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EU energy strategy

2020, 2030, 2050
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il 5
Future energy systems =

regulatory authority

e Climate change

-10 -5 0 5 10

e Third industrial revolution

e Future energy economics
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EU energy objectives -
» greenhouse gas reduction

* sustainable production and
consumption

* competition in electricity and
natural gas markets -

* security of supply
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EU medium and long term targets *.%
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-20 % 20% 20 % 10 %
2020 Greenhouse Renewable Energy Interconnection
Gas Emissions Energy Efficiency
N N
2030 >27 % > 27%* 15 %
Renewable Energy Interconnection
Energy Efficiency

* To be reviewed by
2020, having in mind

‘ an EU level of 30% ,

New governance system + indicators
2050 -80% Greenhouse Gas Emissions
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EU reduction in greenhouse

gas emissions

**
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*

*

*
PUOHICTIKA apxn
EVEPYEIAC KUTIPOU
cyprus energy
regulatory authority

100% \ 100%
2020 package
30% - Power Sector  ~N_, ~ - | 20%
. L ) 2030 package
60% - Residentfial & Tertiary L 60%
40% - - 40%
20% 20%
Non CO, Other Sectors
0% 0%
1990 2000 2010 2020 2030 2040 2050
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Current energy system ¥
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EU energy system today*
-~
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- ---4----f---

Power plant
(coal, oil, nuclear)

Power plant

] users (natural gas)
* Poullikkas A., 2009, Introduction to Power &eneration Technologies, ISBN: 978-1-60876-472-3
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Future energy SyStemS (optimistic scenario) f:}

PUOHICTIKA apxn
EVEPYEIAg KUMPOU
cyprus energy
regulatory authority

EU energy system in 2020-30*

Steam A‘
Hydrogen

communities

. ~——
| - T 23888
-5 -
|

Hypogen plant , | Power plant

(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 energ)’ SyStemS (optimistic scenario) :i}
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EU energy system in 2040-50*

\: #
Distributed power generation :“ e
|
l

& 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 i X
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Today ﬁ Tomorrow: CCS, RES, D6 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

(may allow for 100% RES)

regulatory authority

mmmmm

* Poullikkas A., 2013, Sustainable Energy Development for Cyprus, ISBN: 378-9963-7355-3-2
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Long term EU energy strategy ¥

(2050)
e A vision of carbon free EU

cyprus energy
regulatory authority

 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 !!
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Challenges in electricity

markets
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Electricity market complexities* 25
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 Energy market
e 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

5% International Conference on Energy, Sustainability and Climate Change (ESCC2018) 15
Mykonos, Greece, June 4-6, 2018



Electricity markets current issues - X

PUOMICTIKN apXxn

yyyyyyyyyyyy
regulatory authority

* 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
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e Transmission (menopoly)

e Distribution (monopoly)

e Sllpply (competition)
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Competition vs monopoly 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-basedor : C?;g;ﬁ;us P;;a(::flc:arzlggzr
. . i| ATC-based pan- : :
and/or PTRs with UIOSI via : . : through a i| between TSOs
a single platform | European price : common :
coupling
: : platform or
< : implicit
Products exchangeable on : auctions
a secondary market
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Electricity market operation ...
* Forward market

Power (MWe)

Time (24 hours)
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Electricity market operation ¥
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latory al

 Forward market + Day ahead market

Power (MWe)

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

Power (MWe)

Time (24 hours)
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Modeling for optimum large

scale integration of RES
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The problem BRI,
The need

« Large scale integration of RES

— e.g., EU RES targets by 2020, 2030

Main objective

* Assessment of the increase (or benefit) in the
cost of electricity of a given power generation

system at different RES-E penetration levels
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Model capabilities X

sssssssssssssss
yyyyyyyyyyyy

e Use of unit commitment algorithms

* Energy mix

* Cost or benetit in the cost of electricity
* Price of feed in tariffs

e Green tax
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Important factors ¥

yyyyyyyyyyyy

* Fuel avoidance cost: by increasing RES-E
penetration fuel consumption reduced

* CO, avoidance cost: by increasing RES-E
penetration CO, emissions reduced

 Conventional power system operating cost: by
increasing RES-E penetration the conventional
power system operating cost is increased due to
the increased requirements of conventional
reserve capacity
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Mykonos, Greece, June 4-6, 2018



Objective function*®

 Minimizing total cost

» satisfy constraints

Load demand
Unit capacity
Available capacity
Reserve margin
Spinning reserve

Fuel constraints

Environmental constraints

Power transmission constraints, etc

* *
*
*
* %
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* Poullikkas A., 2009, “A decouple optimization method for power technology selection in competitive
markets”, Energy Sources
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Typical shape of objective function* : ¥
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* Poullikkas A., 2009, “A decouple optimization method for power technology selection in competitive markets”,

Energy Sources.
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* Poullikkas A., 2009, “A decouple optimization method for power technology selection in competitive markets”,
Energy Sources.
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Optimization model* 5

Global data and
assumptions

* %
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IPP model I —~——~ -~ """ """ -~ - - - - —-— ===~ IPFP model ——_— - -

Input data and
sScenarios

l COo emissions

Input data and
sScenarios

L

Generate goneration
syvsterm variables

L

IPFP model
simulations

Generate technol.
variables

1

IPFP model I
simulations

Electricity unit cost,
financial indicators
Cincluding ecxtoerna litics )

Generation sy ste
clectricity unit Ccost
(excluding externalitias)

i

BT e T e e T R e L LU T TR EEeTORY FEEEON

N R ey

T * CO- emissions

Viable technologsices Generate

ranking externalities cost

~ 1 . RES purchasc Optimum goenaeration
Optimum < ec_trncnty pPricea L systerm clectricity unit Ccost
unit cost

RES fund income

sSscenarios

I

l

Candidate RES
technologsices

Eligible feced-in tariffs

~N Convergae?

Oprtimum feed-in tariffs

* Poullikkas A., Kourtis G., Hadjipaschalis 1., 2011, “A hybrid model for the optimum integration of renewable
technologies in power generation systems”, Energy Policy.
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Decoupled objective function* R

PUOHICTIKA apxn
EVEPYEIAC KUTIPOU
cyprus energy
regulatory authority

Capital (\ Fuel K Fixed (\)&M (%) V7ble O&M ($)

N + + +
Z ok ok ok ok
j=0 (1+i)
oc .
min| — [ = mins = = 7
ok
Electricity unit cost )
($c/kWh)
Energy
(kWh)
* Poullikkas A., IPP algorithm version 2.1, User manual, © 2000-2006.
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Primary objective functions*

« Capital cost function®

Capacity Specifi ol
(MW) pecific capita
Annual cost ($/kW)
capital cost
(%)

6C 4 aE aCSC
= 1+m 1+r —
Ok q’ Ylr)” ok ok

Loan interest (%) /

Inflation (%)

 Fixed O&M cost function*

) Monthly
_ Loading specific fixed
Annual fixed factor (%) O&M cost

O&M cost ($)\

0C oy
M — 7,01+
ok

/ ($IKW)

Fy! OF 00yr

/ ok Ok

Inflation (%)

* Poullikkas A., 2001, “
The Electricity Journal.
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Fuel cost function
Loading Specific fuel
Annual fuel Capacity (MW) factor (%) cost ($/t)
cost ($) \ \ /
8CFj _, ﬁ E><LFJ- ij
ok ekl nxcK
Efticiency (%) Calorific value
(kJ/kg)
] - *
Variable O&M cost function
Loading Variable
A | . factor (% specific O&M
var:i':tlaal‘e C?mﬁ;ty ost ($/kWh)
O&M cost
(%) OC i . 5LF 00
LM _ 7 147y 5_E__MV

Ok / ok ok Ok

Inflation (%)

A technology selection algorithm for independent power producers”,
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Environmental indicator functions* : ¥

PUOHICTIKA apxn
EVEPYEIAC KUTIPOU
cyprus energy
regulatory authority

+ SO,, NO, and dust environmental indicator function

Exhaust gases
Emission limit specific volume

value (Nm?/kg) (Nm¥kg)
Environmental \ /
indicator
o OFI, 3S,, 0G

oUy, kk ok ok

ok / 1000

Fuel consumption indicator
(kg/kWh)
OFI, a[ 360 J

ok ok\pxcv

« CO, environmental indicator function®

Fuel carbon
content (%)

Environmental
e \U \ /
U, 440 OFI; 0X 8X,

Ok 12 J ok ok ok

Oxidation factor

(%)

Fuel consumption
indicator (kg/kW
OFI, 0 360

ok ok\pxCV

* Poullikkas A., 2009, “A decouple optimization method for power technology selection in competitive markets”,
Energy Sources.
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CCS cost functions*

« CO, capture cost function

ici Electricity
Enlftc::::tltgf unit cost of
ucandidate candidate
technology \ / technology
CO, capture with CCS oc oc without CCS
cost — (USc/kWh)
(USc/kWh)
(US$/tonne 8]( a(k . 1)
c0:) Cccs capture
2
ok Ok \
co,
emissions
CO, capture of
efficiency (%) tca:dic:ate
echnology
with CCS
(9/kWh)

****

’ }
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CO, avoidance cost function

Electricity
CO, Electricity unit cost of
avoidance unit cost of candidate
(Ust;)tst candidate \ t?t(;‘hnczlg%ys
onne technology withou
c® with CCS @ _ L (USc/kWh)
(USc/kWh) 8]( 8(1{ B 1)
CCSavoidance = 5U 8U
/ C02 C02 1 a¢
ok —1) / ok 0
CO, emissions of co, CO. canture
candidate emissions offi czienclzo )
technology without of y (%
CCS (g/kWh) candidate
technology
with CCS
(9/kWh)

* Poullikkas A., Zueter A.F., Dirar M.H., , 2015, “Prospective scenarios for the adoption of sustainable power
generation technologies in United Arab Emirates”, International Journal of Sustainable Energy

* Hadjipaschalis I., Christou C., Poullikkas A., 2007, “Assessment of future sustainable power technologies with
carbon capture and storage”, International Journal of Emerging Electric Power Systems.
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RES cost functions*®

Wind functions®

Production Coefficient of ..
(kWh) performance Efficlency  Wind
(%) (%) potential
(kW))

e

P =§ Jac, dn,, on, P,
ok 4| ok fok ok ok

Efficiency (%)
. * %%
CSP functions
Solar
Production potential ici
(kWh (kWh/m?2) Effu:;)e)ncy

P 0|91, 9A on, on,
ok 4| ok okf ok ok

Area (m?)
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PV functions™*

_ Solar
e b o
P i dl; 0A on
ok 4| ok pr ok

Area (m?)

* Al-Tajer Y., Poullikkas A., 2015, “Parametric analysis
for the implementation of wind power in United Arab
Emirates”, Renewable and Sustainable Energy Reviews

** Poullikkas A., 2013, “A comparative assessment of net
metering and feed-in tariff schemes for residential PV
systems”, Sustainable Energy Technologies and
Assessments

*** Poullikkas A., Gadalla M., 2013, “Assessment of solar
electricity production in United Arab Emirates”,
International Journal of Sustainable Energy
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Minimisation procedure* Ly

Set of equations®

: . O
minc = min—

ok

* Poullikkas A., 2009, “A decouple
optimization method for power
technology selection in competitive
markets”, Energy Sources.

A+ A, + 45+ Ay

AS
A +A4,+ A5+ A,

As
A+ A4, + A3+ Ay

AS
A+ A4, + A5+ Ay

s

A+ A4, + A3+ Ay

As
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Candidate
—~—technology 1 +
existing system
Candidate
—~——technology 2 +
existing system
Candidate
—~—— technology 3 +
existing system
Candidate

—~~—— technology 4 +
existing system

Candidate
—e=—— technology k +
existing system
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Sustainable energy
strategies for UAE
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Main objective

yyyyyyyyyyyy
regulatory authority

Investigate the viability of
sustainable technologies

for power generation in UAE



Sustainable power generation 3 ;

technologies considered BRI,

« 250MWe natural gas comblned cycle technology with
— post-combustion CCS
— pre-combustion CCS

« SO0MWp PV systems

« SOMW wind parks

« 50MWe parabolic trough CSP technology with

— no thermal storage

Absorber

— 4.5h thermal storage e o A\
— 9.5h thermal storage '

Solar Field
Piping

— 14.5h thermal storage
— 24/7 operation
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Annual solar potential* (2106kWh/m?) R
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Time (1 year in hourly intervals)

* Poullikkas A., Gadalla M., 2013, “Assessment of solar electricity production in United Arab Emirates”,

International Journal of Sustainable Energy
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* Poullikkas A., Gadalla M., 2013, “Assessment of solar electricity production in United Arab Emirates”,

41

International Journal of Sustainable Energy
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Hourly wind potential for the ;**}

year of 2011*

25
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* Al-Tajer Y., Poullikkas A., 2015, “Parametric analysis for the implementation of wind power in United Arab Emirates”,
Renewable and Sustainable Energy Reviews
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Weibull curve distribution at different il
hub heights* ot

0.20

018 4 R ] @ 10m ——

L 40m

016 | -

- 80m

0.14 {———F——- --

w100m | 7

0.12 +----f--- ARV
0.10 f— LR

Frequency

0.08 -~ -BF-BE-BE-BR- A ]
0.06 +-———- -BF-BL-BL-BE- R
0.04 -~ -B-BL-BL-BL- 22—
0.02 -~ -BY-BL-BL-BL-BL-2Y-0)--A-9 1

0.00 -
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Wind speed (m/s)

* Al-Tajer Y., Poullikkas A., 2015, “Parametric analysis for the implementation of wind power in United Arab Emirates”,
Renewable and Sustainable Energy Reviews
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Total electricity generation for 3 ;

*
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CSP, 14.5h/day storage storage 6278

CSP, 9.5h/day storage storage 4709

CSP, 4.5h/day storage storage 3139

CSP, no thermal storage 1727

PV 1840

0 1000 2000 3000 4000 5000 6000 7000 8000
Total electricity generation (GWh)

* Poullikkas A., Gadalla M., 2013, “Assessment of solar electricity production in United Arab Emirates”,

International Journal of Sustainable Energy
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Total electricity production for 20 years : ¥

for 50MW wind parks*
Leitwind 1000kW ‘
W2E 3000kW
Leitwind 2000kW
Enercon 3050kW
Enercon 2000kW
W2E 2500kW
Leitwind 2500kW
Leitwind 1500kW
Norwin 500kW
Leitwind 3000kW
Leitwind 1800kW
Enercon 800kW
Enercon 7580kW
NPS 100kW ‘
TWT 1650kW
Norwin 225kW |

0 500 1000 1500 2000 2500
Electricity output (GWh)

* Al-Tajer Y., Poullikkas A., 2015, “Parametric analysis for the implementation of wind power in United Arab Emirates”,
Renewable and Sustainable Energy Reviews
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* Poullikkas A., Zueter A.F., Dirar M.H., 2014, “Prospective scenarios for the adoption of sustainable power generation
technologies in United Arab Emirates”, International Journal of Sustainable Energy.
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Next steps »
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First steps towards the development of UAE sustainable energy strategy

* Horizon up to 2060

* Integration of sustainable technologies*®

* Use of net-metering for domestic PV systems**

* Use of auctioning schemes for new power capacity
* Use of hydrogen after 2030

* Hydrogen production***
* Nuclear power

* Solar technologies

* Poullikkas A., Zueter A.F., Dirar M.H., , 2015, “Prospective scenarios for the adoption of sustainable power
generation technologies in United Arab Emirates”, International Journal of Sustainable Energy

** Poullikkas A., 2013, “A comparative assessment of net metering and feed-in tariff schemes for residential PV
systems”, Sustainable Energy Technologies and Assessments

**Babu B.S., Orhan M., Poullikkas A., 2013, "Mitigation of Environmental Impact via an Integrated Hydrogen
production system based on solar and nuclear energy sources in U.A.E.", Proceedings of the 4th International
Conference on Renewable Energy and Sources and Energy Efficiency
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