

> So far, systems are inpitedotype > Higher system efficiendgwer > Zero tailpipe (i.e. taitdwheel)
stageundergoing trials in-dal maintenance and operating costs are  emissionof CQ, pollutants suchg,
environment (demonstration projects) counterbalancing high CAPEX costs andfine dust particles as well as

: : : . significant noise reductioRGbt
> No widespread deployment of > Noise reductionpossibly enable construction mobile equipirieay
ially available produsts construction companies to increase their - auip :

commercia : enefit for workers as well as outside
far operating hours and hence reduce overa nvironment

. Cetruction fim
> Volvo, Hyundai and New Holland can 58" o Heton imes

: ; " : > Weltowheel CQOemissions depend on
regarded as OEM pioneers while fuep Additional infrastructure costs to set up el source usge)ecase charactrc)aristics and
cells are mostly supplie8yybio refuelling infrastructure are limited since efficiency (i’ e. fuel consumyition)

FCelbr Hyundai construction mobile equipment is fuelled o

: . potential for zero weth-wheel
by tank trucks or independesitien emissions foECHconstruction mobile
refuelling stationswitch from diesel to

hydrogen relatively easy equipment with "green hydrogen

> Key business case drivers
T Cost of hydrogen vs. cost of diesel
i System CAPEX

SourceECH2JU Roland Berger
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Since decarbonisation is high on the agenda of authorities, F
systems could to become part of the technology pool in the |

)) > Authorities place increasing importance on decarbonisation and emissions reductiol
and hence stimulate the developmenterhission engines for construction mobile

equipmentadditionallgupranational regulatiofi®m Eevel will require CO

monitoring and ‘cap and trade' policies might be introduced in a second step

I FC mobile construction equipment will not only help to achieve these targets, but
also drastically reduce noise emissidhsreby improvitigequality of liteflocal

‘/} residents affected by constructions, especially dhigimy the
- )) > Necessary size /power ranges, capital cost and fuel su@@gnong the major

hurdlesfaced by fuel cell powered mobile construction equipment
)) > Short refuelling timeand independentsite refuelling stations facilitate the process of
| switching from diesel to hydrogen

)) > Furthedemonstration projectsgill be necessaryriorease technological readiness
| and foster commercial availability

SourceECH2JU Roland Berger
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E Forklifts

We consider the deployment of a sizeable fleet of forklifts for
warehouse, comparing FCH forklifts toduattensd forklifts

Use case characteristics and key exogenous assumptions

Use case characteristics CURRENTPOTENTIAL

>The assumed warehouse operator services 30,000 E‘@
warehouse space, deploying ~100 new forklifts (for exampij
~2/3 pallet forklift trucks, ~1/3 larger forklift trucks, e.g. reach trucks).
The forklifts operate approx. 330 days a yeasshfagystem with 7

working hours per shift, resulting in ca. 4,620 operating hours p.a. per fo

> Operators typically face technology decision (mainly) betwemmdratiery
and F&owered forklifts (mainly) for indoor operations

~

~

> Refuelling: one hydrogen refuelling station mith ~30, ;" s,,o ~<
/ Oﬂreg gydepe -~ ~ -
C//-cllm N,

at central depot for FCH forkliftsm2@i2@ot with Wt
charging stations and manned battdrgnge facilities S~ S anggg 4
required for counterfactual electric forklift truck deployment ~~J

Key other assumptions CURRENTROTENTIAL

> Cosifhydrogerforexampl8.00/ 4.00EUR/KkdH, m
> Cost of electricityr example. 14/ 0.1EUR/KWh /! ~<

> No policy support (e.g. subsidies) to be considered/
but possibly well available in practice Stancg. 1

1) One potential future scenario combining alterations of different variables
(each considered to be generally achievable by industry experts)

Source: Industry publicatle@bli2U Roland Berger

sl B

FCH forklift fleetsequire only one central refuelling
station with minimal space occupancy

£, i o
1
G o
RO O o o O o o
I o o o o) e
Batterypowered forklift fleedepend on several
charging facilities requiring larger warehouse spaces

om0
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FCHrorklifts typically feature higher availability and vehicle
productivity than batfmywered competitors

Applicatierelated assumptions

CURRENTPOTENTIAL FCH Forklifts Battery Forklifts

Key t_e_chr)ical Unit fleet size: 100 Unit fleet siz£06

specifications Refuelling time: 2.5 min Changing tim®5 min
Avalilabilitglightly higher Availabilitglightly lower
(inclrefuelling time) (incl. refuelling time

CAPEXEUR]

Average full truck price ~ 35,000~ 30,000 ~ 20,000 (incl. 2 batteries)

Replacements - ~ 10,000

Refuellirfichanging station ~ 1,500,000~ 1,200,000 ~ 950,000

Fuel

Fuel type Hydrogen (350 bar) Electricity

Average fuel consumption (per k) 0.15 kg~ 0.10 kg ~ 3.4.0 kW

Maintenance cosfEUR]

Forklift (per h) ~0.30 ~0.67

Refuelling/changing station (p.a-) 65,000~45,000 ~ 35,000

Add. labour costEUR]

Refuelling personnel p.a. - ~ 205,000

1) One potential future scenario combining alterations of different variables (each considered generallyyastpiestaple by indust
2) Assuming a daily refuelling capacity of ~500 kg/d to allow fleet increases in the future, i.e. a larter-G3takdgidtharded for this initial fleet

Source: Industry publicatle@bli2U Roland Berger | 74
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Since FCH forklifts display lower total cost of ownership than
battery counterfactuals, they are already fully commercialize

Economic Environmental Technical/operational
Estimated annualised Total Cost of > Zero tailpipe (i.e. tat-wheel) > High technical maturitf fuel cell
Ownershigd CQ KEURservice hour] emissionf CQ, pollutants such as,NO technology to be used in forkdifis of
and fine dust particles-foHforklifts the most advande@Happlications
CURRENT POTENTIAL key benefit for personnel on site as wel overall

outside environment > HencelCHforklifts aralready fully

2.0- 510% -1020% > Weltowheel COemissions depend on commercializedith >10,000 fuel cell
fuel source, use case characteristics ar powered forklifts in operation or in order
1.99 vehicle efficien@ye. fuel consumptibn)  globally
otential for zero wet-wheel : :
18 Igmissions foECHeorklifts with "green > Functionality proven througktéomy
17 [ ] B hydrogen"” usage in real live environments
B == . kg CQh > Commercial users including
1.67 . | multinationabmpanies such as BMW,
1.54 | 500+ T Daimler, Walmart, Amazon and
e 400- - Carrefour have deployed large fleets
FCH Battery FCH Battery 288' il already
Maintenance (forklif§)li Depreciation (forklifts) 100 E 4
Costs infrastructure [l Fuel costs 0 0 0
Financing costs Labour costs (forklifts) "Green" "Grey" "Green" "Grey"
H2 H2 Electr. Electr.

1) ThePOTENTIAlscenario requires a numideCBfelated and other factors to fall in place in the medium/long run (please see previous slide)
SourceECH2JU Roland Berger
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The impact ®COdrivers varies, creating several levers for fur
reduction of hydrogérOcompared to battéyO

| mportant sensitivities conésiedsetriendaét ddO | mp a
['000 EUR / service hour]

: : : : 2%
1 Fuel cell forklift fuel consumptioaducing the fuel consumption of

theFCHrorklift to 0.1 kiyh results in an overall reduction of costs 1.83 1.79 1.90

per service hour of EURt~4 - -

-3%
Fuel costsa price reduction for hydrogen to EUR 4Hper kg _

2 potentially further strengthens the viability of the business case k86 1.851.83 1.82.1.80 1.79 1.77 1.90
reducing overall costs per service hour bydU&refig regional l_._._l_l_u
differences 10 9 8 7 6 5 4 014

EUR/kg EUR/KWh

3-shift operating moddhcreasing the operating hours per day to a
3 3-shift model reduces CAPEX ictstsresults in a cost reduction per
service hour of EURct7strongly dependent on the effect of 1.83 1.76 1.90

maintenance costs and fuel cell stack/battery replacement ] -

FC ForklitCQbase case [l FC ForklitCQ adjusted variable§jlj BE ForklitCQ base case

-4%

1) Unless otherwise stated, all statements shall be considebeded &@dsteris paribpise. "all other things equal”
SourceECH2JU Roland Berger
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When identifying suitable use cases, regions and cities shou
for large fleetste@C Hforklift trucks operating in several shifts

24 Multishift operations2 or 3 shifts over 6 to 7 days every week over the course
the year thus constantly high availability requirements for material handling

Sizeable fleetseveral dozens, >50 or even >100 forklift trucks with corresponc
infrastructure requirements, e.g. in larderdughput food distribution centres,

consumer and retail distribution centres, large factories, etc.

Affordable hydrogen suppbsp. relative to electricity supply eagts):
hydrogen that is obtainable frooosbwisite generation in close proximity

productivity gains (in environments with comparatively high labour cost

©
(5)
(S (c)
et High battery changeover costsnce significant savings from (labour)

SourceECH2JU Roland Berger
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E Bikes

@ Berer |

Fuel cell bikes are a highly flexible medium range option for |
transpomvith a variety of potential use cases

Value propositions of fuel cell hydrogen bikes

— Highdailyranges
% é ofup to 10@mwithout
refuelling

Low entry barriers

€ due to | ow CA ﬁyj
‘ requirements for bikes and

infrastructure compared to fossil

fuel motorization

. ’ High visibility ‘
‘ é dueto mobility and direct

' ‘ interaction of citizens #jth
. technology

SourceECH2JU Roland Berger

Variety of use cases

e e.g. for (post
public and private tourism, bike
renting/sharing

Fast refuelling

e |l ess than 1 mi
possiblé severatefuelling
cycles per dapssible

Close to full
technological maturity

€ withseveral companies
commercially offering FCH bikes
and the respective infrastructure

| 79
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We considered the touristic deployment of 20 new bikes fron
station, covering a typical distance of ~50 km per bike and d.

Use case ﬂj % Exogenous factors m

> Tourism operataffering his servie@0 days > Financing codtabikeoperators% p.a.
a year, plans to prowaggitseeing toursn > Cost of electricity: 0.21 EUR/kWh
FCH/BE bikes. The operator therefore considers
the deployment-&0 neWwCH/BE bikes, with
~50 knof distance covered on average per 7

operational day and bike, resulting in annually “(\e“‘
~4,500 kmper bike T 3e0® \o“'&\
. . e 0(\9\\!- ‘Q‘eg S
>The HRS for FCH bikes consist®nfsite S\ sQec\“ 5\3“0‘_?_ ............
electrolyserproducing upQ@d kgH, per day o 6\‘0\“? ______________

> The charging of the batteries for the BE bikes e
takes place at the depot and includes a central
transformer and cable charging infrastructure for
BE bikes

SourceECH2JU Roland Berger
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Within our analysis benchmark FC with BE bikes in a current
casescenario, partially also depicting future potential of FC bi

ApplicatierelatecassumptiorisSIMPLIFIED

CURRENTRPOTENTIAL FCEbike BE bike

Technical specifications

Infrastructure FCH on site electrolysis Overnight charging
Weight (kg) 25 kg 2025 kg

Max. operating distance (km) ~100 ~50100
CAPEXEUR)

Purchase price (bike) 7,500 3,500 4,000

Refuelling station 150,00090,000 10,000

Fuel

Fuel type Hydrogen (2@@F) Electricity
Consumption (per 100 km) ~35¢g ~0.7 KWh

Maintenance cos{EUR)

Bike per year 250 250
Refuelling station p.a. ~8,000 ~500
ReplacemeRA{&UR per unit) - ~800 (per battery)

1) Additional battery pack per bicycle due to extended charging time and limited action range
2) Pressure of tanks increasable, resulting in higher operating distances

SourceECH2JU Roland Berger | 81
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FCH bikes offer-aifdission transport app. with a cost premiurr
that has the potential to decrease significantly in the medium

Economic é Environmental @ Technical/operational Ei
Total Cost of Ownership [EUR/km]> Zero tailpipe emissions of CO  >Fuel cell electric bikes are
annualised at 2017 prices pollutantdNQ, SQ) and fine dust ~ generally still in the advanced
particles prototype phase but first

> Welttowheel CQemissions demonstration projects, larger field
0.9, (2535% depend on fuel source (soutdg of tests as well as first commercial
0.8+ electricity mix, etc.) and vehicle ~ Projects are ongoing (esp. in FR)
0.7 30409 efficiency, greehor 100% green >FCHbikes have an operating
0.6 - ) electricity would reducetoell range of up to 100 km
g'i: wheel C{emissiont zero > Fast refuelling times of <1 min per
0'3_ > Additional potential emission savi bike vs. BE bikes up to 7 hours
0'2_ E— due to switching from other fossil
0'1_ fuelled transportation to FCH bike
0.0

FCH  FCH BE
Fuel Financing (bikes) ~ Depreciation (bikes)

Maintenance (bike§)ll Infrastructure

1) The potential scenario is partially based on economies of scale, especially affecting the price perflakeuasunet@stdhe in

SourceECH2JU Roland Berger
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Many potential use cases for FC scooters can be identified,
supported by the operational characteristics of FCH scooters

Description Technicafacts' & competing technologies
> A variety of redife application cases for felzctric FCH scooter BE scooter
scootersexist:
I Police patrolling : . _
i Delivery and postal services Propulsion 2.51 12 kW 2.5|_It<)W/60V
i Scootesharing 30AHbattery
I Staff mobility
[ Range 1501 250 km <100 km
> Depending on the application case, a typical operator ) )
would deployl0100 F@lectric scooters Max. speed 607 70 km/h 507 60 km/h

> Refueling of Felectric scooters tag&sce gpublic
refueling stationsr atcompanyowned depots

> FCelectric scooters will be aldatay innecity
environmental zonesd hence provide operators wg\ﬂ
a competitive edge in comparison to conventional
combustieangine scooters

Refuelling <1 minute ~41 8 hours
time

ernative technologies include: conventiofizfossil
powered scooters and LNG scooters

1) The technical characteristics for FCH scooters as well as BE scooters strongly vary depending on spetift{pusetygeelant poonsideration

Source: Industry publications, SE@i2)U Roland Berger
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Despite being in the prototyping phase, Suzuki FC scooters:
the first FC venhicle to receive a mass production license

Technical/operational Economic Environmental
> FC scooters commonly displgjorid > Higher system efficiendgwer > Zero tailpipe (i.e. taitdwheel)
setup,combining a battery power maintenance and operating costs are  emissionof CQ, pollutants suchg,
source with fuel cellisthey can be counterbalancing relatively higher CAPEX4ndfine dust particles as well as
classified as Fglectric scooters costs in comparison to conventional significant noise reduction felde@ic
: . combustie@ngine scooters scooter$ key benefit for drivers as well
> FGelectriscooters are stilthe

: . : : .. as outside environmen
prototyping phasé however, Suzuki > FGelectric scooters are Z3mission ent

BurgmakC scooters were finst FC vehicles, therebgabling companies to > Wekltowheel COemissions depend on
vehicle to receive a "Whole Vehicle operate inside environmerdnesor fuel source, use case characteristics and
Type ApprovalWVTAIn the EU zereemission zones efficiency (i.e. fuel consumjition)
potential for zero wet-wheel

> They displdgvorable range and > Key business case drivers emissions for E@lectric scooters with
refueling timesompared to battery i Cost of hydrogen vs. cost of diesel  "green hydrogen"
electric scooters

T System CAPEX

> Challengetack of refueling T Cost of infrastructure (strongly
infrastructure is inhibitingdespread dependent on whether prdflieling
markeintroduction stations or a private depot infrastructure
will be used)

*) Technologyeadiness Level
SourceECH2JU Roland Berger



Roland y

FCHY  Berger 1D

Public FC scooter deployments will increase awareness, the
Kickstarting commercialization

I
)) > Demonstration projects initiated by public authomtik&iclstart the deployment of
FCelectric scooters by increasing public awareness and improving the public's perc
regarding F€lectric scooters (see real life FC scooter trials "London Metropolitan Po

refuellingme, exceed the potential of other competing technologies e.g. BE scooter

)) > Technical characteristics and resulting operating possibilitegding range and
I
P )) > Incurring costs, fuel supply logistexsdproficient maintenance personast among
| the majdnurdlesfaced by operators interested-aheleCic scooters

d > Public hydrogen infrastructuneeds to be expanded to accelerate the deployment of

FCelectriscooters and impraeenparynternal COcalculations

)) > Authorities place increasing importancelecarbonisatioand emissions reduction
and will hence stimulate the developmentofigeian vehicles

I The establishmenitnofercity environmentatones further benefits the Eléctric
scooter deploymeibly offering companies using emission free vehicles (e.g. FC
powered) exclusive access toeritgrs

SourceECH2JU Roland Berger
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Maritime and aviation applications are mostly in conceptual ¢
prototyping stageBirst demonstrations are deployed

Working Group 3: Maritime and aviation transport applications
|

regions & cities are part of the
orklng Groddrom

1. Ferries
2 Boats 4European countries
3. Ships
4. Portoperations industry participants are now part
equipment ofWorkmg GroGdrom
5. Aircraft European countries
6. Airport ground %H/focd (3 couvens [ yamass
operati ons aguae arfema® PersEE BMMRD/J HYDROGENICS
B Fneny B FERGUSON
g OHYSEAS I NavaL™

SourceECH2JU Roland Berger | 88
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Each analysis consist of 3 key elements (usecbaséogies,
performancé)Regional differences will be tackled in Phase 2
Prel business case components and flow of asly$EsMATIC

Exogenous assumptions.g. energy/fuel cost, carbon intensities

VvV
FCHapplication Basicperformance
> Technical features (e.g. 1 "generic" use case
output, efficiency, lifetime, o
fuelling requirements) ang- - - = = = = = = = = = = = = — — — — — — — a°
general readiness
> Est. CAPEX / system cost Fﬁ m
> Est.OPEXe.gmaintenance) . -’ o
e 0
é plus benchmarking ______ >
agarl:ns}cqmpetmg éconsisting of t ®)|0)
technologies requirements of European regions

and cities

SourceFCH2JU Roland Berger | 89
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http://www.bristolhydrogenboats.co.uk/images/photos/photo-6.jpg

Ferries FCH BerﬁgolaenF | )’

Use case and applications determine cap(@s,Nagt
Infrastructure cost that in turn make up the op€@tor's

Key elementsfe€Hmaritime applicationlsG° SCHEMATIC, SIMPLIFIED

Operator' s plerFEHhyesselt/ systeen & 1. Capital cost Total Cost of
The task / scenario at hand: Spec:ﬂcatlons-aﬂd performance Investment / depreciatio Ownership{CQin
use case, deployment > Vo u.me, weig t gtc. > Financing cost EUR p.a. or EUR/nm
context, target operating > Maximum / cruising speed
model, e.g. > Powertrain design, e.g.
> Route definition and length  POWer outputof fuel cell | 5 Fyel cossH, l
_ > Fuel cell technology consumptioh, price(dep. -
> Target capacity > Efficiency / fuel consumptiognproduction, distribution, I
> Target roundttime, targef > Hydrogen storage system VClUMES, input prices, etgl)
schedule for operations > Degradation
> Target availability > Lifetime 3. OtheO&Mcost,e.g. for
, > Availability vessel maintenance, -
> Oc?ano?raphllc ano(lj_t_ | sea personnel, utilities, fees/leyies
meteorological conditions taxesd
> Fleet size
> Energy cost Hydrogen infrastructure 4. Infrastructure cost
> Carbon intensities speC|f!cat|on_s and performance Investment / depreciatio
I sharing ratios > O&Mcost
> €

1) Largely excluded for preliminary business case analysis, more detailed consideration in Project Phase 2

SourceFCH2JU Roland Berger | 91
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An initial FCH ferry would likely yield a significant cost premil
a diesel ferrysignificant GGavings expected, esp. with ¢gteen

Environmental

Estimated annualised Total Cost of Ownership> Zero local emissions of, @@llutants such as

Economié
[EUR/nm]
~ +50%
70 -
5565
501
50 21%
20 3545
23% I
301 35%
16%
20 - .
35%
10 4 .
0
FCH Diesel

I Maintenance costs | Labour costs

Fuel costs

Financing costs

NOX, fine dust particles when using green
hydrogen

> CQ emissions well to wheel dep. on fuel sourc

and fuel efficiency; in this example, a green
hydrogen fuel cell ferry saves nearly 1,250t C
p.a.i comparison 600, emissions

[kg C@nm]

50
+1525%
40
30 : i
20 ¢

10 /

O Vi
Green
Hydrogen

Grey Hydrogen Diesel

Depreciation (ferry & infra.)

>

>

Technical/operational

Pure FCH electric ferries are currently in a
development phase, first pilot demonstration
projects with prototypedesitarting within

the next 5 years

Mediunterm commercialisation unlikely, initial
priorities are successful demonstration projects
in areas with high need for decarbonisation of
maritime public transport, e.g. Scandinavia,
Mediterranean

Challenges: initial regulatory framework and
permittin¢e.g. refuelling protocols, FCH
powertrain for maritime appl.), hydrogen supply
(quantities, cost efficiency)

Potential to meet same operational
requirements (range, refuelling tiike)
dieseMGCrerries

1) Initial rough estimate based on concept workspeadighssenger ferrgéigpublic transport in Northern European coastal waters (see following slides)

SourceECH2JU Roland Berger
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CAPEX of ferry and infrastructure as well as cost of hydroge
key determinants for the business case at hand

> Capital cost dfCHferry and hydrogen infrastructure: Estimated COmpact

i Highly dependent onttfeinical specificationshich in turn derive fror;’n[EUR/nm]

thedeployment use cageapacity, route lentgihget roundtiimne, ¥25%

oceanographic and meteorological conditions, etc. determine necessary  ssss 3545
maxima of cruising speed, power range, operating model and efficiency i ]
fuel cells) strong regional differencasitial costs for development, 33% 35%

testing and permitting/certification as well as cost of refuelling mﬂ}structu

(as attributed) are decisive factors = 557

I Here: If capital cost of ferry and refuelling infrastructure were reduced to con Diesel

diesel level$§COwould fall below diesel levels (all other things equgl)
> Hydrogen supply and cost of hydrogen: 510%

i Relativelgigh volumes of hydrogen consumptiewy. here nearly 5565 5560
400 kg per day and vessel) require large supplies, storage and refuelling™ —
capacities supplying green hydrogen fromskeaitieeelectrolysis with 23% 25%
cheap renewable electricity might be the ideai@aution :

I Here: Reducing the price of hydrogen to 2.50 EUR/kg leads to a reductlo
INTCOof 25 EUR/nm (e5-10%) strong regional differences ECH ECH*

i *) Potential

..........................................................................................

I Maintenance costS™ Fuel costs Labour costs  Financing cost§™ Depreciation (ferry & mfra)

SourceECH2JU Roland Berger
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For analytical purposes, we consider a hypothetical ferry use
In Europe based on interviews with industry experts

/'\ S
. : 2 o 8&0/; NS
Applications and technologies Use case and exogenous factors < 000 Oty o S <
" g C/}- e'oe ~.
- i .., N f”/);sl:de/”
initial deployment FCHFerry Diesel Ferry : > Starting in 2021, a fuel cell powered passenger ferr > Mo
:  offer daily public transportation between to cities al RN
Technical data :  costal line of a European province with ~100,000 inhabitants  :
--Ferry length 30m 30m > With a top speed of k@8nd average speed ofki2the ferry will offéer
--Passengers 100 100 i 360 round trips @ 115 nm per year, requiring one (overnight) rereIImg at
-- Powertrain 2x 800 KW PEMFC  2x800 KW Diesel Eng. the home port :
o > Resulting annual operations in this use case:
Lifetime 25 years 25 years i i Total annual distance travelled: ~ 33,800 nm
i Annual energy requirements: ~1,870,000 kWh (~6 3{' S“h/d')
CAPEX ~EURT5m ~EUR3.5m i Annual hydrogen consumption: ~122,500 kg (~39Q o,, ”o,,g/\
.................................................................................................................. \ a o’ ~
Fuel Hydrogen (25@#) Diesel S W C’fc(,:';’eo% S
: AN K
] e e L Vs S - > Source of hydrogen: electrolysis frarogtpwydropower i \%/708;
P 4 > Cost of hydrogen: 3.5 EUR/Kg : S
Maintenance 2.76 EUR/nm 2 53 EUR/nm : > Hyrefuelling infrastructure: one refuelling station at the home port
i synergies with other-palated-CHapplications (e.g. forklift trucks)
Infrastructure HRS RS i > Cost of Diesel: 1.01 EUR/I :
--CAPEX 3,000,000 EUR 345,000 EUR > CQO footprints of green / grey hydrogen : 0 / $kkg CO
--OPEX 100,000 EUR/y 100,000 EURY/y i > CQfootprints of diesel : 2.64 kgl CO
: > NQfootprints of diesel: 0.004 g/I

1) Incl. cost of initial development, testing, permitting/licensing/approvals (excl. possibly necessargeehtll stack repla

2) Alternative tanks pressure betweef©R0ar
SourceECH2JU Roland Berger
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Two possible application cases exist for smaller fuel cell boa
pleasure boats and commercial passenger boats

Possible use cases for FCH boats INDICATIV

1
l Pleasure boats

Description  Small boats for private usage, either sold direetly to en8maller excursion boats to be used for sightseeing and
customers as pleasure boats or sold to boat rental  other touristic/recreational activities on (urban or other

companies inland) waterways, e.g. canal and river sightseeing tours
Type of boat
- Size Length: ~20 m, width: ~135n Length ~185 m, Width -63m
- Passengers n.i ~60100 passengers
- Output ~26 kW fuel cell, ~80 km range ~50100 kW fuel cell-+8hour range
Competing  DieselCNG batterglectric, possibly sqawered DieselCNG batterglectric

Technologies

SourceFCH2JU Roland Bergé&ronuisSimplyamsterdaRijksdiensioor Ondernemend Nederland | 96
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FC boats are not commercialized yet, but short refuelling tim
zero local emissions emphasize their future potential

Technical/operational Economic Environmental

> Advancegrototype stagealbeit very > Higher system efficiencpwer > Zero tailpipe (i.e. taitdwheel)
diverse product segmewtth different maintenance and operating costs are  emissionf CQ, pollutants suchMN€)
types of boats for a range of different counterbalancing relatively higher capitalandfine dust particles for FCH boats as
recreational and public transport use costs of FC boat vs. conventional well as significant reduction of noise and
cases powertrains vibrations key benefits for passengers on

: . : o board as well as outside environmen
> Demonstration projecits operational > Short refuelling timeand long ranges onment

environment have beempletedr increase availability rates in comparisor toower noise emissions as key benefit
are currentbngoing battenelectric boats and hence improve for inland waterwaygsp. in urban
the profitability of (battdegtric) boat environments

> |n principle, similar operational

e rental companies
characteristics to be expected as P

> Welittowheel CQOemissions depend on

dieselcombustion boatée.g. > Key business case drivers fuel source, use case characteristics and
refuelling times, flexibility, ranges) i Cost of hydrogen vs. cost of efficiency (i.e. fuel consumiition)
diesel/electricity potential for zero wet-wheel
i Boat CAPEX emissions?l foFCHboats with "green
hydrogen

T Infrastructure costs, esp. refuelling
station CAPEX (incl. utilisation) and
OPEX

*) Technology Readiness Level
SourceECH2JU Roland Berger
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When identifying suitable use cases, Regions & Cities shoult
Into the private and the commercial sector and leverage syng

» > Increasing emphasize on decarbonisation, emissions reduction and water protectior
Is stimulating the development edrn&ssion engines such as fuel cells for pleasure
boats and small passenger boats

i Already today, national legisl&#@msombustion engines several environmentally
sensitive lakegyrban waterways (e.g. canals) will be increasingly affected by local
emission regulations as well

I Boat rental companies and commercial passengerswaitiaso be affected by
supranational regulatioas ElUWevel such as €@onitoring requirements as well as
cap and trade policies

boatg a sufficiently extensive hydrodgmstructure available to commercial and

)) > Capital cost and fuel supplse among the mdjardlesfaced by fuel cell powered
| private usersieeds to be established

)) > Gaps in the regulatory framework and industry standards need to beectpsed
| regarding the use of gaseous hydrogen on boats or refuelling protocols

)) > Furthedemonstration projectsill be necessaryriorease technological readiness
| and hence commercial availability

Source: Roland Berger
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The shipping industry is very diverse, likely requiring highly

customizedCHpower solutions for each use case

Key dimensions for poter@édpower solutions for large vesS#MPLIFIED

Type of vessel . Application purpose _*_ Relevant FC QQ
_ _ TEEEE technologies o
> Container ship> Yachts _ > Full powertrain for > LowtemperatufeEMFC
Z ;?]r(‘)‘:te; R Z :\ézgezhlgfs proptlllséomo:con%oatr)dhe?elrgy > HightemperatuREMFC
supply (e.g. for-fiart) hote i
shipping > Tugs services on cruise ships) > Solidoxide FCSOFG
> Cruise ships > Submarine > Separate dooard power supply
> Ferries
Dimensions of FC applications for ships
Available fuels ')i Refuelling options ﬂj Other dimensions
> Pure hydrogen (liquid / gaseous) > Initial fuelling at the port and > to be discussed
> Hydrocarbon compounds (with on onboard bunkering > é
board reforming): Methanol, Diesel, | > Direct oshore energy supply
Marine Gas QMGQ, Liquefied provided by every port
Natural Gas (LNG) > Fuel/power supplied in port through
pipelines, trucks or barges

To be considered in the exemplary use case on slide 8

SourceFCH2JU Roland Berger | 100
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Additionally, potential fuel cell application cases are very mu
dependent on vessgécific energy reguirements

Energy consumption of different types ofdigssglgy time in port

Vessel Type Power Required [in kW] Run Time [in h] j Implications

: : : : > There is great variety of
Typical Typical energy requirementnong

00 75 410 4 1 6

different types of vessels,

HarbofTug ! resulting idifferent application

cases for FC technology

heating obsolete

Fishing Trawler 200 75 670 contin 48 months
> Cruise shipslisplay among the
20 150 %0 48 - : highest energrequirements
and will hence afected by
Tanker (steam pumps 700 550 800 48 24 72 EU / IMO requirements on
emission restrictions more
1,400 500 8,400 48 24 72 > Autonomous, credess ships
mighteduce power
3,000 900 5,600 60 48 72 requirements in the fl_Jture
making energiemanding
T Cuseors ITINE ST applcations such as AKC and

Tanker (elec. pumps

Exemplary focus on the
following slides

Source: Port of Valere@-H2JU Roland Berger | 101
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One example for a use case: energy supply for cruise ships
serving to a growing market with continuously increasing em

Cruise passengers per source region [m passengEdg 2007

+3.3%p.a. CAGR CAGR > Cruise passengers should
253 0715 1519E grow +3.3% p.&rom 2015
24.0 246 101% 8.8y  MiI2019

299 22.9 i > Economic recovery from the
' ‘ 2009 crisis and growth of
emerging cruising regions

18.4 192 such as Asia or the Middle

20.1 3.8
168172 ,, 23 o East should drive cruise
156 ;4 20 N E e demand
16 I > Markets such &hina and

210216

Australiagrew by0.3% and
3.7 14.6% in 2015 alone

> The United States' cruise
penetration rate has only
13000 13 2 13 13 P 14 risen slightlyin recent years

from 3.3% in 2011 to 3.5% in
2015

> Globally, total emissions of
greenhouse gases,
pollutants and fine dust
particles from cruise ships
are increasing

12, 13.0
119012 .20 12.6
10. 10.9 10.9

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016E2017E2018E2019E

From the Rest of the Wdlll From Europé® From North America

Source: Cruise Market WaichhFCH2JU Roland Berger | 102
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Popular ports and routes will be disproportionately affected &
Increasing passenger numbers and resulting emissions

One example: Mediterranean cruise market

Marmmerroute tracklng mmassenger vessels] Top playergmillion passengers; 2016]

" slovakia_

Mt l/ ’ Mu,lch e e et S Royal
France e ol pustria ' CostaMSCCaribbeaiNorwegiaAlDA  Other
‘Switzerlant;' 08 Hungary B —

L)}on ':‘Mi‘l‘sn( %ﬁ Vemce N Ron m 0.71 0.3“ 1.58 3.80

} ' t L N \ wqrade . 0.24

i Y Bosmaand

3 '%”‘Hm"\é\-‘§‘»:§"eg°v'"a T Key market dynamic
aly Civitavecchia. Kosovo | > B p m ~
TR —
N > |n 2015, thevo largest ports in the Mediterranean

‘\‘lbama
%/ wereBarcelonandCivitavecchiavith ove?2 m

cruise passenger movemeptsch and
: responsible 813% and 8.386 total passenger
‘ mn.s L. movements

Sousse

Lisbon  “evite
1y

Constantine

> Civitavecchigmajor point of call for Rdrad)
thelargest number of calgith 794, followed by
theBalearic Islandat 788Barcelonat 749

/' Tunisia

Morocco v N Ghardaia

s Marrakesh
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Separate dmoard engines foport hotel services powered by F
technology can drastically reduce emissions in cruise ship te

Context and use case of a typical cruise ship power supply application

Cities with inreity cruise ship terminals are > With energy demands between 6 and 12 MW (the "ho
heavily affected by pollution (pollutardssfi load") a large cruise ship (capacity of more than 3,00C
particles and greenhouse gases) filmraroin passengers) with a lay time of ~10 h reqli26s 60
energy supply during lay times MW/hof energy supply fepamt hotel services

> |f this energy demand is satisfied by ulsoaydn
combustion engines powered by fossil fuels (e.g.
marine gas oil),-60 t ofCO! are emitted into the
atmosphere during this one stay, the equivalent of
approx. 280 compact cars in 1 year

> As an alternative, different technological solutions are
available to reduce emissions:

I Onshore energyia the port: here, sufficient supply
and grid infrastructure must be in place

I Separate oboard engines for4port hotel
servicesDifferent types of technologies are
available, including the usage of small additional
dieseMGCOpowered engines &t@Happlications

1) Based on an energy demand of 9 MW

SourceFCH2JU Roland Berger, Hanseatic City of Hamburg, cruisemapper.com | 104
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In principle,-port energy supply can be provideebbgiron
generators or onshore power supply

Benchmarking of energy supply technologiesrf@neargy suppl$IMPLIFIED

Main propulsion ») Separate generatdr [zj| Separate power Zt Cold ironing (Shore
engine Diesel/LNG supplyd Fuel cell

~

< \ & v L <
¥ 4y - §
& . W i il ] o — - .o ' =

 d o - P / - —— \

Description  Energy supply generated by Energy supplied by separateSeparate engine foip(nt) Power provided directly by
(parts of) main ship engines diesel engines only used for energy demand powered by port, all cghoard engines
(inport) hotel services, main fuel cell technology, main  switched off

engines switched off engines switched off
Fuel DieseMGALNG/... Di esel /| LNG/ éHydrogen/Methanol/LNG/... Electricity
Maturity level Operational & widespread Operational & statidheart At conceptual stage Operational & relatively rare
Important > Independent from port > Independent from port > Reliable and controllable > Inport emissions and noise
considerations infrastructure infrastructure power supply eliminated
> Reliable and controllable > Reliable and controllable > Strong reduction or even > Port infrastructure/ sufficient
power supply power supply elimination of gNQ/ €& power supply only available
> Usage of existing engines > Reduced, but still significant €missions in ca. 10 major ports
and fuel CO/NGQ/ é e mi s s i>dAddiional space and worldwide voltage capacity
> Heavy iport emissions of 1o tailored engine capacity maintenance requirements to be extended
CO/ NQ/SQ/ é and usage of cleaner fuels> pependence on regular > Onboard power grid and
> Additional space and hydr ogen/ met hCQmeston ta be adapted for
maintenance requirements supply in ports external power supply

SourceFCH2JU Roland Berger, cruisemapper.com, designengineeringfaq.blogspot.de, motorship.com, stemmann.com | 105
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Total Cost of Ownership for FC marine power systems have

common drivers but heavily depend on the individual applica

Schematic outlinel @fCfor FC marine power systems and itsid8iMRLIFIED

Total Cost of OwnershipGQ :> Capital cost

(e.g. in EUR per port call) > FC technology (i.eAEMFC > Fuel (& reforming), bunkering
1,900 2,30Q¥kW) > Durability / lifetime
> Power range (likely M) > System integration

Maintenance cost
> Spare parts > Maintenance routine

> Labour and training

Fuel cost
> Type of fuel and key input: > System efficiency (ufQg,
electricity, natural gas >90%omb)
> Production and supply > Fuel supply volumes and price

Port infrastructure cost

> Allocation of additional port refuelling infrastructure investments and
expenditure to shipping companies

CapitalMainte Fuel Port '"0- TCO "0-emission credits”
nance infra emission > Potential future policy measures to prometaigsians
credits

SourceFCH2)U Roland Berger, Shell | 106
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Simulations show that fuel cells powereddmptwiuels can
significantly reduce,@ eliminate pollutant emissions

Potential energy and emission reductions o
of a typical cruisship? :> Implications

> [n comparison to a conventional diesel engine,
100% 99,9% 100% fuel cells powered by @ite reformed low
carbon fuel$ead to significaatluctionsn

overafl emissions of CQpollutants and fine
dust particles

> WhileCQ, can beeduced bypprox30%,
SQ, NQ, andPMcan almost l®iminated

> Higher efficienciesf fuel cells lead to reduced
primary energy consumption of approximately

20% > Please consult Joint Operation for Ultra Low
Emission Shipping's conference documentatior
on for more information

Energy ({0 SQ NQ PM

1) Based on a methgrawered fuel cell in comparison to a conventional diesel engine; 2) Includes fuel prodortmpeastivalf as p

SourceEFCH2JU Roland Bergedships, Joint Operation for Ultra Low Emission Shipping
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Decarbonisation is high on the agenda of cruise operators; F
power systems have to become part of the technology pool

I
)) Themain driverso invest in alternative power supply systems is the imgredaimoe

to accelerate decarbonisatiemd other emission reductions

> Supranational regulatioff®m IM&or EUJevel will soon require, @0Onitoring, cap
and trade policies might be introduced in a second step

> Stricter local emission regimes from port citidlsncreasingly force aggressive
curtailment of NGQ and other pollutant emissions

> Customer awarenegsgrowing as wiethe emissions footprint of cruises becomes an
increasing concern for clients

)) With operating times of 25 to 30 years per ship and lead times of 5 to 10 years before
operations, the cruise ship industry has toaupptran focud FCHneed to start
become part of the technology pool soon in order to be part of the solution

)) Necessary size /power ranges, capital cost and fuel supalsnong the mdjardles
| FC power systems have to overcome

)) Operators need to trial new technologies (as they have trialled LNG as newituel in the
ademo FC vessetsan be used fioalise permitting, certification and other frameworks

SourceECH2JU Roland Berger
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Port operations are a complex ecosystem requiring multiple 1
equipmentManifold potentialF@Happlications

Portoperations ecosystem B@tHopportunities (selection)

Sweepers/ Garbage tru@ .
Cars/Buses; cleaning/ waste manage!¥&nt Trucksdrayageervices

personng¢tansport.. " T 00 == Qo=@
and shuttle services

o

. . Forklifts: general material handling
Port operations equipment, N e

esp. for cargo handling o

{

l-.ll |\||| l l%%%m i
='|‘ J_OO f..-..- 0700 %@% ©x®)
' (RTQ Cranes, Reach Stackers, Yard Tracto

port-specificmaterial handling

Onsite electrolysis or
SMRhydrogen supply

SourceECH2JU Roland Berger | 110



(o®2 Port operations equipment

Roland )

rgerl .

RTCGCranes, Reach Stackers and Yard Tractors are the mosit
Important specific port operations equipment in this ecosyste

Port operations equipment (selection)

RT

GCranes

D,

A

Brief

RubbefyredGantryRTQ
descriptionCranes are mobile cranes wh
are used to ground or stack
containers from yard tractors
drayage trucks and vice verse

OEMs LiebheriKalmakonecranes
(selection) Sany

Diesel, electric (i.e. via a
conductor bar), hybrid

Engine /
fuels

B

Reach Stackers

L P

Reach Stackers are used to
chandle containers and other ¢

in ports; they are both able to
pshortly transport as well as to
| containers

LiebheriKalmakonecranes
SanyHysteiYale, Terex

Diesel, hybrid (diesel/battery
electric), LNGNG biofuels

Yard Tractors are used to
amgmsport trailer and containers
short distances from ships to
[pdiestribution centres or container
terminals and vice versa

TerbergKalmar, Orange EV

Diesel, (batteyyelectric, hybrid
(diesel/battegjectric), LNG,

(diesel/battegjectric), LNG,
CNG biofuels

SourceECH2JU Roland Berger

CNG biofuels
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Collectively, they cause higlat®noise emissiornse
majority of emissions can be attributed tpahesetRTGs

Context and use case of a typical port operations EXEMBRLARY

Onshore port operations are an important

source of G@missions

for port cities

mtCQ, kg CQ/ mov

15 -+ - 15
i 31 32 34 -

10 o5 2.8 35 10

2010 2011 2012 2013

mtCQ electricity
Bl mtCO combustible diesel

2014 2015 2016

— kg C@mov

1) Percentages based on 2012 data provided by 'Port of Valencia'

Source: MSC Terminal Valencia, Port of \laBizib, Roland Berger

> CQ, emissions of portsan be attributed to electric
and fuel powerapplicatioAs

I Fuelpowered yard machindie. mainly diesel):
RTGK~60%), yard tractors (~35%), reach stackers
and empty forklifts (~5%)

i Electric consumptioi€ontainer reefers (~40%),
STScranes (~40%), yard lighting (~15%) and offices
(~5%)

> |n a360,000r? port terminalvith ca. 780,000 ship
moves and 1.2TRUsthe collective energy demand
cause®.5mtof CQ emissions pgear, the

equivalent of approx. 4,500 compact cars in 1 year

> Additionally, tRd/7 nonstop operating systein
ports negatively affects local residentsidise tand
pollutant emissionike NQ

| 112



(o Port operations equipment Roland

FCHY  Berger l )'

Alternative energy supply technologies are a\Edabie
solutions and alternative fuels have great potential

Benchmarking of atbasel options for port op's equip8EMECTION

LNG FCH
\ s

Battery electric ) Electric conductor
bar

Emissions

- WelitoWheel - Dependent on electricity sourceDependent on electricity sourceModerate, lower than diesel - Zero, if green hydrogen is used

- Local -Zero -Zero - Lowmoderate -Zero

Technological Only diesel/battery hybrids Demonstration stage Commercially available, early Development stage

readiness commercially viable deployments ongoing

In-port fuel AvailableSufficient power supplvailablé Sufficient power Increasingly availableNG will  Limited availability of hydrogen so
availability might be problematic supply might be problematic likely be increasingly used to fuir, regulatory requireméBi3

ship engines in the future

Infrastructure  Multiple charging stations with Expensive conductor bar netwdRefuelling stations attachable t&Refuelling station and hydrogen
requirements  associated space, grid and supghd and supply infrastructure the LNG ship refuelling system supply solutions (pipelines/storage)
requirements

Fit with Long charging times are Due to limited operational Short refuelling tim4h Short refuelling times, long
operational potentially challeng2dg(i.e. flexibility of conductor bar, hybralailability and flexibility provideamges24havailability and
requirements  24/7) port operations vehicles with additional diesel fit with operational requirenientflexibility provide a good general

engines might be necessary albeit stick with emissions fit with operational requirements

SourceFCH2JU Roland Berger, worldcargonews.com, portstrategy.com, Ingworldnews.com, nuvera.com | 113
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FCHsolutions can in principle satisfy a port operator's key ne
FCHprototypes and demonstration projects necessary

High availability High flexibility Low / Zero emissions
A29) e O
<«
Brief > Tight schedulingndexpensive | > Complex container movement | > Port cities are increasingly
description delaysrequire high availability andstorage strategie@ncl. challenged by emissionise.CG,
rates efficient use of space and resultingand noise

constraints to manoeuvre) requirg 24/7 port operations can hence

ggg&gﬁ;ﬂ?&;gﬁ;&mem with highgjghificantly reduce life quality of

local residentsvithin earshot

> 24/7 operating timed ports
minimize opportunities to
counterbalance maintenance and
downtimes

Strict concern for Total Cost of OwnershipJ Regulation most relevant

Opportunities > Short refuelling timeendlong > FQ powered equipment caove | > FCseliminate local emissions

& challenges  rangesit port operator's flexible across the port terminal  such as CONQandnoise

of ECH requirements for several ho_ure_ong range), entirely

applications > Lower availabilitieduring before refuelling is necessary | Green hydrogen suppign
prototyping/ preommercial reduce the carblmotprinttozero
phasescan be covered by backup
vehicles

SourceECH2JU Roland Berger
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Total Cost of Ownership for FC port operations have commo
drivers but will heavily depend on the individual ecosystem

Schematic outlinel @fCfor FC port operations and their drvdi$LIFIED

Total Cost of OwnershipGQ :> Capital cost
(e.g. in EUR pEEUY > FC technology (.eAHMFC > Fuel (& reforming), bunkering
1,900 2,30Q¥kW) > Durability / lifetime
> Power range > System integration

Maintenance cost
> Spare parts > Maintenance routine

> Labour and training

Fuel cost Cost ofH2vs. electricity, diesel, etc.

> Type of fuel and key input: > System efficiency (ufQg,
electricity, natural gas >90%0my)

> Production and supply > Fuel supply volumes and price

Refuelling infrastructure network costs

> Allocation of additional investments to cover costs associated with
hydrogen supply

Capital Mainte Fuel Infra "0-  Total "O-emission credits”
nance structuremission TCO > Potential future policy measures to prometaigsians for privately
credits operated ports

SourceFCH2)U Roland Berger, Shell | 115
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Auxiliary Power Units can further add to airport emissions an
reductions while being more fuel efficient than traditional enc

Fuel Cell Powered Aircrafts

Background

> The aviation industry is currently shifting towards the'ooresi¢cficaircrafts, meaning electric
power should be used fopnopulsive systems

> Herepnboard auxiliary power unissRUg$ are mostly used dugngundis well as diight times.
Traditionallthey use jet fuel awhsist of a gas turlmombined with electricajenerator

Technical characteristics

> Fuel celAPUsare an attractive alternative since theyhdigmaefficienciethan jefuelled engines

> Hypothetical fuel cells designed for aircrafts ddfioL@dpassengers typically have a designed capacity
of 300 600 kW reallife aircraft energy demand might be much higher, depending on the type and
electrification level of the aircraft

Environmental considerations

>Up tal0% of airport emissions can be tracekPidsystems hence, significant reductions pof CO
emissions, pollutants and fine dust particles can be realized

Economic considerations

>NoTCGQinformation discloseso far since fuel édlUsare not preommercialised yetemonstration
projects are ongoing but fuel cell weight poses a major challenge

SourceEurocontrohmerican Institute of AeronautigssenochauticECH2JU Roland Berger | 117
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(o Airport ground handling equipment FCH Roland i

Airport services areomplex ecosysterth multiptgpes of
equipmentPotential f{&(iCHapplications in transport and energ

Snapshot afrport ground service ecosyateht-CH opportunities (selection)

Description Selected independent players
#l Ground > Ramp handlin@rcraftoading & unloading,
handling marshaling, pushback, towing and repositioning, P
aircraft cleaningo i | et / wat er , SWGSPOﬂg Wr\-/ﬂ‘:NF_S
> Passenger handlingassengearheckn, e
ticketing, boarding, security armbard
screening, é ﬁ dnata ___”,/AP
> Cargohandling ﬁwxig AVIAPARTNER
Catering > Food design and production o £ ’
> Food handlingsupply logistics, loading, '§k"vChefs patagroMgr SERVAIR .
backfl ow management ,
> Inventory managemefto od, t abl ar e .po
% g dnata nzwrest
Others > Other handling servicedei ci ng, fuell i ng,
> Other passenger servicésunge
management, | i mo secr_\;\/w,zges, éSkytcmking @
> Facility managemerg:g. distributed energy """~ e
supply stationary applications

XXX = Potential for FC applications
SourceECH2JU Roland Berger | 119
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Towing tractors are one of the most advanced airport ground

handling equipment with fuel cell technology so far

Use case and application characteristics INDICATIV

Description &;

> Fuelcell poweratrporgroundhandlingquipmentsecompressed hydrogen gas as
a fuel to generate electric powrr an energy converter (fuel cell); the produced
electricity powers an elettoior

Technical characteristics p

> Technical characteristics vary greatigording to type, size and function of the
specific equipment

> Smaller vehiclelgkeluggagérucksACU baggagéaderswateitrucksand small fuel , "

tank truckwith energy requirements of less than 20 kW are most siaitefil
applications in the meetienm

>FC towingactors are currently one of the furthest developed FC ground handling =
equipment (towicapacity-1,7002,200 kg, driving speed22Bm/h) and require a B
~1722 kW engine, they need tefoellefor 3 to 4 min once per working shift

3
Ly

Competing technologies Eﬂ

> Diesel, BatteBjectric, DiedghttenfhybridCNGLPG

Sources: Industry publicatMaggEurocontrdFCH2JU Roland Berger | 120



Roland

FCH Berger '

Airports have high security standards and are-sengicost
the implementation of demonstration projects is a major chal

Technical/operational Economic Environmental

> Prototypedave been developéat > FC ground handling equipment > Zero tailpipe (i.e. taitdwheel)
selected ground handling equipment demonstrates high system efficiency emissionf CQ, pollutants suchN&,

and is low in maintenanoé operating andfine dust particles as well as

costs significant noise reductioRGsdairport

environmeate either completed : g :
ongoing (albeit mostly outside Burope High CAPEX costse a big challenge to ?J?\?vr;?kgig(ghndg;;slgg%ke?g ggr\],\?;ﬁ as

> FC ground handling equipment is not the cossensitive aviation industry outside environment
commercialized yesuccessful > Key business case drivers

demonstratiqgmojects in Europe need .. .
to be accebﬂéd e P i Cost of hydrogen vs. cost of diesel or fye| source, use case characteristics and
electricity (in case of BEV competition)efficiency (i.e. fuel consumiition)

" Standards possibly impede the iniiatior], SYStem CAPEX potential for zero wdd-wheel
oF e reiaes s (s 1 Infrastructure costs (esp. considering €missions foFCHairport ground

successful granting of regulatory potential permitting challenges of handling equipment with "green

permits, esp. for refuelling infrastructure MPlementing hydrogen refuelling and hydrogen”
storage infrastructure in airports)

> Demonstratiqmojects in operational

> Welittowheel CQOemissions depend on

SourceECH2JU Roland Berger
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Hence, governmental authorities need to path the way by su
permits for hydrogen applications

I
)) > Authorities place increasing importancelecarbonisatioand emissions reduction
and hence stimulate the developmentarhis=ion engines for airport ground handling
equipment; additionalipranational regulatiofi®m EWevel will require LO
monitoring and ‘cap and trade' policies might be introduced in a second step

((p)

>

)) > Necessary size/power ranges, capital cost and fuel swp@yong the major
| hurdlesfaced by airport operators wanting to adopgfoeihceliandling equipment

)) > Whertalculating total cost of ownerskgp airport ground handling equipment, the
entire ecosystem should be taken into considersitice hydrogeefuellingtations
can be shared among multiple application cases

)) > Furthedemonstration projects in Europdl be necessaryiriorease technological
readiness and hence commercial availabigjogvernmentsiipport will be necessary
to bring technological changes to the highly regulated diodssadinitdustry

SourceECH2JU Roland Berger
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Stationary applications find a broad audience amongst the re
and a dedicated industry coalition

Working Group 4: Stationary Applications
|

Residuse / FECHP regions & cities are part of the
Commercial buildings Working Grodpfrom

1 5European countries

0[.'
}

Industrial use cases
Backup power

Oftgrid power

Gensets industry participants are now part
(District heatiingplease of Working Grodpfrom
refer to industrial use

N o bk 0w

cases) o BOC European countrlﬁ*jm

8. (Biogas in fuel célls Crceneray  wamey A, Qowen o
please refer to industrial | .Jug®  edemas - -~ vegman (D EPS
use cases) Oor pra OO g G

torengy

| 124



D FH) Berger 1»

Each analysis consist of 3 key elements (usecbaséogies,
performancé)Regional differences will be tackled in Phase 2
Prel business case components and flow of asly$EsMATIC

Exogenous assumptions.g. energy/fuel cost, carbon intensities

VvV
FCHapplication Basicperformance
> Technical features (e.g. 1 "generic" use case
output, efficiency, lifetime, o
fuelling requirements) ang- - - = = = = = = = = = = = = — — — — — — — a°
general readiness
> Est. CAPEX / system cost Fﬁ m
> Est.OPEXe.gmaintenance) . -’ o
e 0
é plus benchmarking ______ >
agarl:ns}cqmpetmg éconsisting of t ®)|0)
technologies requirements of European regions

and cities

SourceFCH2JU Roland Berger | 125
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m ResidentiamCHP @ BengohenFil )’

FCmCHRsaves C¢but is hardly competitive with current stanc
solutions without subsidiesture economics look promising

Business case and performance overview in two steba@ad IVE EXAMPLE

. [ . . . A

Economic ¢ Environmental @ Technical/operational E’

Total Cost of Energ§Zg to household > Next to zero local emissions of pollutgnts NO > One of the most mate@echnologies

[EUR/year, annualized over 15 years]: SQ and fine dust partidlé®ere, e.g. potential overall: large scale field tests completed across
elimination of NO Europe; adv. generation systems from various

> Total attributable Gnissions dep. on,CO OEMs now commercially available, others have
intensity of electricity mix and gas grid and announced to follow in the near term (EU
"accounting methodkg CQp.a.]: catching up to Edstian markets)

> Ready for large scale deployment as FC

CURRENT POTENTIAL mMCHPbuilds on existing natural gas

infrastructure
> For FGnCHPsystem and fuel cell stack
- lifetime currently below conventional heatin
~3,000 6,900 ~6,100 y g

progress along learning curve

> Typically more physical space required in
home than for simple condensing boiler, ideally
separate room for heating equipment

5,550 4,850 systems, expected to be met as systems

FC mCHP Boiler FC mCHP Boiler

\4
._- > Broader analyses across the EU put the estimated? L == =5==5= ===
immediate G®avings overid+boildretween Idea Tech. Prototype Fully
FC mCHP Boiler ' FC mCHP Boiler 20% and 85% dep. on specific use case, electricity ormsen commeres
_ mix and FCHRleployed
Maintenance Natural gas

I Electricity (net) Depreciation

1) One exemplary kbegn scenario (of many possible scenarios) with a set of changes in key variables (perfaggnpricespistasmsee following slides
SourceFCH2JU Roland Berger | 127
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Capital cost, spark spread, efficiency and use case characte
are the key business case determinants

1. Cost of FGnCHPsignificant potential for cost reductions and hence reduced .
purchase price (in current scenario, cutting CAPEX in half would lead TCE25% festnatedr CEmpact
in this use casekey drivers are volume uptake / growing cumulative production fletJR/year]
manufacturer

2. Energy price levels / "spark spreauih electricity prices and comparatively R€- #1 Cutting CAPE

low gas prices support business case, especially when mbarussipgvier

; : : ~-25%
consumptiahstrong regional differences!

~4,400
3. Electrical efficiencyiotential increases in electrical efficiencies (expected ta grov ~3,300  ~3,000
to up 42% in next generatiomEBP)sincrease electricity production during FC I

~

AN

mCHPoperations and hence might reduce heating costs (see potential case) a
FC mCHP FC mCHP* Boiler

4. Use case characteristics amCHRoperationstonger operating hours (e.g.
in heaintensive use cases tend to improve the FC's business cases due to higheg, o 492 Diff el ectr
electricity productéstrong regional differences! ' '

isati iCi iahifi e 700% (+55% (+45%  (+35%
5. Decarbonisation of electricity and gas giighificant savings in, &l 0%\ ’ ’

primary energy withrARCHPespecially over the medium term and when grid electricitv
supply is dominated by conventional power generdgion;doeening of gas (sl

green hydrogen, biogas, le¢tps sustaenv edge of distributed,-gased generatior:

over grid supply (with conv. gdseairheating) strong regional differences!

15 ct/kWh20 ct/kwh25 ct/kWh30 ct/kWh
Maintenancelll Electricity (net) Natural gasill Depreciation [lll FCmCHP [_| Boiler + grid

1) Unless otherwise stated, all statements shall be aatsidepadibuise. "albthethingsequal”
SourceFCH2IU Roland Berger
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We consider a representative residential use case, establish
technology assumptions and selected EU energy mix and pr

Preliminary business case components and key assURPHOASIVE FXAMPLE

/
Applicatiorrelated assumptions Use case and exogenous factors ~.

/) (3 ~
e e e S, fl}goc:/ //

currerpotential  FC micreCHP Gas Boile(+ Grid) i > Partially renovated residential house in continental Euro \ X \S )
............................................................................................................................ i with ca. 11®% heated spacepgrson family, central heating ~
Technical FullyintegratedW,/ 1.5 Stateoftheart 20 system, connection to local gas and electricity grid :
specifications kW, fuel ceinCHFheating kW, gas condensing : > Annual heat demand (incl. hot water): ~21,000 KWh

system incl. 20\, auxiliary boiler, connection to . I

condensing boiler, combineehtral electricity grid ~ : > Annual electricity consumption: ~5,000 kWh

heat storage ¢ > Resulting annual operations of the foTleiélh this use case:

CAPEX EUR 16,6008,000 EUR 4,000 . T ~6,000 full load hours
i 1 ~45% of thermal energy covereda A@~55% by aux. boiler
: T ~6,000~7,10&Wh, produced (~65%60%onsumed-mouse) :

Heating fuel Natural gas Natural gas

Lifetime 10/ 15years with/20fuel 15 years

cell stack replacements > Cost of ngtural ga.sh_ouseholﬂ.OG 0.0EUR/KWh m
: i > Cost of grid electricity to householdOBAEUR/kKWh :

Maintenance EUR140/ 12(p.a. EUR 110 p.a. > CQintensity of natural gas:/ 188&g/kWh S

Other aspects  Heaidriven operations of thdl thermal energy from : > CQintensity of grid electricity/ 350g/kWh R
FCmCHRacc. to standard gas condensing boiler, { > cQ balancing methodrfalHPpower feeid credits ¢~ %7z o,,g/y ~L
load profiles, feiedof any all electrical energy :  ataverage Giensity of power grid RN \9' C/}.cdepeo S~
electricity not consumed irfrom electricity grid © > No public support schemes considered (subsidies, tax ™~ ’7’81:9%’7/ ~
house, some (peak) electricity credits, feed tariffs, CHP premiums, etc.) S ess
demand covered by grid SN s

1) Incl. installation and stack replacemests/astneents (e.g. sternn cost to be assumed at cost levels of 5@0 mn@itsuifacturer, i.e. alreaghificantly loveerst levels
than actual current prices: system cost of EUR 11,000; installERdn6aststack replacement cost of 4,000)
SourceFCH2JU, Eurostat, European Commission, Roland Berger | 129
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Please note the following:

> Today's analysis showed an exemplary caseintegyfatiyd fuel galCHRapplication with a keat
driven operating model. Sevdr@amCHPsvith abaseloadower modetxist as well; their
business case (as well as market approach) has some important similarities and differences. \
briefly revisit their business case again for the sake of completion

SourceECH2JU Roland Berger
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With growing volumes over the long term, FC CHPs can bec
competitivieSignificant G@nd pollutant savings possible

Economic Environmental Technical/operational
Multiples of FC CHP Total Cost of Bi@gy( > Next to zero local emissions of pollutgnts NO > Limited range of products available in Europe
different use cas@€Eof counterfactual at 100%): SQ and fine dust particles that are mostly in advagqmetbtype / demo
> Total attributable @nissions dep. on,CO project stage (North American and East Asian
CURRENT POTENTIAL intensity of electricity mix and gas grid and markets are more mature), EU manufacturers
"accounting metho€ G, savings across starting to develop more products (prototype /

demo or early commercial trial Stizgieg!
focus on further demo projects

1 535% > Ready for deployment as FC CHPbwibdild
i 2-30% on existing natural gas infrastructure

different apartment use cases:

> For FC CHP, system and fuel cell stack lifetime
currently below conventional heating systems,
expected to catch up as systems progress
along learning curve

> FC CHPs could e.g. be enabledhnuén)
power and heat contracting models to enable
building owners & developers to shoulder (and
FC CHP ICE CHP Boiler + grid finance) initial CAPEX

> Outlook: over the long term, the emissions
performance will depend on the decarbonisation of
FC CHP v6C CHP vs. FC CHP v&C CHP vs. the electricity and gas grids as well as increases in
ICE CHP Boiler+grid ICE CHP Boiler+grid  efficiency of FC CHPs

1) Based on 8 use cases across 4 EU markets (DE, IT, PL, UK) as of 20ié|ldCEtegad Combustion Engine
2) Requiring significant volume increases, here e.g. 5,000 cum. units per manufacturer (ideally supportéiodbgtatinaegies @ @mgments)
SourceECH2JU Roland Berger
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Strong business case, high spark spread, high efficiency anc
greener natural gas will help FC CHPs succeed in the marke

Business case awarenedfom CAPEX andCOT CEperspective

In commercial use cases, economics tend to play a larger role in the decisioninfakicrgatiogetbe potential to
sell on FCATCEbased value proposition (i.e. significanty@ieffsetting higher CAPEX) and (2) triggering the
need to reduce cost sufficiently as customers will be hesitant to pay a significant premium

Electrical efficiency
Potential increases in electrical efficiencies boost electricity production during CHP operation3 @&d hence red
(expected to grow to up 58% in future generation FC CHPs, i.e. significantly more than-BBEoCiHPatroa. 28

gasturbines at ca. 28%)
STRONG REGIONAL DIFFERENCES
Business model for market penetration

FC deployment in the complex stakeholder landscape (incl. e.g. owners/developers, facility managers, reside
planners, installers, utilities, etc.) might be overcome by contracting models where building owners (e.g. hous
associations) plan, finance and deploy a new system and sell electricity and heat to residents

Energy price levels / "spark spread"
High electricity prices and comparatively low gas prices support business dzetey (30 ptcityy, especially
when maximizinghimuse power consumption)

Decarbonisation of electricity and gas grid

Significant savings in, &l primary energy witm&E Pespecially over the medium term and when grid electricity
supply is dominated by conventional power generdgion;doggning of gas grid (via green hydrogen, biogas, etc.
helps sustaenv edge of distributed,-lgased generation over grid supply (with conslegaheating)

SourceECH2JU Roland Berger
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We primarily look at apartment buildings (or sets of family ho
that would use BEIPsnstead of gas bollers (orGaBE$

Applicatiorrelated specification (selection)

currenpotential

Fuel Cell CHP (FC CHP) Gas Boile(+ Grid)

Technical
specifications

CAPEX
Heating fuel
@ netefficiency

Lifetime

Maintenance

Other aspects

Combined cak®\,/ ca. 4  Stateoftheart <50
kW, nat. gas FC CHP systerkW,, gascondens

in add. to <3%W},condens  boiler, grid power
boiler and grid power supphsupply, comb. heat
larger combined heat storagstorage

ca. 15,50011,00EURKW, EUR 5,000
Natural gas Natural gas
52%, 37%,/ 58%, 38%, 90%,

10/ 15years with/10fuel cell 15 years
stack replacements

EURG50850/ 506600p.a. EUR 110 p.a.

Heatdriven operations of theAll thermal energy from
FC CHP acc. to standard logds condensing boiler,
all electrical energy from

profiles, fead of any
electricity not consumed in electricity grid
house, some (peak) electricity

demand covered by grid

Use case and exogenous factors

> Apartment buildings (or set of family heh@eshifs,
2030 residents) with 40P00r¥ in building stock
(possibly renovated) with ssoglece/central heating
andDHWsystem

> Annual heat demand (incl. hot water): 2Z% 000 kWhstrongly dep. on
size, degree of insulation, climate zone, etc.

> Annual electricity consumption: typicdl|$@@@&Wh per resident

> Resulting annual operations of the fuel cell CHP in such use-cases: 5,000
6,00 full load hours; dep. on load profile, ca. half of thermal energy covered |
FCmCHRand majority of power demand supplied by FC CHP

Cost of natural gas: equal or less thaf Q.EJR/kKWh

Cost of grid electricity: equal or less thad. B(EBEUR/kWh

CQ intensity of natural gas:/18&g/kWh s
CQ intensity of grid electricity/ 350g/kWh Stro”s;/y ________
CQ balancing method for CHP: powenferedits %7 reg, C,-,czependent .....
at average Gitensity of power grid sty

No public support schemes considered (subsidies, tax
credits, feed tariffs, CHP premiums, etc.)

V V. V V V

\%

1) Incl. installation and stack replacemests/astneents (e.g. sherin cost to be assumed at cost levels of 1@0 onzitsifacturer, i.e. already significantly lower cost levels
than actual current prices: system cost of 10,900 EUR/KW; installation cost 1,600 EUR/KW:; stack replacement cost of 3,000)
SourceEFCH2JU Eurostat, European Commission, Roland Berger
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The larger the FC (i.e. >20 or evétW\gh@he more crucial the
efficient use of heat and the robustness of the overall busine

Key considerations with regard@1P8or commercial use cases >20k\M¢50

D&

it
L
nl

Changing business models

More and different stakeholders involvediheshelf and more maderder systems that are tailored to
individual use case (key role of engineers/planners and installers); different opportunities for busine
innovation (e.g. contracting, Energy Service Coa§@igs (

Need for sufficient esite heat consumption

To reap the benefits of CHP (i.e. allowing for long operating hours artbefiumeptice)fneed for
constant heat demangitathat is supplied by FCIGHE. in buildings such as hospitals, hotels,
swimming pools

Tougher competition from grid electricity supply

Generally speaking, lower grid electricity prices-tamlimohetbkers (like operators of the
aforementioned buildiildsgnce pressure on distributed CHP to achieve petfidy/(y10

Opportunities for regions and cities

Procuring FC CHP asdanission, innovative systems for public buildings thereby broadening the Eurc
base of key demonstration projects and supporting initial volume uptake

SourceFCH2JU Roland Berger | 135
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In industrial use cases, fuel cells can tap into the annual mar
gasfired orsite generatiorseveralG\Win core EU markets

Annually addressable market in four focus countries

Industrial

201 2Addressable market 203addressable market
[MW] [MW]

1.231

943 980

> Fuel cellCHPsand prime powen 750
power ranges from ca.ld@pand into
the mulW range for industrial 428 487

applications 318 804 774

> Primary marketsiclude gafsred 61¢ Skl
distributed generation 231 2631 78

. . [ 72]
> Conversion marketomprise najas

distributed generation - e T OSE I

> Forecast based on expected market
growth

653

|| Conversion markets [installable capacity]Primary markets [installable capacity]

SourcetHS National statistics institutes; Oxford EcarGhis] Roland Berger | 137
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We consider three exemplary use cases-fmd@rgationary
fuel cells In Mk&nge: combined heat and power anebpbwer

Use cases Typical exogenous assumptions
> Data centewith annual power demand of 8,000 MWh (fluctudtt0vef aied > Cost of natural gas
prime power technology installed, cooling is a major power consumption driver e.g.betw 0.020 and 0.040 EUR/K
> Max. necessary power load at cakW@ith typically grid supply and closed, auxiliafy> Cost of grid electricity
power system, based on natural gas e.g.betw 0.055 an@.14FUR/KWh
> Connection to naturalayas electricity grid (key markets with highest industrial electricity

> Technologies: Grid, FC (ponlgror "prime power") edth.OMVY, markets are elgkanditaly)

> CQintensity of natural gas .
E > Pharmaceutical production facilifsh annual base load demand of ca. 11,600, 185 9/kWh (potentially decreasing)

MWh and equivalent heat demand, optimally served by a CHP system > CQ,intensity of grid electricity

> Max heat load ca. 1,&@fland power load at ca. 1kAgO e.g. on average ~&ED g/kwh in many

> i i i i parts of continental Europe with high shares of
TyplcaII¥ no relevant power quctuatlt.)n. Wlth. natural gas as main fuel coalfired power generation, ~350 g/kWh in

> Connection to natural gas and electricity grid the UKall gradually decreagiver the

> Technologies: Grid + boiler, ICENG¢tBturbireHP, FCHP with ca. VA, coming years)

> CQ balancing method for CHsdwer feed

3 > Chemical prOdUCtion faC”th hlgh thermal power demand of ca. 29,000 MWh  in Creditataverage Cpqtensity of power
@ p.a. and electric demand of ca. 12,000 MWh for industrial processes grid

> Assumed CHP technology with max. heat load ofkd4,, dntiofower load at 1,400 > No public support schemes considered

KW, basgd on natural gas o _ o (subsidies, taxeditsfeedn tariffs, CHP
> Connection to naturalayas electricigyid, potential forsite biogas supply premiums, etc.)

> Technologies: Grid + boiler, ICEn@etBturbireHR FC CHP with ca. MW,

SourceEFCH2JU Eurostat, European Commission, Roland Berger
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Largescale fuel cells face three main natural gas competitors
large boilers, CHP engines and CHRunincres

currentpotential

Technical
specifications

CAPEX

Heating fuel

Efficiency

Lifetime

Maintenance

Other aspects

Fuel Cell CHP
(FC CHP)

Combined ca. MW,/
ca. 1. MW, nat. gas
FC CHP syste®QFC
MCFQ

EURKW, ca. 3,200
3,400 2,900 3,100

Natural gas / biogas

49%, 31%,/
61%, 31%,

16/ 17years with/3
fuel cell stack
replacements

EURKW, ca 50- 60/
45-55p.a.

Powedriven system
with bastoad focus
and 230 Ctemp.
required for heat

FC Prime Power
(FC PP)

Electricity grid + gas
cond. boiler

1.0MW, typically low
temp. polymer
electrolyte FC (PEM FC)
or solid oxide FCs
(SOF¢

EURKW, ca. 5,100
5,300/ 3,500 3,700

Stateoftheart 1.9VIW,
gascondengboiler

EURKW; ca. 7680

Naturafjas biogas Naturafjas / biogas
49%,/61%, 95%,
11/ 14years with/33 Ca. 15 years

FC stack replacements

EURKW, ca. 45 55/
45-55p.a

EURKW, ca. 1a15p.a.

Typically badead and  n/a
loadfollowing operation

with adaptable power
output (through

modulation)

Gas ICE CHP

Stateoftheart 1.5VIW;,
comb. engine

EURKW, ca. 1,200
1,300

Naturafjas biogas
40%, 48%,

Ca. 15 years

EURKW, ca. 96110

n/a

Gas turbine CHP

Stateoftheart 1. MW,

EURKW, ca. 1,600
1,700

Naturagjas biogas
28%, 50%,

Ca. 15 years

EURKW, ca. 6575p.a.

n/a

1) Incl. installation and stack replacemertsrastneents (e.g. Fuel Cell CHRestmortost to be assumed at costdéd€8 units per manufacturer, i.e. already significantly

lower cost levels than actual current prices: system cost of 2,300 EUR/kW; installation cost 400 EUR/kWskiaBRE@epRE&Ment co

SourceECH2JU Roland Berger
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With growing production volumes over the long term, large s
CHPs can become compeititivech depends on the use case

Business case and performaverieW INDICATIVE

Datacentre B Pharmaceutical production facilitya Chemical production facility

Multiples of FC CHP Total Cost of Hrelgin [different use caseSKof counterfactual at 100%) with highest and lowest multiples as boundaries
i.e. alCEmultiplier <1 (or <100%) indicatedSIG&e@frthe fuel cell technology compared to the counterfactual

*100%
0.2+ - - - . .
0.0
FC PP vs. Grid FC PP vs. Grid i FCCHPFC CHPFC CHP  FC CHPFC CHPFC CHP: FC CHPFC CHPFC CHP FC CHPFC CHPFC CHP
: vs. Boilewvs. ICE vs. vs. Vvs.ICE vs. [ vs. Boilews.ICE vs. vs. Vvs.ICE vs.
+grid CHP Turbine Boiler+ CHP Turbine : +grid CHP Turbine Boiler+ CHP Turbine
CHP grid CHP CHP grid CHP

1) Based on 3 use cases across 4 EU markets (DE, IT, PL, UK) as of 2@iéldCEtegad Combustion Engine
2) Requiring significant volume increases, here up to 50 MW installed capacity per manufacturer

SourceECH2JU Roland Berger | 140
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CQ savings well above 50% are possible thanks to highly eff
distributed generation, @ be reduced significantly as well

Environmental

> Drastic reduction of local emissions of pollutants 8IQ), >

fine dust particles potentially significant benefit in urban ar
< 1 mdMn? for FC vs. < 2B@gNn? for leasburn gas ICE
(without external NDatement technology)

> Significant COsavings total attributable &issions dep. on
CQ intensity of electricity mix and gas grid and "accountin( >
methodl' CQ savings across different industrial use cases
100
80 -
60
40
20
0

5-65% 2057%

5-30%

Grid+boiler ICE CHP Microturbine CHP

> Qutlook over the long term, the emissions performance will
depend on tliecarbonisatiofthe electricity and gas grids as
well as increases in efficiency 6HRS

Technical/operational

Mature technological readiness as typical use cases (e.g.
power generation, CHP) arecoeanercialisatjigmowing

number of demonstration projects andgai@mercial
installations market even more mature in North America and
East Asia (more projects, more OEMS)

Ready for deployment as industi@HP8&voulduild on
existing natural gas infrastructure or use-$ueply on
site (e.g. biogas, hydrogen)

For FC CHBystem lifetime are at paith competing
technologies such as ICE or-turtiaeCHPs

For any onsite generation, industrial sector primarily concernec
with ensuring that its core business is not disfGpted

needs to operate seamlessiyh existing infrastructure and
cause min. disruption to ongoing productivity

1) Based on 5 use cases across 4 EU markets (DE, IT, PL, UK) as of 20iéldCEtegad Combustion Engine

SourceECH2JU Roland Berger
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Strong business case (via lower CAPEX), higher efficiencies
iInnovative financing modelsE8Q® are key success factors

Business case awarenesfom CAPEX andCQT CEperspective

In industrial use cases, economics are virtually all that matter in the decision making process and decision m:
payback periods (typically well below % y&pcsgating the potential to sell G@&CEbased value proposition

(i.e. significantly lo@&EXoffsetting higher CAPEX) and (2) triggering the need to reduce cost (esp. CAPEX) st

Electrical efficiency
Potential increases in electrical efficiencies boost electricity production during CHP operation§ @&d hence red
(expected to grow to up 51% in future generation larg€lPaled-Gignificantly more thandaaje ICE CHP at
ca. 3&810% or micro gasbines at ca.-28%)

STRONG REGIONAL DIFFERENCES!
Business and financing models for market penetration
Industrial users are likely more open to alternative business models; CAPEX burdens can be more efficiently
E.g., th&SCq""Energy Service Company") model is a very relevant (esp. high electricity price) "beachhead" a
user is not exposed to any upfront capital cost (particularly advantageous against low paybaEk@oesholds). T
model allows the arsgr to save money right awdyle all operational risks are wEs®e

Competitioirom grid electricity supply

Grid parity is beld@ctkWh,in many places around Europe; moreover, mature competing distributed generatior
technologies are available. Esp. CAPEX have to be considerabighvedecktity prices and comparatively low
gas prices support business case thanks to high electrical efficiency

Sourcebelta EEFCH2IU FCH2JU Roland Berger
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Use case selection, (Ngdnission limits and policy support are
commercialisatievers for Regions and Cities

Use cases: exposure to high electricity prices, possibly wsitednel supply

“ﬁ\ To reap benefdHarge scale, highly efficiessitergeneration with leagge fuel cells, exposure to high
electricity grid prices is a key driver; moreover,ceetant heat demansiterthat is supplied by FC
CHP e.g. imeatintensive industries; alseitenavailability of (low carbon)dwelbiogas as byproduct
I can render individual use cases even more attractive

Emissions: stricter limits on pollutant emissi@sp. NQ as opportunity for fuel cells

In the future, Némission limits are likely to become more stringent, possibly much more so (e.g. Eur
Commi ssionbés Medi umMCPYwhheusentiproposalf mavn IBImiaE 15% c t i
O,) will be applied to all new gas engiiakationResulting need for,/dBatement, improves

economic case for fuel cells (by improving the marginal capital and operating costs) over gas engin

=

D

Policy support: various possibilities for effective support

lll Given "total business case" or "project economics" logic of many industrial deitel gieees &bioan
various policy instruments can positively affect the budireegs Ceif&generation premiumsnfeed
tariffs, tax credits, subsidies, soft loans, etc.

Source: Delta BEZH2IU FCH2JU Roland Berger
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FC backip power systems are an attractive alternative for are

affected by insufficient grid reliability

Use case and application characteristics

Description ﬁ

> Fuelcell powered bag electricity systecas improve the reliability, "resilience”
and quality of power supply for critical infrastrudieuge data centers, hospitals,
publisecurity facilities, telecommunication infrastrusticighgypower outages
and providirggrdindependence

> Depending docal regulation, grid reliability the specific use ,daselup power
needs to be available for several hours or even a few days

Technical characteristics =

> Fuel cejpowered backip systems for uninterrupted power sugplyS}ypically
use compresshagidrogen gder has fuel to generate electricity via a fhelsesl|
energy converter

>They cabridge power outages for up to ca. 95 h@epending on the size of the
fuel cell and storage of hydrogen or fuel availability)

Competing technologies ﬂj

> Diesegenerators, Batteries

Sources=CH2JU Roland Berger, Industry publications

INDICATIV
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High CAPEX costs can be counterbalanced by lowerakrati
maintenance costs, but need to be reduced further

Technical/operational Economic Environmental
> Variouslemonstration projectsave > FC baclup power systems > Zero tailpipe (i.e. taitdpower)
showrtechnological maturity demonstrate high system efficieacyl emissionf CQ, pollutants suchN&,
are low in maintenaras& operating andfine dust particles as well as

> Several variations and typE€ of
backup powessolutions are already
commercially availabéand can be
bought from multiple providers

costs (e.g. potentially less expensive totadignificant noise reduction for F&ipack
fuel cost, as diesel tanks typically have tg@ower solutionkey benefit for residents
be periodically refuelled irrespective of as well as outside environment

actual use) > Welltopower CQemissions depend on

> Challenges: > High CAPEX costemain a big hurdle as fuel source, use case characteristics and

i Highregulatory standardsr rare but economic operational periods efficiency (i.e. fuel consumiition)
reliability of bagk power systems  can't offset high upfront investment potential for zero web-power
(e.9. for hospitals) > Total expenditures on FC bagk emissions _for"FC bacip power

. : systems with "green hydrogen

i Structurally more robust pgrids powersystems are expected tioer

inEurope than in other industrialised than total expenditures on battery/diesel

or emerging markets, lower risk of backups in the medittm longun,
(longer) power outages under favourable conditions

> Key business case drivers
i System CAPEX
T Cost of hydrogen vs. cost of diesel

SourceECH2JU Roland Berger
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Nevertheless, a sufficient hydrogen supply infrastructure nee
be in place in order to accelerate deployment

)) > Necessary system reliability, competifi@€Xincl. reasonable capital cost) and
secure fuel supplgre among the most important assessment criteria for operators
wanting to adopt fuel cell-bpghower

)) > Relatively lowedPEXpotentially offset higher CAPEX for FC Jbagbkowein the
medium to long run, depending on the specific deployment conditions and cost redt
FC system

> Sufficient hydrogen supply must be enswsiedeall backup power systems located
)) within the same area must be refilled at the saméfierea power outage has
| occurred)

)) > Governmental incentivesll benecessary to shift the highly regulated bazkower
| industry standarféfom diesel to fuel cells
)) > Authorities place increasing importancelecarbonisatioand emissions reduction
and hence stimulate the developmentarhimion baclp power solutions, also in
order to avoid potential oil spills; addisapadiyational regulatiofio®m Etlevel will
require COnonitoring and 'cap and trade' policies might be introduced in a second s

SourceECH2JU Roland Berger
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Hydrogen fuel cells fogdf solutions possess numerous
advantages compared to conventionapbrveseld generators

a (Theoretical) possibility of fulcaebon energy autarky in combination
() with renewable energy sources, electrolyser and storage system

Higher operating efficiency (combustion and storage) and extended runtime:
QQ compared to conventional technologies

l High reliability even under extreme climate conditions and seasonal variatiol

g Environmentally friendly (zero emissions, less regulatory problems or permit
hurdles in environmentally protected areas)

a _ .
‘ﬁ Low maintenance frequency and thus low maintenance cost

'03 High flexibility and adaptability to power demand changes

SourceECH2JU Roland Berger
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Oftgrid applications of stationary fuel cells can be segmentec

two broader categories of use cases

Categories of use cases fgridffuel cell solutiorSCHEMATIC
1. Endo-End FCH system 2. FC with external fuel supply

alternative: egite

Layout CXcag, @) :
l %’% hydrocarbon supply,
‘i\ .l Micregrid K2 / e.g. natural gas

~ |- s8]

> Supply
Electrolyser Storage Fuel cell

Use cases Stanehlone settlements in remote areas such as isldaltginfrastructure.gantennas), television and radio

(examples) mountairefugesindustrial sites, mining facilities, teladepeaters, natural gas pipeline systems, remote
infrastructure, migridgselfsufficient communities  residential areas

Alternatives Renewable energy sources in combination Fossil fuel generators (usdiabel but also LPGNG
with fossflel generators andbatteries gasoline), possibly renewable energy sources in

combination with batteries

Requirements/  Power range: severalikWjg to multiple MW Power range: -21kW
Operating Model Fuel cells provide complementary power frafa greefypically continuous supgigs#load power, fuelled
produced by electrolyser from renewable electricitye.g.with externally supphgd

Challenges Demand and supply fluctuations (renewables), higlDsgtepdenan fuel prices, accessibility / fuel supply
cost, reliability of overall system routes, high setup cost, reliabibyeraflystem

SourceFCH2JU Roland Berger | 150
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As offgrid solutions, stationary fuel cells typically face the
conventional competitor of fossil fuel (Diesel) generators

Comparison of fuel cells and diesel generators (e.g. uselN&HEAZ)VE

Stationary fuel cell system Diesel generator system

(powennly or CHP) Reference model: QXT4
Technical Combined ca.-200kW,, FC powesnly or CHP 72kW(prime) t80kW(standby),-¢troke Diesel engine,
specifications potentially combined with other added systems like3@0Y5060Hz@1,500/1,800 RPM

storages (if warranted by use case)

CAPEX Ca. 3,008,000 EURW, (fuel cell module) Ca. 804,000 EURW\,

Fuel Hydrogen, natural gas, ONG biogas, etc. Diesel fuel (tank capacity e.g. >200 litres)

Efficiency 5060%, 3040%, 30%,

Lifetime Dep. on use case and target operating model 2025 years

Maintenance ca. 40 EUR/kW/a (or even lower) ca. 40 EUR/kW/a

Other aspects Several fuel cell technologies generally available Mature technology available from a range of suppliers,

(e.gPEMSOFQI dep. on fuel availability, operatingngine can (in principles) be overloaded (e.g. to 110%)
model, load profiles and other use case requirements

Source: Shell, CAGH2JU Roland Berger | 151
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TCOfor both technologies have common drivers but heavily
on the individual use cadesel cells can compete in the long r

Schematic outline of technalogsifid COfor use case #5IMPLIFIED

Total Cost of OwnershipqQ Stationary fuel cell Diesel generator
(e.g. in EUR per year / per kWh) system system

7 Capital > Higher cost per kW installed > Lower cost per kW installed
// cost > Higher development and permittinglaturity level reached, low
o cost development cost

' ? Op's & > Less frequent maintenance routméligher maintenance frequency,
ﬁ Maint > Lower overall maintenance cost Mmore need for spare parts
ﬁ > Higheoverall maintenance cost
I Fuel > Higher efficiency, possibly more> Lower efficiency, potentially lower

g cost expensive fuel prices (external  fuel prices, high delivery cost

delivery), high delivery cdsf of > | jkely higher overall fuel cost
> Likely lower overall fuel cost

Take Currently, the high capital costs make fuel cells the more expensive alternat
awa However, further performance improvements and cost reductions can lead t
¥ better cost position than conventional fossil fuel generators in the future

SourceECH2IU Roland Berger, S#lIAdditionaostfor fuel cell #% Additionaavingsthrough fuel cell | 152



Roland

FCH Berger '

Large C{savings are possibleHOswith lovearbon fuel,;
commercial readiness is relatively advanced

Environmental Technical/operational

> Drastic reduction of local emissions of pollutants SIQ), > Proven technologyr stationary applications outside of
fine dust particles potentially significant benefit in remote a  Europe (key markets in North America and East Asia),
that may be under conservation European segment in advapiaedtype/demonstration

> Significant C@savings total attributable @Missions dep. on  Phase witbtommercial viabilityeing demonstrated in
CQ intensity of supplied hydrogen (grey vs. green): ongoing projects

> Ready for deployment as fuel cells provide necessary

10- reliability for offyrid applicationsrequire infrequent

2030% -100% maintenance afuekl supplycan be assured in multiple
0.8 - conceivable scenarios
0.6 1 > For FC CHBystem lifetimés slightly belowifetime of
0.4 Diesel generators
0.2 1 > Modular scalability ensures flexible adaptation according to
0.0 demand

Diesel generator Fuel cell (grey HFuel cell (green H2)

> Qutlook over the long term, the emissions performance will
depend on the share of green hydrogen used and the amount of
CQ emitted by delivery logistics to the site

SourceECH2JU Roland Berger
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Possible application cases for F€&tgewary greatly, especially
with respect to their energy demand

EXEMPLARANDINDICATIVE

Construction sites Refrigerated containers

HYMERA™

L

Description  Construction sites need to ensure sufficient energy suppdyrigerated containers need to be suppbeengith
to satisffemporary energy demands like lighting during all transportation phaskeduring storage times
especially during night and winter tirae®te areas as well as while being transported. FC generators fitted in
such as constructions at highways, rail tracks or in tunred&signed container represent an efficient solution to
In contrast to diesel generators, FC generatqtsedre a supply them with energy, independent from local energy
and environmentally frienditernative supplyOne FC generator can provide power for up to
~1012 containers

Characteristics

- Output ~156175 W peak power >100 kW

-Capacity  ~67 kWh (assuming 50% efficiency and a standard tarnk)}G12 h runtime on one tank fill (B kg
- Price EUR ~2,0002,500 EUR ~ 700,00@00,000

Competing Diesel Diesel

Technologies

1) Additional use cases could for example include lighting towers, CCTV towers, environmental monitoringibdifes ipdret pgraphgand
SourceFCH2JU, Roland Berger, BOC, Fuel Cell & Hyeineggn Association, Sandia Ndtebaatories, Fuel Cell Today
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Outside of Europe, fuel celsgenare already commercialised
the European market should look to catch up

Technical/operational Economic Environmental

> Fuel celjensetsystems are > Higher system efficiencpwer > Zero tailpipe (i.e. tatdpower)
commercially availabie a variety of maintenance and operating costs have tremissionsof CQ, pollutants sucheg,
sizes, power ranges and application potential of counterbalancing relatively andfine dust particlesF@Hgensets as

possibilitiesutside of Europe higher capital costs of FCsgé&vs. well as significant reduction of noise and
: L conventional generators vibrations key benefits for workers as
> Howevem Europethe segmert still : -
: : . : well as outside environment
in the advancedototyping/ > Key business case drivers
demonstratio#project phase i Cost of hydrogen vs. cost of diesel > Lower noise emissions as key benefit
> Challengehydrogen fuel supply and | Genset CAPEX vs. generator CAPEX 0t Storageesp. iflocated close fo urban
storage ositei fitforpurpose for I Hydrogen supply and hydrogen

transportable stationary fuel cells, e.g. infrastructure costs, esp. refuelling > Welitopower COemissions depend on
hydrogen infrastructure must become  station CAPEX (incl. utilisation) and  fuel source, use case characteristics and
available at container storage facilites OPEX efficiency (i.e. fuel consumjition)
potential for zero wet-power
emissions foFCHgensets with "green
hydrogen"”

SourceECH2JU Roland Berger
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To accelerate FC gat deployment in Europe, the hydrogen
Infrastructure needs to improve significantly

SourceECH2JU Roland Berger

Direct usability by Regions & Citias to its diverse field of application, e.g. at
municipal construction sites, F€egeleployment can be enhanced directly by Regions ¢
Cities, especially as demonstrational projects imordaséaechnological readiness and
hencdoster commercial availability in Europe

Hydrogen supply infrastructuret extensive hydrogen infrastructure needs to be
developed by public authorities in order to facilitaseFd=gkryment for companies, e.g.
for construction sites, event locations

Capital costs:igh CAPEX costs are among the major concerns faced by operators
interested in deployingpb®@ered gesets

Environmental benefi