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EVEpyEIac KUnpou

The role of H, in Energy

Transition

Long-term scenarios from carbon

economy to hydrogen economy
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reguiatory authority

e “...TO vEPO Oa YPNOLNOTOLEITUL O KAVGLNO, TO
VOPOYOVO KL TO 0EVLYOVO TTOV TO ATOTEAOVY, O
YPNGLUOTOLOVVTUL REROVOUEVE | pall, kKot Oa
ROAPEYLEL L AVESAVTAN TN TNYN OeppoTnras Kan
QPOTOS, TETOWUS LGYVOS TNG omTolag 0 avipakag
OEV VAL LKAVOS

 Kamowx pépa, 6tTovg YOPovs anodnkevong
avlpaka TV atpounyavav, avti yia avopaxka,
Oa aroOnkevovTal AVTA TA 0VO0 CUNTVKVOUEVA
aépra, Ta omwola Oa kKatyovrar 6tovg aiapovg
KaVoNG pE tepaotia Ogppoyovo woyv...”
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Potential role of hydrogen in the energy : ¥
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Energy system in 2010 )

pudmonixh apxn
EVEpyEIac KUnpou
Ccyprus energy

EU energy system in 2010%*

Domestic

use %
s Domestic

Power plant Power plant

(coal, oil, nuclear) . R (natural gas)
* Poullikkas A., 2009, Infroduction to Power Generation Technologies, ISBN: 978-1-60876-472-3
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Flltlll'e enel‘gy SyStemS (optimistic scenario) ::**?

pudmonixh apxn
EVEpyEIac KUnpou
Cyprus energy
reguiatory authority

EU energy system in 2020-30*

Steam A:‘
Hydrogen reformer
communities i

i

Power plant

(coal, oil, natural gas) (coal, oil, nuclear, natural gas)
* Poullikkas A., 2009, Infroduction to Power Generation Technologies, ISBN: 978-1-60876-472-3
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Cyprus energy
regulatory authority

Hypogen plant

(coal, nuclear, natural gas) __(coal, nuclear, natural gas)

* Poullikkas A., 2009, Introduction to Power Generation Technologies, ISBN: 978-1-60876-472-3
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The Super Smart Grid after 2050* fj}

(may allow for 100% RES) S

cyprus energy
regulatory authority

* Poullikkas A., 2013, Sustainable Energy Development for Cyprus, ISBN: 978-9963-7355-3-2
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EVEpyEIac KUnpou

reguiatory authority

National hydrogen strategies

towards 2030-2050

Green Hydrogen in Cyprus, Nicosia, Cyprus, 15 Sep 2023 9



National Hydrogen Strategies® * t«.,,...

regulatory authority

2017 2018 2019 ® ¢
OND JFMAMIJASOND JFMAMIJASOND JFMAMIJIASOND

* Possible regulation of hydrogen networks, ACER 2021

Green Hydrogen in Cyprus, Nicosia, Cyprus, 15 Sep 2023 10



a-%
b (87 e &;'3/\/3,:‘0\.{%J [% % [%
il 24 LIl

\m/
Today - 2024 | 2025-2030 2030
 Installation of  H,tobecomepartof < Largescale
Electrolysers. at least theintegrated energy  integration of green
6GW for green H, system H,
production « Production of green
» Production of green H,: morethan 10mt
H,: up to Imt

* A hydrogen strategy for a climate-neutral Europe, EU, 2020
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Saudi Arabia $5bn Helios H2 project J ‘.,ﬂ

vvvvvvvvvvvvvvv
cy ner
2

* Desert area = Belgium

e 4GW of Wind and PVs

* Production of 650t/day of H,

* Reduce of H, production from 5US$/kg to
1.5US%/kg

* Long-term: Saudi Arabiato become H,
exporter

Green Hydrogen in Cyprus, Nicosia, Cyprus, 15 Sep 2023 12
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cyprus energy
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* Recognition of hydrogen as a key component of the
energy mix for 2030 and up to 2050

* Creation of a long-term national energy strategy
considering hydrogen

* Creation of a legislative framework - allow the
introduction of participantsin H, market

* Harmonization of national regulatory framework with
the relevant European Directives

* Targeted measuresto kick-start the hydrogen value
chain: production; transport and storage; use in final
consumption

Green Hydrogen in Cyprus, Nicosia, Cyprus, 15 Sep 2023 13



EVEpyEIac KUnpou

reguiatory authority

Green H, economics

The effect of carbon price
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—o— Coa price 150US$/t
HFO price 400U S$/t
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* Venizelos V., Poullikkas A., 2023, “The effect of carbon price towards green hydrogen power generation”,
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European and National strategies and
policies for Green Hydrogen
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National Policy Updates
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43 countries have published a national hydrogen strategy w Europe

Data as of 03/08/2023

® Published




Electrolyser capacity commitments by 2030 amount to 39.76 GW G Furope.

Data as of 07/06/2023

50

45 1 0.24 0.16 0.07 4472
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5 1 1 2
0
Germany France Denmark Sweden Italy Spain Netherlands Poland Portugal Austria Hungary Belgium Croatia Total Announced EU Target

Included countries are the only ones with specific targets for planned electrolyser capacity.
When the target is a range, the median value of that range was used.

1 Target is provisional and subject to change in the final version of the national H2 strategy.
2 Polish target is for low-carbon emission sources, including electrolysers.

3 EU target is in electrolyser capacity output, while for the values in national strategies no
indication is given.
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10 countries have committed €20.9bn of public funds towards H2

Data as of 07/06/2023
Countr National Funding
Y Committed (€)
— Austria 0.545bn Non-exclusive for R&D, IPCEl and subsidies for electrolysers/biomethanation
I I Belgium 0.401bn Energy Transition Fund (non-exclusive) & Infrastructure;
h Czech Republic 0.522bn Non-exclusive, available through 3 funds and operative programmes
= = Denmark 0.176bn Exclusive, PtX subsidies based on tender and PtX task-force
- Estonia 0.121bn IPCEIl & H2 in transport and chemical industry support
I I France 5bn Priorities: Industry & heavy-duty transport decarbonisation and R&D
- Germany ('20) 11.11bn Non-exclusive, spread among 6 funds/programmes
T Poland 0.446bn Non-exclusive, available through 4 programmes and funds
Portugal 0.525bn Exclusive for H2 production in the form of a variable feed-in-premium until 2030
- l”
<~ United Kingdom 2.45bn Non-exclusive funds through 14 funds, competitions and programmes

When the committed funds are a range, the median value of that range was used.



8 countries with FCEV mobility targets for 2030
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ﬂl\ Hydrogen

w Europe

Data as of 24/05/2023

E Croatia 15
h Czech Republic 4,500 900 4,000 3
T
Hungary 4,800 20
E—
]
Netherlands 300,000 3,000 (2025) 50 (2025)
]
- Poland 900 1 train line 32
Portugal 875 275 325 75
Spain 175 2 train lines 125
- Estonia 3to5




European and International
Policy Updates
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EU-US IRA
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EU Industrial Policy G, Erope

Critical Raw
Materials Act

Net Zero Industry Act




Commission presents criteria for the first call under the H2 Bank fy clrope. |
(Internal Leg H2 Bank)
Upcoming EU Hydrogen Bank pilot auction: European Commission
publishes Terms & Conditions
An important step towards scaling up production of renewable hydrogen in the EU.
MW%\\\\
\\

INNOVATION FUND

-

Adebe Stock/ katkami




Hydrogen

EU Commission invites Member States to join H2 Global (Externa 5 Hydres
Leg H2 Bank)




Hydrogen demand by 2030 — RED targets Impact G Hydrogen

Demand in industry driven by the RED targets defines the bottom line
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AFIR

AFIR deal reached on March 27th
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Density 200km
Network Core only
Daily capacity 1t/day (Cumulative)
LH2 Revision 2024
Urban nodes 1 HRS

Deployment date End 2030 (linear dep. pl.)
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BRICS Summit invites new members \gJ turope




Thank You

N Hydrogen

w Europe

Avenue Marnix 23
1000, Brussels / Belgium

secretatariat@hydrogeneurope.eu

hydrogeneurope.eu
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Meaxtimorts Zoaupeoss Merogpopds

Kinpou
Trarsenission System Operalor - Cypns

The Cyprus GO System

Transmission System Operator Cyprus

an Overview

15 September 2023
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AloxeipioTiS ZuoTRuaToc MeTagopac Kutrpou




Contents MAZ.MK L

Trarsenission System Operalor - Gypns

1. Introduction

2. TSOC Authorized Issuing Body
3. AIB Membership

4. Hydrogen GO s

Auaxapumng 2UoTHUaTOS MeTagopag Kutrpou
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Introduction AIMK

Aeaxzimorns Zoomsns Metogpopds
Kinpou
Trarsenission System Operalor - Cypns

Electricity does not have Colour or Smell, it is just flowing
electrons

Thus, the electricity consumed by a specific Consumer
connected to the Electricity Grid cannot be identified based on
any characteristic, i.e., energy source (e.g., coal, gas, nuclear,
wind, sun), place of generation (e.g., region, country), age of
power plant, e.t.c.

Anaxapnomg 2uoThuaTog Metagopag Kumpou

Pt s == = —



Guarantee of Origin (GO) AIMK

Aeaxzimorns Zoomsns Metogpopds
Kinpou
Trarsenission System Operalor - Cypns

The Guarantee of Origin (GO) is defined as:
a unique, tradable and transferable electronic document
with the sole function of providing proof to a final customer

that a given share of energy was produced from Renewable sources / High
Efficiency Cogeneration

Alaxeipumﬁg 2UoTHuaToS MeTagopag Kutrpou

PEAY.



GOs: the principle...

R Guarantees of T
Origin ... is “book
Issuing body and claim”

AlO)(ﬂplOTﬁQ 2UoTHUaTOS MeTagopag Kutrpou

Lot e



Use of GOs: _AZMKI

Meaxtimorts Zoaupeoss Merogpopds
Kinpou
Trarsenission System Operalor - Gypns
To claim to have used 1 MWh of electricity from renewable sources, the
associated GO needs to be cancelled in the Registry of the Issuing Body of

the country of consumption

This prevents double counting, guaranteeing that no RES MWh can be
sold/claimed twice

Aloxsipxcmg 2UoTHHATOS MeTa@opag Kutrpou
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Aeaxzimorns Zoomsns Metogpopds
Kinpou
Trarsenission System Operalor - Cypns

TSOC and GOs AZMKL

TSOC Authorized issuing Body for GOs:
 RES Electricity
« High Efficiency Cogeneration (HECHP)

Cyprus GO Regqistry, since 2010
Registered installations:

* 6 Wind Plants (157 MW)

« 54 Solar Plants (130 MW)

« 2 Biomass Plants (1 MW)

Anaxapnomg 2uoThuaTog Metagopag Kumpou

PRI - — e



TSOC and AIB AZMKL

Aeaxzimorns Zoomsns Metogpopds
Kinpou
Trarsenission System Operalor - Cypns

Association of Issuing Bodies (AIB)
European Energy Certificate System (EECS) Electricity 2002

« 35 members from 28 European Countries (EU, EEA and
Energy Community member states)

TSOC
 Joined in 2015

« Connected to the Hub 2020, abllity to import and export
GOs

2022:
» Imports: 43454 MWh
» Exports: 39608 MWh

AlO)(ﬂplOTﬁQ 2UoTHUaTOS MeTagopag Kutrpou
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AlIB Members

Aeaxzimoris Zoaupenns Metogpopds

-

AIB Member Countries

and Issuing Body Type ¥
of Organisation -fg--'}
Ao
o
A ‘r-_. B
& Baciicity issuing Body 1&“’:.' !
Re e CUE
B Regulaice P
| [lsreef opersdor g
GO | apenicy . ‘-.-|.-' i
Ot

B Formal appleant
B Ecies obiscrver
EaiTing

& Gaslmuing Body
Gas T30

e = Gk Db

Trarsenission System Operator - Cypns

AZMK

Kinpou




Aeaxzimorns Zoomsns Metogpopds
Kinpou
Trarsenission System Operalor - Cypns

AIB and Renewable Gases f AZMKL

EECS Gas Scheme (November 2019)

« fully facilitates GOs for gaseous energy carriers (including
hydrogen) under Article 19 of the Renewable Energy
Directive 2018/2001, and their effective cross border
transfer.

Anaxapiomg 2UoTHuaToS MeTagopag Kutrpou
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Aeaxzimorns Zoomsns Metogpopds
Kinpou
Trarsenission System Operalor - Cypns

Hydrogen GOs in Cyprus AZMK‘L

RES Law 107(1)/2022, articles 2, 23(1,3), provide of GOs for
Renewable Gas including hydrogen

« CERA Designated Competent Body
appoints Authorized Issuing Body

Alaxeipumﬁg 2UoTHuaToS MeTagopag Kutrpou
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AZMK

Meaxtimorts Zoauipeoss Merogpopds

Kinpou
Trarsenission System Operatlor - Gypns

T1SOC

Thank you for your attention

AloxeipioTRS ZvoTRuaToS MeTa@opag KUtrpou
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O PoAog tou Yopoyovou
otov EBVIKO 2yedlaou0
ylo Melwon twv Ekmoumwy
AgpLwv Tou OgppoKNTIioU

Ap. ©@eodourog MeonuepNS
TMHMA MEPIBAAAONTOZ
Informative Day “Green Hydrogen in Cyprus” 15/9/2023

PilEAADRTAT
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EOvikeC
UTIOY PEWOELG

(}Zﬁatnua Eunopiag\

Exnounwv (ETS)
(o€ oxéon pe 1o
2005, 2,34 Gt)

-21%
(1,82 Gt)
ova eykotdotoon

3TOXOC HELWONG
ekmounwv EE
(o€ oxéon pe to 1990)
(5,63 Gt)

(Tousiq EKTOG ETS\

(og oxéon pe to
2005, 2,85 Gt)

-10%
(2,62 Gt)
-5%




EQviko 2xeodlo
yLO TNV

Evepyela kat
10 KAlpo 2021-
2030

* ATloTEAEL TOV BaOLKO HECOTIPOBET O OXEOLATHO TWY

KPOTWV pz—:)\wv G EE yia emtitevén TWV
UTIOX PEWOCEWV TOUG OTOUG CUYKEKPLLEVOUG TOMELG.

* KataptiCetal faoel Tou Kavoviopou yla tnv

AlokuBepvnon g Evepyelakrig Evwong.

* To mpwto EBviko Zxedio g Kumpou uttoBAnBnke tnv

EUpUOT[O(lKT] Emiitpotn) TO 2020, LETA OTTIO TN OYETLKT)
£YKpLoM TOU YTIOUpYyLKOU 2U pBou?\Lou

* Mo TV eTolpocia tou EBvikov Zyediov Beomiotnke

K AELTOUpyNoE To EBVIKO ZuoTrpo AloakuBEpvnong
yta to KAipo kot tnv Evspyaa TO OTIOLO OTN CUVEYELX
psreEe)\nXen ke 0to EOVikO 2Votnua AlakuBepvnong
yla tnv Mpdoivn Zupdwvia.



2% 4% B Evépyeia ya Bropnyavia ektog ZEAE

B Metadopég

YPLoTAPEVT
Kataotaon 3%
(2021)

B EveEpyeLa yLa OLKLOKT] XPTiOT), UTINPECIE,
YEWpyia
B Blopnyavikég diepyooieg ektdg ZEAE

| Xprjon $Boplovywv aepiwv
8%

B Evtepikn QOpwon
47%

B Ktnvotpodikd amdfAnta

EOvikeg EkmopTeg TG

KUTIpou EKTOG SUOTIUOTOG
Epmoplog AlKowpatwy 9
Ekmoprmig Agpiwyv Tou
OgppoknTtiou

B [ewpylkd €64dn
W 2Teped amoppippaTa

B Ente€epyaoia vypwv amoBAriTwy




Avavewotpeg MNnyég Evépyetoag

0 Zx€dlo yla tapaywyn NAeKTPLKTG evEpyeLag amtd ATME yia 1dia katavaAwon

0 AvtaywvioTikr) Ayopd HAekTplopou kat tnv Metafatikr) Ayopd HAekTpLopou

4 0 Mapoxr] OLKOVOLKTG OTr)pLENG
[1pocyEdLo | , , -
0 ZXESLO YOPNYLWV YLa aTtoBr)keVoT NAEKTPLKI|G EVEPYELQG

y 4
Avaeew pr] O"r] q 0 Mpowbnomn avtAv Bepudtnrag uPniric amddoong

o 0 AmAoTtoinon kat eTTéyuvoTn TWV SLadIKACLWY AdELOSOTNONG
EOvikou

Evepyelakn anédoon

0 Evepyelakr] Artédoon o€ SLavopElg EVEPYELQG

2 XEOLOU

0 Evepyelokeg avaBabuioeig o dnuooia Ktipla

[MOAITIKEZ KAl METPA , ) ) )

(1/2) 0 Evepyelakég avaBabuioels o€ KATOIKIEG KOL ETILYELPTIOELG

0 Métpa e€0IKOVOUNONG EVEPYELAG OTOV TOPENX TWV OOLKWYV HETADOPWV.
0 Od1kdG PwTiopdg

0 Yrtodour} EEUTVWYV CUOTNUATWY HETPNONG




Metadopég

* Edappoyr Zxediwv Biwotpng Aotikng Kivntikdtntog

© Xprion Blokoauoipwy otig petadopes
* MpowBnon nAekTpLlkwv oxnUdTwV

y 5 AT6BANTA
I_I pOO-XE lo * MpowbBnon avaepdfLag xwvevong yla emteéepyacio KTNVOTPOoPLkwV attoBArjTwyY

AvoBewpnons B

/ * Opbn] epappoyr) Tou MAALG{OU TTOALTLKTG YLt TO ATTOPPIpUATA
EOQvikou ag ,
vaktnon Broagpiou

’
ZX85 LOV * BeAtiwon Siaxeiplong vypwv amofArjtwy

Blopnxavio/enmuyeLproeLg

MOAITIKES KAl METPA * Melwon Twv EKTTOUMWY aEPLwV Tou Beppoknmiou Ao TIG ETUYXELPAOELG
(2/2) * Avaktnon PuKTKwY agplwyv

XprioeLg yng
" Abgnon anoppodnong aro TG XpOELS yng
OpLlovtia
* Ytoxeupévn Epeuva kal Kawotopia (urd aéloAoynon)

* Qopoloyikn petappubuion (umod afloAoynon)
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2 XEOLOU
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* AVAyKN yLot KOLVOTOMEG AVOELG/eDAPUOYES TOOO YLa ETITEVEN TOU

eBvikoU otd)0U yLa TO 2030, OO0 KOl yLA ETHTEVEN KALUATIKTG
OUOETEPOTNTAG TO 2050.

* To udpoydvo TpoodEpel TTOAU eyAAO SUVALKO HE(WONS

EKTIOUTIWV, WOTOCO QUTT] TN OTLY T} UTIAPXOUV OTULOVTLKES
TIPOKAT|OELG OTNV A0ELOOOTNOT), UTIOOOMEG Kal a&LOTIOMOT) TOU
otnv Kimpo

* YTIAPXOUV OPKETEG EVUKALPIEG KL EPYAAELR XPTILATOOOTNONG NG

TEYVOAOYLOG TOU UOPOYOVOU

* 2ta mAaiota dtapdpdwong tou teAlkov oxediou yla tnv Evépyela

kot To KA{pa 2021-2030 péxpt to lovvio 2024, Ba AndBouvv oAu
coBapd uttoyn lonynoeLg yia a&lotmoinon tng TEXVOAoyLag
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Funding Opportunities
and Prospects for
Green Hydrogen in
Cyprus

Dr. Chryso Sotiriou, Energy Policy & Climate Change Senior Expert, ideopsis Itd
INFORMATIVE DAY: GREEN HYDROGEN IN CYPRUS
15 September 2023
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Cyprus on the Map
of Innovation
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¢ The rééCY project is AA—
the European Union.

® The Innovation Fund is 100% funded by

M the EU Emissions Trading System.

funded by

Clnl®]

Green Hydrogen Cyprus

Decarbonising the transport sector in
Cyprus.

01. COORDINATOR

KETONIS HOLDINGS LTD il
(Ketonis H.)

KETQN_I_S
02. BENEFICIARIES
MCK. FUTURE FUELS LTD
(Future Fuels)
| )
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Connecting Europe Facility - Energy

EU fu nding Connecting Europe Facility - Transport

programmes
and funds

20212021 e
Innovation Fund
Keyworcychogen iU

[ ]
Modernisation Fund

Recovery and Resilience Facility
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Hydrogen funding flows in the European Union 2023
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Major funds & programmes

Key

Secondary funds & |
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Hydrogen specific funds
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Identify the relevant programmes and funds

Check out the main elements of the
programmes and funds identified

Explore in-depth the programmes and
funds of most interest
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n Identify the relevant programmes and funds

Who you are

What type of activity you seek funding for

Which kind of funding you are looking for
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Check out the main elements of the
programmes and funds identified

. Objectives of the programme or fund

ﬁ

SR

Type of funding offered

Type of hydrogen activities
eligible for funding

Financing details

Available examples of
successful projects
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Eligibility and
exclusion
criteria

Selection
criteria

Award
criteria

Award
proposal
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SMALL
SCALE

capital
Bendlture
(CAPEX) under
€7.5 million

LARGE
SCALE

capital
Bendlture
(CAPEX) above
€7.5 million

The Innovation Fund supports up to 60% of
relevant costs of projects.

Relevant costs for small-scale projects are

defined as the project’s capital expenditure
(CAPEX).

Relevant costs for large-scale projects are
the net extra costs (CAPEX and OPEX)
linked to the implementation during the 10
years after project’s entry into operation.

Sufficiently mature projects in terms of y

planning, business model as well as financial
and legal structure.
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AWARD
CRITERIA

Degree of
innovation

Innovation beyond
state of the art at
European and
National level

(f:) GHG emission
avoidance potential

Absolute emissions avoidance
Relative emissions avoidance
Quality and credibility of the
calculation and minimum
requirements
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Most critical criterion has been

‘ % Project maturity Frejust Ma iy

(Financial Maturity in particular)

C;ﬁ?

Technical maturity

Financial maturity (‘N
Operational
maturity _l.l'l;

Cost-efficiency

* (Cost efficiency ratio (i.e, the EU
contribution requested per tCO2 avoided)

*  Quality and credibility of the cost
calculation

AWARD
CRITERIA

Scalability

* Scalability in terms of efficiency gains

* Scalability in terms of further
technology or solutions deployment

e Quality and extent of the knowledge
sharing
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Prospect of Hydrogen
in Cyprus
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Accelerating the roll-out of renewable hydrogen

Project titled «Support REPowerEU, Country Report Cyprus» funded by the EU via the Technical Support Instrument

High-T industries: ceramics, cement, aluminium extrusion and processing, copper mining
Medium-T industries: publishing and printing, paper, plastic, textiles, food

g Buildings: heating and cooling
-i ‘g Road transportation: passenger cars, buses, heavy-duty road transport
S K2 Airports and aviation
= Shipping
Exports
4l Cautious: Hydrogen is introduced usually at a later stage, and in sectors where it is
5 projected to help with decarbonisation.
B Aggressive: Hydrogen is seen as a primary decarbonisation option from early on, and
vl its adoption is accelerated earlier and in more depth.
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Accelerating the roll-out of renewable hydrogen

Project titled «Support REPowerEU, Country Report Cyprus» funded by the EU via the Technical Support Instrument

Trinomics# IR Insorvore

H2 demand by 2030 in the Aggressive Scenario

ideopsis

® Ceramics
Cement

® Shipping / Ammonia

® Public Transportation End 2030 2050
nd use
® Freight Road Transport (MWh) (MWh)
. Ceramics - 46,101

® E-Fuels & Aviation G 69151 270,843

® Export Shipping / Ammonia 1,507,850 7,799,822
Public Transportation 66,262 -
Freight Road Transport 132,449 474161
E-Fuels & Aviation 597,800 3,416,003
Export 660,000 3,300,000
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Accelerating the roll-out of renewable hydrogen

Project titled «Support REPowerEU, Country Report Cyprus» funded by the EU via the Technical Support Instrument

Cement industry, covering up to 10% of its energy needs if the infrastructure is
available by 2030, and up to half of its energy needs by 2050.

Bricks and tiles (ceramics) industry after 2030.

Trucks and buses, accounting for about 4% of total energy consumption in road
transport and up to over 15% in 2050.

Shipping and aviation, covering a very small fraction of fuel demand by 2030 and most
of the fuel demand by 2050(ammonia for shipping and e-kerosene for aviation).
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H2 CY H2 VALLEY GROWTH VISION

Partners across East
Med and EU
v II 40 Partners
a ey 27 Partners 4-6 yrs €€ >-10yrs
4yrs €€ 5 000 t/yr H2 > 50 000 t/yr H2
500 t/yr H2
Large H2 Cyprus East Med
Small H2 Valley Green Hydrogen Hub
Valley

2 Partners

: yrs Establish fthe f |
stablishment of the first value
150 t/yr H2 chain for Green Hydrogen

Studies on system

Multi-million IPCEI grant awarded

Hydrogen derivatives (e.g. ammonia)
produced at scale

. - : P Contribute to developing Cyprus’ ports assume strategic
t t t t
First Small H2 integration/optimisation hydrogen ready gas grid importance in feeding the East Med H2
Production End use trials on selected needs

applications (industrial, tertiary, Expand RES resources,
transport, boats) including offshore wind

Boost green H2 production

Expand value chain to hard
to abate end users

R&D capacity developed across TRLs

: and value chain: production-storage-
Concerted efforts on capacity Grow port and airport H2 P g

supported by EC building, trainings and raising ecosystem capacity e

Innovation Fund

public awareness e .
: Increase penetration in Cyprus becomes pole of attraction for
First Green H2 Removal of administrative, transport: green investments
production in Cyprus policy and permitting barriers buses/trucks/other

Acts as an accelerator for new H2
Valleys in East Med and the EU

First refuelling station Hydrogen ecosystem Attract investors and
for Heavy Duty Vehicles acceleration public funding
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Thank you

www.ideopsis.com
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Cleaning our energy system a\1%

~7 FOSS

Research Centre for
Sustainable Energy

Current renewables share (in 2019)

. £1.8%

Current EU 2030 target

- 32%

. New EU 2030 target
42.5%

The European Commission is proposing to cut net greenhouse gas

.| emissions by at least 55% by 2030, compared to 1990 levels, up from our current
target for 2030 of at least 40%.
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7 FOSS

A day in the past A day in the future

Research Centre for
Sustainable Energy

Outcomes of
the daily
electricity
market

Dispatchable non-renewable {nuciear, coal, gas, oil-fired power plants)
B Uisp:tchable rnewabie {biemass, hydro dams..)
B V:ricble renewables (wind, salar, bydro run of river.)

Demand

This figure is provided for illustration purposes only: ratios between the different types of energy source not necessar-
ily corresponding to the EU case; the demand profile should also be different in the future because of demand response

E measures that should be broadly implemented and possibly the massive roll-out of electric vehicles (EVs). 3
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DC coupled PV plus battery system

The utility-scale PV-plus-battery technology
represents a DC-coupled system in which one-axis
tracking PV and 4-hour lithium-ion battery storage
share a single bidirectional inverter.

The PV-plus-battery technology is represented as
having a 130-MW PV array, a 71.5-MW battery (with
4-hour duration), and a shared 100-MW inverter.
The PV component has a DC-to-AC ratio (or inverter
loading ratio [ILR]) of 1.3, which is slightly larger than
that assumed for utility-scale PV (1.28) in the 2022
ATB.

After accounting for state-of-charge and roundtrip
efficiency constraints, the oversized battery
component allows for 55-MW of usable stored
power (or 220 MWh of usable stored energy).

FOSS

Research Centre for
Sustainable Energy

Components of a DC-coupled PV-plus-battery system

Solar PV Syslem

Do

f bC

v
Bidirectional AC
Inverter e -
(0C — AC ar * S
AC — DC)

Ref:https://atb.nrel.gov/electricity/2022/utility-scale pv-plus-battery

DC to DC DC
Converter |4+

Battery Pack
{Charge and Discharge)
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60
0
LCOE 4
($/MWh)
20
0
2.000

CAPEX ;500
($/kW)

0

30

Fixed 20
O&M

($/KW-yr) 10

Utility-Scale PV-Plus-Battery a\1%

~7 FOSS

Research Centre for
Sustainable Energy

q"""‘--‘__‘__‘“‘ =

Tt Utility-Scale PV-

00 Plus-Battery

Components of an AC-coupled PV-
plus-battery system

Eqolar Py Syatem
oC
K : 1 o Grid
i By &
{ } Acl e
Bidirestional lmyester AC
(DC — AC or =
AC — DC)
o l Be
Battery Pack
(Charge and Discharga)

2020 2025 2030 2035 2040 2045 A



The hydrogen economy

)

A simplified diagram of
the hydrogen economy
taking into account the
Power to Gas (P2G)
technology, assuming the
production of hydrogen
from renewable energy
sources

Ref: Raport DISE/PSEW, Zielony
wodor z OZE w Polsce, October
2021.

W

7 FOSS

Research Centre for
Sustainable Energy

e

electrolysis

ST
((H,))

N
)

|

Metanization .
P2G

* -

L=T=1_T-1j

ol

Power system

distribution/transport Q&

L

end-use

%,

L
._.(.'-'




Hydrogen is an increasingly important piece of the FOSS
net zero emissions by 2050 puzzle e

The key pillars of decarbonising the global
energy system are energy efficiency,
behavioural change, electrification,
renewables, hydrogen and hydrogen-based
fuels, and CCUS. The importance of
hydrogen in the Net zero Emissions
Scenario is reflected in its increasing share
in cumulative emission reductions. Strong
hydrogen demand growth and the adoption
of cleaner technologies for its production
thus enable hydrogen and hydrogen based
fuels to play a significant contribution in the
Net Zero Emissions Scenario to decarbonise
sectors where emissions are hard to abate,
such as heavy industry and long distance
transport.

Other fuel shifts
CCUS

Behaviour and
avoided demand

Technology
performance

Electrification
Hydrogen

Renewables

Ref. https://www.iea.org/energy-system/low-emission-
fuels/hydrogen




Flexibility options in the integrated grid S\
Multiple energy conversions and associated Iosse57 FOSS
} (Source: Hitachi Energy) e

Sustainable Energy
The power-to-X concept is basically a solution for absorbing/storing “excess” electricity (which cannot be
directly used or stored it this clean form). Any conversion is associated/followed by energy losses.

Cr——=rommSleGtHHEIY s e e e hydrogen --—-—---------- P methan ----—-----——--—#---------- glectricity >

Methanation
20 bar .

Electrolysis
70 %
25 bar

- Electric energy

" Chemical energy i
Losses / Thermal energy Losses Usable heat heat

If a double conversion is used (P2G + G2P), the overall electric efficiency is less than 35% (55% Methanation efficiency x 55%-60% CCGT efficiency).
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Demand Side Flexibility 7 Foss

Research Centre for
Sustainable Energy

Linked to demand response

Can be a pure load or it can include storage, self-

neratiog}enablhg sector integration —
V/heating/cooling)

Owned by residential, commercial or industrial consumer

Can be connected at transmission or distribution level

Is not necessarily linked with renewables

signal, directly or indirectly, at transmission and/or distribution

Should have a "flexibility service™ to offer (i.e. reacting to a
level, to any stakeholder)
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Possible relations between market roles % FOSS

Research Centre for
Sustainable Energy

Commercial domain - Supply

Generator

g T S G P,

: supply 4 X
&flexibility! :
Py = - 3
I
- ' _B : Information Power exchange
- — Flexibility 1 market

purchase | exchange

Aggregator

Commercial domain - Flexibility

By o = --H-'---I"

&

Flexibility =~ Distribution network

prﬂcurmeﬁt constraint
management

* — Balancing
S Market /

(it L Ancillary services Source:
Generation EGB
management . .

Mutual exchange of operational Report
and contractual data Regulated domain

y.



Key Enablers FOSS

Research Centre for
Sustainable Energy

- At present, some of the required services cannot be offered by
providers without the presence of enablers. A wide range of enablers
can be implemented to encourage/facilitate participation in the
market for flexibility services:

> Regulation & codes

Market rules and processes
Grid and retail products & tariffs
> |CT technology and standards

Smart appliances and smart meters
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Electricity network a1/

infrastructure 7 FOSS

Research Centre for
Sustainable Energy

7 e UNLOCKING
Business =
process suport K FLEXIBILITY
N SOURCES
Data collection

and exchanging

Systems of
network users

/ ICT infrastructure
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Flexibility in support of system needs 7 FOSS

Research Centre for
Sustainable Energy

w— Instantaneous energy demand

w == Flexible energy demand
(demand side management strategy)

Load shifting

Valley filling

0 2 4 6 8 10 12 14 16 18 20 22 24
Time [Hours)




FLEXIBILITY serving implicitly or explicitly

DER assets End users

s |
[
&
= DR contract
8 £
a v '
Aggregator

Time varying
prices contract |

Retailer/Aggregator Legend

------ Information/measurements
Flexibility request/offer
Electric power (load/supply)

(a) Implicit DR

Distribution Transmission

grid grid

Flexibility
demand

Flexibility
bids

=

Marketplace

(b) Explicit DR

R \1/
~7 FOSS

Generation

@3

h

Research Centre for
Sustainable Energy

4
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FOSS

Research Centre for
Sustainable Energy

The bi-directional nature of storage offers a
wealth of flexibility but complex to regulate ...

Load Levelling With Energy Storage

Total Generated Power Total Generated Power
Requirement Without Requiremant With

Energy. Storage

Energy Storage

Daily Demand

09/13/2023

12 18 24
Time (Hours)

Electric Energy Storage Applications
(All Boundary Regions Displayed Are Approximate)

High
Priority
100 High
Priority
=
=) 10
£
=
(o
N
QL
2 ., - | Black
nc_ Start needs
1to 30 MW's
Forat1to2Hr.
s Duration
0.4 A = . & T v
0.4 Cycle  10Cycle  15Second 15 Minutes 1 Hour 5 Howr
Energy Discharge Time (Axis Not To Scale)
e e o e i A s , EPR | 5k

Energy Sustainability
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Long duration flexibility options

» A plethora of technologies

offering storage options
that meet all operational
needs of modern power
systems!

The features of hydrogen
system to act as large and
long duration storage show
the advantages of
hydrogen for
complementing the other
technical options,
particularly valuable in the
future System of Systemes.

FOSS

Research Centre for
Sustainable Energy

Withdrawal time

h

1
1 year a0
1 month
1 week
1day Batteres
Hyd rogen and synthetic
methane In gas storage
systems
1 hour,
Capaciators
1 min. Storage methods
Mechanical Electro-chemical
W Electrical B Chemical
1sec.
Inductors
100 ms
1 kWh 1 MWh 1GWh 1 TWh

Storage capacity




Analyzing the Value of Storage FOSS

Research Centre for
Sustainable Energy

Storage is fundamental

4 Photovoltaic S
R Peak Shift . Customer Side [t js versatile with
Demand Peak . Applications

Reduction < varied characteristics
Regulation Services coming from a
TR — y MK o nthesis of
Joltlage su i i
Balance of Plant . i AppicaTane .
| Inertia Support technologies, to
Power Electronics Pl Power Quality and < achieve the zero
Reliability L Rate Based o
Battery Cost T&D Upgrade Deferral Applications  emissions economy and
/ . the evolution of the
(0)
Costs of Benefits of 100% RES energy
Storage Storage system.
Using storage for multiple applications can be effective,
\ but is highly site-dependent

U rovn
C—I=’IEI|

CISEARCH INSTITUN
© 2013 Tielirc PONr Metoarn rEinte, INC AN NgNts resecved 23 '



R \1/

EVs with bidirectional (two-way) charging % FOSS
} capability can be used to power a home

rch Centre for
St nable Energy

Solar iqver‘er

\
e
“ »
Y—yudd L
. | - » ..
O, o SR
\ . - "
T A !
X =
\ s
-v'\ -
‘l .c\ I
=A% A
- ot - - 5
LV -
\ s ’
b
Al i\
\

Home / Business

w5 Bidirectional
cilecinic Vehicie with EV Charger

V2G or V2H




Potential Storage / charging power 5 S GNATECH -

(Charge on Demand, e.g. Austria 2020), frame for integration in Simulation Models FOSS

Research Centre for
R I marning evening iz
S Db o i §:§>>rush hour >> ity >> rush hour >

Sustainable Energy
|
250 MW Mafl{imum e scenario: 250000. 8v, 1ewwg | Usually bottom up
| aggregation of

E‘Ugcharging power f(t)
| charging profiles ...

200 MW

| ,Charging power

150 MW L ifnﬁhpaﬂ? | ~ bands* offer flexibility
| s for grid system

operators to balance

wind and PV powerl

high PV generation

N
e.g. EV charging at
100 MW

50 MW

W/,,%’/////W for load profile

L

EV demand ~ 1 GWh/d

% _/ Shaded area: Example }

MW

ANCLIPNCI NP5 AT I N N A T A I SN0 S AT ) s o

Minimum required EV charging power
Fast charging, necessary during day




Sustainable Energy

Thank you very much! S

Questions?

AN

b
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NEUMAN & ESSER ‘ Solving The Hen And Egg Problem
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NEUMAN & ESSER GROUP @F) NEUMAN & ESSER

Sequence of Company Owners

1830

Johann L. Neuman

1831

Theodor Esser

>
=

W6 'Y ]
\
\\ / L < ,
\! H
A\ \
\ * ‘t\‘/
W N =
W\ ¢
\
\ P>

" NEUMAN &

s m—

SSER

J.L. Neuman & Cie.

Maschinenfabrik in Aachen am

Hirschgraben
9/13/2023 3
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NEUMAN & ESSER GROUP

Almost 200 years experience in energy transitions

1891 1930

g

dscar Pefers Wolfgang Peters Klaus Peters

seit 2008

9/13/2023

NEUMAN & ESSER

1
' |
B

5| =
e Ik}
- | A A -
i '«.

| =Y

Stefanie & Alexander Peters

’f

4
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NEUMAN & ESSER WORLDWIDE QF) NEUMAN & ESSER

9/13/2023 5
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THE ROLE OF H, AS THE ENABLER OF SECTOR COUPLING @ NEUMAN&ESSER
The Volatility Challenge — The Transportation Challenge

* In contrast to fossil power generation most renewable energy sources have a volatile
pattern, PV is the most volatile, then onshore wind, then offshore with biomass and hydro
the most stable.

« This volatility destabilizes the electric grid and can also lead to shortages and the lack of
strategic reserves.

 To solve this problem a scalable energy storage with sufficient agility to be used as a grid
stabilizer is required.

 Today more than 80% of the Energy comes in form of molecules and not electrons.
* The electric grid is already at its transportation limit.
A natural gas pipeline can transport more than 30 GW of power.

9/13/2023 6



THE ROLE OF H, AS THE ENABLER OF SECTOR COUPLING @ NEUMAN &ESSER
Renewable Electricity & Hydrogen — The Milk & Cheese Analogy

Whenever you can use the electricity directly & sensibly — Do it!

Electricity is like milk with a Hydrogen is like cheese, it stores
shelf life of a few milliseconds temporal surplus energy for a
long time and offers good
transportation capabilities as well

9/13/2023 7
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THE ROLE OF H, AS THE ENABLER OF SECTOR COUPLING @ NEUMAN &ESSER
Renewable Electricity & Hydrogen — The Milk & Cheese Analogy

kg
33 kWh/kg 3 kWh/m3

CALORIFIC VALUE

1m3 CNG 3,7mé H,

NATURAL GAS VS HYDROGEN

9/13/2023

1kg

15 Liters 50-55 kWh H,

RESSOURCES

100 mt

p.a. 99% from fossil

energy sources
H2

ANNUAL H, PRODUCTION

1kg

10-12 kWh H,

LIQUEFACTION

LH,/m3 LH,/m3

FUN FACT

8

© NEA GROUP



HYDROGEN - KEYSTONE OF THE SOLUTION FOR THE @ NEUMAN & ESSER

VOLATILITY, STORAGE AND TRANSPORTATION CHALLENGES

Refinery & Processing and H, Transportation

Liquefaction Plants Gas o 800-5000 Nm*h
q e LH, Regasification, LOHC 30-200 to 500-900 bar

Biomass — () g NS 4 “ Natural Gas Grid

CH, + H, up to 8000 Nm#/h Hydrocracking 1 H, feed in 100-200 kNm3h
1-10 to 70-80 bar Desulphurization 1-30 to 70-80 bar (10-20%)
Synfuels

t

40-100 kNm*/h
1-30 to 70 80 bar

H, Turbine
Power Plant

Wind, Solar, Hydro

H, Generation
Electrolyzers,
SMR+CSS,

Pyrolysis... Industry, e.g. Steel,

A
LU elele

200-5000 Nm*h . A

1-30 to 500 bar Electrical Grid / Fuel Cell Residential
Superplus Power from Salt Cavern H, Storage Power Plant

Conventional Power Plant

Primary Energy Conversion & Processmg Transport & Ditribution Final Energy Demand



NEUMAN & ESSER - SOLUTIONS FOR H, PRODUCTION () NEUMAN&ESSER
HyPEM 400-40 Water Electrolysis / 2 MW Plant Structure - Overview

»
Y -
o

9/13/2023 10
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NEUMAN & ESSER - SOLUTIONS FOR H, PRODUCTION () NEUMAN&ESSER
NEA BRASIL & HYTRON: 40° Container - ELECTROLYZER PACKAGE

Packaged in BELO HORIZONTE
Standard Stack Design

Serves as a basis for the
NEA Standard Electrolyzer

..--_‘-;', | g,[}- t&

.,; }rrﬁ&-’-)‘r&ﬁgamc?

= =— - —— - — =

9/13/2023 11
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NEUMAN & ESSER - SOLUTIONS FOR H, PRODUCTION () NEUMAN&ESSER
40° Container - ELECTROLYZER PACKAGE

‘ | ___J/ L4

" Packaged in BAESWEILER
Different Stack Design

Serves as a basis for the
NEA Standard Electroyzer

9/13/2023 12



NEUMAN & ESSER - SOLUTIONS FOR H, COMPRESSION  ({[}) NEUMAN&ESSER

Diaphragm Compressor for H, - Size S

Features

» for more continuous operation

* oil-free, abrasive-free, leakage-free up to 10-6 mbar I/s
« for demands of high purity and gas-tightness

 up to 3,000 bar (45,000 psi), 1 to 4 stages,

« mostly 1000 bar is enough

* ratio per stage 5to 10

* H,-Flow rate: ~110 kg/h from 30-1000 bar.

Applications
 H, trailer filling and large refueling station
 Laboratories with highest pressures

Video of working principle: https://youtu.be/\WvYbKMAHZz54

9/13/2023 13
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https://youtu.be/WvYbKMAHz54

NEUMAN & ESSER - SOLUTIONS FOR H, COMPRESSION  ({[}) NEUMAN&ESSER
TKH - Size XS / S - Piston Compressor with Hydraulic Drive for H,

Features

« for frequent start-stop applications

* easy flow control

« small footprint — ideal for container installations
 easy and fast maintenance

» market launch in 1985

* H,-Flow rate: ~60 kg/h from 30-1000 bar.

Applications

« since 2005 for H, services and H, filling stations, with more
than units 100 installed

» For small and Medium HRS

» As a booster to upgrade existing 350 bar HRS to 700 bar
tank pressure

9/13/2023 14
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THE BIG GOAL - DIESEL PARITY @[ NEUMAN & ESSER
Energy Densities & CO2 Footprint (local) — Values for Diesel, LNG & H, for Mobility

Energy Carrier LHV [kWh/kg] Density [kg/m?3] LHV/m3 [KWh] Local CO,/kg [kg] Local CO,/kWh [kg]

CNG (H-Gas) 250 bar 25°C
Diesel 25°C

Gasoline 25°C

Ammonia liquid 10 bar, 25°C
Methanol 25°C

LPG

LNG -160°C

Battery Lithium-ion cells

9/13/2023 15
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THE BIG GOAL - DIESEL PARITY @[ NEUMAN & ESSER
Range Demands Road & Rall

Range Requirements for some typical Use Cases:

» Light Cargo Vehicles: 400 — 800 km => 6-12 kg H,

« Semitrailer / Overland Bus: 1000 - 1500 km => 50-120 kg H,
* Municipal Buses: 200 — 400 km => 20-40 kg H2

 Railway Passenger Trains: 600 — 1000 km => 150-200 kg H,
 Railway Diesel Freight Train: 1000 km => 500-1000 kg H2
Cost Requirements Road Bound: o i.'U' _
» 1kg of H, replaces around 4 liters of Diesel => 1.8€/l <=> 7.2€/kg f"*-“ oo _..;;«r"
 But don't forget the CO, certificate pricing! Semi: 100-150 tons p.a.

9/13/2023 16
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EXAMPLE: H, ALLIANCE FOR MOBILITY . NEUMAN & ESSER
QUANTRON with Full Range Vehicle Portfolio o

QUANTRON

100% zero emission since inception

BEV & FCEV: the right technology for individual use case requirements

Available for Available TODAY Available TODAY Available TODAY Available TODAY Available TODAY
orders TODAY (425-721) (6x2 28t) (4x2 44t | 6x2 65t) (12m low floor, city) (4.25t)
SOP Q2/2023
(4.25-7.21)
Available for orders TODAY Available on demand Available Q1/2024
SOP Q3/2023 (12m low floor, city) (to follow)
(4x2 44t | 6x2 65t)

9/13/2023 17
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EXAMPLE: H, ALLIANCE FOR MOBILITY . NEUMAN & ESSER
QUANTRON Vehicles — Light Cargo Solutions- QLI FCEV. (-

NNNNNNNN

* One of the first light
commercial FCEVs

* More than vS. similar
BEVSs

* Integrated package provides

and for
drivers
i‘% : QuIFCEV_ - Similarly as base
Q'. = vehicle possible
3

9/13/2023 18
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EXAMPLE: H, ALLIANCE FOR MOBILITY

QUANTRON Vehicles — Heavy Duty Solutions - QHM FCEV AERO

« All components

for on-road use

of 600-700 km

(up to 1500 km possible in Nordics version) ﬁ:ﬁ-

as -

diesel tractors iy

» Further
with Aero Package

9/13/2023

@[ NEUMAN &ESSER

1)

© NEA GROUP



INFRASTRUCTURE: ,,RIGHT-SIZING* THE SOLUTION
HRS (Hydrogen Refueling Station) Tool

®

LWaQur

mﬂ DISPENSER

Dispenser 3

R A

w

Dispenser 3

Busses/Trucks/Train... v

Pressure Ramp S2tpoént

{MPa/min)
N, F g
! 1 | e )
= 5 QY

Precooling Temperature (°C)

“~Cs

o

i

Y|
W
£

.
Py
bt

20

Ave. Precooling COP
Ny I
- o
o= 2 T
Processing Time (s}

L 240 &

Vehicles per hour

D Manual csvy

Time Vehicles BackaBack

[h] Per Hour 8
[

40 bar
Production:
1805 kg (24h)

Prod - Demand
81 kg (03 ky'h)

21 - 980 bar

{ED) NEUMAN & ESSER

550 bar / 1000 kg

Tetal Damand (240
1706 50g (749 g
T00 hee

o) 98
279a/% 2veh. (A8

Sugiveh

AR kgt

15=h (240)
04 egiveh
4505 kp 1ot

350 be

700 bar
4.4 gi's 24w (240)
477 mp/van

11202 by tor
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INFRASTRUCTURE: HRS SAMPLE @ NEUMAN & ESSER

T

9/13/2023 21
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STRATEGIC PARTNERSHIPS TO SIMPLIFY RAMP-UP @[ NEUMAN & ESSER
H,-Alliance for a Green Mobility Infrastructure — Hen, Egg & Rooster

DDDDDDDD

@) NEUMAN&ESSER
4 B

NE VRN BESSER

.‘32

%‘Lﬁ @

Emgower the Future

ASS SRR RSN NN NN AR NNNY
9/13/2023

22
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ZERO-EMISSION TRANSPORT SOLUTIONS @E) NEUMAN & ESSER

3 Major Customer Challenges to Be Solved

Hen-and-Egg-Problem , New technology , High initial investment ,
acceptance

r No vehicle
No refueling J A

Qaa$ as Solution

v/

QaaS platform with pay-as-you-go model (pay-per-km)

9/13/2023 23
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NEUMAN & ESSER @E) NEUMAN & ESSER

What we do and need to do....

)
1 . :
Yierwindar B
‘ [/
§ om LB
So0m (A
I," | " . 0"‘:.
! | § Uy
- 'l -
W "
’
ot 3 " 172)
"

The transition from a

fossil...
...to a sustainable & e
renewable energy
infrastructure!
9/13/2023
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NEUMAN & ESSER @) NEUMAN & ESSER

Time to transform

NEUMAN & ESSER on YOUTUBE
https://www.youtube.com/watch?v=YBtjTYU3V88
https://www.youtube.com/watch?v=E3jHyRLLMUKk
https://www.youtube.com/watch?v=Zz8NMrKJ30s&t=2s
https://www.youtube.com/watch?v=0FAtmmVGX2I
https://www.youtube.com/watch?v=WvYbKMAHz54

Thanks for your time! — Feel free to shoot your questions!

9/13/2023 25
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https://www.youtube.com/watch?v=YBtjTYU3V88
https://www.youtube.com/watch?v=E3jHyRLLMUk
https://www.youtube.com/watch?v=Zz8NMrKJ3Os&t=2s
https://www.youtube.com/watch?v=0FAtmmVGX2I
https://www.youtube.com/watch?v=WvYbKMAHz54
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,,H2 Ecosystems by

M Be the Toyota Tsusho*
% Right ONE

15.09.2023

Armin Offerman
Toyota Tsusho Europa SA - Next Mobility

_F-"- TOYOTA TEUSHD EUFROPE




Be the
Right ONE

Toyota
Group

Corporations

Toyota Group Overview

I TOYOTA

B2 rovema
3

MATHATYL

T CTITHIAATELAL FRE RS m

L]

I"I | VO A MY

AlISIN

lﬁ-—-— uuuuu —_
T TOYOTA BOSHOKU

DENSO
Z*TOYOTA TSUSHO
{;" TEFTTA AP D MOy

ITERT

;ﬂ' TOYOTA TSUSHD EUROFE 5A

Toyota Motor Carporagion
Toyata Indusires Corparation
Hina Mators

DCaifateu Maotor

Toyota Central R&.D labs
Toyoda Gosel

Toyota Home Corporation
B

Towa Real Estate

Towata Matar East Japan
Toyoka Boshoku Corporation
Censo [orporation

Toyata Tsubo Corporatian
Toyota Auto Body

Itekt Corparation

fiche Skeel Corporation




Toyota Tsusho: A Global Company

Be the
M Right ONE
4 K
Part of TOYOTA GROUP... ® >
TOYOTA S Fustpi 1
(<) Major shareholders: . "%
Toyota Motor Corporation (22%), . a0 hirica
Toyota Industries Corporation (11%) AT o) &
5.4
...but an INDEPENDENT GLOBAL COMPANY
?J‘ P
(+) Established in (<) Publicly listed in Tokyo Stock _
1948 in Japan Exchange Crict . ®

Over 150 offices, () Apout 60.000 employees
900 subsidiaries

Turnover: 64.3 B€
FY 2021 (April 2021 — March 2022) Business networks throughout
the main cities in the world

,?‘" TOYOTA TSUSHD EUROFE 5A 3

O

©




WS Be the
Right ONE

Global Parts
& Logistics

Global production
parts
Inbound supply chain

Automotive steel
MEIEHETS

Steel products
Non-ferrous metals

Machinery,
Energy & Project

Production lines
Machines
Relocations

Chemicals
& Electronics

Plastic and chemical
Next generation
vehicle materials
Electronics

Group Divisions in Europe

Food & Consumer
Services

Feed
Ingredients
Processed food
Medical services

Logistics business Spare parts
Total waste

management

Insurance

Next Mobility FCEV Infrastructure

BEV/PHEV Infrastructure
3R (Rebuild, Reuse, Recycle)
CO2 Reduction

:_.-.- TOYOTA TSUSHD EUROFE 5A



Wi e the Targets Sustainability
Right ONE

[Challenge of Achieving ZamJ

“ Challange: of
£ Minsmizing and
Optimizing Water

" Zero Envirenmantal -‘:,_
Impact Challenge -

. Toyota Environmental
Challenge 2050

Contributing to
a Batter Scoiety

CO: Plant e
- G Ernizsions
n Challenge

Life Cycle Zaro

O
L[ G0y Emitssions
& Y Challenges

[Hat Positive Impact Challenge

:{J TOYOTA TSUSHD EUROFE



Toyota Tsusho H, Track Record

WS Bethe
i\ Right ONE

» Operator of Hydrogen refuelling
stations since 2014 in Japan

» Ongoing feasibiliy Studies for Ports
in Japan, US, and the UK

» Eurus Energy is a 100% subsidary of "lfurus Energy
the Toyota Tsusho Group operating ~r .

over 3142 MW of wind & solar farms ‘ ‘l I : ‘I - ‘ ”I‘ HII



Wi B the Challenges surrounding H2-mobility
Right ONE

Pressure to
transition to
yARY,

Codes & Chicken Egg
Standards Dilemma

Reduction of
complexity

Capital
Reliability Expenditure
& Risk

Scalability

#74 TOYOTA TSUSHO EUROPE




wil o e Mobility example: “H2 One stop shop”
Right ONE

Target customers: Bus operators

 Turnkey solution for bus operators covering the entire value chain

* Predictable TCO with pay per use model

* Clear commitment to H, technology through Toyota Group

* Long-term Partnership and Engagement with a strong financial partner

—M:"-

1|. 1 1 b L I-' | -‘,
il el H2 H2 Logistic Operation Gl Aokt
energy Production Financing Service

#74 TOYOTA TSUSHO EUROPE



il o Bus: Turnkey solution
Right ONE

Capital

Tapata
Finsrcial Sandoes

Fuel-Call ElectricVehicles

'\-\.,\.?H .ﬁt é:j Camarafiyy

\ Flegt services

-E; TENYOTA THUSHS ELRCPE

Hydrogen supplias
B fillimgy Infrastructung

MESSER'

Price per €/km or CO2e Savings

#74 TOYOTA TSUSHO EUROPE




Be the Why ,,H2 One stop Shop*
¥\ Right ONE

Customer can focus on core business
Customer pays per km. Incentive to supplier to
keep everything running.

Pay per km = Predictable TCO

High availability solutions

Long-term reliable partnership

Optimized Cash flow -> Faster rollout

1?-"- TOYOTA TEUSHD EUFROPE 10




WS Be the
i\ Right ONE

Feel free to contact me

Armin.Offermann@ttesa.net
+49 171 8127271

.Ef'-"- TOYOTA TEUSHD EUFROPE

Questions
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alsa 100:

Alsa, moving in green.

Green HZ2 -The Spanish experience.

Miguel Angel Alonso

Engineering & European Funds Office Director.
15.09.2023




Alsa, moving in green
Sustainability.

Social

PARISZ015
COP21-CMPTY

Regulatory framework
Climate change

alsa 100:

Environmental
\‘/ - Economic
a8
o - £
-.(--/V,V

Sustainable solution




Alsa, ing i 0
pus propulsion Timeline, alsa 100:

HIBRIDO/CNG N

Metropol
HI'BRD
~ T~ PARALELO
HIBRIDO
SERE




Alsa, moving in green

Roadmap towards zero emissions. | ij l%ﬁ 100%

\\\\ NN

HYBRID

Diesel Euro 6

Long Haul i Metropolitan i Urban




Partnership (] lSCl

CARBUROS
METALICOS
Grupo Air Products

— e e cmm mm m m pmm mmm pm mm WR B BN EW W




A, moving —
Our FCEV fleet, alsa 100:

2" FCEV bus in operation since March 2023.
CAF-Solaris

1st FCEV in operation in Spain since January 2022.
Toyota-Caetano




Alsa, ing i 0
FCEV powertrain, alsa 100:

Air Conditioning

~_ / H2 tanks
/ 37,5 kg H2 (350 bar)
f A Battery pack

- e, h-':'\-\. - e
.- iy o - Capacity 44 kWh
s gy e . (LTO) lithium-
- . _ - titanium-oxide

4

TOYOTA
FU=LC=LL
Stack

Power 60 kW.

Powertrain with a peak power of 180 kW



Alsa, moving in green
HRS in Torrején (Madrid). Air Products

H 'sz®

| Hydrogen for Mobility
JUNTOS creamos un futuro

alsa 100:

HRS + compresor

Tube trailer: 200 bar

Compression and storage: 1000 bar
Refuelling pressure 350 bar

50Kg. /day




Alsa, moving in green G qu 100%

Exolum facilities in Torrején (Madrid).

HRS

21 HEVO units

288 PEM electrolysers/HEVO
380 gr/hour H2 pero HEVO

2 axis movement

Pioneer Technology from Fusion Fuel: on-site & off-grid H2 production



Alsa, ing i "
Lesjrnn;(c)ivllgfslgng;een GLSG 100%

v’ /ero emissions.

v’ Silent.
v Range.
v" Refuelling time.
v’ Reliability.
¥ Dynamic behaviour. x  Limited bus offer (only urban).
v' Coach solution will be key ' | x T.C.0. (Total cost of ownership)
v’ Scalability with demand x Bus price.
aggregation. x Cost of the charging
v EU and Spain H2 Roadmap. infrastructure.

x Price of green H2.
x No production and distribution

— —— e
network.
x Dependent on European Funds




A, moving —
2 Sustainability. alsa 100:

1. Development of Coaches and Trucks.

2. Focus on the aggregation of demand from the different sectors,
to achieve economies of scale.

3. Balanced distribution of funds between the different transport
modes and between public companies and private companies.

4. Coordinated structuring in time and form between different
components of the NG EU funds, with homogeneous grants for
the entire value chain.

5. Comprehensive and coordinated vision between the different
administrations, to adapt and develop the necessary

~ ESPANA
infrastructures, ensuring sustainability. ; PUEDE. .

6. H2 Key vector to decarbonize: use for Fuel Cell, engines and
eFuel.




Thank you!
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Sustainability becomes Reality ) QUANTRON

~

¥ -
) o
“

o
e

Zero Emission SO

s
vAﬁ.'

| -'.Iinsfor a better Future

“’sSeptember 2023
AN N8R0 NRS

Empower the Future




) auaANTRON

QUANTRON IMAGEVIDEO
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) auanNTRON

QUANTRON's Evolution From Retrofit to
Zero Emission Platform Provider

> Construction Early customer World premiers Launch US Go-Live of

- of new HQ successes at Q-Days, IAA Business digital platform

S

S ol | |

O S
v ->@ O *— | C | >
o Founded 2020/21 2022 2023

Q.  in 2019 Growth to 120+ Successful B-Round

8 employees A-Round opened

CIZARIS
12 EV

QHM
BEV/FCEV

— Start as Retrofit — Pivot into OEM Light — Grow as Platform—m
-

?) QHB Refuse

Collector Class 8

FCEV

Proactive product
& business model
evolution

QLI FCEV

Moving from a retrofit business which served as proof of concept towards a platform offering enabling clients to have all their zero emission mobility and logistics

needs met via QUANTRON. Our recent FCEV truck reveals demonstrate that we are well-positioned to serve our clients with sustainable hydrogen transportation.

Empower the Future AN N NSNS S AN NN NN NN NN NN NN



) auanNTRON

Businesses evolve from physical products to disruptive platforms

Music & Films Accommodation Goods & products CV Transportation

J Bookbhop E

» Right technology
for every CV use
case

Old product oriented
vertical economy

‘ | o Bundled in an
V OEM-agnostic
ecosystem

. . = = Eay )] > Availableas
=\ )= subscription over

QUANTRON the QaaS platform

JLEPS
2 £
o
< 9
‘é’w
o £
'l&;h
2.5
3
oo
Ll

__ Ecosystems and digital platforms disrupt entire industries. The age of platform economy has started. I

Note: The companies shown above are only illustrative examples representative of the companies in that industry/sector.

Empower the Future ANN NN QNN NN NN NN NN



QUANTRON'’s comprehensive 360° ecosystem offer

Components P trai PRODUCTS &
e o COMPONENTS

Hardware Fuel Cells

QUANTRON
ENERGY & POWER STATION

Production and distribution
of green energy and hydrogen

Infrastructure
& Vehicles
Equipment

Electricity/ e ; 4 Financial
illi P i Rz Supply " \ Services
H, refilling & electricity charging Chain

infrastructure network and equipment

nnnnnnnn

Green Energy
&
Hydrogen

Digital
Solutions

Aftersales,
Service &

CLEAN ENERGY Second Life SERVICES &
SUPPLY SOLUTIONS

) auanNTRON

QUANTRON
INSIDE

Fuel cell and battery electric commercial
vehicles and components

QUANANTRON
CUSTOMER SOLUTIONS

Physical and digital solutions for sales
aftersales, financing and 2" life

p—

Empower the Future NNNNNNNVRNRNNRXNNRNRXRNXNXNR



) auAaNTRON

Clean Transportation Alliance:
Network of strategic partners enabling the QaaS platform

_______________________________________________________

i Components & Vehicles )
(J CEmEEE veeer U 5
i SALLARD Tema NPROX! svorr |

HEMTROM

[
+  Bank & Insurance

. mﬂ Munich P.E_.—

em T T TS mmmmmo e -~ 1
H2 Infrastructure

GROUP

———————

. ! Digital Solutions Al
: (} HEem | Quantron as Orchestrator J ®
N /) manages the 360° ecosystem and all partners Aﬁﬂ'ﬂsfﬂﬁ < roqdzen RoOQir
{H2 Supply ' Aftersales
! Norwegian Y | ! !
i o Hydrogen m p westgass N

| - -~ : ______________________________________

| PLAGAZI ) e ) B | OEM agnostic Platform

~ QaaS Platform Qm IVECO ©NikoLA @

= @& HYUNDORI @

_______________________________________

_____

O
) Pay-per-km

Empower the Future AN N NSNS AN NN NN NN NN NN NN T




QUANTRON with full range vehicle portfolio

) auanNTRON

100% zero emission since inception

BEV & FCEV: the right technology for individual use case requirements

FCEV
Available for
orders TODAY

SOP Q2/2023
(4.25-7.21)

Empower the Future

BEV

Available TODAY
(4.25-7.21)

BEV

Available TODAY
(6x2 28t)

BEV

Available TODAY
(4x2 44t | 6x2 65t)

FCEV
Available for orders TODAY

SOP Q3/2023
(4x2 44t | 6x2 65t)

BEV BEV
Available TODAY Available TODAY
(12m low floor, city) (4.25t)
FCEV FCEV
Available on demand Available
(12m low floor, city) Q1/2024
(to follow)

AN N NN AN NN NN NN NN NN NN



) aQuANTRON

QUANTRON QLI FCEV
USPs & Highlights

Available as PY
4.2t

Powered by Ballard’s
& ® FCmove ™-MD Fuel Cell

Range up to
450km (WLTP)

Diesel analog tank refilling
é @&— times. Can be refueled at

\ ; § N\ - /A
\¥___—__JJ any H2 station (>100 POI)

> 8kg H, + 37kWh HV-
Battery

Chassis integrated packaging for
unrestricted body solutions

up to 150 kW max. ) el
motor power "

Highest range, fast refilling times and fully integrated packaging!

Empower the Future AN NSNS A NN NN NN NN NN



) aQuANTRON

Our technology leadership showcased by the - =

QLI FCEV

« One of the first road-ready light
commercial FCEVs

« More than 2x the range vs.
similar BEVs

* Integrated package provides
convenience and familiarity
for drivers

QLI FCEV |

« Similarly high variant matrix
as base vehicle possible

Empower the Future AN NSNS A NN NN NN NN NN NN NN



) aQuANTRON

QUANTRON QHM FCEV
USPs & Highlights

600-700 km real range

(max. load)
(up to 1500km in Nordic version)

Capable to refuel
@350 or 700 bar

Long sleeper cabin and standard
ISO-trailer possible

Almost no changes in payload

Optimized aerodynamics

_ Best in class tank-capacity for
with AERO package

maximum range

Worlds 15t dedicated
Fuel Cell for Heavy Duty
applications:
FCmove ™-XD

Tractor unit & chassis with
different configurations - from
3600+ mm wheelbase

Maximum range without restrictions in cabin and trailer length!

Empower the Future ANN NSNS S AN N NN NN NN NN o)



H, Range

Champion
1 ‘.\;J

ZERO EMISSION - FULL H, POWER

eoved asrcgyn fu swihthe . = tainablity s not |J‘I .:t:c,,._,! our
0, Meaching Jdeo 1y 20 emission whikies, bul alsd auout
inthea dmac 'mfﬁrmr.’ renUltng s aur racyclad textiles and sustananin

1076 nereasze i tha overall rance marils uwsed nthe ntericr Features

Zero Emission
range champion
200 - 1500 Km

ISO Traller
compatible and
standard length
passible

H2 Tank volume
94 - NG kg M
D700 bar

FCEV truck platform Axle config.
4x 2 tractor

LHMAwWIRND 1 S unigue packace” _
6x2 tractor

- (Ailizas rencownad Nniaernationsl
partnars to ansure hgh-quality
ecupment and safe technelogy
e Ntocrated n all itz vahicies

A IEILTAN

N

4x 7 chassis
< bOx2chassis

by
)
‘

"':!zgxn*”r

’-,j Refueling time

G).

=K 15 minutes
"‘J & fl S ol ,..‘!;'_ g |
3 53 n Fuel Cell
) B :
m A
| ) | = l 240 KW [2 % 120 KW FCmoveTIV-XO fuel
\- ) - <ol from the world's leading hydiogen
&) \ \ j expert Ballard Fower Systems
. S \ ) #
N . ;
A\
Nt

QUANTRON QHM FCEV AERO sl =3 cuanTnes



) ouaNTRON
5 KEY TAKEAWAYS — QUANTRON right to win B

140 years commercial Full light & heavy BEV & FCEV Strong Market Demand for
vehicle expertise & DNA portfolio as OEM - already today sustainable transport solutions
4 ‘H%LLER ? : I

S‘JW :”"
QaasS 360° Ecosystem enabling the World class H, & BEV vehicles
Clean Transportation Alliance with best-in-class available range

H, Range
Champion

Empower the Future
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