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Introduction — TYNDP 2018 Workflow
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Interconnection Targets
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Interconnection Targets — Identification of the System Needs
workflow
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Interconnection Targets
New Interconnection Target 2030 criteria

2040 ST

Yearly average Marginal Cost difference < 26/MWh

=== Yearly average Marginal Cost difference > 2€/MWh

O At least one of the 30-60% Criterias show <30%
O At least one of the 30-60% Criterias show >30% but <60%

@ Bothcriterias show>60%
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Interconnection Targets
New Interconnection Target 2030 criteria

2040 GCA

Yearly average Marginal Cost difference < 2€/MWh
== Yearly average Marginal Costdifference > 2€/MWh
(O Atleastone of the 30-60% Criterias show <30%

O At least one of the 30-60% Criterias show >30% but <60%

O Both criterias show >60%
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Interconnection Targets
New Interconnection Target 2030 criteria

2040 DG

Yearly average Marginal Cost difference < 2€/MWh

= Yearly average Marginal Cost difference > 2€/MWh

O At least one of the 30-60% Criterias show <30%
O At least one of the 30-60% Criterias show >30% but <60%

O Both criterias show >60%
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. . . Average Solar and Wind Onshore NGC
Evolution of the generation mix - NGC

Case of Cyprus

—

2025 2030 2040

=== Solar NGC GW === Wind Onshore NGC GW

2025, EUCO (30) and Global Climate 2025 and Sustainable Transition 2025 and Distributed Generation
Action (40) (30/40) (30/40)
7 8 NGC Other renewable 2 3 — ®NGC Other renewable
el B energysources GW 45 — 45 — By
NGC Solar GW 4 — 4 L =NGCSolar 6W
51 35 4+——————————— —— WNGCOther renewable 35 4 ——
'E 4 4 W NGC Wind Onshore GW 'g‘ 39 = energy sources GW | ENGCWind Onshore GW
2 L 25 1 | NGC Solar GW
g 34 —  WNGC Fossil fuels GW § 5 WNGC Fossil fuels GW
W NGC Wind Onshore GW
2 "B 15
1 B W NGC Fossil fuels GW
0,5
0 o
2025 2030 2040
Cyprus
entso@
Evolution of the generation mix - Generation
Case of Cyprus
CYPRUS
11K
10K I Generation
™ Biomass and Other Res
S | Gas
N I Hydro and Pumped Storage
= Other Non Res
7K M Peak
N | m Solar
§ & ‘ = Wind
. W Coal + Lignite
4K
3K ‘
2K | | | | | t
1K § | | | | |
oo - - -__
g 8 & g 5 =
entso@




18/05/2018

Marglnal Cost yearly average’ RGCSE, Unserved energy

Unserved energy
RG CSE

S )
5 v o

f annual demand
e wn

of
w

%
s

o
w

0,0 - - + - - 3 * + . T ks - -
AL BA  BG GR HR HU IT ME MK RO RS S TR

+ Avg. 2040 with 2040 grid (all scenarios) = Avg. 2040 with 2020 grid (all scenarios)

RGCSE, Marginal cost yearly average
160
140 e
120
1w S — e
SW._. ‘AEEEEEEN
40 2
20
o
AL BA BG GR HR HU m ME MK RO RS SI TR
© Avg. 2040 with 2040 grid (all scenarios) = Avg. 2040 with 2020 grid (all scenarios)
entso@ 1
Interconnection Benefits — Case of Cyprus
EuroAsia Interconnector CBA — TYNDP 2016
Scenario specific CBA indicators EP2020 Vision 1 Vision 2 Vision 2 Vision 4
B1 S0S (MWhiyr) NiA NiA NiA NIA NIA
B2 SEW (MEuros/yr) 360 +40 660 £100 580 90 1010 £150 1120 170
B3 RES integration (GWhiyr) 750 £50 4080 £820 4070 +810 3260 +650 3010 +600
B4 Losses (GWhiyr) 1250 £125 1100 £110 1100 £110 1225 £122 2050 £205
B4 Losses (Meuros/yr) 54 15 59 16 5145 737 137 14
B5 CO2 Emissions (kT/year) +100 -5600 800  -6800 & -2300 £300  -1300 £200
EuroAsia Interconnector P219 - B2, B5 EuroAsia Interconnector P219 - B3
1500 600C
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2
w, WB ﬂ
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Reliable Sustainable Connected
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Cyprus power generation system
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Terms of Reference

(As given by the Cyprus Regulatory Authority)

Determination of the Static and Dynamic Security of
the Electric System of Cyprus in conjunction with the

RES penetration, according to the National RES Action
Plan 2015-2020, and put forward suggestions for
adopting a secure operational framework for the
System, indicating the maximum allowable RES
penetration on a number of selected system Operation
scenarios.

entso@ 21

National Action Plan on RES 2015-2020

Within the National RES Action Plan two fundamental alternative scenarios have been
developed for RES penetration, based on the accession date of RES to the Competitive
Electricity Market in Cyprus. These scenarios determine the quantities of the various RE
technologies under conditions of security, reliability and economy, so as to fulfill the national
targets of the Republic of Cyprus for RES Penetration.

SCENARIO 1 SCENARIO 2

SitlslsleSlilel N ey o QIR S IV EW CIRVI NI EECRTIIE Supposition: A Competitive Electricity Market will not
in 2019, so RES generation will accede the Electricity Network operate until 2020.

according to the Electricity Trading and Settlement Rules.

LGN CHEHEU NI R G ERE VNN =R CIe il b IR IRGIM The penetration of the various RE technologies for the
IR NI MG JUISEI G EIREIG ST (R GERRNOE fulfillment of Cyprus’ national targets, until the end of
2018, are determined as follows: 2018, are determined as follows:

Photovoltaic generation: 148 MW .
Wind generation: 167.5 MW .
Biomass generation: 15 MW .

Solar-thermal generation: 0 MW .

TOTAL: 330 MW

Photovoltaic generation: 258 MW
Wind generation: 175 MW
Biomass generation: 15 MW
Solar-thermal generation: 50 MW
TOTAL: 500MW i
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Study of the Security of the
Electrical System

Dynamic security of the Electrical

System
Static security of the Electrical

System

Defined as the capacity of the
L : System, after a disturbance which
Has been studied in previous drives most variables of the

studies and it was deemed

; System to their limits, to reach an
unnecessary to repeat it.

acceptable operating point so that
the Electrical System as a whole

stays practically steady.
Harmonic Distortion
Analysis
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Evaluation of Dynamic Securit

For evaluating the dynamic Security of the System and the determination of the Operating
Margin (OM) for RES penetration we used criteria concerning:

Harmonic
Distortion

Minimum

allowable

loading of Voltage

convention Stability
al

generators

Required Frequency

System Stability/Rotor
Reserves Angle Stability

entso@ 25
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VOLTAGE STABILITY STUDY

Voltage Stability refers to the ability of the Electrical System to
maintain voltage level within acceptable limits on all busbars
under normal operating conditions and under disturbance
conditions.

Voltage instability occurs when the System loses the ability to
keep the right balance of reactive power.

13
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/

METHODOLOGY

The Modeling and the simulation of the System was done using DigSilent software tool.

The estimation of the Peak Power is as per TSO Cyprus’ 10-year Forecast for 2016-2025
and each Transmission Substation maximum loading.

Three scenarios were used to analyse system behavior based on 2016-2025 forecasts for
year 2020.

e Minimum loading (420 MW )

e Medium loading (655 MW )

e Maximum loading (1145 MW )
under loss conditions

e N-1 (transformer loss)

¢ N-2 (double circuit 132 kV line)

The Inverters of PV systems are programmed so that the power factor at the connection
point of Photovoltaic installations, follows the characteristic curve (pf Vs A generated
active power), as per DSO guidelines i.e PV Parks generate active power up to 40% of
their installed capacity with unity power factor.

For generation above 40%, the power factor is linearly reduced, for increased absorption
of reactive power with power factor down to 0.9, for voltage stability.
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/ MAXIMUM SYSTEM LOADING 1145MW / PHOTOVOLTAIC PENETRATION 455MW
LOSS OF DC LINE K.PETROU-VASSILIKOS 1&2

/
RESULTS

Results determined loading level and max RES penetration limit in the System:

e Maximum loading: In this scenario the maximum allowable PV penetration is
455MW. Under normal operating conditions no Voltage Stability problem
exists but under N-2 criterion, the observed voltage drop on the 132kV
System busbars is the maximum allowable (10%). Under criterion N-1, no
significant deviation is observed even at PV penetration of 455MW.

e Medium and Low loading: No significant voltage deviations are observed in
these scenarios even at maximum RES penetration (455MW and 200MW
respectively) at both N-1 and N-2 criteria.
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e
HARMONIC STABILITY STUDY

- Conversion of dc Photovoltaic generation into ac by Inverters creates

current harmonics into the Electrical System distorting the System
Voltage.

- Voltage distortion depends on:
o The magnitude of the harmonic current in each frequency I(h)
o The composite impedance of the Network as seen by each
harmonic frequency Z(h)=> V(h) = I(h)*Z(h)

The greater the harmonic current and the greater the composite
impedance of the Network, the greater is the resulting voltage
harmonic distortion in the Network.

e Modelling and Simulation of the System was done using DigSilent
e Modelling of the Inverter harmonics was done using two methologies:
o Measurements from existing Photovoltaic parks.

o Using the maximum allowable harmonic distortion as defined in the T/D Rules
and in Standard IEC 61727.

e The System was analysed for 3 scenarios (based on 2016-2025 Forecast for year
2020)

e Minimum loading (420 MW)
e Medium Loading (655 MW)
e Maximum loading (1145 MW)

under loss conditions
e N-1 (transformer loss)

\___ *N-2 (132 kV dc line loss) )

o /
< N
METHODOLOGY
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/RESULTS h

Modelling Inverter harmonics based on measurements

For all scenarios and under any loss conditions (N-1 & N-2) PV
penetration can reach up to 520 MW

Modelling Inverter harmonics / Standard IEC 61727
In this case the maximum allowable PV penetration is:
0 250 MW ( for high loading)
0 200 MW ( for medium loading)
0 150 MW ( for low loading)

CONCLUSION

Penetration of PV is limited substantially due to the significant
system voltage distortion in using Inverter modelling based on IEC

Y Standard. )
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s
STUDY OF FREQUENCY STABILITY / ROTOR ANGLE

e Frequency Stability refers to the ability of an Electrical System to
maintain frequency within a predetermined range after a
disturbance which upsets the balance between generated and
consumed power.

e Rotor Angle Stability refers to the ability of the connected
synchronous machines to maintain synchronism both under
normal operating conditions and after a disturbance.

eRES penetration has to be in balance with conventional
generation, so as to secure Frequency/Rotor Angle Stability.

e The study examined the maximum RES penetration level in the
Cyprus Electrical System in relation to conventional generation so
as to remain stable during under-frequency disturbances.

/

Evaluation of the Frequency Stability
e Two software tools were used: DigSilent and MatLab

e Four scenarios were examined for operating conventional generating units
under incremental penetration of RES and examining the loss of the largest
conventional unit:

02 ST@VASILIKOS PS + 2 ST@DHEKELIA PS
02 ST@VASILIKOS PS + 3 ST@DHEKELIA PS
0 3 ST@VASILIKOS PS + 2 ST@DHEKELIA PS
0 3 ST@VASILIKOS PS + 3 ST@DHEKELIA PS

e Assessment of the frequency stability was based on the:
o Rate of Change of the frequency (df/dt)
o Minimum frequency level (fmin)
o Frequency restoration time (t)
o Frequency oscillations

18
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GENERATION UNITS MIX =

2xDHEK-ST, 2xVASS-ST

Time (sec)

SCENARIO
7A B 7
Trip Event:Q1 x vassilikos ST trips 1 x wassilikes ST trips | 1 x vassilikos ST trips

Generating Unit

D1STG-6OMW 37 29 39
D25TG-60NMW 35 35 35
D35TG-60OMW = = =
WVAISTGL1-120MW 125 125 125
WV2STGL1-130MW 65 B85 65
WV3ISTG1-130MW = = =

IPV Generation at Distribution Lewvel (WMW) 00 300 300
[Generation of WPS PSS (MW) 190 190 190
Generation of VPS P/S (%) 34% 34% 349%
Generation of DPS P/S (WMW) 72 74 74
Generation of DPS PSS (26) 13% 139 139
‘Wind Generation (at transmission) (26) 0% 0% 0%

PV Generation (at distribution) (%6) 5396 5326 539

Generation at Transmission Lewvel (VW) z6ez z64 264

Generation at Distribution Level {MW) 300 300 300

Total System Generation (IWMIW) 562 564 564

(Generation Lost at Transmission Lewvel (WMW) 125 125 125
Generation Lost at Distribution Lewvel (MW) o o] (o]

26 of Total Generation Lost on Load Demand 22% 229 229%

26 of Total Generation Lost on Conventional Generation A48% AT% A7 26

Percentage of Rotating Load (26) 0% 20%6 3026

Lumped Model Simulations:

JOFLS stages Operated 11 10 10
Minimum Frequency (Hz) A47.89 48.06 48.11
settling Frequency (Hz) 49.99 4987 49.22
Time taken after the event for frequency recovery to 49.5 Hz (sec 9.50 19.85 newver
Max Instantanecus df/dt (Hz/s) -1.36 -1.40 -1.a1
Average df/dt over 0.5 sec after the event (Hz/s) -1.32 -0.83 -0.83
UF on Cables for Reactive Power Control Operated Yes (2 stages) Yes (2 stages) Yes (2 stages)
(Generators Protection Operated No No No
Detection of Rotor Angle out-of-step - - -
Integration Step Size (ms) 1 1 1

.Simulatl'on Time Eec) 25 40 20

50.5

50.25

50

49.75

= 495
==
—_—

=~ 4925
o
=
Q

> 49
o
L]
=

b 48.75

48.5 1
48.25
SCENARIO 7A
48
——— SCENARIO 7T
A47.75
o] 10 20 30 40 50 &0 70 20
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: N
/Conclusmns

e RES penetration and load structure, as regards its frequency dependence,
affects the inertia of the System, which, under certain conditions disturbs the
coordination of the Under-frequency system operation.

e Under generation loss, RES penetration has to be limited for avoiding system
instability, so that the total system demand does not exceed 20-30% of the
synchronised Conventional Power Generation Capacity.

e No Rotor Angle Stability issues.

e Secure operation of the Cyprus Electricity Network until 2020, calls for a
minimum number of conventional generation units, i.e. two base units at
Vassilikos PS and two ST at Dhekelia PS.

e The static operation of the Cyprus Electricity System does not present any
problems until 2020 and RES penetration is only limited by the operational
minimum stability limit of the synchronised conventional generation units.

\_ %

GENERATION LIMIT RES PENETRATION SCENARIOS
MARCH SUNDAY 2020 WITH LOWEST MAXIMUM DAY SYSTEM
327 MWh LOAD
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== EYMBATIKH NAPATQIH STPEGOMENH EQEAPEIA
IKANOTHTA MAPAMQIMHI IZXYOZ EYMBATIKON MONAAON —KATO OP10 METITHE ENITPENOMENHIAIEIZAYZHE AMNE
e ZHTHEH QOPTIOY ———THPHTEA ITPEQOMENH EQEAPEIA
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4 :
Conclusions Summary

¢ RES Penetration can be adequately managed by keeping additional reserves for
accommodating fluctuations in Wind and PV generation. 50% of Wind Generation
and 10-15% of installed PV generation is kept as reserve.

e For covering the large variance between day and evening peaks in winter,
synchronised conventional generating units need to be used plus 2-3 peaking
GasT/ICE. This indicates anti-economic use of conventional generating base
units and excessive use of expensive-to-run GasT, due to RES Penetration.

¢ RES curtailment to 2020 (National RES Action Plan) are contained to very low
levels.

e No Rotor Angle Stability issues

e RES penetration and load structure, as regards frequency dependence, affects
the inertia of the System, which, under certain conditions disturbs the coordinated
operation of the Under-frequency System.

Conclusions cont.

¢ Voltage Stability Studies have shown that in case of maximum System loading
(1145MW), the maximum allowable PV penetration is limited to 455MW. For low
and medium loading there is no limit.

* Voltage Harmonic Distortion studies based on measurements have shown that for
any System loading, the maximum allowable PV Penetration is limited to 520MW.

¢ Voltage Harmonic Distortion Studies based on the T/D Rules showed that:

- in case of max System loading (1145MW), PV penetration is limited to 250MW,
- in case of medium loading (655MW), PV is limited to 200MW, and

- in case of min System loading (420MW), PV penetration is limited to 150MW.

e From Stability study and Harmonic Distortion results, it can be deduced that RES
Penetration, within the National RES Action Plan, does not create any problems in
the static and dynamic operation of the System, for the various System loadings.

e The RES Penetration Operating Margin is a function of the synchronised power
generating ability and the loading of the System.
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MAX RES

%

4 MAXREs | MAX RES IopERATIONA| MAX RES MAX RES
GENERATI PENETRATION LLIMIT |PENETRATIO PENETRATION
SCENARIOS sé':ﬂ;ﬁg#g‘:" NG (x:‘i;z?c';i DEMAND | | LIMIT BASED ”M":)?‘ASED BASED ON | N LIMIT IN PE":'Q’;::;N BASED ON
N | CAPACITY oNmiNsTABLE  ON | FREQUENCY |DISTRIBUTI NATIONAL
GENERATION STABILITY |ON SYSTEM RES PLAN
RESERVES
MW MW MW MW MW MW MW MW Mw
2 STDHEK &
2 STVASS 380 200 350 150
2 ST DHEK & 310
1 2 STVASS 380 200 400 200 (160+150) 200
2 ST DHEK &
2 STVASS 380 200 450 250
3STDHEK& | 140 230 500 270
2 ST VASS
2 GELY 350
3 ST DHEK & (280+150)
2 ST VASS 440 230 550 320
2 ST DHEK &
3 3 STVASS 510 260 600 340 590 250
2 ST DHEK & (440+150)
3 ST VASS 510 260 650 390
3 ST DHEK &
3 ST VASS 570 290 700 410 T10
4 370
3 ST DHEK & (560+150)
3 ST VASS 570 290 750 460
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