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— MakponpoOeoun otpatnykn (2050)
— Evepyarakn ‘Evoon (2030)
— Evepyalako K0610g
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— BaowkEg apyég pvOuong
— Evépyareg PAEK
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Evpeoraikn Evepyewaxn

LTPATNYIKN

MakponpoOeoun orpatnykn
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Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016

»]
NL\]



EVEPYEIAC KUNMPOU
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regulatory authority

Future energy systems ..

Degrees Celsius

[] _ Fe— ] ]
=10

-5 0 5 10

e Third industrial revolution

e Future energy economics

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016
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EU energy objectives I .
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* sreenhouse gas reduction

 sustainable production and
consumption

* competition in electricity and
natural gas markets -

 security of supply

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon 7
Bov tov Avimrpocodnav, Asvkacia, 20 Zentep Bpiov 2016 4



Future energy systems o

PUOUICTIKN apxn
EVEPYEIAC KUNMPOU

cyprus energy

EU energy system today*

-

Domestic N

LY’

7 —ty N -
= Domestic
— N N L — NN ]

o~ ot TSN /:',_-a' - A W X7 1 /s
1

="

Power plant

" Power plant
(coal, oil, nuclear)

| (natural gas)
* Poullikkas A., 2009, Introduction to Power Generation Technologies, ISBN: 978-1-60876-472-3

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016




Future energy systems 3

PUOUICTIKN apxn
EVEPYEIAC KUNMPOU
cyprus energy

EU energy system in 2020-30*

Steam A‘
Hydrogen reformer

communities [ =

Regional I

hydrogen |
distribution

Power plant
(coal, oil, natural gas) | (coal, oil, nuclear, natural gas)
* Poullikkas A., 2009, Introduction to Power Generation Technologies, ISBN: 978-1-60876-472-3

Hypogen plant

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016 6



Future energy systems 3

PUOUICTIKN apxn
EVEPYEIAC KUNMPOU
cyprus energy

Centralised
hydrogen
delivery

fv"\..

fil=

B G

Hypogen plant
(coal, nuclear, natural gas)

Hypogen plant
- (coal, nuclear, natural gas)

* Poullikkas A., 2009, Introduction to Power Generation Technologies, ISBN: 978-1-60876-472-3

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016



Future power systems C¥

pueu IOTIKN upxn
evepvemc KUﬁpOU

Tomorrow: CCS, RES, DG and
hydrogen storage, smartgrids

sool

Photovoltaics
power plant

Stho rity

Today

N

@smlsslon Netch

e |

House \ l
Distribution Network

Storage

F IO‘-’\‘
Control

Storage Power

Powe quality

plant quality device
dewce

Ll Bi=3

power  House with domestic
plant
Commercial Plug in vehicles :
Factory building g Source: EC, 2007.

@R

Storage

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon o
Bovii tov Avimrpocodnav, Asvkocia, 20 Zentepppiov 2016 8



The Super Smart Grid after 2050 o 3

(may allow for 100% RES) .

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016




Main ingredients of future sustainable electric systems : }

PUOMICTIKN apxn
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cyprus energy
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—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

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016
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Towards hydrogen economy in 2050 °.

PUOUICTIKN apxn
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cyprus energy
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N Hydrogen
‘ RES electricity and green 1)’”"3"]'1"/]]
‘ : hydrogen production * AYRRLLrY
G / 7 : Ira 1a0 arld “

Carbon Free L
Electricity 't '™

> = Py S

— -

Electricity BYOITIOF ! 3

Oll fleld

Produced Ol
P

Enhanced oil recovery with
long term CO., storage
in rock formation 4

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016 11



LTPATNYIKN

Evepyewakn 'Eveon

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016
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Evpeoraikn Evepyewaxn



Energy Union »

vvvvvvvvvvvvvvv

* a binding EU target of at least 40% less greenhouse
gas emissions by 2030, compared to 1990

* a binding target of at least 27% of renewable energy

use at EU level
* an energy efficiency increase of at least 27%

* the completion of the internal energy market by

reaching an electricity interconnection target of 15%

* increase energy security (natural gas South Corridor)

< 7

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon

)
Bovii tov Avimrpocodnav, Asvkocia, 20 Zentepppiov 2016 13
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Connecting electricity markets 7}

* %
PUOUICTIKN apxn
EVEPYEIAC KUNMPOU
cyprus energy
regulatory authority

TODAY POTENTIAL BY 2020

—
. Countries meeting the 100/0 interconnection target Efforts need to be stepped up for those below the 10%
Countries not meeting the 10% interconnection target target by 2020, mainly Spain and Cyprus, and in view of

achieving the 15% target by 2030.

[ r 4
KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon s
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016 1



EU electricity target model '}

PUOMICTIKN apxn
EVEPYEIAC KUNMPOU

cyprus energy
regulatory authority

Ahead
Market

D-1 As soon as possible On D
12h midday after midday on D-1 At H-1

capacity

— ime
Auctions of long-term FTRs : Flow-based or : C?;g;ﬁous P;ig;?:nn ch)r
and/or PTRs with UTOSI via i| ATC-based pan- through a | between TSOs
a single platform : European price : comngmn
coupling
: platform or
< implicit
Products exchangeable on } auctions

a secondary market

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016



Storage is the missing link 7

High Temp Storage
(HTS)

Advantage HTS:
Very large storage
- 80% DOD
* Electricity, heat
and AC generation
 Lowest Cost
* Minimum space
« S0yearsLT

Disadvantage:

No fast response
E-Efficiency 40%
H-Efficiency 40%

Size: 3 - 50MWh

Redox Flow (RF) Lithium
Lead Carbon (LC)

Advantage RF: Advantage LC:
 Large storage * Large storage

- 50-70% DOD « 50-70% DOD

* High Power * High power

* Lower cost * Lower cost

« No memory effect+ Efficiency > 85%

15to 20 years LT -

10-15 years LT

Disadvantage: Disadvantage:

Low Energy Density Medium Energy Density
No fast response High Weight

Efficiency < 80% Efficiency 80%

Size: 1 -10MWh Size: 0,1 - 10MWh

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016
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Lithium
Lithium-lron-Phosphate

Ahead
Market

Advantage Lithium:
Fast response
Quick Service
80% DOD

High Power
Efficiency > 95%
No Memory effect
Highest energy
density

« 15to 20 years LT

Disadvantage:
High Cost

Size: 0,1 - 10MWh

16



PUOUICTIKN apxn
EVEPYEIAC KUNMPOU
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Evpeoraikn Evepyewaxn

LTPATNYIKN

Evepyelako K00TOG

xS 7
KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon 7
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016 1



EU reference scenario 2016 7Y

200

20056 2010 2015 2020 2025 2030 2035 2040 2045 2050

Electricity generation cost (€2013/MWh)
5 3 83 8 8 3 3 3

N
o

Source: PRIMES

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016

PUBHICTIKN apxn
EVEPYEIAC KUNMPOU

W Excise tax and VAT on electricity
» Estimation of RES supporting
costs passed on to consumers

B Transmission, distribution and
sales costs

mTaxon fuels and ETS auction
payments

® Fuel cost

B Variable non fuel cost

® Fixed O&M cost

® Annual capital cost



EU reference scenario 2016 7Y

PUOUICTIKN apxn
EVEPYEIAC KUNMPOU
yyyyyyyyyyyy
rrrrrrrrrrrrrrrrrrr
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Source: PRIMES, GAINS e
KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon i 94
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Power generation cost (year 2010)* :.J

PUOUICTIKN apxn
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B CO2 trading cost
§ O&M cost
Y4 m Fuel cost
N
> Capital cost
W, W Capital cos
-
(7]
o
Qo
s
.2
-
o
|
Q
s
N ] ] L] L] | e | ] | |
> T
| -
Y,
: J .-
o
a
I I
Combined cycle with Wind Photovoltaics Concentrated solar
natural gas power

*

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

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon o
Bovii tov Avimrpocodnav, Asvkocia, 20 Zentepppiov 2016 20



Power generation cost (year 2020-30)*". 3

PUOUICTIKN apxn
EVEPYEIAC KUNMPOU
cyprus energy
regulatory authority

B CO2 trading cost
O&M cost
M Fuel cost

W Capital cost

Fully developed CCS
systems and/or CO,
trading scheme

Power generation cost (€c/kWh)

B

[| Fully developed RES
promotion mechanisms

~

~

AN

Combined cycle with Wind Photovoltaics Concentrated solar
natural gas power
* Poullikkas A., 2010, “The cost of integration of renewable energy sources”, Accountancy A
KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon E 1‘

Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016



Power generation cost (year 2040-50)* %)

PUOUICTIKN apxn
EVEPYEIAC KUNMPOU
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 | L |
I I
Combined cycle with Wind Photovoltaics Concentrated solar
natural gas power
* Poullikkas A., 2010, “The cost of integration of renewable energy sources”, Accountancy A
)

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016



Future energy cost* (for EUonly) Y

PUOUICTIKN apxn
EVEPYEIAC KUMMPOU
cyprus energy

egulatory 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

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bovii tov Avimrpocodnav, Asvkocia, 20 Zentepppiov 2016
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PUOUICTIKN apxn
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PvOpon evepyerakov

TOMNEN
Baoweg apyeg pvOuonce

N 7
KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon N
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016 2



Baoweg apyeg pvoonce 3

PUOUICTIKN apxn
EVEPYEIAC KUNMPOU
cyprus energy

* AveCaptnoia g PuOpotikic Apymg
Evépyerag

e ALOQPAVELN OTIS ATOPAGELS TNG
PvOpotikng Apymeg Evépyerag

* [IpooTacla TOV ETEVOVTAOV KUL TOV
KOATOAVOAOTOV EVEPYELUS UTTO TN
PvOpotikn Apmg Evépysrag

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016 25



EmitevEn Baowov apyov pvOmone .5

PUOUICTIKN apxn
EVEPYEIAC KUNMPOU
yyyyyyyyyyyy
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* X®O6TO VOROOETIKO TANLGLO

* AVTOVOULA GTT] OLAYELPLOT] TMOV OLKOVOULKQOV
nopov ¢ PvOpmetikng Apmg Evépyerag

e IKaVO KOl ETOGTNUOVIKE KATUPTIGUEVO
avOpOTIVO OVVOULKO

H PAEK Loyoootel atov IIpocopo g
Anpokpatioag Kat etov Opyaviopo PvOpetov g

-
KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon #
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016 26



H PAEK © Y

PUOUICTIKN apxn
EVEPYEIAC KUMMPOU

o AveCapTnTn ApyN, VOUIK( OLOKPLTT] KoL
AELTOVPYIKA aVEEAPTNTN 00 KAOE aAAn onuoca 1
LOLOTIKY] OVTOTNTA

 Aoppaver aVTOVONES UTOPACELS

e Kataptilel EeYmpPLoTES ONUOGLOVOULKES
npoPrEyels, avTOVORLL MOC TPOS TNV EKTEAEGT] TOV
TPOVTOAOYIGHOV KU Y10 TNV EKTEAEGT] TOV
KaOnKovTov ™G

* AL0PICEL HEAT] TOV TPOCOTIKODV TOV YPUPELOV TNG
PAEK, ywa tTqv ektélheon TOV KEONKOVTOV TNS

Kowofovievtikn Emtponn Evépyeiag, Epnopiov, Biopnyaviog kat Tovpiopod
Bovii tov Avimrpocodnav, Asvkocia, 20 Zentepppiov 2016 27



Kvpieg e€ovoieg PAEK 3

PUOUICTIKN apxn
EVEPYEIAC KUMMPOU

 Empiémer kon poOpiler tnv ayopd NAEKTPIGHOV Kol
PVGLKOV aEPLOV

* AWGQOAAICEL TOV OVOLUGTIKO KL VY] OVTAY®OVIGUO
e IIpocTaTEVEL TO GUVUPEPOVTE TOV KATAVIADTOV

 ECaoc@aiilel TV ac@aierd, TNV TOLOTNTA, TNV
EMAPKELO KOL TNV AELOTOTIA GTNV TUPOYN
EVEPYELOG

* EvOappover ™y ypiion tov AIIE

Kowofovievtikn Emtponn Evépyeiag, Epnopiov, Biopnyaviog kat Tovpiopod ’28
Bovii tov Avimrpocodnav, Asvkocia, 20 Zentepppiov 2016



Kvpieg e€ovoieg PAEK owiyea) o 5

PUOUICTIKN apxn
EVEPYEIAC KUMMPOU

A0€1000TEL KoL EMPAETEL OAOVS TOVS CUUUETEYOVTES
OTLS AYOPES NAEKTPLOUOV KUl PUGIKOV AEPLOV:

— AVTOYQOVIGTIKEG OPUCTNPLOTNTES: TUPAYOYOVS NAEKTPIKNS
EVEPYELUGS, TPOUNOEVTESC NAEKTPIKIGS EVEPYELUGS, TPOUNOEVLTES
PLOIKOV UEPLOV, KAT

— Movom@MOKES OPaGTPLOTNTES: LOLOKTITY GUGTIHATOS
RETUPOPAS, OLAYELPLOTI] GUGTINUTOS RETAUPOPAS, LOLOKTNTY
GUGTILATOS OLUVOUTIC, OLAYELPLOTI] GUGTIUATOS OLEVOUNG,
AELTOVPYO AYOPAS, KAT

* IIoTomolrel TOV 01O YEPLGTI] CVGTIUOATOS LETAUPOPAS

* YTOOEIKVVEL KUL AOELOOOTEL TOV AELTOVPYO AYOPUS

Kowofovievtikn Emtponn Evépyeiag, Epnopiov, Biopnyaviog kat Tovpiopod -
Bovii tov Avimrpocodnav, Asvkocia, 20 Zentepppiov 2016 29
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PUOUICTIKN apxn
EVEPYEIAC KUNMPOU
cyprus energy
regulatory authority

PvOpon evepyerakov

TOMNEN
Evepyerieg PAEK

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
Bov tov Avimrpoconev, Asvkacia, 20 ZentepPpiov 2016



Kvpreg eveépyereg PAEK R

PUOUICTIKN apxn
EVEPYEIAC KUMMPOU

* EKovuyypovicpig Kavovicpdv adgoddtneng
NAEKTPIGUOV KUl PVOLKOV GEPLOV

 KaBopropog emioyov yio tnv s1ocaymyn
(PVGLKOV UEPLOV

* OLOKAPOON TOV OLUOLKUGLOV Y10 TIS VEES
OLUTIUNGELS NAEKTPLOGUOV

* OLOKMP®GT TOV LOYIGTIKOV OLUYOPLEGUROV TS
AHK

* OLOKAMP®GT TOV AELTOVPYIKOD OLAYMPLGUOV
™ms AHK

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon o
Bovii tov Avimrpocodnav, Asvkocia, 20 Zentepppiov 2016 32



Kvpieg evepyereg PAEK (ovvixe) %)

PUOUICTIKN apxn
EVEPYEIAC KUMMPOU
cyprus energy
regulatory authority

 Exninpoon ctoymv AIIE ywa to 2020

e Anuovpyla TAarciov yio petafoocn mpog v
Evepyewokn ‘Evoon

 ANuovpyio TAULGLOV OYOPAS PUOIKOV GEPLOV
e '"Evtaln cvotnuatmv axodnkevong evepyerog

* YAOmoING1 TOV VEOL HOVTEAOL AYOPAS
NAEKTPLGHOD

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon 3
Bovii tov Avimrpocodnav, Asvkocia, 20 Zentepppiov 2016 3



N&€0 HovteAo ayopag

NAEKTPLONOV

KowoBovievtikny Enttpont Evépyetag, Epnopiov, Blopnyaviog kot Tovpiopon
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PUOUICTIKN apxn
EVEPYEIAC KUMMPOU

 Energy market
e Power market (flow of energy)

* Ancillary services market
— Reserve (spinning, cold, primary, etc.)
— Voltage regulation

— Frequency regulation, etc.
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« Yvuparrlopevo pépn (emomteia andé PAEK):

—  AXMK, Agrtovpyog Ayopag, AXA, llapaymyoi, ®opeic AOporoTIKOV YTNpEGLOV
(aggregators), Ilpopn0cvtéc avikng, Ipoun0evtic yovopepmopikng, YrevOvvor
Exxafapicewv Avicoluyiomv

 T'a v e0pvOun Aertovpylo TG vEAS AYOPdEs ATaLTOVVTOL
woyVpa pétpa aveSaptnoiog tov AXMK .
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Evépyereg mov gywvav i

EVEPYEIAC KUMMPOU

¢ 2YEOLUGUOS VEOV HOVTEAOL AYOPAS nkak‘rpwuov
* Anuocia Awefovievon yia vE0 HOVTELO AYOPAS

« 'Exooon PvOuetikig Anopaong (KAII)
 Evrol) oto AXMK an6 PAEK Yo

— ovvtoln vémv Kavovov Ayopas Hiektpiopov
— avafeopnon Kavovov Meta@opdc kot Atavoung
— ETONUGLA TPOOLAYPUPOV Y10 TPOUOELX

OTTULTOVUEVOYV GUGTINUATOV KUl AOYLGULKQOV
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 Néow Kavovegs Ayopac HrekTpropov
— 2ovtaén Kavovov Ayopag Hiektpropov (&yve)
— Anuoocwa Awafovievon (£ywve)

— 2Xuykinon Xoppovievtikng Emrponng (avapsvetor Okt
2016)

— Telko mpooyéoro (avapsverar Ask 2016)

* AvaOBeopnon Kavovev Meta@opag Kot Atavopung
(avapéverar Agk 2016)

 AvaOesopnon NopoOsoiog (avapiverar lovv 2017)

 Etowyaocia Tpoorwaypapv yia tpoundeia
OTTULTOVUEVOV GUGTNUATOV KOl AOYIGUIKQV (dev £yive)
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XpovoSiaypaupa odokAnpwong .3
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« Evépysereg:
— ETtownacia mpooraypa@av yio tpoundewa
OTTULTOVUEVAOYV GUOGTINUATOV KUl AOYLGULKQOV
— EYKaTaoT06n GUGTNUATOV AEITOVPYLAS AYOPAS
— [IpocBetn oteréymon PAEK
— IIpocOetn otedéymon AXMK
— Ave€aptnoia AXMK
— AOKLHLOOTIKI] AELTOVPYLO TOV GUGTNUATOV
AErTOVPYLOS TNG AYOPdS
 Enmopikn Aertovpylo vEov HOVTEAOD ayopd“
NAEKTPLGHOV @
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