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EU energy strategy

2020, 2030, 2050
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e Third energy revolution

e Future energy economics

icosia, Cyprus, Nov 14, 2018



* sreenhouse gas reduction

* sustainable production and
consumption

* competition in electricity and
natural gas markets :
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Current energy system »
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EU energy system today*
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* Poullikkas A., 2009, Introduction to Power &eneration Technologies, ISBN: 978-1-60876-472-3
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Flltlll'e en el'gy SyStemS (optimistic scenario) {;}
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EU energy system in 2020-30*
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(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 ptimistic scenarioy . %
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EU energy system in 2040-50*

& Hypogen plant
(coal, nuclear, natural gas) | : 7 (coal, nuclear, natural gas)
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* Poullikkas A., 2009, Infroduction to Power &eneration Technologies, ISBN: 978-1-60876-472-3
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Future power systems iX

*
pqu OTIKN upxn
svepvsluc KUMpou

ergy
g Iato y authority

Tomorrow: CCS, RES, DG and
hydrogen storage, smartgrids
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End goal — the smart future .}
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The Super Smart Grid after 2050* o 5
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* Poullikkas A., 2013, Sustainable Energy Development for Cyprus, ISBN: 978-9963-7355-3-2
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Challenges in electricity
markets

RES integration and storage



EU electricity market target model .Y
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Day
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(E:g;zous P;i::f;;n Z:r
and/or PTRs with UIOSI via ATC-based pan- 3 Il | bonvoon TSOs
a single platform European price comr;gl on
coupling
: platform or
< implicit
Products exchangeable on auctions

a secondary market

Integration of RES: LCOE vs Reliability
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yyyyyyyyyyyy
regulatory authority

* 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* .Y
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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

* For dispatching need storage

* Poullikkas A., 2013, Renewable Energy: Economics, Emerging Technologies and Global Practices,
ISBN: 978-1-62618-231-8
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14



Storage is the missing link  °.Y

High Temp Storage = Redox Flow (RF)

(HTS)

Lithium

Lead Carbon (LC)

Ahead
Market
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Lithium
Lithium-lron-Phosphate

Advantage HTS: Advantage RF: Advantage LC: Advantage Lithium:
Very large storage + Large storage « Large storage + Fast response
+ 80% DOD « 50-70% DOD « 50-70% DOD * Quick Service
* Electricity, heat * High Power * High power + 80%DOD
and AC generation « Lower cost * Lower cost * High Power
* Lowest Cost « No memory effect+ Efficiency > 85% « Efficiency > 95%
* Minimumspace + 15to20yearsLT - 10-15yearsLT * No Memory effect
+ 50years LT * Highest energy
. _ : ) : _ density
Disadvantage: Disadvantage: Disadvantage: . 15to 20 years LT
No fast response Low Energy Density Medium Energy Density
E-Efficiency 40% No fast response High Weight Disadvantage:
H-Efficiency 40% Efficiency < 80% Efficiency 80% High Cost

Size: 3 - 50MWh Size: 1 - 10MWh

Nicosia Risk Forum 2018, Nicosia, Cyprus, Nov 14, 2018

Size: 0,1 - 10MWh

Size: 0,1 -10MWh
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Challenges in natural gas
markets

Towards sustainable energy systems
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EU gas market target model .Y
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 The new uses for gas have different roles
across the gas supply chain

LNG Virtual Pipelines

Use of gas in land tnnsporll

Production

CNG Virtual Plpelinesl Jse of gas in watertranspori

——

Virtual pipelines are closely related to the development of the use of gas
in the transport sector, particularly in the case of LNG

Nicosia Risk Forum 2018, Nicosia, Cyprus, Nov 14, 2018 17



Power-to-Gas (P2G) ¥

* energy storage technology linking the
electricity and gas infrastructure
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Power-to-Gas Unit —

CuLtriIed Electricity
renewaonie energy Electrolysis ’ generation
2
— -
. : Synthetic
Methanation methane
Gas system
KN sy
Other gas uses
Imbalances in o S .
electricity system v B Output: hydrogen or synthetic methane
r& Commercial deployment: used for
. absorbing curtailed renewable energy
Hydrogenfiling  and acting as a balancing tool by
station electricity TSOs
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Virtual pipelines Ly
 LNG stations are supplied through trucks

* CNG stations are supplied either from the network or with
LNG (L- CNG)

regula!?toer;i:gtyhority
Gas supply from network Compressor CNBG 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
Nicosia Risk Forum 2015, Nicosia, Cyprus, Nov 14, 2015 S€@ IMeans of transportation, such as trucks, vessels and rail:o



LNG bunkering )
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* Supply chain is the same for applications in deep-sea

trading and inland waterways

LNG Terminal

Satellite LNG storage
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LNG bunkering options: Ship-to-Ship (STS),

Nicosia Risk Forum 2018, Nicosia, Cyprus, Nov 14, 2018 Tl‘lle—tO—Ship (TTS)9 Terminal-tO_Ship (TPS) 20



