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e Third industrial revolution

e Future energy economics
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EU energy objectives =
* sreenhouse gas reduction

 sustainable production and
consumption

» competition in electricity and
natural gas markets -

* security of supply
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« 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
e an energy efficiency increase of at least 27%

e the completion of the internal energy market by

reaching an electricity interconnection target of 15%

* increase energy security (natural gas South Corridor)
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Long term EU energy strategy -}
(2050)

e A vision of carbon free EU
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 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
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Current energy system o ;
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EU energy system today*
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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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EU energy system in 2020-30*
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Hypogen plant !

(coal, oil, natural gas)
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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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EU energy system in 2040-50*

Distributed power generation

& Hypogen plant
(coal, nuclear, natural gas) __(coal, nuclear, natural gas)
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* Poullikkas A., 2009, Infroduction to Power Generation Technologies, ISBN: 978-1-60876-472-3
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Tomorrow: CCS, RES, DG and
hydrogen storage, smartgrids
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power plant

Today
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Regulatory challenges
for Cyprus
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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 Ccz.latgzgous P;ig;?:nn ::r
and/or PTRs with UIOSI via ATC-based pan- throu hg a | between '%SOS
a single platform European price e omng1 on
coupling
: platform or
< implicit
Products exchangeable on auctions

a secondary market
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Vision for an internal gas market
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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 transport

Production

CNG Virtual Pbellnesl Jse of gas in watertranspor‘

—~————

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

Curtailed
renewable energy

Imbalances in
electricity system
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Power-to-Gas Unit

Methanabon

H:
Synthetic
methane

iy

Gas system

Electricity
generation

Y

Other gas uses

% Output: hydrogen or synthetic methane
Commercial deployment: used for
Hydrogenfling  absorbing curtailed renewable energy
and acting as a balancing tool by

electricity TSOs
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Virtual pipelines Ly
 LNG stations are supplied through trucks

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

regule?toer;zrgtyhority
Gas supply from network Compressor CNG filling station

CNG Supply Chain

LNG Terminal LNG Trucks

LNG filling station

LNG Storage

Virtual pipeline: the supply chain transporting natural gas to
Moo O & Gac o 20, 1INA1 cONsumers in the form of CNG or LNG, using road and

Nicosia, 1-2 March 2017 sea means of transportation, such as trucks, vessels and rail 1o



LNG bunkering ¥
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* Supply chain is the same for applications in deep-sea
trading and inland waterways

Satellite LNG storage
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vessels / inland
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LNG barge T

| | LNG bunkering options: Ship-to-Ship (STS),
Nicorin, 12 March 2017 Truck-to-Ship (TTS), Terminal-to-Ship (TPS) 17
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W Excise tax and VAT on electricity
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» Estimation of RES supporting

1 costs passed on to consumers
1 B Transmission, distribution and
sales costs
mTaxon fuels and ETS auction
| payments
| ® Fuel cost
| ¥ Variable non fuel cost
® Fixed O&M cost
0 - ' : : r r T T ' T ® Annual capital cost

2006 2010 2015 2020 2025 2030 2035 2040 2045 2050

Electricity generation cost (€2013/MWh
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Source: PRIMES
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EU reference scenario 2016
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Power generation cost (year 2010)* - ¥
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B CO2 trading cost
O&M cost

M Fuel cost

W Capital cost
B .- : I_ N -
J T \

Combined cycle with Wind Photovoltaics Concentrated solar
natural gas power

Power generation cost (€c/kWh)

* Poullikkas A., 2010, “The cost of integration of renewable energy sources”, Accountancy
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B CO2 trading cost
O&M cost
M Fuel cost

W Capital cost

Fully developed CCS
systems and/or CO,

[| Fully developed RES
promotion mechanisms

trading scheme e

Power generation cost (€c/kWh)

~

B

AN

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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Increased
environmental W CO2 trading cost
cost
O&M cost

Fully developed energy ® Fuel cost

storage systems M Capital cost

4 N

Power generation cost (€c/kWh)

] | | I | |
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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