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* gsreenhouse gas reduction
— EU: climate neutral by 2050

* sustainable production and
consumption

* competition in electricity and
natural gas markets

* security of supply
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Energy transition*

Need to:

* Reduce cost of security of
supply

* Achieve market
integration

* Increase socio-economic
welfare benefits

* Poullikkas A., 2013, Renewable Energy: Economics, Emerging Technologies and Global Practices,
ISBN: 978-1-62618-231-8
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The EU Green Deal and ?
Fit-for-55
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EU medium and long term targets R
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(an economy with net-zero greenhouse gas emissions)
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Phase out dependency on Russian fossil fuels

VA

REPowerkEU

PHASE OUT DEPENDENCY
ON RUSSIAN FOSSIL FUELS

* RePowerEU Plan, EV, 2022
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H2 use by sector in 2030 (Mt H2)

20.0
Increase H,
production and ;> Ammonia/derivatives imports
100 st imports by 10mt m Blending
by 2030 m Power generation
12.0 m Synthetic fuels
m Blast furnaces
8.0 W Petrochemicals (Ammonia)
B Transport
B Industrial Heat
4.0 m Refineries
®m Bunker fuels
0.0
REPowerEU Fit for 55
* RePowerEU Plan, EV, 2022
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Projected EU fuel mix*
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* EVU 2030 Climate Target Plan (Basic scenario MIX for Fit-for-55)
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N Electricity

W Other RES

M Bioenergy

W Heat distributed
M Hydrogen

W e-gas

B Natural gas
e-liquids

mOil

m Coal
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Long term scenarios in Europe ¥

Moving from Carbon economy to Hydrogen economy

Value Added
Applications

Hydrogen/
Natural Gas

Infrastructure
Wind

AT A S

Electricity

Hydrogen
Power

A
Vehicle »
-
Generation %\
. \©
Synthetic |
Fuels =
Hydrogen ;
Solar PV Storage/ -
Distribution Upgrading | ©
oil/y =
Biomass

Battery

Hydrogen Other Metals
Generation End Use Refining
Concentrated Solar Power i W
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The role of H, in energy

transition

long-term scenarios
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H, production methods* "1 __

Fossil Fuels Renewable
Sources
|
Hydrocarbon Reforming Hydrocarbon Pyrolysis Biomass Process Water Splitting
Steam Reforming Partial Oxidation Autothermal Reforming Blectrolysis | Thermolysis Photolysis
| Gray H, XL Biue H,

Biological Thermochemical

Bio-photolysis Dark Fermentation || Photo Fermentation Pyrolysis Gasification Combustion Liquefaction

* Nicolaidis P., Poullikkas A., 2017, "A comparative overview of hydrogen production processes”
Renewable and Sustainable Energy Reviews
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a decarbonized energy mix
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Potential role of hydrogen in the energy : ¥
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Power Generation Storage and Distribution Application
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Source: EU, 2019
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Storage and flexible technologies i 3

PUOBMICTIKN apxn

are the missing links

i

L
=T}
S
ey
=
~
m WV,
i
<5}
=
=

Online Webinar: Green Hydrogen & Ammonia
Cyprus Hydrogen Association, Nicosia, 26 July 2022



Power-to-Gas (P2G)* Ly

- energy storage technology linking the
electricity and gas infrastructure

regulatory authority

q-
Py,

i

Power-to-Gas Unit -
Curtailed Electricity
renewable energy generation
Ha
ﬁ | —
Synthetic
methane
Gas system
D deara

Other gas uses

Imbalances in
electricity system

Output: hydrogen or synthetic methane
Commercial deployment: used for
absorbing curtailed renewable energy

Hydrogen filling

ilaline and acting as a balancing tool by
electricity TSOs
* Poullikkas A., 2009, Introduction to Power Generation Technologies, ISBN: 978-1-60876-472-3
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H, production cost* ¥
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USD/kg H;
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2020 2030 2050 | 2020 2030 2050 (2020 2030 2050 | 2020 2030 2050 (2020 2030 2050

Natural gas wio  |Natural gas w/ CCUS| Coal wio CCUS Coal w/ CCUS Renewables
CCUS

* The Future of Hydrogen, International Energy Agency, 2019
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Saudi Arabia $5bn Helios H2 project ) ?
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* Desert area = Belgium

* 4GW of Wind and PVs

* Production of 650t/day of H,

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

* Long-term: Saudi Arabia to become H,
exporter
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National hydrogen strategies

towards 2030-2050
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National Hydrogen Strategies*® - *
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2017 2018 2019
OND JFMAMIJJASOND JFMAMIJJASOND JFMAMIJJASOND

* Possible regulation of hydrogen networks, ACER 2021
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UK H, roadmap
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Early 2020s (2022-2024)

2

Late 2020s (2028-30)

> Mid-2030s onward >

Hydrogen economy ‘archetype’

Production A
Smallscale  “HD

clectrolytic A )

production

Networks
Direct pipeline,
co-location,
trucked
(non-pipeline)
or onsite use

bt

Production
Large-scale

> Mid-2020s (2025-2027)
CCUS-enabled

production in at ﬁ

least one location; I
electrolytic production
increasing in scale

Networks

Dedicated small-scale
cluster pipeline
network; expanded

Production
Several large-scale
CCUS-enabled
projects & several
large-scale
electrolytic projects

Networks

Large cluster

networks; large-scale
storage; integration

with gas networks %

trucking &
small-scale storage -—
e n
Some transport
(buses, early HGV, Use
rail & aviation trials); Y/ o
industry demonstrations; m:gnag—lpg\slat;;?z
I ‘ @f shipping trials) vilage ﬁ @1
[ heat trial; blending ]

Key actions and milestones

(tbc)

oD

e

Use

Production
Increasing scale &

range of production

—e.g. nuclear,
biomass

@2

Wide use in industry;
power generation &
flexibility; transport
(HGVs, shipping);
heat pilot town (tbc)

Lann

% W ===z

A —

B

Networks

Regional or national
networks & large-scale
storage integrated
with CCUS, gas

& electricity networks

Use

Full range of end
users incl. steel;

power system;
greater shipping & —

Launch NZHF early 2022 aviation; potential o o)
Phase 1 CCUS cluster decision 2021 . or 1GW oot ity gas grid conversion
e Finalise low carbon hydrogen standard ¢ Auming for production capaci et A A
2022 2025  Ambition for 5GW production capacity G A
e Finalise business model 2022 e Atleast 2 CCUS clusters by 2025 2030 % [z] A A
Heat neighbourhood trial 2023 Heat village trial 2025 e 4 CCUS clusters by 2030
e Value for money case for blending Q3 e Hydrogen heating decision by 2026 e Potential pilot hydrogen town by 2030
2022 e Decision on HGVs mid-2020s e Ambition for 40GW offshore wind by 2030 * Sixth Carbon Budget
/Supponing policy and activity: what needs to be in place to deliver? )
=\ TN TR T
=/ 8 i N
Networks Regulatory Market Grant funding Research & Sector International Public & Private Industry
& storage frameworks frameworks innovation development activity & consumer investment development
markets awareness

infrastructure
\_

& deployment Y.
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Today - 2024 | 2025-2030 PAIR]

* Large scale

integration of green
H,

* Installation of * H, to become part of
Electrolysers: at least  the integrated energy
6GW for green H, system
production * Production of green

* Production of green H,: more than 10mt

H,: up to Imt

* A hydrogen strategy for a climate-neutral Europe, EU, 2020

Online Webinar: Green Hydrogen & Ammonia
Cyprus Hydrogen Association, Nicosia, 26 July 2022

23



ACER key regulatory requirements : ¥
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for energy transition (peczoz1) Tt

Adopt a gradual and flexible regulatory approach to facilitate the emergence of competitive
hydrogen markets, by defining core market and regulatory principles, guaranteeing a level
playing field, ownership unbundling, third party access, transparency and regulatory oversight

Y
v

Monitor hydrogen markets periodically to identify their development and whether more
regulation is needed

Apply cost reflectivity and beneficiary-pays principles to hydrogen networks, avoiding cross-
subsidies between energy carriers

Ensure an integrated, liquid and interoperable EU internal gas market, also by foreseeing a
more flexible approach to the application of relevant network codes with respect to specific
cross-border charges

Hydrogen market

I

Infrastructure

Adopt a more integrated approach to infrastructure development, both in relation to
different levels of the supply chain (vertical), and to the various energy carriers (horizontal),
consistent with the revised TEN-E Regulation

Guarantee consumer rights regardless of energy carrier

Embed robust consumer protection, future innovation, technology developments and new
market trends in the decarbonisation policies, recognising the specificities of gas markets

Ensure cost efficiency and affordability to safeguard inclusiveness and a just transition,
including by promoting and facilitating energy efficiency measures and information

Provide consumers with clear and reliable information and support, as well as ensure
effective enforcement of their rights and consumer-centric digitalisation rules to enhance
their empowerment and trust in the energy transition

= Consumers rights

Online Webinar: Green Hydrogen & Ammonia
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Medium to long term
challenges

The role of interconnections and hydrogen
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’

Israel gas
reserves

:

4 @ cas fields

@ oilfields

o

* A. Belopolsky, et al, 2012, "New and emerging plays in the Eastern Mediterranean”, Petroleum Geoscience
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Wind potential in SE Mediterranean region* : ¥
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CARV: (0)53010) :
- - > 1300

ROMANIA = e

e £ 1200
1100

1000

900

850
800

* The Global Wind Atlas (https://globalwindatlas)
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Solar potential in SE Mediterranean region* :@ ¥
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Tel Aviv-Yafo

o 10°E 2 X'E

<800 920 1040 1160 1280 1400 1520 1640 1760 1880 2000 2120 2240 2360 2480 2600 2720 2840 2960 3080 > kWh/m’

* Easac & Pihl, Erik. (2011). Concentrating Solar Power: Its potential contribution to a sustainable energy future
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Main indigenous energy sources in .\
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SE Mediterranean region = %

* Solar potential

XKO/S% 7% /K
X R 7K
-----
‘‘‘‘‘
x/ /P Y
: . ¢
) ¢ ’
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Target-setting for Cyprus’ ?
transition to hydrogen economy*
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Year

pAIR]) 2040 2050
Greenhouse gases -30%  -75% -100%

Renewable energy sources 30% 75% 100%

Target

Electrical interconnections 50% 65% 80%

Cyprus could set a long-term goal of reducing
greenhouse gas emissions by 100% by 2050 !

* Poullikkas A., 2020, Long-term Sustainable Energy Strategy: Cyprus’ Energy Transition to Hydrogen Economy,

ISBN: 978-9925-7710-0-4
Online Webinar: Green Hydrogen & Ammonia 31

Cyprus Hydrogen Association, Nicosia, 26 July 2022



PUOBMICTIKN apxn
EVEPYEIAC KUMIPOU
cyprus energy
regulatory authority

Main results and impacts of hydrogen deployment in Cyprus cYP R u s
by 2030 in the two scenarios modelled in the present study

20 - 160 GWh/a

21 - 150 GWh_/a

11 - 80 GWh/a

-
-

2
N
~ » B0
5 - 31 Value Added

m EUR/a in the domestic economy New Jobs

100 - 600
-
J Emissions avoided
= 7 -34 ktCO/a

* FCH, EU, 2020
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Cyprus H2 strategy?
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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 participants in H, market

* Harmonization of national regulatory framework with
the relevant European Directives

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

Online Webinar: Green Hydrogen & Ammonia 33
Cyprus Hydrogen Association, Nicosia, 26 July 2022



eeeeeeeeeeeeeee

Energy transition by 2050 “__
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Cyprus’ energy system:

e smart and digitised

e flexible

e decentralised

e electrically interconnected

e interconnected gas and/or
hydrogen pipelines

Integration:
e hydrogen in all energy sectors
e renewable energy sources

o storage energy systems

o electric mobility

Transition of Cyprus from the current carbon economy
to hydrogen economy by the year 2050

Online Webinar: Green Hydrogen & Ammonia 34
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Development of regional energy o 5
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Strategy ? cypros erersy |
* Horizon up to 2060

* Development of strategic plan for SE Med region:

~ Electrical interconnections

~NJ

Pipeline interconnections (or virtual pipelines)

~J

Integration of sustainable technologies and storage

~ Use of hydrogen after 2030 VISION .
~ Hydrogen production /V\ISSION ‘
- From natural gas STRHTEGS’

-  From renewables

ACTION PLAN
* Energy exporters to EU ‘
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Additional Slides
Towards hydrogen economy

from carbon economy to hydrogen economy
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Energy system in 2010 Ly
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EU energy system in 2010*

Domestic

- g

Domestic

SEREEw
time| mESEEW ||
v

Power plant Power plant
(coal, oil, nuclear) . (natural gas)

* Poullikkas A., 2009, Infroduction to Power Generation Technologies, ISBN: 978-1-60876-472-3
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Flltlll‘e energy SyStemS (optimistic scenario) :::?
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EU energy system in 2020-30*

Hydrogen

communities

1 . 1 .
; PG 5 T.‘"

Hypogen plant 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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Future energy systems cptmisticscenario) *. %
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EU energy system in 2040-50*

Distributed power generation

Hypogen plant

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

o
-

* Poullikkas A., 2009, Infroduction to Power Generation Technologies, ISBN: 978-1-60876-472-3
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Future power systems 25
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Tomorrow: CCS, RES, DG and
hydrogen storage, smartgrids

Sl

Photovoltaics
power plant

Today

N

@mlsslon Net@

Storage

Storage

Flow
Control

House § Storage
Distribution Network Powe
I

Storage Power

quality

plant quality device
device
b -ﬂu Wind
power  House with domestic

plant

=
W

PR,

Commercial Plug in vehicles . EC. 2
Factory building g Source: EC, 2007
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The Super Smart Grid after 2050% i 3

(may allow for 100% RES)
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* Poullikkas A., 2013, Sustainable Energy Development for Cyprus, ISBN: 978-9963-7355-3-2
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Towards hydrogen economy in 2050*" X
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= Natural Hydrogen
RES electricity and green gas fleld J 900'\;;“",)‘;
hydrogen production ) (year )

Carbon Free l
Electricity 't '™ Natural gas grid

Electricity Reformer &
Grid Hydrogen grid

Produced

Onl

Enhanced oil recovery with 49
T e.0
long term CO. storage 4%
: . " et eSS
in rock formation ‘-3 Ay
= L o+
S A

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

The energy transition
cost

Towards 2050



EU reference scenario 2016 .7 __
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200 -
B Excise tax and VAT on electricity

),
(o]
o

@ Estimation of RES supporting

| costs passed on to consumers
. B Transmission, distribution and
sales costs
mTax on fuels and ETS auction
: payments
| ® Fuel cost
y B Variable non fuel cost
® Fixed O&M cost
0 . | | ; ; | | : : ® Annual capital cost

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Electricity generation cost (€2013/MWh
r © ® O B B O
o o o o o o o

N
o

Source: PRIMES
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EU reference scenario 2016 ?

Sypros ey "";“
2,500 - - 100
- 90
I 2,000 80 _
5 o
8 - 70 9
s 2
< 1,500 - 60 S
o ©
S 50 ©
D o
£ 1,000 - - 40 <
s 3
o - 30 g
T O
8 500 - L 20 2
P LLI
LL - 10
0 T T T T T T T 0
2015 2020 2025 2030 2035 2040 2045 2050
Source: PRIMES, GAINS
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Power generation cost (year 2010)* - ___.
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B CO2 trading cost
§ O&M cost
X M Fuel cost
N
%] Capital cost
W, B Capital cos
.
(72
o
o
=
0
-
o
Q
<
Q) _— [ -
& "
Y,
; J .-
o
a
Combined cycle wi'l'h Wind Photovoltaics Concen'l'r'cﬂ'ed solar
natural gas power

* Poullikkas A., 2010, “The cost of integration of renewable energy sources”, Accountancy
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Power generation cost (year 2020-30)* 3
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B CO2 trading cost
— O&M cost [| Fully developed RES
= promotion mechanisms
= M Fuel cost
4
S W Capital cost
¥
7 Fully developed CCS A
S systems and/or CO,
P~ trading scheme
5 ding . N
-
o
3
Q
=
Q
m | . | | | | I | L] . | |
3
Q
; J
O
Q.
[ [ [
Combined cycle with Wind Photovoltaics Concentrated solar
natural gas power
* Poullikkas A., 2010, “The cost of integration of renewable energy sources”, Accountancy
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Power generation cost (year 2040-50)* .

**
*
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Increased
environmental
cost

Fully developed energy
storage systems

B CO2 trading cost
O&M cost

H Fuel cost

M Capital cost

Power generation cost (€c/kWh)

~

T

Combined cycle with Wind
natural gas

Photovoltaics Concentrated solar
power

* Poullikkas A., 2010, “The cost of integration of renewable energy sources”, Accountancy
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Future energy cost* (for EU only) R
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Action after
2030-40

Action after
2020 \

Action today =
(2010) \

Energy additional cost (€)

o

Today 2020 2030 2040 2050

* Poullikkas A., 2010, “The cost of integration of renewable energy sources”, Accountancy
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