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Future sustainable

energy systems

Towards sustainability



e Third energy revolution

e Future energy economics
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* 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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Flltlll'e en el'gy SyStemS (optimistic scenario) ::*?
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EU energy system in 2020-30*
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* Poullikkas A., 2009, Infroduction to Power Generation Technologies, ISBN: 978-1-60876-472-3
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EU energy system in 2040-50*
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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
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Tomorrow: CCS, RES, DG and
hydrogen storage, smartgrids
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The Super Smart Grid after 2050* o 5

(may allow for 100% RES)
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* Poullikkas A., 2013, Sustainable Energy Development for Cyprus, ISBN: 978-9963-7355-3-2
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Cyprus current electricity
and NG system

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

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

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

* Renewables
- PVs121MWe
- Wind 157"MWe
- Biomass 13MWe
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Distribution of RES-E
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POWER STATIONS AND RENEWABLE ENERGY SOURCES OF CAPACITY BIGGER THAN 20 kWp / 5
KERYNEIA
®.LEEKOSIA
143 150150 °
100 e o
. 0,050 ,®%~8948,,.
o 139 = eo @, os 2150 AMMOCHOSTOS
15015 ‘%" o % 3000 3000100°
150150 150 o @ @, 150 100100
@ Whe 365.04 o 10fC % ®
. 150 . 150° 0% Koshi 1@®y1 00 ol
. © s® e ® &10.8 MW" 1508, * @'
100100, o® ‘e o . . .
@ 148 ° . L34 100 e 150
Agia Anna 109@ =
s ° @-DHEKELIA POWER STATION/ 0
o ° 460 MW
100 GHLARNAKA
([ J
. [B—__ Alexigros
o ® 31.8 MW
150
° 150 1
'.1. 150 150 ° 150 L)
°150 o, ,150@ 150 *®
| JOJ 150 o
15Q144 ° ° 150 Y™ °
150°150 ° L1 °
2 VASILIKOS POWER STATION
| POWER STATION 868 MW
150 MW Legend
‘-‘l 3 Power Stations of Total Capacity 1478 MW
242 PV of Capacity 20,01 - 50 kWp (Total Cap. 5222 kWp)
® 115 PV of Capacity 50,01 - 99,99 kWp (Total Cap. 10511 kWp)
@ 112 PV of Capacity 100 - 249,99 kWp (Total Cap. 15008 kWp)
‘ 2 PV of Capacity 250 - 400 kWp (Total Cap. 760 kWp)
. 6 PV of Capacity 600 - 3000 kWp (Total Cap. 11108 kWp)
[ 6 Wind Farms of Total Capacity 157,5 MW
® 14 Biomass of Total Capacity 10334 kVA
o 6,000 12,000 24,000 36,000 48,000 Date Scale POWER STATIONS AND
H TN TN 000000000 0 2 \eters 26/6/2017 1:300,000 RENEWABLE ENERGY SOURCES
G

Athens Energy Forum 2019: Athens, Greece, 28-29 January 2019

12



RES-E targets ¥
* Current RES-E penetration: ~9% .

- 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

Ath rgy Forum 2019: Athens, Greece, 28-29 Jan 13




Existing natural gas system .Y
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 Under development !
* For power generation as a start...
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The role of natural gas

Towards sustainable energy systems
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Pathways to low emissions .7

1. Gas is clean 2. Gas Is scalable

Gas is sufficiently
abundant to continue to
meet a large share of

gas produces
less than half as much

CO2 per KWh than
electricity Why gas is European and global
perfectly suited energy demand
to play a pivotal
role in the
3. Gas is flexible energy mix of 3. Gas technology is improving
the future
Gas can
quickly meet short - Gas technological
term fluctuations in improvements are
power demand where s driving energy efficiency
other power sources gains

can not
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Daily load curve (the ‘camel curve’)* i X
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* Poullikkas A., 2016, “From the ‘camel curve’ to the ‘duck curve’ on electric systems with increasing solar power”,
Accountancy

Athens Energy Forum 2019: Athens, Greece, 28-29 January 2019 17



Effect of PV generation on load : ?
curve (the ‘duck curve’)* Sy
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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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Gas is a pillar of renewable Y
(o4 § | el'gy (power production in UK¥*)
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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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Power-to-Gas (P2G) ¥

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

C”L‘f"ed Electricity
renewaire energy Electrolysis " generation
2 —_
: , Synthetic
Methanation methane
Gas system
KN tezzy
Other gas uses
Imbalances in —
electricity system .; s .
sy q ~ . Output: hydrogen or synthetic methane
== Commercial deployment: used for
rbin rtailed ren le ener
Hydrogen filing absorb . g curtailed e. ewable energy
station and acting as a balancing tool by
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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

e of gas in land tnnsportl

Production

CNG Virtual Pbellnesl Use of gas in water transport

—~————

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