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Future energy systems =

regulatory authority

pDegrees Celsius

L] E— ]

=i =] [] 5 i0

e Third energy revolution

e Future energy economics
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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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EU medium and long term targets °.%

EVEPYEIOC KUNTpOU

-20 % 20% 20 % 10 %
2020  Greenhouse Renewable Energy Interconnection
Gas Emissions Energy Efficiency
™
> > 0 15 %
2030 & I;leg Eor erﬁgr Interconnection
-55% 42 5% 415%

2050 Climate-Neutral

(an economy with net-zero greenhouse gas emissions)
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Future power systems* 25

puUBICTIKA apxn

zvcpvemc KUTpOU
energy

“c L.I.jtJI',a’ authority

Tomorrow: CCS, RES, DG and
Toda |i
d hydrogen storage, smartgrids
2=
— 1 —1—

Photovoltalcs
power plant

Qnsmlsslon Net@

A5,

storage

Flow
Control

N Starage Power
ouse = quality
Distribution Network Powe d aiice
| plant quality
device
| E POWEr  House with
= plant
—— Commercial in vehi
Factory building Pluginvehicles . Poullikkas A., 2013, Renewable Energy: Economics, Emerging
Technologies and Global Practices, ISBN: 978-1-62618-231-8
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The Super Smart Grid after 2050* o 5

* %
puUBuIOTIKA apXn

(may anOW fOl‘ 100% RES) :::rﬁ:c;::r;;npou

regulatory authority

* Poullikkas A., 2013, Sustainable Energy Development for Cyprus, ISBN: 978-9963-7355-3-2
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Long term EU energy strategy ..\ __
(2050)

e A vision of climate neutral EU

cyprus energy
regulatory authority

 Main ingredients of future sustainable energy systems:
— Large scale integration of renewable energy sources
— Distributed generation
— Carbon capture and storage
— Smartgrids
— Electric vehicles
— Storage devices
— Hydrogen

Development of new sustainable
technologies and infrastructure

Tolvtgyviky Zyoin, Havemotiuio Frederick & Edpo UNESCO yio t) Aia Biov Mabnon kou
Exnaidevon Evilikowv, Asvkmoio, 15 Moiov 2023
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Development of
optimization algorithms

Advanced simulation tools
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regulatory authority

The need

* Large scale integration of sustainable systems

— e.g., EU RES targets by 2020, 2030, 2050 ...

Main objective

* Assessment of the increase (or benefit) in the
cost of electricity of a given power generation

system at different penetration levels

Holvteyvixn ZyoAn, Hovemoriuo Frederick & Edpo. UNESCO yio ) Ao Biov Mabnon kou
Exrmoidevon Evnlikwv, Asvkeooio, 15 Maiov 2023
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Objective function*® ‘e _

EVEPYEIOC KUNTpOU

-
* Minimizing total cost min C = min E x(c;)
i=l1
» satisfy constraints Poiy =S lenPon
— Load demand
P min(t) < Fio) < L max(i
— Unit capacity
. _ q,,1f unit 715 OFF
— Available capacity Ro(t)gzro(i’t)](i’t) o =
_ Reserve margin Fyis)» 1f unit 718 ON
— Spinning reserve Ry, SZFS(,,)I(,-,,) m,»,t)=min[10MSR,-,Pg,mx(,-)—P(,»,t)J

— Fuel constraints
chei [})(i,t)l(i,t)]—i_ Se(i,t) = Emax

— Environmental constraints

. ) —P™<p = fIB, 0. < P™™
— Power transmission constraints, etc fom ) =1 [ v) ¢<f)] fon

* Poullikkas A., 2009, “A decouple optimization method for power technology selection in competitive

markets”, Energy Sources
THolvtgyviky Zyoin, Havemotiuio Frederick & Edpo UNESCO yio ) Aia Biov Mabnon kou 11
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Typical shape of objective function* : ¥

PUBIOTIKA apxn
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Cyprus energy
regulatory authority
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=
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—
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* Poullikkas A., IPP algorithm version 3.0, User manual, © 2000-2022.
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Optimization model*-**

Global data and

~{

assumptions
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Input data and
scenarios

Least-cost
optimization

Input data and
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r

Generate technol.
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.| Generate generation
system variables

r

IPP model G

simulations
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ranking

Electricity unit cost
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simulations

i
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L4

Histonc prices
(min/max/mean values)

MATLAB
“Simulating electricity prices with

reversion and jump-diffusion™

L

Monte Carlo
simulation

Forecasted clectricity
price risk

No /Num ber n;\\“\-\h\

syNEm electricity unit gt

RES purchase >
price

RES funa“msome
scenarios

Thermo-economic
optimization

Candidate RES

technologies

Eligible feed-in tariffs or
feed-in-premiums

Converge?

Optimum feed-in taritfs or
feed-in-premiums

RES fund --*

i Subsidies

pptimization

. trials 10007 _—
e N

Yes

Forecasted prices for
forecasting horizon

4‘ forecasting

Yes

horizon 7 =
™~ //
. -

1’.,

Forecasted prices

for all forecasting
horizons

v

Forecasted prices
(1 /max/mean values)

Historic and
- forecasted prigs
plottin

erall results

* Poullikkas A., 2009, “A decouple optimization method for power technology selection in competitive markets”,

Energy Sources.

** Poullikkas A., 2018, “An adaptive longterm electricity price forecasting modelling using Monte Carlo simulation”

Journal of Power Technologies
THolvtgyviky Zyoin, Havemotiuio Frederick & Eopo UNESCO yio ) Aia Biov Mabnon kou
Exnaidevon Evilikowv, Asvkmoio, 15 Moiov 2023
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Example of thermo-economic optimization*

Input
Ty, PyYer. Ta, €pai Cpg, Ty AP,

LHV, Ner o Ners Neer Ya rg

Py = Py(1 - AFy)
Po=P;=PF

_Fa
Ttor =5

. !

Ti=T; [1 +er (r,,’-" - 1)]

il
¥
Wer = €pg T3 Ner (r”," - 1)

4

Input

cr,CRF, @,N

y

n
Cratal = My ¢p LHV + Z
=1

Z,CRF @

*

puBpIoTIKA apxi
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regulatory authority

NO

14 fpa

=LY = cpusz =Ty

[
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Nee LHV — CDE(T'J = Tr.

|

v

Input
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YES

Cmin = Crotal

MFRR,p; = MFRR

v

—4 MFRR=MFRR+0.05 I

MFRR
< Conditior

DAy o= T0) = (T =T Wret = (titg Wer = thar Wer) + (iap Wep = ag Wea)
AHX = ‘—l"'['f-'::ﬁj“_" : ~ w"‘”
fi=ste) =i, LAV
y
) 4
39.5 rr my
Zer = 0.9 irr; In(rer) ] My €pg(Ty = T) = Mgy €, (T, = T,)
. er iy = e
TR < » _39.5rmmﬂsln(r ) f qerHV—cpg(‘;J—f,)
E 09—, 5 Ty = Titgr + My
266.3Mm siic tigs = MFRR (rgr)
ais g (L0367, -54.4)
‘T_n_gz—wnln““"}[l” S 1
266.3 n .
Zip = 2204 0an o (reg)[ 1+ (00367,-549))
0.922—5 s —
6m ? ;
e o E; [1+ et0018n,-264)] . Woet [ee LHV — €, (T3 — T,.)]
’ "=) o6 T W, (T, = 1,06, (T, = )| + (W, MFRR + w,,, ) _LHV — ¢, (T, - T )|
m.c.  (T,—T)|
Zauy = 2290 | 2B2- 4 5
AHX 0.018 LMTD, +
Woerr = (Wer — Wer)
Wnets = ( Wieg — Wep)
h
rg-i
Ty =Ty |1+ Mg ("};’ = I)l
Wig = Cpa T3 Men (?}BY" = l)
Te=Ty— dT;rmcn
To=T, — Nee LHV = €,,(Ty = T,) MFRR ¢, (Ty = T5)] LY
s lena(Ts = T0) = €palTy = T) 40 LHV = ¢,y (T3 = T,) ]
Pg = P;(1 = APyyx)
P Py=Ps
Py
Ttg = E

NO =P

T5 =Ty + AT pinen

(T ~T) = ally = T[4 Te =T

[«
To=Ty+ |1 +-22

N LHV = ¢, (T, = T,)

| MFRRc,,

|

* Saghafifar M., Poullikkas A., 2017, “Comparative analysis of power augmentation in air
bottoming cycles”, International Journal of Sustainable Energy.
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Natural gas combined cycle with

acid gas

pre CCS*

water gas

* *
*
*

* %
PUBIOTIKA apxn

EVEPYEIOC KUNTpOU
CYprus energy

rity

MAST B LIRUID

gas cooling

 Brayton-Rankine cycle I i Cleanieg

« Efficiency

syngas
43 OA,’ CO/H,
reformer
* Electricity unit cost
10.56 US$c/kWh = N L combustion

chamber

compressor —\X

recovery

generat.

* Poullikkas A., Hadjipaschalis I., Christou C., 2009, “The
cost of integration of zero emission power plants — A )
case study for the island of Cyprus”, Energy Policy air

inlet

Tolvtgyviky Zyoin, Havemotiuio Frederick & Edpo UNESCO yio t) Aia Biov Mabnon kou
Exrmoidevon Evnlikwv, Asvkeooio, 15 Maiov 2023

CO, compression

generator
steam
turbine, _@
steam
exhaust r
condenser
heat N
<
steam é pump
(_@ feed
| water
generator
turbine
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CCS electricity unit cost* (including : Y

PUBIOTIKA apxn

transportation and storage costs)
12
= 11
= 10
=<
o 9
N
- 8
-’
>z 7
S
- 6
=
= 5
Z 4
3)
o: 3
>
k) 2
I |
0
Pulverized Pulverized IGCC IGCC with  Natural gas Natural gas  Natural gas
coal coal with CCS combined combined combined
CCS cycle cycle with cycle with
post- pre-
combustion  combustion
CCS CCS

* Hadjipaschalis l., Christou C., Poullikkas A., 2008,“Assessment of future sustainable power technologies with

carbon capture and storage”, International Journal of Emerging Electric Power Systems.
Tolvtgyviky Zyoin, Havemotiuio Frederick & Edpo UNESCO yio t) Aia Biov Mabnon kou 16
Exrmoidevon Evnlikwv, Asvkeooio, 15 Maiov 2023



Generation system annual electricity unit il 3

* ) ° uBpIoTIKA apxi
COSt™ (in real prices) EvEbveres womso
reaulatory authority

~#-CSP technology, no thermal storage : : : : : :

16 [~ —*CSP technology, 4.5h thermal storage A S " 1Tt H [ A S
= b CSP technology, 9.5h thermal storage i _____ lL _____ i _____ Jl _____ ll _____ lL | _lL _____
E =*=CSP technology, 14.5 thermal storage i i i i i i i
A 12 - 7<CSP technology, 24/7 operation SRS emee oo 3----- $oooe- p----- henee-
\:_), PV technology l l l I : : !

% 10 [+ -®-Combined cycle with pre-combustion CCS [ T o . HE S
O | | | | | | 4
*é g |- ——Combined cycle with post-combustion CCS | :L _____ i _____ : _i _____ :L a0
= ~-BAU e
b 1 1 1 1 1 1 1 1 1 1 1 ! o= )
S 6 - e e e Wil SR e e T . il beee-- At — — — = e EEEEE
4= A N JEER = — PN o
O ! ! ! ! | B — —-a o—4 i i
é) 40 o I . | e — — o i il — . —t T
| | | T - f i
2 [-wm= =— =~ ' oo T . . S cooo T M . S
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o T 2 =2 g g9 F 8 ¥ £ L T £ 0z g 9 I
S () () S S S (e () () S S S () () () S S
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
Year

* Poullikkas A., Zueter A.F., Dirar M.H., 2014, “Prospective scenarios for the adoption of sustainable power generation
technologies in United Arab Emirates”, International Journal of Sustainable Energy

(Sharjah Islamic Bank Research Awards, 3rd Prize)
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Electricity price forecasting* *.T
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300 ‘
—— historic
——simulation
250 — —
200 — —

Price ($/MWh)
o
o
\
\

100 -

u

0
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Date

* Poullikkas A., 2018, “An adaptive longterm electricity price forecasting modelling using Monte Carlo simulation”,
Journal of Power Technologies
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Carbon price vs green hydrogen

19

160

CO, price (USS$/t)

50 60 70

40

30

5 S < o o -
£ < & A & % 1) e 2 < A A A
3 A 0 n n n n 12 1% &
i |2 %8 3% 2 3 3 %8 % 3% & & %
g U ) =) o) ) = U U - =) o o
o (@) (e} ) =) =) o () (@) (@) S S S
2 w — — < O o] (=) (=] o w S w
] O 19) 1) 0] (0] 0] o n () Ve on —
) e g g 2 2 29 8 9 9 0 o o
g g g o = o Q Q Q 3) 3] 0
Q. e, a, e o a g g g gs gs ‘B
T 3 ¥ 9 9 ¢ 5 5 5 & =& B
o o o = = = O &) Q0 o S N
O O O s T am Z Z Z am ﬂ T
R SR SN I TS I O B
R TR
........ g--at SN SR #YR S S—
........ bbb
........ T S
n ........ ARRREE S WS- B, N R SR
opm{ | I S IR SN N N .
a ........ AR B S RV, N TR A
O i\ A H -
! N e !
e ........ R SRR EESERE B i S b
_ ﬂ i \ \ o i
=l o 1% m
o) J — AR S U SN RS SNV V0 S S
W SRS S S N S S
05 o e o ) o 0 o T o
< < Ry A N Q — —
p (YA/2SN) 1509 uononpoid Aoinog)

20

in preparation
Tolvtgyviky Zyoin, Havemotiuio Frederick & Edpo UNESCO yio t) Aia Biov Mabnon kou

* Venizelos V., Poullikkas A., 2023, “The effect of carbon price towards green hydrogen power generation”,
Exnaidevon Evilikowv, Asvkmoio, 15 Moiov 2023



Carbon price vs green hydrogen *.%__
power generation® (cont.)

cyprus energy
1400 . :

regulatory authority

1200 mmmmmmmm

—_
S
)
S

800

B e e e L

600 +------—-- DO i BN ]

400

CO, enviromental indicator (g/kWh)

200

Fe e e e e e e e e e e e e - o

Y It |

Steam turbine with coal Steam turbine with HFO CCGT with NG CCGT with H2
Technology

* Nicolaidis P., Poullikkas A., 2023, “Power-to-hydrogen concepts for 100% renewable and sustainable energy systems”,

Hydrogen Economy
Tolvtgyviky Zyoin, Havemotiuio Frederick & Edpo UNESCO yio t) Aia Biov Mabnon kou 20
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Cyprus current electricity
and NG systems

System characteristics
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Existing power generation system ,‘

* Steam turbine units (HFO) |
- Dhekelia power station 6x60MWe
- Vasilikos power station 3x130MWe

° Internal combustion engines (HFO) e
- Dhekelia power station 6x17.5MWe

* Combined cycles (Diesel) P *,. L 3
- Vasilikos power station 2x220MWe i nﬂ‘ﬁ—l

* Gas turbine units (Diesel) mﬁ* flC
- Moni power station 4x37,5SMWe
- Vasilikos power station 1x38MWe

Tolvtgyviky Zyoin, Havemotiuio Frederick & Edpo UNESCO yio t) Aia Biov Mabnon kou 22
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Existing power generation system o *. ‘

uBpIoTIKA apxi
EVEPYEIOC KUNTpOU

° Renewables
- PVs: 476 MWe
-  Wind: 157TMWe
- Biliomass: 13MWe

* Total installed capacity:

- Conventional: 1483MWe
- Renewables: 646MWe

Tolvtgyviky Zyoin, Havemotiuio Frederick & Edpo UNESCO yio t) Aia Biov Mabnon kou 23
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pUBMIOTIKA apXxi
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* www.cera.org.cy
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* www.cera.org.cy
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EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority
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Existing natural gas system °.%

pUBMIOTIKA apXxi
EVEPYEIOC KUNTpOU

 Under development !

 For power generation as a start... /
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EVEPYEIOC KUNTpOU

Energy transition for island
systems

Solutions for isolated systems
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Characteristics of isolated 2
electricity systems™ a - R

* High fuel costs

~ use of oil derivatives
~ high CO, emissions (additional cost)

°* Economies of scale cannot be adequately
exploited

~ generation units cannot exceed a certain size since the loss of a
unit would mean the loss of a high percentage of the entire
system

° Need to maintain high reserve capacity to ensure
power system reliability

The smaller the electrical system size, the more the expenses will be

* Poullikkas A., 2015, Sustainable Energy Policy for Cyprus, ISBN: 978-9963-7355-6-3
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EU statistics* iy

EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority

Electricity prices for household consumers, second half 2022
(€ per kWh)
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* Eurostat
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EU statistics® (cont) " ‘mm

cyprus energy
regulatory authority

Electricity prices for non-household consumers, second half 2022
(€ per KWh)
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* Eurostat
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EVEPYEIOC KUNTpOU

cyprus energy
regulatory authority
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The solution* 2

EVEPYEIOC KUNTpOU

* Increase system flexibility
~ integrate RES into electricity market

use natural gas, storage and RES for power
generation

~ promote e-mobility (V2G technology - bidirectional flow of
electricity between the electric car and the grid)

~nJy

* Establish electricity interconnections

~ with EU internal electricity market (the island of Cyprus is
the only non-interconnected Member State)

* Production of hydrogen (energy carrier)
~ from RES and natural gas

* Poullikkas A., 2016, Fundamentals of Energy Regulation, ISBN: 978-9963-7355-8-7
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Exrmoidevon Evnlikwv, Asvkeooio, 15 Maiov 2023



CERA Energy Transition 20
Regulatory Decisions

* Regulatory Decision 01/2017 (KAII 34/2017): A detailed schedule
for the implementation of EU electricity market target model

* Regulatory Decision 02/2018 (KAII 259/2018): The mass
installation of an Advanced Metering Infrastructure including
smartmeters to all electricity consumers

* Regulatory Decision 02/2019 (KAII 204/2019): The establishment
of basic principles of a regulatory framework for the operation of
electricity storage systems in the wholesale electricity market

* Regulatory Decision 03/2019 (KAII 224/2019): The redesign of the
power grid to become smart and bi-directional in order to allow
integration of large quantities of renewable energy sources in
combination with energy storage systems

Tolvtgyviky Zyoin, Havemotiuio Frederick & Edpo UNESCO yio t) Aia Biov Mabnon kou 35
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CERA Energy Transition e __
Regulatory DeCiSionS (in preparation)

* Regulatory framework: Energy communities
and Renewable energy communities

* Regulatory framework: Electrical
interconnections

* Regulatory framework: Hydrogen market

* Regulatory framework: Price comparison
tools

Tolvtgyviky Zyoin, Havemotiuio Frederick & Edpo UNESCO yio t) Aia Biov Mabnon kou 36
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PYEIOG KUMMPpOU

Challenges in electricity

markets
Large scale integration of RES and
storage



Electricity market functions .Y

puUBuIOTIKA apXn
EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority

 Generation (competition)
e Transmission (monopoly)

e Distribution (monopoly)

‘ Sllpply (competition)

THolvteyviky Zyols, Hovemotjuio Frederick & Edpa. UNESCO yio. ty Ao Biov MaOnon xou = = 38
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EVEPYEIOC KUNTpOU
cyprus energy
regulatory authority

Competition vs monopoly T __
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EU electricity market target model : ¥

puUBuIOTIKA apXn
EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority

Day
Ahead
Market

D-1 As soon as possible On D
1Z2h midday after midday on D-1 At H-1

BESERERAREIRAREY

e L R e T TN T N LT T Y]

e R Lime
Auctions of long-term FTRs Flow-based or C?ﬂ“;’ﬁ‘i‘)us Pé:l;f];}arzl Z:r
and/or PTRs with UIOSI via :| ATC-based pan- 24 : g
ingle platform :| European price through a i| between TSOs
a single pla : 2 :
Eep : coupling : common :
: : platform or :
- implicit
Products exchangeable on : auctions :

a secondary market

Integration of RES™: LCOE vs Reliability

* Nicolaidis P., Chatzis S., Poullikkas A., 2018, “Renewable energy integration through optimal unit commitment and

electricity storage in weak power networks”, International Journal of Sustainable Energy
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Daily load curve (the ‘camel curve’)* N

pUBUIOTIKA apXn
EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority
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* Poullikkas A., 2016, “From the ‘camel curve’ to the ‘duck curve’ on electric systems with increasing solar power”,
Accountancy
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Effect of PV generation on load J ?“
curve (the ‘duck curve’)*

EVEPYEIOC KUNTpOU
regulatory authority
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* Poullikkas A., 2016, “From the ‘camel curve’ to the ‘duck curve’ on electric systems with increasing solar power”,
Accountancy
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Storage and flexible technologies ' ¥

PUBIOTIKA apxn
EVEPYEIOC KUNTpOU
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Iotopwo AAH ‘3 _

EVEPYEIOC KUNTpOU

— APNNATOOOTOVNEVES NEAETES O TV EE

— ema@&g pe Opyaviono Xvvepyaociog Tov PvOmotik@v
Apyov Evépyawag ™¢ EE (ACER)

— gmoyn YPprowkov Movtérov (Net- Pool) nM]pag

cvuPato pe povrédo atoyoc EE

— Anpoocio owpovicvon
— Anpocigvon PvOmotikng Anogaong 01/2015 (KAH

164/2015): O Lentopepiic oyedraopnoc yia Sragopomoinon
TOV TAULGLOV PVOMIGNC TG ASLTOVPYLAS TNG AYOPAS
niektpropov ¢ Konpov
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e ayoparminoio nhektpikig evpyewrs  mpopiBewa nhextpikic
o¢ pvicia Paon evépyelag

— PvOmlopeves owatiunoeg AHK
— Awyopwopévor Aoyapracpot AHK
— Aarrovpykog Avaympropoc AHK 0
— Néow Kavévec Ayopac HAEKTPIOPOD o
— Avafesopnon Kavovov Meta@opag kot Atavoung
— AvaOeopnon NopoOeoiag
— Nopwkog dwaympriopog AXMK amo A.6. kaOetomompuévy AHK
— AZA: hoywopiké6 MDMS

AXMK: Loyiopiké MMS - g doxipactiky) @aon

- 2017 Metapatikn pvOuion
— Apactnpromoinon aveéaptnrov tpoundsvtav (étog 2021)
— ApacTtnpromoincn aveSapTNTOV TUPAYQYQV
— Awuepn) ovppoiara — exxkaapron ava pivae
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2014: YPprOwo Movtero (Net-Pool) ***g;,;._,_,‘.;;ﬁ“m

e 'Evtaén tov AIIE, ne péitioto TpoOmo kou pue
0pOVG TNG UrYOPag
— évtadn kar cvppetoyn Tov AIIE oty ayopa |
nAeKTPIopoY pE Ta idra Sikavdpata adrd ko [ o
VITOYPEMCELS OTMS 0L CVUPATIKES HOVAOES e
NAEKTPOTUAPAYOYNS - avainyn TOV VTOYPEDGCEDV TOV
napayoyov AIIE ywa ta Oépata e@edpetag kar eEroopponnong
NE TAPONOLO TPOTO OTTOS Ol CVUPATIKES POVAOES
NAEKTPOTTAPAYDYNS
« Emtpéner v opactnpromoinen tpoundsvtv
NAEKTPLGUOV YO VO RTOPOVY Ol KATAVAAOTES VAL
E’IXODV 871'1)»071'] = GUVYKPATNGN TOV KOGTOVS NAEKTPLGROD
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Day
Ahead
Market

Awnepn Ayopad apeong Ayopa apgong Ayopa
cvufoiara, TAPAO0GNG TAPAO0CGNS e€roopponnong
KAT (spot) (spot) tdwag

TPONYOVPEVG  MUEPAS

nuépag
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Electricity market operation R

 Forward market

EVEPYEIOC KUNTpOU
e e e e

Power (MWe)

Time (24 hours)
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Electricity market operation *.¥ _
 Forward market + Day ahead market

EVEPYEIOC KUNTpOU
e e e e

Power (MWe)

Time (24 hours)
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pUBMIOTIKA apXxi
EVEPYEIOC KUNTpOU

Electricity market operation .}

 Forward market + Day ahead market + Balancing market

Power (MWe)

Time (24 hours)
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Kupwa yapakmnproaxka ?
Metapatikng PuOmong

Aypepf EEoypnpatiotyproxa Xopporara  Xovayn Xoppaccov yro tnv
VU0 YOPUTOANGLO NAEKTPLKIG EVEPYELUS npoun0cio nAeKTPIKNS
o¢ unvwia faon EVEPYEWOS

Mopayoyoi IMpounBevtéc Kotavalotég
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Kaivyn S1adikaciewv ayope®v NAEKTPLOUOD -, }

regulatory authority

A/A NMUAWVEG OLYOP A G MetTtaBatikl] PUOuuwon

MpoBeseocplakry Ayopd —

, . KaAUTtTETOL TTAR P WG
S LeEpry CUMBOAaLO

Kevtplkd Opyavwpleavn

. . VAN S AU ETo
NMpoBeocplakr Ayopd VvV K UrtTETOL

3 Hupseprjowa Avopd Asv KAAUTTTETOL

q EvSonpeprijola Avopd AEV KAAUTTTETOAL

Avopd EELocoppdrtnong 3
B Asev KaAUTTTETOL
loxvog

MNxaviopuocg

i , AV KAAUTTTETOL
E§Locoppdrtnong loxvog

Avopd ETtLKOU p LKWV
YIinpeouwwyv

Asev KAaAUTTTETOL

i ; KaAUrttetal LEPLKWG (LLOVOo yia ptetpnNTE€g TUTTOU
8 ALaxeiplLon pLetprjoswv

STOD)
Svu LBoaocpud
o HpB B Hos KaAuUrttetol
EKKAOAapLoNng
10 Eyvyvobdoocia KaAuUrttetol
ALaxsiplLo ovasdwv
11 xetpton K KaAuUrttetol

ATlE

MnAa odopLakn
12 npodop n AEV ATIALTELTAL ELELKO AOYILOULKO ayop g

vrtoSopun

Xpdvog vAorTtoinong
13 TIANPOPOpPLAKAG
LVTTOS O G

AEV ATIALTELTAL ELSLKO AOYILOULKO ayop g

% X SHREXAXARX
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Long-term energy
strategy for Cyprus

Regional cooperation towards
hydrogen economy

EVEPYEIOC KUNTpOU



Regional primary energy .Y _
sources

EVEPYEIOC KUNTpOU
CYprus energy

regulatory authority

Indigenous ~
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Gas reserves in SE Mediterranean region* : ¥

Tolvteyvikn Zyoln, [avemoriuo Frederick & Edpo. UNESCO yio. ty Ao Biov MaBnon kau
Exrmoidevon Evnlikwv, Asvkeooio, 15 Maiov 2023

pUBMIOTIKA apXxi
EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority

Israel gas
reserves
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X

pUBMIOTIKA apXxi
EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority

****

Wind potential in SE Mediterranean region*

* The Global Wind Atlas (https://globalwindatlas)
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Solar potential in SE Mediterranean region* : ¥

*
puUBuIOTIKA apXn
EVEPYEIOC KUNTpOU
X'E M ! cyprus energy
{ regulatory authority

s e F.1x 3 XE

200 km

<800 920 1040 1160 1280 1400 1520 1640 1760 1880 2000 2120 2240 2360 2480 2600 2720 2840 2060 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 * ‘“
SE Mediterranean region
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Target-setting for Cyprus’ tX
transition to hydrogen economy*

EVEPYEIOC KUNTpOU

Year

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

Renewable energy sources 30% 75% 100%

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
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Energy transition by 2050%"-!

uBpIoTIKA apxi
EVEPYEIOC KUNTpOU
Cyprus energy
regulat:

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

* Poullikkas A., 2020, Long-term Sustainable Energy Strategy: Cyprus’ Energy Transition to Hydrogen Economy,
ISBN: 978-9925-7710-0-4
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Development of regional energy N

strategy ?* i
* Horizon up to 2060

* Development of strategic plan for SE Med region:

~J

Electrical interconnections

~J

Pipeline interconnections (or virtual pipelines)

~J

Integration of sustainable technologies and storage

~ Use of hydrogen after 2030

UISION \
Hydrogen production MIE:SION ‘
- From natural gas

STRHTEGH

-  From renewables

ACTION PLAN
* Energy exporters to EU -

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

ISBN: 978-9925-7710-0-4
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puBpIoTIKA apxi
EVEPYEIOC KUNTpOU
CYprus energy
regulatory authority

Additional Slides

The energy transition
cost

Towards 2050
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Energy system in 2010 ‘3

pUBMIOTIKA apXxi
EVEPYEIOC KUNTpOU
e R G

CYprus energy
regulatory authority

EU energy system in 2010*

Power plant Powrer plant
(coal, oil, nuclear) - (natural gas)

* Poullikkas A., 2009, Infroduction te Power &Generation Technologies, 1SBN: 978-1-60876-472-3
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Flltlll‘e ellel'gy SyStemS (optimistic scenario) ::**?

puBpIoTIKA apxi
EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority

EU energy system in 2020-30"

o Steam ﬂ""

communities

Power plant
coal, oil, natural gas) (coal, oil, nuclear, natural gas)
* Poullikkas A., 2009, Infroduction to Power Generation Technologies, ISBMN: 97B-1-60876-472-3
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Future energy SyStems (puimistcscenario) . 1

puUBuIOTIKA apXn
EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority

EU energy system in 2040-50*

3 ] Hypogen plant
(coal, nuclear, natural gas) = _ _(coal, nuclear, natural gas)

* Poullikkas A., 2009, Infroduction to Power &eneration Technologies, ISBN: 978-1-60876-472-3
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EU reference scenario 2016 .\

puUBuIOTIKA apXn
EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority

200 -
0 m Excise tax and VAT on electricity

),

= Estimation of RES supporting

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

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Electricity generation cost (€2013/MWh
& 88 g B &8 2

[ %]
o

Source: PRIMES
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EU reference scenario 2016 .}

puBpIoTIKA apxi
EVEPYEIOC KUNTpOU
CYprus energy
regulatory authority
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2015 2020 2025 2030 2035 2040 2045 2050
Source: PRIMES, GAINS
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Power generation cost (year 2010)* - ___.

EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority

B CO2 trading cost
§ O&M cost
X M Fuel cost
N
%] Capital cost
W, B Capital cos
.
"
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)* - R

PUBIOTIKA apxn
EVEPYEIOC KUNTpOU
Cyprus energy
regulatory authority

B CO2 trading cost
. O&M cost [| Fully developed RES
= promotion mechanisms
= M Fuel cost
4
S W Capital cost
A2
7 Fully developed CCS A
S systems and/or CO,
P~ trading scheme
-
o
3
Q
s
Q
m ] . ] ] | ] ] ] 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)* .

**
*
*

PUBIOTIKA apxn
EVEPYEIOC KUNTpOU
cyprus energy
regulatory authority

Increased
environmental
cost

Fully developed energy
storage systems

B CO2 trading cost
O&M cost
M Fuel cost

M Capital cost

Power generation cost (€c/kWh)

~

] ] ] ] ] I .
I I
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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Future energy cost* (for EU only) R

PUBIOTIKA apxn
EVEPYEIOC KUNTpOU
CYprus energy

gy
| ry authority

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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