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e Third energy revolution

e Future energy economics
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NASA GISS Surface Termperature Analysis (GISTEMP)

Land-Ocean Temperature Index. ERSSTv4, 1200km smoothing
hetps://data giss rasa gov/gistem,
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Average of menthly temperature ancenalies, GISTEMP base period 1951-1980,

* UN Environment, 2017.
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EU energy objectives -
e greenhouse gas reduction

* sustainable production and
consumption

« competition in electricity and
natural gas markets -

e security of supply




EU medium and long term targets .V
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Decarbonisation:

oil/coal-to-gas switch, renewable gas,
wind and sun, carbon capture and usage

Decentralisation:

Solar panels, micro-CHPs/fuel cells,

storage via power-to-gas and batteries

Digitalisation:

ICT for smart households and
smart gas/electricity grids

« Extrapolating developments of the past does not forecast the
future

« Gas, wind and sun — providing Europe with clean heat,
electricity and transport

Cyprus Branch of the I.C.E. and the I.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019



Current energy system X
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EU energy system today*

Domestic ]’
TRes @ @ <~ Domestic

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

* Poullikkas A., 2009, Introduction 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*

Steam g
Hydrogen A

communities

-

Hypogen plant | 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
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Flltul'e energy SyStemS (optimistic scenario) :::?
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EU energy system in 2040-50*

Distributed power generation

Hypogen plant ',J Jm Hypogen plant
(coal, nuclear, natural gas) - (coal, nuclear, natural gas)
R =
* Poullikkas A., 2009, Infroduction to Power Generation Technologies, ISBN: 978-1-60876-472-3
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Future power systems i X
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Development of wind and solar power * 25
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How wind and solar power have spread around the world
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End goal — the smart future .Y
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The Super Smart Grid after 2050* i 3
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* 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 carbon free EU

« 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

Need to develop advanced simulation
tools, new sustainable technologies and
infrastructure !!

Cyprus Branch of the I.C.E. and the I.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019
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Energy cost
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EU reference scenario 2016 .1
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EU reference scenario 2016 .\
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Power generation cost (year 2010)* . __ .
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* Poullikkas A., 2010, “The cost of integration of renewable energy sources”, Accountancy
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Power generation cost (year 2020-30)* - ¥
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* 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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* Poullikkas A., 2010, “The cost of integration of renewable energy sources”, Accountancy
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Future energy cost* (for EU only) L ¥
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* Poullikkas A., 2010, “The cost of integration of renewable energy sources”, Accountancy
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Cyprus electricity and NG
system

Statistics
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Existing power generation system  ° X
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* Steam turbine units (HFO)
- Dhekelia power station 6x60MWe
- Vasilikos power station 3x130MWe

* Combined cycles (Diesel)
- Vasilikos power station 2x220MWe

e Gas turbine units (Diesel)
- Moni power station 4x37,5MWe
- Vasilikos power station 1x38MWe

* Renewables
- PVs121MWe
- Wind 157MWe
- Biomass 13MWe

Cyprus Branch of the I.C.E. and the 1.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019 25
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Sankey diagram for electricity (2017)* -.
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RES-E targets e
« Current RES-E penetration: ~9% e
- PVs 121MWe

- Wind 157MWe

- Biomass 13MWe

« RES-E target for 2020: 16%

- PVs 288MWe

- CSP 50MWe or PVs 72MWe
- Wind 175MWe

- Biomass 15MWe

 RES-E target for 2030: not yet

Cyprus Branch of the 1.C.E. and the 1.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019 28




Existing natural gas system .} _
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« Under development !
* For power generation as a start...

T\
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PuvOpnon evepyertakov

TOUEA
Baoweg apyeg pvoppnong
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Baoweg apyeg pvOpong L.

« Ave€aptnoia ™S PvOmotikng Apmg
Evépyswog

* ALWQAVELD OTIS ATOPACELS TG
PvOmetikng Apymg Evépyewag

* [Ip0oGTUGLO TOV EXEVOVTAOV KUL TOV
KOATOVOIAOTOV EVEPYELRS OTTO TN
POtk Apym Evépyawog

31
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e YX®6TO0 VOLOOETIKO TAULOLO0

* AVTOVOULO. GT] OLUYELPLOT] TV
OLKOVOULKQ@V TOp@V TNS PuOpmiotikng
Apmcs Evépyerag

e IKOVO KOl ETGTNUOVIKA KATAPTIGUEVO
avOpOmTIVO OVVOULKO

H PAEK Aoyodotel atov Opyaviopo PvOmetov ™ EE

Cyprus Branch of the I.C.E. and the 1.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019 32



H PAEK (Evpemaikn kat EOvwkn vopoOeoia) ?
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o AveCaptnTn Apyn, VORIKA OLXKPLTI] KL
AELTOVPYIKA aveCapTNT) atd KGO alin onuoocia N
LOLOTIKY] OVTOTN T

o Aappaver avTOVONES ATOPAGELS

e Kataptiler EeYmPLoTES ONUOGLOVOULKES
TPOPAEYELS, VTOVOULE. OGS TTPOS TNV EKTEAEGT] TOV
APOVTOLOYIGUOV KUL Y10 TNV EKTEAECT) TOV
KoONKOVTOV TG

e A0pilel nEAN TOV TPOCAOTLKOV TOV YPUPELOV TNG
PAEK, Yo TV gktéleon TOV KaONKOvVTOV TG

Cyprus Branch of the I.C.E. and the 1.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019 33
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o Empiiner kon puOuiler Ty ayopd NAEKTPIGUHOV KL
(PULOIKOV U.EPLOV

* Al0GQUAILEL TOV OVCLUGTLKO KOl VYU AVTUYOVIGUO
e IIpocTaTEVEL TA COUPEPOVTAE TOV KATUVAAOTOV

* ECac@aiilel TNV 06QAAELO, TNV TOWOTNTA, TNV
EMAPKELN KOL TNV CSLOTIGTIO GTNV TTAPOYN
EVEPYELOS

* EvOappover T ypnon tov AIIE

Cyprus Branch of the I.C.E. and the 1.Mech.E. of U.K,, Nicosia, Cyprus, Mar 20, 2019 34



KI" pleg 8§0v O ieg PAEK (ovveyewa) :* *?

yyyyyyyyyyyy
rrrrrrrrrrrrrrrrrrr

* A0£1000TEL KoL EMPAETEL 0AOVS TOVS GUUUETEYOVTES
OTLS AYOPES NAEKTPLONODV KUl PUOLKOV G.EPLOV:

— AVTAYOVIGTIKES OPUGTNPLOTITES: TUPAYOYOVS NAEKTPIKNS
EVEPYELUS, TPOUNOEVTES NAEKTPIKNG EVEPYELOS, TPOUNOEVTES
(PLOIKOV G.EPLOV, KAT

— Movom@MOKES PUGTNPLOTNTES: LOLOKTITI] GUGTINOTOS
RETAUPOPAS, OLAYELPLOTI] GUGTINUTOS RETAPOPAS, LOLOKTITY
GUGTNLATOS OLAVOUN S, OLOYELPLOTI] GUGTI|UATOS OLUVOUTS,
AELTOVPYO aYOPaS, KAT

e IIotomolel TOV OLUYELPLGTT] CUGTIUOTOS HETUPOPAS

Cyprus Branch of the I.C.E. and the 1.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019 35



Enorrikr) Apy

MovonwAlakég
ApacTnploTNTEC

Ayopa HAektpiopou

PAEK
PuBpiotikn Apxn Evépyswag Konpou

AvTaywvioTIKEG
ApactTnploTnTEC

Aderodotnpévor and PAEK ouppetéyovtec oty Ayopd

Cyprus Branch of the I.C.E. and the 1.Mech.E.

Ave£aptnrol Ave&aptnrol '
Napaywyoi MpounBevtéc

ot U.K., Nicosia, Cyprus, Mar 20, 2019
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Ayopa Quoikov Agpiov

(umé dlapdpwon)

MovonwAlakég
ApaoctnplotnTeg

AuvvnTiKa AvTaywvioTIKR
Apactnpiotnta -
MovonwAlakn Katd
™ didpkela woxvog
MAPEKKAICEWY
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Electricity market complexities*® 25
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« Energy market
 Power market (flow of energy)

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

* Poullikkas A., 2016, Fundamentals of Energy Regulation, ISBN: 978-9963-7355-8-7

Cyprus Branch of the I.C.E. and the 1.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019 38
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Electricity market functions :.}
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o Generation (competition)

 Transmission (menopoly)

o Distribution (menepoly)

» Supply (competition)

Cyprus Branch of the 1.C.E. and the I.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019 - - 39



Competition vs monopoly Y __
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Electricity markets current issues - *
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 Electricity markets open to competition
— Increase in technologies efficiency

— Reduce energy generation costs

* Protection of the environment
— Reduce primary emissions
— Reduce greenhouse gas emissions

— Develop alternative technologies

Cyprus Branch of the I.C.E. and the 1.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019 41



EU electricity market target model :.¥
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Day %\
Ahead f
Market

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

capacity

~— time
Auctions of long-term FTRs Flow-based or C?;:EEOHS Pé:’;iﬁ;'nm i‘-:r
and/or PTRs with UIOSI via {| ATC-based pan- through a H s
a single platform European price common
: coupling
g platform or
< implicit
Products exchangeable on auctions

a secondary market

Integration of RES: LCOE vs Rellablllty

Cyprus Branch of the I.C.E. and the I.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019



Power system reliability* ..

yyyyyyyyyyyy

* adequacy, PS ability to satisfy
customers needs both in power and

electrical energy

* security, PS ability to remain In

operation after sudden disturbances

* Poullikkas A., 2016, Fundamentals of Energy Regulation, ISBN: 978-9963-7355-8-7
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Intermittent energy source* :.%
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* Any source of energy that is not

continuously available
* May be quite predictable

* Cannot be dispatched to meet the demand
of a power system L

* For dispatching need storage l

* Poullikkas A., 2013, Renewable Energy: Economics, Emerging Technologies and Global Practices,

ISBN: 978-1-62618-231-8
Cyprus Branch of the I.C.E. and the 1.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, 2019 44



Daily load curve (the ‘camel curve’)* R
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Accountancy
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Effect of PV generation on load R
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Gas is a pillar of renewable .Y
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* H.V. Rogers, 2011, The Impact of Import Dependence and Wind Generation on UK Gas Demand and Security of
Supply to 2025, The Oxford Institute For Energy Studies
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Electricity market operation - *
« Forward market
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Power (MWe)

Time (24 hours)
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Electricity market operation ¥ _
« Forward market + Day ahead market
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Power (MWe)

Time (24 hours)
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Electricity market operation *.Y
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. Forward market + Day ahead market + Balancing market

Power (MWe)

Time (24 hours)
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Basics of electricity tariffs .Y
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* Generation cost including reserves to meet peak
demand and forced outages at reference fuel
prices (e.g. at 300€/MT)

* Transmission and distribution cost
* Metering cost
* Supply cost

e Rate of return

* Fuel cost adjustment at real fuel (e.g., Aug 2017
318€/MT or Aug 2018 460€/MT )
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Tariff regulation »

* Incentive regulation vs cost plus
regulation

» New regulated tariffs since Sep 2017

— Public consultation

— Allowable income for the next 5 years

— WACC set at 4.6% (significantly decreased)
— Efficiency factor set at -1.5%

— Overall ~ 6% reduction on basic tariffs

— Transparency in electricity bills
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Parameters affecting X
electricity price
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regulatory authority

« Capital expenditure - control by allowable income
» Operating cost - control by allowable income
e Other taxes - Government policy

— Green tax
— Publie service obligations
— VAT

e Fuel mix — available generation technologies: fuel used

» Fuel price - international market
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Historic tariffs for Cyprus* (2012-Aug 2017) ’i }
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Méaon twun Statipnonc eéatpoupévou téhouc AMME kat OMA
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Electricity bill
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ENAEIZEIZ METPHTH (kWh)

ANAAYZHTIA THN NEPIOAQ 11/12/2018 - 11/02/2012

Afia (€)

Alatignen TeAeuTaia Mponyoupsvn M Katavahwaon
01 99780 97910 1870
ZUVOAO KATAVAAWONG 1.870 kWh
AvTioTOIXN TTEPOIVI] KATAVAAWON 1.499 kWh

KATANAAQZH ANA MEPIDAO

2000
1500

< 1000

kW

500
ANTIZTOIXH MEPZINH TPEXCOYZA
NEPIQAQZ

E¢SpAnon péow LioBoAoyiou AHK

MANnpwEn pe pnviaieg doozig. Mood doong €225
Baoikn T kauaipwy: €300/MT {MeTpikd T 6vo}
Tpéxouaa TIuA Kauaipwyv: €439,15/MT
Avatrpogapp oy TIMAS Kaugipwy: €0,034321/kWh

Xpewoelg Alatipnong 01

Mapaywyn HAekTpIkng Evepy. {1.870 kWh x €0,0923}
Xprion Aiktuou {1.870 kWh x €0,0321}

Emikoupikég YTrnpeoieg {1.870 kWh x €0,0067}
MeETpnon Katavdiwaong

MNpounBeia HAeKTPIKAG EvEpyEiag

ZUvoAo pe Baoiki Tipr Kauoipwy
Avatrpooappoyr Kauoipwy {1.870kWh x €0,034321}
YTroxpewoelg Anuooiag QeeAciag {1.870kWh x €0,00083}

2Uuvoho TTpiv 1o PT1A {19%}
Tapeio AMNE & E=E {1.870kWh x €0,01}

ZUVOAO XPEWCEWV TTEPIODOU EKTOC PTIA
®IA {19%]}

ZUVOAO XPEWCEWY TTEPIGSOU
YTOAOITIO ATTO HETAPOPA
MANPWHES

YTTOAOITTO TTPOG HETAPOPA
MAnpwTéo peExpl 06/03/2019
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Challenges in natural gas
markets

Towards sustainable energy systems
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Pathways to low emissions .Y __
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1. Gas is clean 2. Gas is scalable
Gas is sufficiently
less than g:; 2;0;:2:5 abundant to conbinue to
CO2 per KWh than meet a large share of
elecinicity Why gas is European and global
perfectly suited energy demand
to play a pivotal
role in the
3. Gas 1s flexible energy mix of 3. Gas technology is improving
the future
Gas can
quickly meet short . Gas technological
term fiuctuabons in improvements are
power demand where ~ driving energy efficiency
other power sources gains

can not
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EU gas market target model .Y __
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Vision for an internal gas market
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EU gas market target model .}

« The new uses for gas have different roles
across the gas supply chain

yyyyyyyyyyyy

NG Virtual Pipelines|

Use of gas in land transport

Production

CNG Virtual Plpellnesl Use of gas in water transpori

—~——————

Virtual pipelines are closely related to the development of the use of gas
in the transport sector, particularly in the case of LNG
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Power-to-Gas (P2G)

 energy storage technology linking the
electricity and gas infrastructure
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q-
P,

i

Curtailed
renewable energy

Power-to-Gas Unit
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| H,
p : Electrolysis
<% Iy |
> B | ‘
: Methanation
Electricity network I

Imbalances in Bl crocen I
electricity system Sy

H,

—

Synthetic
methane

Gas system

Electricity
generation

) é’ﬁ!ﬂ

Other gas uses

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

Hydrogenfiling ~ and acting as a balancing tool by

siaton electricity TSOs
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Virtual pipelines . ?

:vépvemc Kunpou

« LNG stations are supplied through trucks e
« CNG stations are supplied either from the network or with
LNG (L- CNG)
Gas supply from network Copresor | 9NG filling station

CNG Supply Chain

LNG Terminal LNG Trucks

LNG Storage LNG filling station

Virtual pipeline: the supply chain transporting natural gas to
final consumers in the form of CNG or LNG, using road and
Cyprus Branch of the I.C.E. and the |.Mech.E. of UK., Nic@ig @i @@ias 20§ transportation, such as trucks, vessels and raile2



PUOMICTIKN apXni
EVEPYEIAg KUTNIPOU
rrrrrrrrrrr

LNG bunkering »

« Supply chain is the same for applications in deep-sea
trading and inland waterways

Satellite LNG storage

|
|
i
(e.g. port) |
]
1 :
" v
]
]
LNG Truck :
"
]
]
i
‘ >
LNG Terminal T s O
a e 1 Deep sea
— vessels / inland
waterways
LNG barge T

LNG bunkering options: Ship-to-Ship (STS),
Cyprus Branch of the I.C.E. and the I.Mech.E. of U.K., Nicosia, Cyprus, Mar 20, EI)_:IGUCk-tO-Ship (TTS)’ Terminal-tO-Ship (TPS) 63



The role of NG

e NG is clean
e NG is flexible

* NG is scalable

* NG technology Is improving

NG will play an important role for the
development of the future sustainable energy
systems
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