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GLOSSARY

AC: Alternate Current

ATR: Auto-transformer

AVR : Automatic Voltage Regulator

BIL: Basic Insulation Level

CCGT: Combined Cycle Gas Turbine

CCT: Critical Clearing Time

DC: Direct Current

ENTSO-E/SCR: European Network of Transmission Sgsteperators of Electricity/Synchronous
Continental Region (European interconnected syspeavjously called UCTE)

ESCR: Effective Short Circuit Ratio
HVDC : High Voltage Direct Current
PSS: Power System Stabiliser

RES : Renewable Energy Source
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1 SCOPE OF THE ANALYSIS

According to the work plan the first set of analy/seldresses the impact on the Tunisian transmission
system due to the commissioning of the new ELMERvgroplant (or “ELMED Production Cluster”).
These analyses refer to Task B of the overall s(adg [1]).

More specifically, the analyses will highlight treinforcements needed on the Tunisian grid in tesfns
new lines and interconnection transformers in otdeulfil the static and dynamic criteria recalled

[1]. To this aim, two extreme operating conditiom#l be examined referred to the peak and minimum
load forecasted at the year 2016.

2 SUMMARY OF THE STUDY PROCESS FOR TASK B

The study process follows the methodology illugain [1] (see par. 3.1) and is here summariseld wit
some additional details.

The study is basically split in two phases:

a) screening phase(see “Step 3" of the methodology) where we examthe needed
reinforcements following the commissioning of thewnELMED Production Cluster. Four
different alternatives for the location of this npawer plant are examined:

» El Hawaria with a CCGT rated 3x400 MW ;

+ Bizerte with coal fuelled units rated 2x660 MW ;

» Skhira with coal fuelled units rated 2x660 MW ;

« Enfidha with coal fuelled units rated 2x660 MW.

At this stage, static analyses only are carried out

Two generation levels of the ELMED power plant examined:

- 400 MW to supply theinternal demand in TunisiaThe possible reinforcements
necessary for the evacuation of this power germratie dictated by the expected load
growth in Tunisia;

- 1200 MW to supply thénternal demand in Tunisiand toexport the surplus to Sicily
The additional reinforcements with respect to thevipus case are closely linked to the
commissioning of the HVDC interconnection towardgilf These additional
reinforcements shall warrant a power exchange @itily up to 1000 MW, which is
the target rating of the submarine interconneatidsipolar configuration.

The possible reinforcement possibilities for tharf&ELMED power plant location have been
supplied by STEG trough ELMED Etudes and are degdiat the following table (Tab. 2-2). As
far as possible, priority is given to the reinfarents at the 400 kV level, representing the new
power corridor across Tunisia.

As for the new lines, the following transmissiomaeities and electrical parameters are adopted
(Tab. 2-1).
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Tab. 2-1- Transmission capacity and electrical etaeristics of the new lines (source STEG)

Voltage and mechanical R (Q/km) | X (Q/km) | C(nF/km) | In (A) S (MVA)
characteristics
400 kV Almelec 2x570 mm? 0,0292 0,3311 12,19 1540,8 1067
290 kV -411 mm?2 Alu-Ac 0,088 0,417 8,28 620 242
150 KV -411 mm?2 Alu-Ac 0,088 0,417 8,28 620 161

Whenever two or more reinforcement alternative§il fthe security constraints, the adopted ranking

criterion is the following (elements in order ofqity):

a)
b)
c)

length of additional lines;
number of additional interconnecting transformers;
losses at peak conditions;

d) other issues such as: environmental impact (refeiwethe number of right-of-ways for new
lines), ESCR at El Hawaria converter station.

At the end of this screening phase the more bindwigtion will be chosen according to the previous
ranking criterion. The selected location of the rleMMED power plant and related network structure
with reinforcements will be used for the dynamialgses.

b) Detailed analysis phas@ee “Step 4” of the methodology) where we exantieeperformance

of the Tunisian production and transmission systedynamic conditions. This set of analyses
will highlight the minimum conditions to comply witthe dynamic constraints of the Tunisian
system interconnected with the rest of Maghrebiamtesence of the HVDC interconnection to
Sicily.
The expected results are relevant both to the maximize of the ELMED generating units
acceptable by the Tunisian system and / or to blessiperation restrictions namely on the
power interchange (see [1] for more details) ineortb cope with possible tripping of the
ELMED generating units.
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Tab. 2-2 — List of candidate reinforcements forploger evacuation from the ELMED power plant

Site ELMED Lines Transformer substations
Hawaria - Ligne Hawaria — Mornaguia 400 kV - 150 km - 3éme ATR 400/225 kV — 400 MVA &
- Ligne Hawaria — Oueslatia 400 kV - 280 km | Mornaguia
- 2éme et 3éme ATR 400/225 kV - 400 MVA &
Oueslatia
Bizerte - Ligne Bizerte — Mornaguia 400 kV — 110 km| - 3éme ATR 400/225 kV — 400 MVA &
- Ligne Bizerte —Mateur 400 kV - 60 km Mornaguia
- Ligne Bizerte —Jendouba 400 kV - 120 km | - 2éme et 3éme ATR 400/225 kV - 400 MVA a
- Ligne Bizerte — Mnihla 400 kV — 110 km Jendouba
- Ligne Bizerte — Hawaria 400 kV — 250 km - 2éme et 3eme ATR 400/225 kV - 400 MVA a
Mateur
- 3éme ATR 400/225 kV — 400 MVA & Mnihla
Skhira - Ligne Skhira — Oueslatia 400 kV — 230 km | - 2éme et 3éme ATR 400/225 kV - 400 MVA a
- Ligne Skhira — Bouchemma 400 kV - 70 km | Bouchemma
- Ligne Skhira — Mornaguia 400 kV - 350 km | - 2éme et 3éme ATR 400/225 kV - 400 MVA a
- Ligne Oueslatia — Bouchemma 400 kV - 280, Oueslatia
km - 3éme ATR 400/225 kV — 400 MVA a
- Ligne Skhira — Hawaria 400 kV - 410 km Mornaguia
- E/S ligne Bouchemma — Sidi Mansour 225 kV- 3éme ATR 225/150 kV — 100 MVA a Sidi
—20 km Mansour
- E/S ligne Bouchemma — Oueslatia 400 kV au - Poste 400/225 kV a Oueslatia (a priori, aucur
poste de Skhira — 25 km et ligne de ce postg a contrainte de travée et d’ATR)
la centrale de Skhira : Oueslatia-Shkira 245 km
et Bouchemma-Skhira 85 km
- Ligne Skhira — Maknassy 400 kV - 70 km
- Ligne Oueslatia — Maknassy 400 kV — 180 km
- Ligne Maknassy — Bouchemma 400 kV -
120km
Enfidha - Ligne Enfidha — Mornaguia 400 kV — 100 km - 3éme ATR 400/225 kV — 400 MVA a

- Ligne Enfidha — Oueslatia 400 kV - 110 km
- Ligne Mornaguia —Oueslatia 400 kV - 130 kn

Mornaguia
n- 2éme et 3éme ATR 400/225 kV - 400 MVA a

- Ligne Enfidha — Hawaria 400 kV - 150 km

Oueslatia

e
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3 SETTING UP AND VALIDATION OF THE BASIC CONFIGURATIO NS

The first part of the activity consisted of thetisgt up of the production-transmission model fa thvo
basic configurations (minimum and maximum loadhet year 2016) and for the overall Maghrebian
interconnected system up to the border with ENTSSEem, which is also taken into account, though
in an equivalent form (see “Steps 1 and 2" of tlethndology).

Starting from the model of the Tunisian systemsdaldted configuration, the following actions have

been undertaken:

- joining of the production-transmission model of i@ to the rest of Maghreb (Algeria and
Morocco) and the ENTSO-E system, this latter regmmeed by and equivalent unit and load. Slack
bus is represented by the ENTSO-E equivalent thatehmuch predominant size with respect to
Maghreb. Two different models are used for the vajant of the rest of Maghreb and ENTSO-E:
equivalent models in peak condition and in minimoad condition.

The coherency checks of the overall interconnesteiem with respect to the model of Tunisia
stand-alone addressed:
0 voltage profile;
0 active power flows and losses;
0 total cross-border power exchanges, which turnt@iie negligible (conditions of null
power exchanges).
- Introduction of the AC/DC converter station at Ewhria:
o HVDC converter station and connection modelled ediog to what illustrated in [1];
0 Connection from the converter station to the Tamsystem:
= One 400 kV line El Hawaria-Mornaguia;
= A second 400 kV outcoming from El Hawaria and hgvits second end
depending on the location of the ELMED power plant.
Note: the HVDC link is connected to the rest of Thenisian system always with two 400 kV lines
to comply with the N-1 security criterion.

As for the static analyses, the load flow analysis been carried out both in peak load and in edikp
load conditions with the generation dispatch désctiin paragraph 5.2 of [1] referred to the horizon
year 2016.
Static security analysis with the deterministic¢esion of N-1 has been applied: in particular oatagf
400, 220 and 150 kV lines or autotransformers Hsen considered. These contingencies have indeed
the higher influence to evaluate the impact of nee&v ELMED power plant and HVDC link on the
network. In the static analysis, the outage of gaiveg units and their step-up transformers aren't
considered; the same holds true also for loadswdml configuration that is loads fed along onehpat
only. These contingencies in fact will be analybetter during the dynamic study.
Here below, results and remarks are mainly refetcedhe 400/220/150 kV network. N and N-1
constraints are checked against the operatingrierit@dicated by STEG; particularly, in static
conditions the following constraints are considered
- sound network conditions (N security)
0 no overloads of lines and transformer
0 voltage has to be within the range 7%, that is:
= 372+ 428 kV on the 400 kV level
= 205+ 235 kV on the 220 kV level
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= 140+ 161 kV on the 150 kV system
0 Reactive power production of the generators withelimits of capability.
- N-1 operating conditions:
o Overload limits:
= Lower than 20 % of the current limits of lines;
= Lower than 20 % of the rated power of transformers;
0 Voltage deviation limits within £10%, that is:
= 360+ 440 kV for the 400 kV nodes;
= 198+ 242 kV for the 220 kV nodes;
= 135+ 165 kV for the 150 kV nodes;
0 Reactive power production of the generators withalimits of capability.

Computations have been carried out with SPIRA paeka

3.1 Coherency checks in basic conditions (static analys)

3.1.1 Peak load condition

In the base case of peak load condition, total aeinm 3960 MW while total losses are 48 MW, as Fig.
3.1 shows; total Tunisian generation is thereftighty higher than 4000 MW.

This and all next schemes show a reactive impoxmort from Tunisia. As a matter of fact, when
Tunisian grid is interconnected with Algeria, a #inztive and reactive loop flow id present. The
reactive power, in particular, is linked to thewtw loading level the cross-border lines.

J_J.a-muuug'!':l_rr]_fHJ'_fi_f!'JLrL}dl'f]-J']:uJ-: m’

Temitorial subdivision selection

Exchange for TUNISIA

(O] Lverage Active [M4Ww] O Active losses Type: :r'l_a_z_i_o:q?_ {Z] Mw MVAR
Y Lverage Reactive [Miar] O Beactive lasses Subdivision: iI.UI\IISI."-"« LB Import TH 541
Export 0.0 0.0
Balance total -3.6 54.1

Generated power in TUNISIA
4005.8 MW 8065 MVAR

Load in TUNISIA

3961.5 MW 1981.0 MVAR
Losses

Mw MYAR

Exchange 1.3 -47.3

TUHNISIA 46.6 -B34.7

Total 47 9 -B82 0
Report

: Subdivizion
Exchange } File Resultz ARG

Fig. 3.1 - Peak condition, base case - Internatianechanges and power balances for the Tunisiadh. gri

In sound network condition, no voltage violationomerloads are present on the Tunisian network.
Constraints are also met in the N-1 condition.hiis situation, we recall that the voltages in Taijgne
and Kasserine Nord 150 kV are at the maximum aebéptimit in case of loss of the 150 kV line
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Kasserine Nord — Kasserine: in this case the abueationed substations are supplied by the
220/150kV transformer of Tajerouine. Also in Rades0 kV the voltage is slightly high at the
occurrence of the tripping of the 150 kV line Hanmed — Rades. Slight voltage limit violations and a
light overload has been detected at the 90 kV leveéhe area of Grombalia when applying a double
contingency consisting of the tripping of the tw® K/ circuits Grombalia-Korbla Anyway, this double
contingency exceeds the basic security criterioapteti by STEG and furthermore these limited

violations can be easily solved with local measures

3.1.2 Minimum load condition

The minimum load condition in the base case isadtarized by a total demand of 1400 MW supplied
by the Tunisian generation, as shown in Fig. 3@D€ link is present in this scenario so the power

exchange with Italy is null.

r

-

= X
Mostra Selezione suddivizione temitonale
® At i e, : ; i : Scambi per TUNISIA
Attiva redia [Mia] Perdite attive Tipo: Mazione [+~] Mw MVAR
O Reattiva media [Myviar] (O Perdite reattive Gatiisione TUNISIA B || impot 15 0.0
Wizualizza Bilanci Export 0.0 7.7
Totale bilancio -1.5 67.7
- Generazione in TUNISIA
14120 MW -392.9 WMVAR
Carico in TUNISIA
14024 MW 7014 WYAR
Perdite
Mw MVAR
Scambio 0.5 -h0.8
TUHNISIA 10.7 14341
Totale 11.2 -1484.9
Report
. - . Elementi di
l Scambi l File: Risuiltati R

Fig. 3.2 - Off peak condition, base case - Inteioral exchanges and power balances for the Tunigiah

In sound network condition, voltages are high bithiw the acceptable limit on all the voltage lesel
no overloads are present on lines or transfornidms.analysis in N-1 condition shows an overvoltige
Bouchemma 400 kV in case of out-of-service of t88/220 kV transformer of the station. However the
voltage in the node is quite high (424 kV) alsoNircondition. It is interesting to observe that tie t
220 kV level a 20 Mvar reactor is present: thus,ltss of the interconnecting transformer increéises

voltage level on 400 kV level.

! Like in previous studies on Tunisian network, vemsidered the double circuit lines as single elémeso this
represents a N-1 condition assuming the trippingra# circuit may cause the simultaneous trippirsg alf the

remaining circuit on the same electric tower.
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Tab. 3-1 - “N-1" security analysis results: voltag@lations
. Vn C Vn Y V- AV
Contingency (KV) Violation (KV) (k\?) (kQ‘/)l (%)
BOUCHEMMA| BOUCHEMMA | 400/220 | BOUCHEMMA| 400 | 423.8| 453.§ 13%

The first remark is on the voltage profile in Boaoima: it is quite high also in sound network cdndit
and it is possible therefore to tune the reactather220 kV level.
Then, when the 400/220kV transformer is lost, Bamina 400 kV is connected in radial configuration
on Oueslatia; if also the line is opened, no alticonditions are present on the network.
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4 IMPACT OF THE ELMED PRODUCTION CLUSTER ON THE TUNIS IAN
TRANSMISSION SYSTEM: SCREENING ANALYSIS

This chapter presents the results of the screeaivadysis applied to the four possible sites of the
ELMED power plants. Static analyses consist of e calculations to identify the minimum network
reinforcements as well as ESEEmputations in some network configurations, whiaight present a
too weak short circuit power at the El Hawaria aner station. This parameter is not bounded to
harmonic analysis but only to voltage control céyaand it is not directly used to the choice of
ELEMD power plant but it is influenced by this cbei higher is its value and stronger is the capadit
voltage control in the station.
For all the alternatives, the analyses are caoigdlistinguishing the two cases:
- 400 MW ELMED power plant production to satisfy tiernal Tunisian needs (only one
generating unit in service);
- 1200 MW ELMED power plant production, including tB80 MW power export through the
HVDC connection with Italy.
To comply with the N-1 security criterion, all tipeoposed solutions will be characterised by attleas
two connections between the ELMED power plant &edTtunisian transmission system. As mentioned
above, the same criterion is adopted for the cdioreof the AC/DC converter station in El Hawaria t
the rest of the Tunisian grid. Whenever possilble,rtew lines will be proposed at 400 kV level.

Note 1: in the peak load conditions, the fictiticdd€GT in Aousdja included in the input data base
provided by STEG through ELMED Etudes was elimohated replaced by the new units of the ELMED

2 The “strength” of the AC network in correspondemgth the converter station can be evaluated by wmedthe
ESCR parameter (Effective Short Circuit Ratio), evhis defined as:

Escr = >cc Qe
Pngc
where:
Sce short circuit power in MVA in the node of the camter station;
Qc the reactive power of the filters/capacitors;
Prbe  the rated power of the HVDC link.

This parameter, unlike SCR (Short Circuit Ratioc¥se/Proc, considers the filters connected to the AC nodihef
converter station, which cause a reduction of Hwetircuit level.

A low ESCR level indicates a stronger interacti@ivween the HVDC station and the AC network, andaligu
reveals the need for special control strategieb asahe Static Var Compensator (SVC), or a nondstial project
of the converter station, e.g. the need for aneiase of reactive power produced by filters/capeiemd their
division into small size banks. The availabilityahigh ESCR (“strong” network) limits voltage ditions due
to the AC network or the variations of DC power phaticular:

¢ ESCR > 3 means a “strong” system
e ESCR < 2 “weak” system means

ESCR values lower than 2 normally require specialans of reactive compensation (e.g. SVC), while for
intermediate ESCR values, between 2 and 3, the fwgeflexible compensation devices must be verifigith
dedicated studies.

ESCR evaluation is normally performed consideririgimum short circuit power situations. The maximahort
circuit level, on the contrary, considering the aeipy of the modern thyristor valves does not causgies.
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power plant. Hence, in peak conditions two operptituations have been examined:
a) the ELMED power plant generating 400 MW only fgp@ying the internal load in Tunisia;
b) the ELMED power plant generating 1200 MW, out &iiclk 800 MW are dedicated to the
export to Sicily.

Note 2: in the minimum load conditions, we assurfidldoad of the HVDC link (1000 MW) for power
export to Sicily, which allowed testing the systerhaviour in the weakest configuration of the Tianis
system. The corresponding generation is produceth®yELMED power plant. The unit commitment
inside Tunisia and related power dispatch has r@rbchanged.

4.1 ELMED power plant in Bizerte

In this alternative the ELMED power plant is siteghtin the area of Bizerte and it's composed of two
coal generating units, each of them with a ratedguaf 750 MVA.

Since different solutions to evacuate the powemftbis power plant are proposed, each of those is
tested distinguishing the two cases above mentiqgd€@ MW for internal needs in Tunisia and
1200 MW including also the power export).

With reference to the possible connection alteveatisee Tab. 2-2), the following three solutiore a
examined for the connection of the ELMED power plarBizerte.

To fulfil the N-1 security criterion, solutions “Aand “B” are characterised by two 400 kV lines
connecting El Hawaria to Mornaguia, while in sauti“C” one 400 kV line connects El Hawaria to
Mornaguia and the second one connects directlyrigize EI Hawaria.

In the analyses, when the power export is zerorglevant lines connecting El Hawaria to the Twamsi
system are kept out of service whenever possible.

Tab. 4-1 — ELMED power plant in Bizerte : connectéternatives

line from Bizerte to Mateur
SOLUTION “A” - - -

line from Bizerte to Mornaguia

line from Bizerte to Mateur
SOLUTION “B” - ) .

line from Bizerte to Mnihla

line from Bizerte to Mateur
SOLUTION “C” ) B .

line from Bizerte to El Hawaria

4.1.1 Bizerte: peak load conditions

4.1.1.1 Power generation to supply the internal load in iBia (400 MW)

SOLUTION “A”

In Fig.4.1 the international exchanges and the internal pobadances are represented. The total
exchange with Algeria is close to zero, and asHW®C connection is disconnected, there’s no power
export to Italy.

Fig.4.2 shows the active power flows on the new lines it average loadifigThe reactive power
flows are not reported because they are not thesfotthe analysis and they depend by many vasable

3 tis calculated as the ratio between the actndlthe maximum current of the line.
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such as the voltage set points of generators antktttive compensations that have not been optiiniz
The effect of current increase is obviously congden the calculation of average loading.

The power produced by ELMED power plant distributeslf pretty equally on those two connections,
causing about 20% loading. Even if this value appéa be too low, both the lines are necessary in
order to avoid the disconnection from the gridraf power plant, in case of fault on one of them.

A “N-1" security analysis has been carried out & vbut no violations or overloads have showed up.
Therefore, this solution is technically feasiblenfrthe static point of view.

E= Exchange among territorial subdivisions

View Termitorial subdivision selection
Exchange for TUMISIA

® Ayerage Sctive [Mw] O Active losses Type: |Na2i0ne w | MW MVAR

) pwerage Reactive [Myar] O Reactive losses Subdivision: |TUN|S|.-’-‘« v| Import 14 540
Export 0.0 0.0
Balance total -3.4 h4.0

Generated power in TUMISIA

4005.8 MW 6847 MVAR

Load in TUNISIA

3961.5 Mw 1981.0 MVAR
Lozzes
MW MYAR
Exchange 1.2 -47.9
TUHISIA 46.6 -949.5
Total 47.8 -997.4
Report
' Subdivizion
[ Ewchange l File Fiesults Elements

Fig.4.1 - 400MW case - International exchanges power balances for the Tunisian grid.

Yiew results in the bus Yiew results in the bus

() Active and Reactive ) Active and Reactive ) Active [Mw]

() Reactive [Myii] (O Average loading [%] O Reactive [Myai]

MATEUR MORNAGUIA MATEUR MORNAGUIA
] ] I ]
22019 1731 2.7 175
BIZERTE BIZERTE
#10KY é 400.0 410 KV 50.5
BIZERTE G1 BIZERTE G1

Fig.4.2 - 400MW case - Power flows and averagéilogion the two new 400kV connections.
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SOLUTION “B”

As already described in solution “A”, the balanetzeen import and export is close to zero and a@lmos
no additional loss of power in comparison to thstfsolution occursHig.4.3).

The power flows on the new linekig.4.4) are similar to those of solution “A”, and no rakeble
difference has been noticed.

Also with the “N-1" security analysis the same fleshave been obtained.

Therefore, this solution is technically feasiblenfrthe static point of view.

BS Exchange among territorial subdivisions

View Termtorial subdivision selection
Exchange for TUNISIA

® Average Active [Mw] O Active losses Type: |Na2i0ne “ | Mw MVAR

() #werage Reactive [Myar] O Reactive losses Subdivizion: |T MIS1A w | Import 21 541
Export oo 0.0
Balance total -31 h4.1

Generated power in TUNISIA

4005.8 MW 678.0 MVAR

Load in TUNISIA

39615 MWw 1981.0 MVAR
Logzzes
Mw MVYAR
Exchange 1.2 -47.8
TUHMISIA 46.1 -955.0
Total 47 4 -1002.8
Heport
. Subdivision
[ Exchange [ File Fesults [ Elements

Fig.4.3 - 400MW case - International exchanges poder balances for the Tunisian grid.
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Yiew resultz in the bus Yiew results in the bus

(®) Active and Reactive () Active [bdhad] () Active and Reactive () Active [rdrar]
() Reactive [Myi] () Average loading[%] O Reactive [Miar]

MATEUR MHNIHLA MATEUR MHIHLA I

- - - —_ |
2079 1921 21.3 17.9

BIZERTE BIZERTE

I

BIZERTE G1 BIZERTE G1
Fig.4.4 - 400MW case - Power flows and averageilugidn the two new 400kV connectibns

SOLUTION “C”

As this solution provides a direct connection frBimerte to EI Hawaria, only one 400kV connection
between El Hawaria and Mornaguia has been added.

Whilst the power balance§&i.4.5 remains quite similar to those already discugtieel active power
losses increase slightly), the power flows on tlegv rines is differently distributedr{g.4.6). The
Bizerte-Mateur connection is more loaded than lef®0%), while the one to El Hawaria has an
average loading lower than 15% due to its highgeidance.

The “N-1" security analysis hasn’t provided any egkable result.

This solution is also technically feasible, thowgth slightly higher losses and an uneven distrdgyubf
the power outgoing from the ELMED power plant irz&ite.

* Note: reactive power flows are implicitly considdrin the evaluation of the average loading of lihe,
displayed in the various schemes; they are clasddyed to the local conditions and are not optehig our study
targeting the transfer capacity of active power.
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E= Exchange among territorial subdivisions

View Temitorial subdivizion selection
Exchange for TUNISIA

® Average Active [Mw] O Active losses Type: |Na2i0ne v|

MW MVAR

(O Awerage Reactive [Mviar] ) Reactive losses Subdivision: |TUN|S|:‘-\ v| Import 4.1 495
E xport 0o 0o

Balance total -41 495

Generated power in TUNISIA
4005.8 MW 497 2 MVAR

Load in TUNISIA

J961.5 MW 1981.0 MVAR
Losses

MW MYAR

Exchange 1.2 -48.3

TUHISIA 472 -1154.8

Total 48 4 -12031
Report

. Subdivizion
Exchange File Results Elements

Fig.4.5 - 400MW case - International exchanges poder balances for the Tunisian grid.

View results in the bus View resultz in the bus
(*) Active and Reactive O Active [efnd] (O Active and Reactive O Active [hf]
() Reactive [befidar] i) Average loading [%] (O Reactive [hfitar] ® A
MATEUR EL HAWARIA MATEUR EL HAWARIA
I | | |
224 77k an.n 145
BIZERTE BIZERTE

415 KV é 400.0 415 KV B35

|

BIZERTE G1 BIZERTE G1
Fig.4.6 - 400 MW case - Power flows and averagéilogon the two new 400kV connections.

4.1.1.2 Power generation to supply the internal load in iBimand for power export (1200 MW)

SOLUTION “A”

The first effects of the export through the HVDGt&yn are showed in Fig.4.7: the export to Italy has
grown to 800 MW, all of them produced by ELMED powsant, and the active power losses have
increased.

The power flows and the average loadings (Fig.ha&8)e obviously increased too; however the power




CESI

Report Pag 19/133

distribution between the two lines has remainedegihie same of the previous case (Fig.4.2).

The “N-1" security analysis (Tab.4-2) has showma ligh voltage drop in El Hawaria node in case of
out-of-service of one of the two lines connectihgtthode to Mornaguia. That can be easily avoided
compensating the reactive power absorption of théD@& connection till 400 MVar (instead of
293 MVar). In this way the bus-voltage (V = 406 kV) in th¢” condition does not exceed the limits
previously described (par. 3.1) and in fault caoditsuch a voltage drop is avoided. Moreover, no
voltage control problem is expected as the ESCRuimsrgreater than “3".

This solution is technically feasible from the gaif view of performances in static conditions.

B Exchange among territorial subdivisions

Yiew Territorial subdivision selection
Exchange for TUNISIA

® Average Active [Mw] O Active lnsses Type: |Na2i0ne v| MW HVAR

1 Average Reactive [Myar] (O Reactive losses Subdivizion: |TUN|SI.& v| Import 25 59 4
Export 800.0 157.7
Balance total 7975 2171

Generated power in TUNISIA

48278 MW 1011.2 MVAR
2h
l Load in TUNISIA
3961.5 MW 1981.0 MVAR
Losses
l Mw MVAR
£00.0 Exchange 1.1 -48.2
TUHISIA 67.7 -748.8
Total 68.8 -797.0
Report
' Subdivigion
[ Exchange File Results Elements

Fig.4.7 - 1200 MW case - International exchanged power balances for the Tunisian grid.

® This value is obtained considering the followitgrsiard base hypothesis:

Qabs= 0.55 Rivpc
Qcap: 2/3 Qps
Where:
Qabs is the reactive power absorbed by converters;
Qcap is the size of compensator installed
Pavoc  is the power flowing on HYDC connection.

In this case Rpc = 800 MW and Q= 293 Mvar. This is a conservative hypothesis bsedt is possible also to
compensate all reactive power absorbed by congertert it is used to show the network responseandard
conditions.
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Yiew results in the bus Yiew results in the bus
() Active and R eactive ® : () Active and Reactive () Active [hdha]
() Reactive [kd*Aar] O Average loading [%] ) Reactive [kd*Aar] O]
MATEUR MORNAGUIA MATEUR MORNAGUIA
B33.3 BEE.Y a5 530
BIZERTE BIZERTE

16~ ;: ; E ;

I 1

BIZERTE G1 BIZERTE G2 BIZERTE G1 BIZERTE G2
Fig.4.8 - 1200 MW case - Power flows and averageling on the two new 400kV connections.

Tab.4-2 - “N-1" security analysis results withoutropensation in EI Hawaria

. Vn . . Vn Vi VN.]_ AV
Contingency (kV) Violation k) | kv) (kV) (%)
MORNAGUIA [HAWARIA 400 |[HAWARIA 400 | 392.6] 3377 -155

SOLUTION “B”

Solution “B” provides quite the same results ofusioh “A” in terms of power balances and power
flows (Fig.4.9 and Fig.4.10).

Even the same violation in ElI Hawaria bus-voltagdhe “N-1" security analysis (Tab.4-3) has been
reported and the same countermeasure could bginseeased compensation of HVDC reactive power
absorption).

This solution is technically feasible from the gawfi view of performances in static conditions.
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E= Exchange among territorial subdivisions

Yiew Territorial subdivision selection
Exchange for TUNISIA

® Awerage Active [Mw] O Active losses Type: |Na2i0ne v| MW HVAR

O #werage Reactive [Myiér] O Reactive losses Subdivizion: |TUN|SI.¢\ v| Import 22 595
Export 2800.0 157.0
Balance total 7978 2165

Generated power in TUNISIA

4827.8 Mw 1008.2 MVAR

Load in TUNISIA

3961.5 MW 1981.0 MVAR
Losses
Mw MVYAR
Exchange 1.1 -48.2
TUHISIA 67.4 -750.7
Total 685 -798.9
Report
' Subdivigion
[ Exchange File Fesults Elements

Fig.4.9 - 1200 MW case - International exchanged power balances for the Tunisian grid.

Yiew results in the bus Yiew results in the bus ‘
() Active and Reactive () Active and Reactive O Active [hAhas] |
() Reactive [bdiidar] @) Average loading [%] () Reactive [Pt ] ® !
MATEUR MNILHA MATEUR MNILHA !
] ] ] ]
BE1.8 5382 B2.3 50.2
BIZERTE BIFERTE

-
—
iy
1
—
—

203 KV é £00.0 é I 403 KV

I 1

BIZERTE G1  BIZERTE G2 - ve..... BUZERTE G1  BIZERTE G2 . . .
Fig.4.10 - 1200 MW case - Power flows and avetagding on the two new 400kV connections.

Tab.4-3 - “N-1" security analysis results

. Vn . . Vvn Vi VN-l AV
Contlngency (kV) Violation (kV) (kV) (kV) (%)
MORNAGUIA |HAWAR|A 400 | HAWARIA 400 392.6 337.7| -15.5

SOLUTION “C”

The power balances and the international exchasigewed in Fig.4.11 are still similar to those of th
previous solutions.

On the contrary, different power flows and averbggalings are shown in Fig.4.12. The whole power
needed to satisfy the internal Tunisian needs M@0 is injected in Bizerte-Mateur line, while the®
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(800 MW) headed to the HVDC connection flows inthdihes. Each generator of Bizerte in this
scenario absorbs 56,8 Mvar of reactive power.

B Exchange among territorial subdivisions

View Terntorial subdivision selection
Exchange for TUNISIA

® Average Active W] O Active losses Type: |Na2i0ne v| MW MVAR

(O Average Reactive [Mvar] ' Reactive losses Subdivision: |TUN|SIA v| Import 11 58.7
Export 800.0 163.6
Balance total 796.9 2223

Generated power in TUNISIA

4827.8 MW 1032.0 MYAR

Load in TUNISIA

3961.5 MW 1981.0 MVAR
Losses
MW MYAR
Exchange 1.0 -48. 4
TUHMISIA 8.4 -732.3
Total 9.4 -780.7
Report
. Subdivizsion
l Exchange File Results Elements

Fig.4.11 - 1200 MW case - International exchanged power balances for the Tunisian grid.

Yiew results in the bus Yiew reszultz in the bus
(O Active and Reactive (O active and Reactive O Active [Mw]
() Reactive [kvidur] Y Average loading [%] () Reactive [k ® .fh.
MATEUR EL HAWARIA MATEUR EL HAWARIA
] ] ] |
7246 4754 B85 450
BIZERTE BIFERTE

402 KV é I é E P ey 70.3

I 1

BIZERTE G1 BIZERTE G2 BIZERTE G1 BIZERTE G2
Fig.4.12 - 1200 MW case - Power flows and averageihg on the two new 400kV connections.

The “N-1" security analysis demonstrates how pnotalec this solution could be. In addition to bad

voltage violations (-30%) in El Hawaria node thatld be eventually prevented increasing the reactiv
power compensation in case of fault on Bizerte-Matene the whole power produced by ELMED

power plant (1200 MW) flows in the Bizerte-El Hawearconnection causing an overload higher than
130%.
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Hence, this solution shows a poor technical peréomce and voltage control problems in El Hawaria,
especially when tripping the Bizerte-Mateur line

Tab.4-4 - “N-1" security analysis results (violatie and overloads).

Contingency (}(/\r;) Violation (?(/\r/l) (?(/\7) ZI/(% (Ao/\:)
BIZERTE MATEUR 400 |HAWARIA 400 |388.5 | 303.1| -24.2
BIZERTE HAWARIA 400 |HAWARIA 400 [388.5 | 325.4 | -18.6
MORNAGUI [HAWARIA 400 [HAWARIA 400 [388.5 |269.7 | -32.6
. Vn Vn In- In-
Contingency (KV) Overload (KV) (kh:Al) (p’Y J.)
BIZERTE | MATEUR | 400 |BIZERTE |HAWAR|A 400 2.068 1.34

4.1.2 Bizerte: minimum load conditions

4.1.2.1 Power generation (1000 MW) to supply the intersald in Tunisia and for power expdrt
SOLUTION “A”

The power balance of Tunisian network and powehamges with Algeria and Italy of this scenario are
in Fig. 4.13, while the power flows outgoing frohet400 kV station of Bizerte are in Fig. 4.14

. |

F
= [X]
View Territorial subdivision selection
® : O : . Exchange for TUNISIA
Average Active [MWw] Active lozzes Type: Mazione ] MW LA
O Average Reactive [Myvar] O Reactive losses Subdivision: TUNISIA [+] Import 5.2 6.6
Export 1000.0 211.0
Balance total 994.8 247 6

Generated power in TUNISIA

2433.0 MW -111.4 MVAR

Load in TUNISIA

—A

1402 4 MW 701.4 WVYAR
Loszes
Mw MYAR

10000 Exchange 0.3 -50.8

TUHNISIA 3556 -1288.9

Total 358 -1339.7

Report

Exchanae File Fesults 2 E?edr:wvéﬂtosn

Fig. 4.13 - 1000MW case A - International excharged power balances for the Tunisian grid, off peakdition

® Note: in minimum loading conditions we simulate tnaximum power export to Sicily irrespective frone
units that are generating for power export.
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Yiew resultz in the bus Yiew rezultz in the bus

() Active and Feactive (&) Active [Mw] . O Active and Reactive O Active [Mw]
) Reactive [M¥ar O tverage loading[%] O Reactive [Myir] () Average loading [%]

MATEUR MORNAGUIA MATEUR MORNAGUIA

] ] —— ——
TT10100  JTT10101 TT10100  JTT10101
279 4921 495 461
BIZERTE BIZERTE
403 KV é 5100 é S E0.4 B0

BIZERTE G1 BIZERTE G2 BIZERTE G1 BIZERTE G2

Fig. 4.14 - 1000MW case A - Power flows and ager@ading on the two new 400kV connections, @ik pe

The analysis in sound network condition doesn’npout any critical situation, while in N-1 a stgpn
voltage violation is present in El Hawaria (291 kx)case of loss of one 400 kV line Mornaguia — El
Hawaria. The high level of reactive power flow afsuints out the overloading of the remaining line.
The voltage drop can be avoided with a carefulgiesi capacitor filter banks in El Hawaria: with an
overcompensation of about 650 Mvar (instead of Igv@r at \Vn) of reactive compensation in El
Hawaria, the voltage in the AC substation duringtcmency is 378 kV. This higher compensation in El
Hawaria increases the overvoltage in Bouchemma wherd00/220 kV transformer of the station is
lost, but the effect could be minimized by meansloint Var compensation or opening the line at the
occurrence of the 400/220 transformer disconneeidouchemma.

Tab.4-5 - “N-1" security analysis results

. Vn . . Vn Vi VN1 AV
Contingency k) Violation &) | &v) (V) (%)
MORNAGUIA | HAWARIA 400 HAWARIA 400 | 384.5 290.9 -27.7
BOUCHEMMA 400/220| BOUCHEMMA| 400 418.0 44117 +10M4
. Vn Vn In1 IN-1
Contingenc Overload
gency (KV) K) | (kA (p.u.)
MORNAGUIA | HAWARIA | 400 | MORNAGUIA | HAWARIA 400 1.93 1.25

In off peak condition, the ESCR parameter evaluatsoparticularly interesting and binding in the AC
substation where the converter station is pred#ith the high level of reactive power compensation,
the ESCR values are in the rarig89 + 3.55 p.u.; the particularly low value of 1.99pis reached in
case of the outage of one 400 kV line El Hawaracrnaguia.

The solution is technically feasible but it regsir@ tuning of the capacitor banks in El Hawaria and
specific measure for voltage control could be nddtigically flexible Var compensation).

" This value is obtained with the same considerati@ported in the comment number 5 withd2 = 1000 MW
instead 800 MW.
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SOLUTION “B”

The case considering the power plant of Bizerteneoted with Mateur and Mnihla is characterized by
the power balance of Fig. 4.15. The active powaw fhnd loading of the lines outgoing from the stati
are in Fig. 4.16.

=
View Termitorial subdivision selection
- : ey ; : Exchange for TUNISIA
(=) Awerage Active [bhw] \:, Active lozzes Type: Mazione Mw MVAR
O Average Reactive Myar] O Reactive losses Subdivision: TUMISIA Import 6.2 37.3
Export 1000.0 123
Balance total 993.8 249.6
ALGERIA
Generated power in TUNISIA
24330 MW -98.0 MVAR
62
l Load in TUNISIA
14024 MW 7014 WYAR
TUNISIA S
l Mw MVAR
10000 Exchange 0.3 -50.8
TUHNISIA 365 -1273.9
ITALIA
Total 6.8 13247
Report
Exchange File Results € E'ﬁedr:jvéﬂtosn

Fig. 4.15 - 1000MW case B - International exchareyes power balances for the Tunisian grid, off peakdition

Yiew rezultz in the bus View results in the bus
O ttveendoacive O fidieiii ] O bctveardRonstve O Actve
O Reactive [Mva] O Averageloading[%] O Reactive [Myar] & Average loading [%]
MATEUR MNIHLA MATEUE MNIHLA
] ] L) E="=-]
TT10000  T710102 TT10100  T710102
5769 4431 539 1.7
BIZERTE
403 KV 510.0 510.0 A0 KV B4 BI04
L i L4 Ea i
T T 1 G2
Gl G2

Fig. 4.16 - 1000MW case B - Power flows and ager@ading on the two new 400kV connections, @k pe

The load flow analysis in sound network conditiaesin’t provide any critical results; in N-1 conditj
the already pointed out undervoltage problem isgmein El Hawaria after the loss of one 400 k\é lin



CESI

Report Pag 26/133

Mornaguia — El Hawaria, as well as the overloadt@nremaining line. The problem could be solved
considering again about 650 Mvar (instead of 37@Mat Vn) of capacitive compensation in El
Hawaria.

Tab.4-6 - “N-1" security analysis results

. Vn . . vn VN VN1 AV
Contingency (k) Violation «v) | kv) (KV) (%)
MORNAGUIA | HAWARIA 400 HAWARIA 400 | 383.7 292.1 =27
BOUCHEMMA 400/220| BOUCHEMMA 400 418.0 4413 +10J3
. Vn Vvn I\ I'n-
Contingenc Overload N-1 N-1
gency (KV) k) | (kA) (p.u.)
MORNAGUIA | HAWARIA | 400 MORNAGUIA | HAWARIA 400 1.93 1.25

Taking into account the need of high reactive camspdon in the converter station, the ESCR
parameter is within the randge95 + 3.47 p.u.: the extreme values are reached régplycin case of
outage of one 400 kV line Mornaguia — El Hawarid ansound network condition.

The solution is technically feasible but it regsirg tuning of the capacitor banks in El Hawaria or
specific measures for voltage control.

SOLUTION “C”

The power flows for solution C of power plant coathen in Bizerte are displayed in Fig. 4.17. The
active flows and loading of the 400 kV lines Bizert Mateur and Bizerte — El Hawaria are shown in
Fig. 4.18.

j
View Termitorial subdivision selection
& A Active M/ @ el T e Exchange for TUNISIA
(2} Awerage Active [k ctive lozzes ype: aziane e i
O Average Reactive [Myar] O Reactive losses Subdivizion: TUMISIA Import 5.9 356
Export 1000.0 222 6
Balance total 9941 2582
ALGERIA

Generated power in TUNISIA

24330 MW -80.6 MVAR
it
l Load in TUNISIA
14024 MW 7014 WYAR
TUNISIA S
l Mw MVAR
10000 Exchange 0.3 -50.8
TUHNISIA 36.2 12717
ITALIA
Total 36.6 13225
Report
. Subdivizion
Exchange File Results T

Fig. 4.17 - 1000MW case C - International excharayed power balances for the Tunisian grid, off peakdition
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View results in the bus Yiew results in the bus
() Active and Reactive (2 Active [hedha] () Active and Reactive () fetive [Rdhaf]
() Reactive [hhiur] £ Awerage loading [%] () Reactive [bfuiiar] = Awverage loading [%]
MATEUR HAWARIA MATEUR HAWARIA
L= =] =] =] [-roeom)
TT10100 Q7710103 TT10100 7710103
5164 A3 495 430
BIZERTE
400 KV 5100 ] 400 KV 1 B
R 88"
L § G2 T =1 G2

Fig. 4.18 - 1000MW case C - Power flows and ager@ading on the two new 400kV connections, @k pe

In sound network condition, no critical conditioasse from the analysis but voltage in El Hawasia i
quite low, at 377.8 kV(-6.8%): this value is howewéthin the acceptable range (7% Vn).

Even neglecting the already well-known overvoltagdouchemma, present also in the case without
any DC connection or new PP, the N-1 condition dsarcritical in the case “C” than the previous case
Voltage in El Hawaria is lower than the acceptdbi@t (-10%) in case of loss of the 400 kV line
Mornaguia — El Hawaria or the 400 kV lines outgoiram Bizerte.

A shunt compensation in the converter station @ l@var (instead of 370 Mvar, at Vn) allows avoiding
the undervoltages in El Hawaria for the outage ia€Be — El Hawaria and Bizerte — Mateur but theslo
of El Hawaria — Mornaguia is critical and a stranggrcompensation is needed (up to 1000 Mvar at Vn).

Tab. 4-7 — “N-1" security analysis results

Contingency (\k/\r;) Violation (\k/\r/1) (L/\% (Y(Q’/)l (%/:)/)
BOUCHEMMA | BOUCHEMMA | 400/220| BOUCHEMMA 400 418.9 44311 11%
MORNAGUIA |HAWARIA 400 HAWARIA 400 | 377.8| 275.7 -319
HAWARIA BIZERTE 400 HAWARIA 400 | 377.8] 294.0 -27%
MATEUR BIZERTE 400 HAWARIA 400| 377.84 3235 -19%

The ESCR evaluation confirms the problems on veltagntrol in EI Hawaria since even in sound
network condition is lower than 3 p.u.; it is inethange 0.69+2.88 p.u. and the minimum value is
reached in case of loss of the 400 kV line El Hé&avarMornaguia.

The solution shows high voltage control problenspeegially in case of loss of the line EI Hawaria —
Mornaguia 400 kV.

4.1.3 Bizerte: solutions of network reinforcements andredusions
In Tab. 4-8 and Tab. 4-9 we shows the network oeag#fments obtained from static calculations to
connect both the ELMED power plant located in Bieeand the HVDC interconnection with Sicily.



CESI

Report Pag 28/133

Among the possible solutions we have disregarded dbnnection Bizerte - Jendouba which is
unfavourable both for its length and because theepagenerated in Bizerte flows prevailingly in
eastwards /south-eastwards direction, both to guppl internal load in Tunisia and to export power
Europe.

As for the three technically feasible retained sohs, we highlight that it turned out possibleatmid

the introduction of new 400/225 kV autotransformesisice the planning of STEG already complies
with the needs to supply the internal load in Tiai3hus, the additional power generated for export
will flow through the new 400 kV lines without cang significant additional loading on the underlyin
voltage levels.

Tab. 4-8 — ELMED power plant in Bizerte: networkifercements and other ranking elements

New lines Losses in peak
New ATR
Solution Reinforcements total length conditions Notes
400/225 kV
(km) (1) (MW)
Bizerte-Mateur | 170 ESCR within
A Bizerte-Mornaguia | zero 67.7 1.99 + 3.55 p.u.
2x El Hawaria-Mornaguia 300
Bizerte-Mateur 170
B |Bizerte-Mnila | 77T zero 67.4 ESCR within
. . 1.95+ 3.47 p.u.:
2x El Hawaria-Mornaguia 300
Bizerte-Mateur 310 ESCR within
I Bizerte-El Hawaria | zero 68.4 0.69+2.88 p.u.
El Hawaria-Mornaguia 150 (2)

(1) In the table we have split the km of new lines ssagy to connect the ELMED power plant to the Tianigrid
from those necessary to connect the AC/DC subatati&l Hawaria to the Tunisian grid. As for thelion
“C”, we have indicated the estimated length of gr@posed new lines. As a matter of fact, the BizEit
Hawaria 400 kV line will play a double role, sinités used both for the connection of the ELMED eoplant
and for the connection of the AC/DC substation.

(2) More difficult voltage control in El Hawaria; ESCR minimum loading conditions exceed the acceptable
limits for the solution “C”.
Long 400 kV line (Bizerte-El Hawaria: 250 km) thempensation and energisation procedures of whietl sh
be carefully studied.
Possible difficulty in finding a suitable right-ofay.

Tab. 4-9 — ELMED power plant in Bizerte: reactivengr compensation

Solution Reactive power compensation [Mvar]
Peak Load Minimum Load

A 400 650
B 400 650
C 400 650

Note: the shunt Var compensation shown in the alavie shall be intended only as indicative, since
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the study didn’t addressed the optimisation of dujgipment.

As for the ranking among the solutions, we notd fudutions “A” and “B” are practically equivalent
even considering all the ranking criteria. A poksithscriminating element to choose one solutioth wi
respect to the other may be related to the enviemtah impact: difficulty in selection the right-afays,
number of expropriations, presence of buildingsirdfabited areas, crossing of territories having
naturalistic values (woods, ponds, etc.).

Solution “C” shows a slightly lower overall new dinlength, but, on the other hand, its static
performances are less favourable than the preweasespecially for the voltage control in El Havaar
and, in general, at the end of the long 400 kV B&&l Hawaria line. Moreover, the selection ofhtig
of-way and the visual impact on the landscape €idimg this line may reveal to be challenging iBsu
causing probable delays and additional costs.

The ESCR evaluation in EI Hawaria confirms the abogmarks with very low values out of the
acceptable range for the solution “C”. Solutions“&'id “B” give comparable results pointing out the
need of a careful tuning of voltage control in Evria.
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| OUESLATIA N
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4.2 ELMED power plant in EI Hawaria

In this alternative the new power plant of El Hagicomposed of 3 x 400 MW combined cycle gas
turbine generators) and the HVDC link from Tunitaltaly are connected in the same station of El
Hawaria.

In the case of power export to Italy, this confegion permits to send the generation of ELMED power
plant directly to the HVDC link without involvingtber Tunisian network elements.

The particularity of this case is that the two 4@ transmission lines between El Hawaria and
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Mornaguia must be always in service because they ttaevacuate 400MW used in Tunisian system.

4.2.1 El Hawaria: peak load conditions

4.2.1.1 Power generation to supply the internal load in iBian (400 MW)

The key figures for this alternative are shown beldhe Tunisian electric system is connected oanly t
Algeria grid and the importation from it remainss# to zero (only 4.5 MW).

B Exchange among territorial subdivisions

View Territorial subdivizion selection
Exchange for TUMISIA

® Average Sctive [Miw] O Active losses Type: |Na2i0ne w | Mw MVAR

O Average Reactive [Myar] O Reactive losses S ubdivizion: |TUN|5|#'-‘« V| Import 45 0.0
Export 0.0 425
Balance total -4.5 425

Generated power in TUNISIA
4005.8 MW 6139 WMVAR

Load in TUNISIA

39615 MW 1981.0 MVAR
Losses
MW MVAR
Exchange 1.3 -47.6
TUMISIA 47 .4 -1053.5
Total 48.8 11011
Heport
: Subdivision
[ Exchange [ File Results [ Elements

Fig.4.19 - 400 MW case - International exchanged power balances for the Tunisian grid.

As shown in the figure below, in this case in Emtdaia station only one generating unit is in sevit
generates 400 MW that are sent to Tunisian systerugh the two 400kV lines El Hawaria —
Mornaguia. Even though the average loading of tihesdines is quite low (only 19.2%) they are both
necessary to fulfil the N-1 security criterion.
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View rezultz in the bus Yiew rezultz in the bus

........ ll"v’E[MW] ) Active and Freative O Active Mw]

() fctive and Reactive

() Reactive [Myai] (O Average loading [] O Reactive [Miia]
MORMAGLULA  MORMAGLIA, FMORMAGULA  RORMNAGLIA,
] I _— I
200.0 200.0 19.2 19.2
EL HAWARA, EL HAWMAARLA,

426 KV é 4-nn,n- 426 kY 80.2

EL HAMVARLA 51 EL HAWARLA 51

Fig.4.20 - 400 MW case - Power flows and averageling on the two new 400kV connections from EL ateav
to the Tunisian system

In this configuration and operating condition, aeN-1 security analysis, no constraint violatitase
been detected, either for bus voltages or for dind transformer overloads: this means that addition
network reinforcements to evacuate 400 MW to El Haavstation to the Tunisian electric system are
not requested; only two 400 kV transmission linekl&wvaria — Mornaguia are necessary.

4.2.1.2 Power generation to supply the internal load in iBimand for power export (1200 MW)
The key figures for this alternative are shown elélso in this case the Tunisian electric systam i
connected to Algeria grid with a power exchangeselto zero (only 4.4 MW) and to the Italian
transmission grid through the HVDC link: Italy imp® from Tunisia an amount of power equal to
800 MW.
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E= Exchange among territorial subdivisions FZI
View Territorial subdivision selection
® _ o _ : Exchange for TUNISIA
Average Active [Miw] Active lozzes Type: |Nazmne w | MW HVAR
) Average Reactive [Myar] O Reactive losses S ubdivizion: |TUN|SIA v| Import 44 -49.0
Export 800.0 114.2
Balance total 795.6 163.2
Generated power in TUNISIA
48068 MW 8227 MVAR
Load in TUNISIA
3961.5 MW 1981.0 MVAR
Losses
M MVYAR
Exchange 1.3 -47.5
TUHISIA 47 4 9527
Total 48,7 -1000,2
Report
Exchange File Results SEIﬁeerVéﬂgn

Fig.4.21 - 1200 MW case - International exchanged power balances for the Tunisian grid.

As shown in the figure below, in this scenario gdherating units of El Hawaria power plant are in
service. They generate 1200 MW: 400 MW of themsanet to the Tunisian power system through the
two lines ElI Hawaria — Mornaguia and the other BOQ are sent to Italy with HVYDC system.

The particularity of this scenario is that for fhenisian system there are no differences betwezihih
cases with or without export, because the new pgMamt is directly connected to HVDC link. A
confirmation of this is the same value of totaiaetosses in the two conditions.

Yiew results in the bus View resultz in the bus

) Active [Mw]

() Active and Reactive

) Active and Reactive (O]

O Reactive [Myir]

O Reactive [Myi] ) Average loading [%]

HWDC  MMORMAGULA MORMAGLUILA HYDC MORNAGUIA MORMNAGUIA
-

—_— —_— I L - ]
8000 200.0 2000 80,0 18.6 18.6
EL HAWYARIA EL HAWMYARLA,
422 KV 400.0 400,0 400.0 429 KV a1.0 81.0 810

|

EL HAWARIA EL HAWARLA EL HAMYARLA
5 2 =3

Fig.4.22 - 1200 MW case - Power flows and avetagding on the two new 400kV connections from EL
Hawaria to the Tunisian system

EL HAWARLA EL HAMYARLA EL HAMYARLA,

Similarly to the previous situation, after a N-Ilcgety analysis, no constraint violations have been
detected, either for bus voltages or for line amshgformer overloads: this means that no additional
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network reinforcements to evacuate 800 MW from Bludria station to the Italian power system are
requested.

Moreover, due to the presence of the new powett,pla@ ESCR ratio in this scenario is very high and
equal to about 7.7: this means that special deviresntrol the voltage in El Hawaria station act n
necessary.

4.2.2 El Hawaria: minimum load conditions

4.2.2.1 Power generation to supply the internal load in iBiamand for power export (1000 MW)

The power generation of the ELMED plant in El Haiaas directly exported towards ltaly, as shown in
Fig.4.23 and Fig.4.24 and the increase of lossesrislow if compared with the previous case.

M= = |
B
View Temitorial subdivizion selection
® . O : Exchange for TUNISIA
Average Active [MW] Achive losses Type: Mazione ; MW MVAR
O Average Reactive [Myér] O Reactive losses Subdivizion: dl Import 0.6 0.0
Export 1000.0 2286
Balance total 999 4 228 6

Generated power in TUNISIA

2413.0 MW -343.2 MVAR

Load in TUNISIA

1402 4 MW 701.4 WVYAR
Loszes

Mw MYAR

Exchange 0.5 -50.8

TUHNISIA 10.8 -1549.1

Total 11.3 -1600.0
Report

Exchanae File Fesults 2 E'ljedr::;ﬂtosn

Fig.4.23 - 1000 MW case - International exchangred power balances for the Tunisian grid, off peak
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Yiew results in the bus Yiew reszults in the bus
() Active and Reactive & iAchive [Miw] () Active and Reactive (0 Active [Mw]
0 Reactive [MYA i Average loading [%] () Reactive [MYA @ itwerage loading [
HVDC MOENAGUIA HVDC MORENAGUIA
I L] R = =) = =
TI10100 TT1M76  TT10F7F TI10100 TTI017E  |TTI0077
1000.0 0.0 0o a0.7 44 49
EL HAWARTA
420 KY ann.ao a00.0 400.0 420 K¥ BB (iR ane
4.4° 44"
Gl T 2 | e | Gl G2 @3

Fig.4.24 - 1000 MW case - Power flows and aveilagding on the two new 400kV connections from Eléiga
to the Tunisian system, off peak

No particular remarks rise from the load flow as&yboth in N and N-1 condition. Voltage control is
supplied by the power plant located just closétodonverter station and this is confirmed by tB€R
evaluation, since the parameter is within the retg8é + 7.50 p.u., respectively in case of outagene
400 kV line ElI Hawaria — Mornaguia and in N cormliti Even considering a N-2 condition, however,
with one line towards Mornaguia and one unit ouservice, the parameter is higher than 4 p.u.

The solution is technically feasible.

4.2.3 El Hawaria: solutions of network reinforcements antbnclusions

For the ELMED power plant alternative in El Hawargamly one connection solution to the Tunisian
system can be retained consisting of the two 408ikgle circuit El Hawaria-Mornaguia lines.

It is worth mentioning that this line is exploiteslclusively to feed the internal load in Tunisianfr the
ELMED power plant and, in case of emergency, favgroimport from ltaly.

This alternative reveals also to be the most faafoler from the point of view of the network
reinforcements with respect to the other ones.

The connection solution considering the new linél&varia-Oueslatia has been disregarded, being very
evidently much more unfavourable.
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Tab. 4-10 — ELMED power plant in El Hawaria : netkaoeinforcements and other ranking elements

Solution Reinforcements New lines New ATR | Losses in peak Notes

total length | 400/225 kV conditions

(km) (MW)

High ESCR values
(within 7.48 + 7.74
p.u.) related to the
number of units in

A 2x El Hawaria-Mornaguia 300 zero 47.4 (1) ,
operation at E
Hawaria
Only one right-of-way
necessary

(1) The losses are independent from the power expdialipand related only to the power supply for thiernal
needs in Tunisia.

MATEUR EL HAWARIA
O

MORNAGUIA

JENDOUBA

_ Line 400kV
-——- New Line 400kV

OUESLATIA

“)BOUCHEMMA
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4.3 ELMED power plant in Enfidha

In this alternative the ELMED power plant is sittn the area of Enfidha and it's composed of two
coal generating units, each of them with a ratedgo@f 750 MVA.
Since different solutions to evacuate the powemfthis node are proposed in peak load conditions,
each of them is tested distinguishing two cases:
- 400 MW ELMED power plant production to satisfy tiernal Tunisian needs (only one
generating unit in service);
- 1200 MW ELMED power plant production, including tB60 MW for power export to Italy
through the HVDC link.
As usual, in minimum loading conditions, the couofition with the ELMED power plant generating
1000 MW is considered.
Each solution entails the addition of new 400 k\thbfior the connection of the new ELMED power
plant and for the connection of the AC/DC substatioEl Hawaria. Similarly to the previous cases, t
comply with the N-1 security criterion at least td@0 kV lines outcoming for the ELMED power plant
and linking the AC/DC converter station are conside
In particular, both 400 kV lines connected to th&/BC substation shall always be in operation when
exporting/importing power to Italy.

Tab. 4-11 — ELMED power plant in Enfidha: connextaiternatives

SOLUTION “A” two lines from Enfidha to Mornaguia

line from Enfidha to Mornaguia
SOLUTION “B” ) _ .

line from Enfidha to Oueslatia

line from Enfidha to Mornaguia
SOLUTION “C” ) . .

line from Enfidha to El Hawaria
SOLUTION “D” two lines from Enfidha to Hawaria

4.3.1 Enfidha: peak load conditions

4.3.1.1 Power generation to supply the internal load in iBia (400 MW)

SOLUTION “A”

In Fig.4.25the international exchanges and the internal pdatmces are represented. The total power
exchange with Algeria is close to zero, and asHW®C connection is disconnected, there’s no power
export to Italy.

Fig.4.26shows the active power flows on the new linestaed average loading.

The power produced by the ELMED power plant is obgly shared equally on these two connections,
showing about a 20% loading. Even if this valueespp to be too low, both lines are necessary iarord
to avoid the disconnection from the grid of the lehmower plant, in case of fault on one of those.

The “N-1" security analysis has been carried outvali, but no voltage violations or overloads have
showed up beside those presented in the base mdgbus not depending from the installation of the
new power plant.
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E= Exchange among territorial subdivisions

View Territonial subdivision selection
Exchange for TUNISIA

(&) Average Active [Miw] O Active loszes Type: |Nazinne v| W MVAR

) Average Reactive Myar] O Reactive lasses Subdivision: [TUNISIA v| Import 40 5279
Export 0.0 0.0
Balance total -4.0 539

Generated power in TUNISIA
4005.8 MW 671.5 MVAR

Load in TUNISIA

39615 MW 1981.0 MVAR
Losses
MW MVAR
Exchange 1.3 -47 4
TUHNISIA 47.0 -969.1
Total 48.3 10165
Report
) Subdivizion
[ Exchange File Results Elements

Fig.4.25 - 400 MW case - International exchanged power balances for the Tunisian grid.

Yiew rezults in the bus Yiew rezults in the bus

() Active and Reactive () Active and Reactive O Active [befnd']

() Reactive [befidar] 7 Average loading [%] () Reactive [befiar]

MORNAGUIA MORNAGUIA MORNAGUIA MORNAGUIA
I | | |
200.0 200.0 196 196
ENFIDHA ENFIDHA

410 KY é S 410 KV 5.4

I

ENFIDHA G1 ENFIDHA G1
Fig.4.26 - 400 MW case - Power flows and averagelilog on the two new 400 kV connections.

SOLUTION “B”

This solution provides quite the same results é&@rbeThe losses increase slightly (about 1.5 MWhw
respect to the previous solutidrig.4.27); that depends on the fact that one of the twaeotions from
Enfidha to Mornaguia has been replaced by one atiomeof the same length to Oueslatia, which is
connected to Mornaguia through another 400kV I|i@0(km). Thus, the impedance between Enfidha
and Mornaguia has grown, and the average loadinghenwo lines is differentHig.4.28: nearly
300 MW (75% of ELMED power plant production) flomn ahe connection Enfidha-Mornaguia whilst
the other line Enfidha-Oueslatia is lightly loaded.
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Moreover, the Oueslatia-Mornaguia line connecti@s &lready transmitting some power from south to
north beforehand and the connection of the newinritinfidha creates a further power flow overlapped
to the previous one contributing to increase tresds. On the contrary, only the ELMED generation
power flows in Enfidha-Mornaguia line.

The “N-1" security analysis hasn’t showed any vgp#taiolation or overload.

E= Exchange among territorial subdivisions

Yiew Temitorial subdivizion selection
Exchange for TUNISIA

® Average Sctive [Mw] O Active losses Type: |Nazi0ne w | MW MVAR

O Average Reactive [Myar] O Reactive losses & ubdivizion: |TUN|S|.~‘-\ v| Import 55 BR 4
Export 0.0 0.0
Balance total -hh 559

Generated power in TUMISIA
40058 MW 676.9 MVAR

Load in TUNISIA

3961.5 MW 1981.0 MVAR
Loszes

MW MVYAR

Exchange 1.4 -47 .0

TUHISIA 48.5 -961.3

Total 49.8 -1008.3
Report

. Subdivizion
Exchange File Results Elements

Fig.4.27 - 400 MW case - International exchanged power balances for the Tunisian grid.

Yiew rezults in the bus Yiew rezults in the bus

() Active and Reactive ; () Active and Reactive O Active [bded]
() Reactive [befidar] 7 Average loading [%] () Reactive [bdiidar]

MORNAGUIA OUESLATIA MOBRNAGUIA OUESLATIA

I | | I
2954 104.5 2.3 146

ENFIDHA ENFIDHA

412 K¥ 400.0 412 KV 515

ENFIDHA G1 ENFIDHA G1

Fig.4.28 - 400 MW case - Power flows and averagelilog on the two new 400kV connections.
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SOLUTION “C”

As this solution entails a direct connection betwélee ELMED power plant in Enfidha and the
converter station in El Hawaria, only one 400 k¥elifrom Mornaguia to El Hawaria has been
considered.

In Fig.4.29the power balances and the international exchaagepresented. The power losses remain
similar to those of solution “A”, even if the cogfiration is comparable to solution “B”.

The direct connection to Mornaguia is obviously entwaded (30%) than the line between Enfidha and
El Hawaria (14%)Kig.4.30.

E= Exchange among territorial subdivisions

View Termtorial subdivizion selection
Exchange for TUNISIA

® Average Active [Mw] O Active lasses Type: |Nazione v | Mw MVAR

@) Average Reactive [bbAr] O Reactive losses Subdivision: |T UMIS1A “ | Import 46 512
Export oo 0.0
Balance total -4.6 51.2

Generated power in TUNISIA

4005.8 MW 545.1 MYAR

Load in TUNISIA

39615 MWW 1981.0 MVAR
Losses
M MYAR
Exchange 1.3 -475
TUHNIS1A 47 6 -1106.9
Total 49.0 -1154. 4
Heport
l Exchange File Fesults Sgllaed%v;ﬂtosn

Fig.4.29 - 400 MW case - International exchanged power balances for the Tunisian grid.

Yiew rezults in the bus Yiew results in the bus
() Active and Reactive () Active and Reactive O Active [t
) Reactive [MAtar] 7 Average loading [%] () Reactive [MAtisr] @ -"-\
MORHAGUIA EL HAWARIA MORNAGUIA EL HAWARIA
] ] ] I
2989 1011 28.1 138
ENFIDHA ENFIDHA
413 kY é 400.0 413KV 52.4
EHNFIDHA G1 ENFIDHA G1

Fig.4.30 - 400 MW case - Power flows and averagelileg on the two new 400 kV connections.
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SOLUTION “D”

This solution entails two direct connections betweke ELMED power plant in Enfidha and the
converter station in El Hawaria, and only one 490ike from Mornaguia to El Hawaria.

In Fig.4.31 the power balances and the international exchamgespresented. The power losses
increases slightly in comparison to the other smhst presented above.

The “N-1" security analysisT@ab.4-13 shows an overvoltage on the Enfidha and El Hawrisses in
case of fault of the 400/20 kV ATR of the ELMED pemwplant, because the loading of the connections
Mornaguia-El Hawaria and El Hawaria-Enfidha fatiszero.

A similar situation could be caused by a fault ba 400 kV connection between Mornaguia and El
Hawaria which implies a disconnection of the ELMB®wer plant from the rest of the grid.

Bl Exchange among territorial subdivisions

View Teritorial subdivizion selection
_ . : Exchange for TUMISIA
® Average Active [Mw] O Active losses Type: |Nazmne v | MW MVAR
i Average Reactive [MWar] ) Reactive losses S ubdivizion: |TUNISI.¢\ v| Import a5 51.4
Exzport 0o 0o
Balance total 8.5 51.4

Generated power in TUMISIA
40058 Ww h57.5 MVAR

Load in TUNISIA

39615 Mw 1981.0 MVAR
Losses
W MWVAR
Exchange 1.3 -47 4
TUHNISIA 51.6 -1092.2
Total 5219 -1139.6
Report
. Subdivision
[ Exchange [ File Results [ ——

Fig.4.31 - 400 MW case - International exchanged power balances for the Tunisian grid.
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Wiew results in the bus Yiew rezultz in the bus
() Active and Reactive () Active and Reactive O Active [Mdha]
() Reactive [MvAr] O Average loading [2] O Reactive My
EL HAWARIA EL HAWARIA EL HAWARIA EL HAWARIA
] ] e e
200.0 200.0 203 203
ENFIDHA ENFIDHA

414 KY é 400.0 414 K¥ 528

I

ENFIDHA G1 ENFIDHA G1
Fig.4.32 - 400 MW case - Power flows and averagelilog on the two new 400kV connections.

Tab.4-12 - “N-1” security analysis results (violatis and overloads).

. Vn . . Vn Vi VN1 AV

Contingency (kV) Violation &) | &) | &v) (%)
ENFIDHA ENFIDHA 400/20 | ENFIDHA 400 413.9 4625 1566
ENFIDHA ENFIDHA 400/20 | HAWARIA 400| 418.9 4559 13®

4.3.1.2 Power generation to supply the internal load in iBimand for power export (1200 MW)
SOLUTION “A”

Fig.4.33shows increased power losses (circa 20 MW grélater before) due to the grown production
of the ELMED power plant (1200 MW), which now pragds also the 800 MW sent to the HVDC
converter station in El Hawaria. Obviously the stguof the power on the two lines from Enfidha to
Mornaguia is the samé&ig.4.39.

In Tab.4-13the voltage violations obtained from the “N-1" saty analysis are listed. The voltage
drops can be easily avoided increasing the shumpeansation (till 400 MVar) of the reactive power
absorbed by the HVDC connection. The ESCR at thE&Z:onverter station remains around 4.
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EE Exchange among territorial subdivisions

View Territorial subdivizion selection
Exchange for TUNISIA

® Average Active [MW] O active lsses Type: |Na2i0ne v| MW MVAR

O #werage Reactive [Myiar] O Reactive losses Subdivizion: |TUN|SIA v| Import 52 604
Export 800.0 156.6
Balance total 7948 217.0

Generated power in TUNISIA
48258 MW 997.8 MVAR

Load in TUNISIA

3961.5 MW 1981.0 MVAR
Losses
MW MYAR
Exchange 1.3 -46.9
TUHNISIA 8.3 -7
Total 9.6 -818.7
Report
. Subdivigion
l Exchange File Results Elements

Fig.4.33 - 1200 MW case - International exchanged power balances for the Tunisian grid.

Yiew rezults in the bus Yiew rezultz in the bus
(O Active and Reactive (O Active and Reactive O Active M
O Reactive [Myi] O twerage loading [%] (O Reactive [Myard] @
MORNAGUIA MORNAGUIA MOBRHAGUIA MORNAGUIA
- - — -
EIEI.EI EIEI.EI 5.2 BE.2
ENFIDHA ENFIDHA

o1

ENFIDHA G1 ENFIDHA G2 ENFIDHA G1 ENFIDHA G2
Fig.4.34 - 1200 MW case - Power flows and averageihg on the two new 400kV connections.

Tab.4-13 - “N-1” security analysis results (violatis and overloads).

. Vn . . Vn V VN.]_ AV
Contlngency (kV) Violation (kV) (k\’}l) (kV) (%)
MORNAGUIA |HAWAR|A 400 |HAWARIA 400 393.4 340.2 -14.9

SOLUTION “B”

The solution “B” shows poorer performances compai@dA” and “C” in terms of power losses
(Fig.4.35), which are about 10 MW greater (neanky 15% more). That implies higher operating costs
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that a priori should be avoided. Beside that, ttheeoresults obtained through the analysis (Fi§.4.3
Tab.4-14) are quite similar to those of the presisalution.

EE Exchange among territorial subdivisions

View Territonial subdivizion zelection
Exchange for TUMISIA

® Average Active [MWw] O Active losses Type: |Nazi0ne B | Mw MVAR

(] Average Reactive [Myiar] O Reactive losses Subdivizion: |TUNISIA v| Import 26 EE.3
Export 800.0 159.3
Balance total F96.4 2256

Generated power in TUNISIA

48358 MW 1069.1 MVAR

Load in TUNISIA

39615 MWw 1981.0 MVAR
Loszes
Mw MVYAR
Exchange 1.5 -45. 4
TUHMISIA 764 -696.6
Total ¥7Aa -F41.9
Report
) Subdivizion
l Exchange File Results Elements

Fig.4.35 - 1200 MW case - International exchanged power balances for the Tunisian grid.

View resultz in the bus VYiew resultz in the bus
O Active and Reactive (O Active and Reactive O Active [k ]
O Reactive [hfvitur] (@) Average loading [%] () Reactive [befiar] ®
MORNAGUIA OUESLATIA MORNAGUIA QOUESLATIA
| | | |
2261 ara.4 VB.7 6.8
ENFIDHA ENFIDHA

404 KV é B00.0 é BO0.0 404 KV 71.3 71.3

1

ENFIDHA G1 ENFIDHA G2 ENFIDHA G1 ENFIDHA G2
Fig.4.36 - 1200 MW case - Power flows and averageihg on the two new 400kV connections.

. Vvn . . Vvn VN VN.1 AV
Contingency (kV) Violation «v) | V) (kV) (%)
MORNAGUIA |HAWARIA 400 |[HAWARIA 400 391.5 334.6) -16.3

Tab.4-14 - “N-1” security analysis results (violatis and overloads).
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SOLUTION “C”

Power balances and losses (Fig.4.37) are simildrage of solution “A”. Both lines are loaded witte
same share of power (Fig.4.38): the 400 MW genératesupply the internal load contribute to equally
share the power on the two lines outcoming fromidEra.

What makes this solution as a problematic onehé “N-1" security (Tab.4-15). Beside voltage
violations in El Hawaria due to a contingency or arfi the lines connecting it to the rest of thelga
fault on the Enfidha-Mornaguia causes a slight loael on Enfidha-El Hawaria connection. However,
as already shown in other solutions, simply indrepshe reactive power compensation with a shunt
capacity (in the order of 400 MVar), not only thatage level grows in both conditions (N, N-1), latit
the same time the overload disappears. ESCR masraai acceptable value of 4,2.

B Exchange among territorial subdivisions

View Territorial zubdivizion zelection
) . . Exchange for TUNISIA
® Aoverage Active [hiw] O Active losses Type: |Nazmne v | MW MVAR
() Mverage Reactive My O Reactive losses Subdivision: [TUMISIA | Import 1.3 595
Export 800.0 160.7
Balance total 7987 220.2

Generated power in TUNISIA

48268 MW 1020.8 MVAR

Load in TUNISIA

39615 MWW 1981.0 MVYAR
Logzzes
Mw MVYAR
Exchange 1.3 -47.1
TUHMISIA 64.3 -757.8
Total 65.6 -804.8
Report
) Subdivigion
[ Exchange [ File Results [ Elements

Fig.4.37 - 1200 MW case - International exchanged power balances for the Tunisian grid.
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View results in the bus Yiew reszultz in the bus
() Active and Reactive ® .ﬁ () Active and Reactive O Active [Mw]
() Reactive [befidar] I Average loading [%] () Reactive [kt ]
MORNAGUIA EL HAWARIA MORNAGUIA EL HAWARIA
I | ] I
BO3.0 597.0 575 56.3
ENFIDHA ENFIDHA

401 KV é E00.0 é E00.0 401 KV 70,8 70.8

I 1

ENFIDHA G1  ENFIDHA G2 ENFIDHA G1  ENFIDHA G2
Fig.4.38 - 1200 MW case - Power flows and averageihg on the two new 400kV connections.

Tab.4-15 - “N-1” security analysis results (violatis and overloads).

. Vn . . Vn Vi VN—l AV
Contingency (kV) Violation V) | &v) (kV) (%)
ENFIDHA HAWARIA 400 [HAWARIA 400 390.5 328.7| -17.9
MORNAGUIA |[HAWARIA 400 [HAWARIA 400 390.5 325.6) -18.7
. Vn Vn In-1 IN-1
Contingenc Overload
gency (KV) (KV) (KA) (p.u.)
MORNAGUIA |ENFIDHA 400 ENFIDHA |HAWARIA 400 1.86 1.208

SOLUTION “D”

Power balanced~{g.4.39 are similar to those of solution “A”, even if a& power losses are slightly
higher. Both lines are loaded with the same shapower Fig.4.40: the 400 MW generated to supply
the internal load contribute to equally share tbegr on the two lines outcoming from Enfidha.

What makes this solution as a problematic onehds'N-1" security (Tab.4-15). Beside that, a fauit
one of the Enfidha-El Hawaria causes a slight @astlon the other similar connection, the case uf fa
of the line Mournaguia-El Hawaria has not to bearsdtimated, as it causes a splitting into twaonidsa
one of these consisting of the HVYDC connection taedELMED power plant.
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E= Exchange among territorial subdivisions

View Temitorial subdivizion selection
Exchange for TUNISIA

® Average Active [Mw] O Active lozsses Type: |Nazione w | MW MVAR

@ Average Reactive [MWar] O PReactive losses Subdivision: |TUNISI!—\ v| Import 7.8 573
E xport 800.0 160.8
Balance total 7922 2181

Generated power in TUNISIA
43258 MW 1071.1 MVAR

Load in TUNISIA

J961.5 MW 1981.0 MVAR
Losses

MW MYAR

Exchange 13 -47 1

TUHISIA 70.8 -¥15.0

Total 722 -¥62.1
Report

. Subdivision
Exchange File Results Elements

Fig.4.39 - 1200 MW case - International exchanged power balances for the Tunisian grid.

Yiew results in the bus Yiew rezults in the bus
() Active and Reactive () Active and Reactive O Active [hAha]
O Reactive [hdvir] (@) Average loading [%] O Reactive [hefuidur]
EL HAWARIA EL HAWARIA EL HAWARIA EL HAWARIA
| | ] ]
G000 BO0.0 567 567
ENFIDHA ENFIDHA

[

EHFIDHA G1 ENFIDHA G2 ENFIDHA G1 EHFIDHA G2
Fig.4.40 - 1200 MW case - Power flows and averagelihg on the two new 400kV connections.

Tab.4-16 - “N-1" security analysis results (violatis and overloads).

Vn Vn In- In-
(kv) Overload &) | A | pu

MORNAGUIA |ENFIDHA 400 |ENFIDHA |HAWARIA 400 1.86 1.208

Contingency
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4.3.2 Enfidha: minimum load conditions

4.3.2.1 Power generation to supply the internal load in iBimand for power export (1000 MW)
SOLUTION “A”

The power balance of Tunisian grid in this scen&ishown in Fig.4.41, while Fig. 4.49 shows the
active power flow and the loading on the 400 k\é#irEnfidha — Mornaguia.

View Temitorial subdivision selection
@ ) P = Exchange for TUNISIA
(2} Awerage Active [Mw] () Active lozzes Type: Mazione MW VAR
Y Lverage Reactive [Miar] O Beactive lasses Subdivision: TUMISIA Import 54 394
T Export 1000.0 2123
= ? Balance total 994.6 2517
ALGERIA

Generated power in TUNISIA

2433.0 MW -104.3 MVAR
54
l Load in TUNISIA
1402.4 MW 7014 MYAR
_ TUNISlA Losses
l Mw MYAR
50 2
10000 Exchange 0.4 50.2
ITALL TUHNISIA ELR | 1292 4
i Total 355 13426
Report
: Subdivizion
Exchange File Resultz ARG

Fig.4.41 - 1000 MW case A - International exchargyes power balances for the Tunisian grid, off peak

Yiew reszultz in the bus Yiew resultz in the bus
() Active and Reactive () Active and Reactive () Active [Mw]
() Reactive [Mya] (O Average loading [2] O Reactive [hWar] (&) average loading [%]
MORNAGUIA MORNAGUIA
e [ =] [~ R
TT10105 JTT10106 TT10106 [TT1M0E
510.0 5100 47 8 478
ENFIDHA
402 K 510.0 5100 102 KV R4 B4
105 * 105 °
-1 T G2 T Gl 2

Fig.4.42 - 1000 MW case A - Power flows and avetagding on the two new 400kV connections, off peak

The load flow analysis doesn’t point out overloadsoltage violations in sound network conditiont b
the contingency on one 400 kV line El Hawaria — Miguia gives rise to an undervoltage in El Hawaria
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and to an overload on the remaining line due tohibl reactive power flow. The critical state can b
avoided hypothesising a higher level of reactivergrocompensation (about 650 Mvar at Vn, instead of
370 Mvar) in the converter station.

Tab.4-17 - “N-1" security analysis results (violatis and overloads)

Contingency (I\(/\r;) Violation (I\(/\r;) (\k/\';) X(% (AOZ)
BOUCHEMMA |BOUCHEMMA | 400/220] BOUCHEMMA | 400| 418.0 44| 10%
MORNAGUIA HAWARIA 400 HAWARIA 400 | 383.8| 291.00 -27%
MORNAGUIA |HAWARIA 400 HAWARIA 400 | 383.8( 291.0 -27%

With this high level of capacitor banks in El Hawarthe ESCR parameter is in the range 1.98 —
3.53 p.u., that is a result quite similar to theesa“A” and “B” of power plant in Bizerte, but slye
lower than the scenario with power plant in El HaeaTherefore, the same remark can be applied: the
solution is technically feasible but it requiretuaing of the capacitor banks in El Hawaria andcjue
measures for voltage control could be needed.

SOLUTION “B”

Fig.4.43 shows the power balance on Tunisian n&hiorthis scenario with generation in Enfidha,
while Fig.4.44 represents the active power and equmsnt loading on the 400 kV lines outgoing from
the new station of Enfidha 400 kV towards Oueslatid Mornaguia.

r —_y
= ]
- &

View Temitorial subdivision selection

Exchange for TUNISIA
= Lverage Active [M4Ww] O Active losses Type: ;r'l_a__z_i_o'q?_

: & MW MVAR
) Average Reactive [Myar] O Reactive losses Subdivision: (TUNISIA m Import 59 b
Balance total 9941 261.2

Generated power in TUNISIA
2437.0 MW -66.0 MVAR

Load in TUNISIA

1402.4 MW 701:4- MVAR
Losses

Mw MYAR

Exchange 0.5 -49.3

TUHNISIA 40.0 12351

Total 405 -1284 4
Report

: Subdivizion
Exchange } File Resultz ARG

Fig.4.43 - 1000 MW case B - International excharayes power balances for the Tunisian grid, off peak
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¥iew resultz in the bus Yiew resultz in the bus
() Active and Reactive %) Active [hda] () Active and Reactive O Active [Mw)
() Reactive [PAtidar] £ &verage loading [%] () Reactive [hditar] ® Average loading [%]
OUESLATIA MOBRNAGUIA OUESLATIA MOBRNAGUIA
-] | =roid |
TT10M03  |TT10105 TT10103  fTT10105
3347 BER.3 326 G3.8
ENFIDHA
403 K¥ 5100 510.0 403 KY B4 B4
11.8° 11.8°
¢t | e ] Gl G2

Fig.4.44 - 1000 MW case B - Power flows and avetagding on the two new 400 kV connections, ofkpea

Also in this scenario the network in sound condititnesn’t point out any critical state, but theaget of
one 400 kV line El Hawaria — Mornaguia gives agae to a low voltage level in El Hawaria. With a
higher compensation in the converter station, atutl®50 Mvar (instead of 370 Mvar, at Vn) the
voltage is kept within the acceptable range.

Tab.4-18 - “N-1" security analysis results (violatis and overloads)

. Vn . . Vn VN VN.]_ AV
Contingency (kV) Violation &) | (V) | kv) (%)
MORNAGUIA | HAWARIA 400 HAWARIA 400 | 381.4| 292.3 -27%

ESCR parameter evaluation gives results similghéoprevious scenario with values within the range
1.93 + 3.41 p.u., so the same remark can be apghedsolution is technically feasible even if the
careful tuning of the capacitor banks in El Hawanigpecific measures for voltage control is needed

SOLUTION “C”

As presented in Fig.4.45, the active power losgesedse in comparison to the two solutions destribe
above. The average loading of the two lines oug@iom Enfidha is showed in Fig.4.46.

During the “N-1" security analysis two main overizshave been noticed (Tab.4-19), both concerning a
critical low voltage in El Hawaria due to a tripgiof the 400 kV connections to Mornaguia or Enfidha

In order to prevent these effects, the reactive ggogompensation in the converter station could be
increased to 650 MVar, caausing a ESCR value’s tirgpvalue within the range 1.93 + 3.41.

Therefore, the same conclusion as Solution “A” &0t has been reached: the solution is technically
feasible even if the careful tuning of the capaditanks in EI Hawaria or specific measures foragpgt
control is needed.
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-5 Exchange among territorial subdivisions

Yiew Ternitonal subdivizion zelection
Exchange for TUNISIA

® Average Active [Mw] O Active losses Type: |Nazi0ne £ | MW MVAR

O Average Reactive [MYAr] ' Reactive losses Subdivizion: |TUN|SI.~‘-\ v| Import 11 am5
Export 1000.0 292.0
Balance total 938 9 3305

Generated power in TUNISIA

2433.0 MW -3.2 MVAR

Load in TUNISIA

1402 4 MWW 701.4 WVAR
Loszes

W MVAR

Exchange 0.4 -50.3

TUHNISIA 3.3 1267 6

Total n.r7 1N7s
Report

Exchange File Fesultz SE'IJedA-T;ﬂtDsn

Fig.4.45 - 1000 MW case C - International exchargas power balances for the Tunisian grid, off peak

View results in the bus Yiew results in the bus
(%) Active and Reactive O Active [hdhad] (O Active and Reactive () Active [hArAF]
O Reactive [Mviar] O Average loading[%] O Reactive My
EL HAWARIA MORNAGUIA EL HAWARIA MORNAGUIA
BIE.B 31?.2 53.0 28.0
ENFIDHA ENFIDHA

[=p]
=i
o0

61.9

408 K¥ é o100 é S0 408 KV

[ 1

ENFIDHA G1 ENFIDHA G2 ENFIDHA G1 ENFIDHA G2
Fig.4.46 - 1000 MW case C - Power flows and avetagding on the two new 400kV connections, off peak

Tab.4-19 - “N-1" security analysis results (violatis and overloads)

Contingency (I\(/\r/]) Violation (I\(/\r/]) (\k/\'>) ZI/(% (AOZ)
BOUCHEMMA |BOUCHEMMA | 400/220| BOUCHEMMA | 400| 418.0 44| 10%
ENFIDHA HAWARIA 400 HAWARIA 400 375 283 -29%
MORNAGUIA |HAWARIA 400 HAWARIA 400 375 | 278.3] -30%
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SOLUTION “D”

As presented in Fig.4.47, the active power lossesedise considerably in comparison to the solutions
described above. The average loading of the tvesloutgoing from Enfidha is showed in Fig.4.48.
During the “N-1" security analysis no problematieedoad has been noticed (Tab.4-20), except that on
in Bouchemma already described.

However, the grid splitting in case of fault of tivee El Hawaria — Mornaguia remains a problematic
issue to be carefully investigated.

ES Exchange among territorial subdivisions

Yiew Territorial subdivision selection
Exchange for TUHISIA

® Luerage Sctive [Mw] O Active loszes Type: ILFi@_z_io_ﬂe _v_tJ MW HVAR

(0 Awerage Reactive [Mvar] O Fieactive losses Subdivision: EQELSL-&_ —VJ Import 0.0 310
Export 1004 4 191.6
Balance total 1004.4 2226

Generated power in TUNISIA

2433.0 MW 188.7 MVAR

Load in TUNISIA

1402.3 MWW 7014 MVAR
Losses
M MYAHR
Exchange 0.4 BT
TUHISIA 25.8 -1394.8
Total 26.2 -1445.5
Report
. Subdivigion
[ Exchange ] File Fresults STRRATE

Fig.4.47 - 1000 MW case D - International exchanged power balances for the Tunisian grid, off peak

WYiew rezultz in the bus Yiew rezults in the bus

() Active and Reactive ® () Active and Reactive O Active [Pded]
) Reactive [Pt O Average loading [%] () Reactive [ ® ."3.
EL HAWARIA EL HAWARIA EL HAWARIA EL HAWARIA
| | - -
510.0 5100 483 483
ENFIDHA ENFIDHA

I o1

ENFIDHA G1 ENFIDHA G? ENFIDHA G1 ENFIDHA G2
Fig.4.48 - 1000 MW case D - Power flows and avetragéding on the two new 400kV connections, off peak
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Tab.4-20 - “N-1" security analysis results (violatis and overloads)

Vn . . Vn Vv V. AV
) | Violation i | ww) | kv | o)

BOUCHEMMA |BOUCHEMMA 400/220| BOUCHEMMA | 400 418.0 44| 10%

Contingency

4.3.3 Enfidha: solutions of network reinforcements and nolusions

Tab. 4-21 shows the network reinforcements obtaifnech static calculations to connect both the
ELMED power plant located in Enfidha and the HVD@®erconnection with Sicily. The four solutions
are all technically possible, but the performanaksolution “A” are more favourable either from the
technical (no critical problems detected in N-1 ditons) and environmental point of view (only two
right-of-ways for the new lines).

As for the power losses, solution “C” is the mastdurable one when considering the power export to
Italy, even if power losses difference with solatid\” is not remarkable.

Since solution “D” does not guarantee the satigiaabf internal needs (400 MW in peak conditions) i
case of loss of El Hawaria - Mornaguia connectitl” security analysis), a solution “D1” has been
analysed, adding a new grid reinforcement (Enfidh®lornaguia). The situation avoids the loss of
Tunisian supply in case of El Hawaria — Mornaguiee Itrip, improves evidently the static system
performance as the losses decrease and the ESfefasas, however the new lines total length becomes
too high (550 km) hence this solution is less taable in comparison to solution “C”.

Tab. 4-21 — ELMED power plant in Enfidha : netwoegknforcements and other ranking elements

Solution Reinforcements New lines New ATR | Losses in peak
total length | 400/225 kV conditions
(km) (1) (MW)
2x Enfidha-Mornaguia 200 Only two right-of-way
"""""""" necessary
A 2x El Hawaria-Mornaguia zero 68.3 O
300 ESCR within
3.53 +3.99 p.u.
Enfidha-Mornaguia 210
g | Enfidha-Oueslatia | 260 76.4 ESCR within
2x El Hawaria-Mornaguia 300 3.41+3.88p.u

Enfidha-Mornaguia 250
c |EnfidhaElHawaria | 7T ser0 a3 | ESCRwithin

El Hawaria-Mornaguia (2) 150 3.74+415pu
2x Enfidha-El Hawaria 300 -
ESCR within

D T S I zero 70.8
El Hawaria-Mornaguia 150 4.83 +5.05 p.u
2x Enfidha-El Hawaria 400

p1 | Enfidna-Momaguia | T ser0 574 | ESCRwhitin
El Hawaria-Mornaguia 150 5.09 +5.25 p.u.

(1) In the table we have split the km of new lines s&mg to connect the ELMED power plant to the Tianis
grid from those necessary to connect the AC/DCtatiba in El Hawaria to the Tunisian grid. As fdnet
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solution “C”, we have attributed half of the linergth Enfidha-El Hawaria (150 km) to the connectidnhe
ELMED power plant and half to the connection of &k@/DC substation, since this line will play a deub
role.

(2) This new line is necessary not only for Tunisiamded, but also to assure the N-1 security criteivicase
of exportation to Italy.

Tab. 4-22 — ELMED power plant in Enfidha : reactp@ver compensation

Solution Reactive power compensation [Mvar]
Peak Load Minimum Load

A 400 650
B 400 650
C 400 650
D 293 370

Note: the shunt Var compensation shown in the abavie shall be intended only as indicative, since
the study didn’t addressed the optimisation of dujgipment.
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4.4 ELMED power plant in Skhira

In this scenario the ELMED power plant is situaitedhe area of Skhira and it's composed of two coal
units, each of them with a rated power of 750 MVA.

As usual, in our analysis we distinguish the calspawver production to supply the internal load to
Tunisia (400 MW) from the case where the ELMED poplant supplies both power to Tunisia and for
export to Sicily (1200 MW). This enables us to diminate between the reinforcements needed for the
security of supply of the Tunisian system and ttiditeonal reinforcements required for power export.
As highlighted in some other alternatives, it magwr that some reinforcements play a double raole: f
the internal power supply and for export.
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We anticipate that for this alternative the conimectscheme are generally different in the two
mentioned cases (400 MW and 1200 MW).

Each solution includes a turn-in/turn-out substa{ig/S) on the Bouchemma — Sidi Mansour 225 kV
double circuit line. This new in/out substationIvaié located nearby the Skhira power plant (conoect
length about 20 km) and will be equipped with tvé® MVA transformers

Tab. 4-23 — ELMED power plant in Skhira : connegtaternatives

ELMED power | Preliminary network reinforcements in addition to the E/S

Solution ) . . -
plant production | substation on the 225 kV line Bouchemma-Sidi Mansaou*
No new lines; only 2x400 MVA ATR on the BouchemmidiS
SOLUTION “A0” 400 MW .
Mansour line
400 MW line from Skhira to Maknassy
SOLUTION “A1” : :
1200 MW two lines from Skhira to Maknassy
400 MW* line from Skhira to Maknassy
SOLUTION “A2” . . .
1200 MW line from Skhira to El Hawaria
400 MW line from Skhira to Mornaguia
SOLUTION “B” line from Skhira to Maknassy
1200 MW ) , .
line from Skhira to Mornaguia
400 MW line from Skhira to Bouchemma
SOLUTION “C” : :
1200 MW two lines from Skhira to Bouchemma
400 MW line from Skhira to E/S line Bouchemma — €laga
SOLUTION “D” line from Skhira to E/S line Bouchemma — Oueslatia
1200 MW ) . .
line Skhira — Oueslatia

* Same solution as in “Al”

** All the new lines are at 400 kV. All the solutfrom “A1” to “D” include the 2X400 MVA transforers
on the Bouchemma-Sidi Mansour line, in order toehavbetter flexibility in the operation of the ELME
power plant, especially for the supply of the inroad in Tunisia through the 225 kV voltage leve

4.4.1 Skhira: peak load conditions

4.4.1.1 Power generation to supply the internal load in iBia (400 MW)

SOLUTION “A0”

In this configuration the ELMED power plant is ceated only to the 225 kV line Bouchemma — Sidi
Mansour in turn-in/turn-out configuration with twi@®@0 MVA transformers.

The N and N-1 security analysis showed that thiistiem is acceptablé

On the other end, the total active losses attai@ ®BN. Obviously the absence of any new 400 kV
transmission line increases significantly the tctative power losses (75.2 MW with respect to
64.1 MW in solutions “A1” and “A2"), but no majorgblems were found.

Thus, strictly referring to the internal needstfee supplying of the internal load in Tunisia, thidution

8 E/S: entrée-sortie

° This solution fulfils the N-1 security criteriom icase of outage of one transformer, shows symniettie
connection scheme with the double circuit 225 k¥ land helps to increase the stability of the Skhiits facing
a fault on the grid. As a matter of fact, when d¢desng also the 400 kV line(s), one could consities
introduction of one 400/225 kV interconnection sfmmmer only (solution to be checked to assesgdhability

level and the performance in dynamic conditions).

10 A slight overload of Rades — P2-TSC 225 kV linelétected after the trip of the double line Rad&oulette
equal to 127%, but this situation goes beyond #oarsty standards presently applied by STEG.
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is acceptable. However, for the selection of thst lmennection alternative for the internal needs of
Tunisia only, one shall take also into accountdb& of the losses.

SOLUTIONS “Al” and “A2”

In Fig. 4.49 the international exchanges and therial power balances are presented. The total
exchange with Algeria is close to zero, and asHW®C connection is disconnected, there’s no power
export to Italy.

Fig.4.50 shows the active power flows on the new lnd on the new 400/225 kV transformers and
their average loading.

It is worth noting that the power produced by theVlED power plant is distributed mainly on the new
Skhira — Maknassy 400 kV line, causing about a 3i0%loading while the 400/225 kV transformers
are about 14% loaded. Even if this value appeabe teery low, both the interconnections are necgssa
in order to avoid the disconnection from the gridh@ power plant, in case of fault on one 400 ki |

The N-1 security conditions are fulfilled. Only @ase we apply the tripping of double circuit lingss
scenario highlights an overload on Rades — P2-TZCk¥ line after the trip of the 225 kV double line
Rades — Goulette (Tab.4-24). In this situation lihe loading is equal to about 124%; a possible
reinforcement of Rades — P2-TSC 225 kV line or otbeal measures to alleviate this slight overload
shall be ascribed to the internal needs of the Siamisystem.

E5 Exchange among territorial subdivisions

Yiew Territorial subdivizion selection
: : i Exchange for TUNISIA
(&) twerage Active [Mw] O active losses Type: |Na2|0ne w | MW MVAR
() Average Reactive [MyAr] O Reactive losses Subdivizion: [TUNIS1A v Import 3.8 -63.0
Export 0.0 0.0
Balance total -3.8 63.0

Generated power in TUNISIA

4021.8 MW 8644 MVAR

Load in TUNISIA

39615 Mw 1981.0 MVAR
Loszes
M MVYAR
Exchange 1.6 -45.0
TUNISIA 62.5 -762.4
Total 64,1 -807.4
Report
' Subdivizion
[ Exchange l File Results Elements

Fig. 4.49: 400 MW case - International exchanges power balances for the Tunisian grid.
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Yiew results in the bus Yiew results in the bus

() Active and Reactive ON (O Active and Reactive (O Active [Mw]

() Reactive [hdiar] ) Average loading [*%] ) Reactive [hd"r]

MAKNASSY MAKNASSY
L L
4.2 300
SKHIRA SKHIRA

411 KV 42,3 429 400.0 411 KV é 13,7 é 13.7 é 50,8

A

SKHIRA SKHIRA SKHIRA SKHIRA SKHIRA SKHIRA
220 kv 22C kW a1 220 kv 220 kv a1

Fig.4.50 - 400 MW case - Power flows and averagelileg on the two new 400kV connections.

Tab.4-24 - “N-1" security analysis results (violatis and overloads).

[ vn Vn In1 In-1
Contingenc Overload
adhid (kv) Kv) | (kA) (p.u.)
RADES GOULETTE | 220
RADES GOULETTE | 220 | RAPES P2-TSC 220 1.2 1.24

SOLUTION “B”

In Fig.4.51 the international exchanges and thermal power balances are represented. The total
exchange with Algeria is close to zero, and asHW®C connection is disconnected, there’s no power
export to ltaly.

Fig.4.52 shows the active power flows on the newe ind on the new 400/225 kV transformers and
their average loading.

The power produced by the ELMED power plant isriisted mainly on new Skhira — Mornaguia
400 kV line, causing about a 26% line loading abhdua 20% transformer loading. Even if this value
appears to be very low, both the interconnectisasacessary in order to avoid the disconnectiom fr
the grid of the power plant, in case of fault or @fhthose.

A “N-1" security analysis has been carried out &l vibut no voltage violation or overload have skdw
up beside those presented in the base case andahdspending from the installation of the new pow
plant.
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E Exchange among territorial subdivisions

Yiew Terntonial subdivizion selection
Exchange for TUMNISIA

® Average Active [Miw] () Active losses Type: |Na2i0ne v| MW MVAR

) tverage Reactive [Myar] O Reactive losses S ubdivision: [TUNISIA ~| Import 3.4 546
Export 0.0 0.0
Balance total -3.4 b4.6

Generated power in TUNISIA

40158 Mw 644.0 MVAR
34
Load in TUNISIA
39615 Mw 1981.0 MVAR
Loszes
M MVYAR
Exchange 1.4 -46.7
TUNIS1A 5hE.3 -1004.2
Total 7.8 -1050.8
Report
. Subdivizion
[ Exchange File Results Elements

Fig.4.51 - 400 MW case - International exchanged power balances for the Tunisian grid.

¥iew resultz in the bus Yiew results in the bus

() Active and Reactive

() Active and Reactive () Active [hd]

() Reactive [yt (O Average lnading [2] O Reactive [MAr] ® -"-\
MORNAGUIA MORNAGULA
] I
261.2 26,1
SKHIRA SKHIRA
413KV B34 B9.4 400,0 113KV 19,7 19,7 52,2

SKHIRA SKHIRA SKHIRA SKHIRA SKHIRA SKHIRA
220 kW 220 kv a1 220 kW 220 kW G

Fig.4.52 - 400 MW case - Power flows and averagelilog on the two new 400kV connections.

SOLUTION “C”

In Fig.4.53 the international exchanges and thermal power balances are represented. The total
exchange with Algeria is close to zero, and asHW®C connection is disconnected, there’s no power
export to Italy.

Fig.4.54 shows the active power flows on the newe ind on the new 400/225 kV transformers and
their average loading.

The power produced by ELMED power plant is disttéaimainly on new Skhira — Bouchemma 400 kV
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line, causing about a 24% line loading and abo@t &#hnsformer loading. In this case the percentdge
total power flowing on 400 kV line is lower than tine previous cases because the total impedance of
the 400 kV corridor Skhira-Bouchemma-Oueslatia-M@uia is higher: we remind that most of the
internal load in Tunisia is concentrated in thetNh@nd supply from the Mornaguia s/s.

The “extended” N-1 security analySiperformed in this scenario highlights an overloadRades — P2-
TSC 225 kV line after the trip of the double linades — Goulette (Tab.4-25): the line loading isuabo
equal to 125%. A possible reinforcement of Radd®2-TSC 225 kV line or other local measures to
alleviate this slight overload shall be ascribeth®internal needs of the Tunisian system.

Bl Exchange among territorial subdivisions

View Termitonial subdivision selection
Exzchange for TUMISIA

® Ayerage Active [Miw] O Active losses Type: |Na2i0ne v| MW MVAR

O Average Reactive [MyAr] () Reactive losses Subdivision: |TUN|S|.& v| Import 4.9 632
Exzport 0.0 0o
Balance total -4.9 63.2

Generated power in TUNISIA

4025.8 MW 891.1 MVYAR

Load in TUNISIA

39615 MWW 1981.0 MVAR
Losses
MW HVAR
Exchange 1.7 -44.9
TUHNISIA 67.6 -736.8
Total 69.2 PR
Report
) Subdivizion
[ Exchange [ File Results [ Elements

Fig.4.53 - 400 MW case - International exchanged power balances for the Tunisian grid.

™ Including the tripping of double circuit lines
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Yiew rezults in the bus Yiew results in the bus
(O Active and Reactive (®) Active [befind'] () Active and Reactive () Active [hede]

(O Reactive [hHa () Reactive [Miar]

BOUCHEMMA BOUCHEMMA
L L
2526 24.2
SKIHRA SKIHRA
0KV oy 137 73.7 400.0 0KV o 207 20,7 50.3
SHIHRAl SHIHRAl SHIHRAT SKIHRA  SKIHRA
220k6V 220KV G N

220k 220KV G1
Fig.4.54 - 400 MW case - Power flows and averagelileg on the two new 400kV connections.

Tab.4-25 - “N-1” security analysis results (violatis and overloads).

i vn vn In. In.
Contingenc Overload N-1 N-1
Jeney (kv) (kV) (kA) (p.u.)
RADES GOULETTE | 220
RADES GOULETTE | 220 RADES P2-TSC 220 1.2 1.25
SOLUTION “D”

In Fig.4.55 the international exchanges and theriral power balances are represented. The total
exchange with Algeria is close to zero, and asHW®C connection is disconnected, there’s no power
export to Italy. Fig.4.56 shows the active powew® on the new line and on the new 400/225 kV
transformers and their average loading.

The power produced by ELMED power plant is distiital mainly on the new Skhira — Oueslatia
400 kV line, causing about a 30% line loading abhduh 12% transformer loading; the percentage of
power flowing to Bouchemma station is very low.

The N-1 security analysis performed in this scenaighlights the usual overload on Rades — P2-TSC
225 kV line after the trip of the double line RadeGoulette (Tab.4-26).
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E= Exchange among territorial subdivisions
Yiew Temitorial subdivision selection
® . O Act ) : Exchange for TUNISIA
Average ductive [k Active lozzes Type: |Na2|nne W | MW MVAR
O Average Reactive [Myiar] O Reactive losses Subdivision: [TUNISIA v| Import 21 641
Export 0.0 0.0
Balance total -2 64,1
Generated power in TUMISIA
4025 8 MW 889.1 MVAR
Load in TUNISIA
3961.5 Mw 1981.0 MVAR
Loszes
M MVYAR
Exchange 1.6 -45.0
TUHNISIA 64.7 -736.6
Total 66,4 -781.6
Report
' Subdivizion
[ Enchange File Resultz Elements

Fig.4.55 - 400 MW case - International exchanged power balances for the Tunisian grid.

Yiew rezultz in the bus Yiew rezultz in the bus

(O Active and Reactive ® iActive [Mw] () Active and Reactive () Aotive [Mia]
() Reactive [MyAr] () Average loading [%] () Reactive (MY ®
BOUCHEMMA OQUESLATIA BOUCHEMMA QOUESLATIA
| | I ]
wr E0 4.7 303
SKHIRA SKHIRA
411 KV 381 38.1 400.0 411 KV 120 12.0 50,9

I 11

SKHIRA SKHIRA SKHIRA
220 kv 220 kW a1

Fig.4.56 - 400 MW case - Power flows and averagelileg on the two new 400kV connections.

SKHIRA SKHIRA SKHIRA
220 kW 220 kW a1

Tab.4-26 - “N-1” security analysis results (violatis and overloads).

i vn vn | |
Contingenc Overload N-1 N-1
i (V) k) | k&) | (pu)
RADES GOULETTE | 220
RADES GOULETTE | 220 RADES P2-TSC 220 1.20 1.24
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4.4.1.2 Power generation to supply the internal load in iBimand for power export (1200 MW)
The 1200 MW generation at the ELMED power plarBkhira needs additional network reinforcements
respect to those described in the case of 400 MWHyation only. The additional network
reinforcements indicated in this paragraph arectlireonnected to the power exported to Sicily.

SOLUTION “A1”

This solution needs to double the 400 kV corridetween Skhira and Mornaguia: this implies to erect
two 400 kV lines from Skhira to Maknassy and onditahal circuitl2 Maknassy — Oueslatia and

Oueslatia — Mornaguia. Moreover, two 400 kV linesni Mornaguia to El Hawaria are necessary for
the exportation to Italy.

Fig.4.57 shows increased power losses (about 51 dvidter than before in spite of the double of all
400 kV connections from Skhira to Mornaguia) du¢hi larger production of the ELMED power plant
(1200 MW), which now produces also the 800 MW gerthe HVDC converter station in El Hawaria.
Also in this case the greatest part of generatédeapower flows to 400 kV lines without creatirpt
high loading on the 400/225 kV transformers (Fisg4.and the underlying 225 kV network. This issue
is a positive outcome of the proposed reinforcenseheme, since the power produced by the ELMED
power plant and conveyed abroad shall preferalohy thn the new 400 kV corridor without creating
much interference with the local power flows.

In Tab.4-27 the voltage violation obtained from tihe1” security analysis is presented. The limited
voltage drops can be easily avoided increasingsthumt compensation (till 400 MVar) of the reactive
power absorbed by the HVDC connection. The ESCH iHawaria remains around 3.7.

E Exchange among territorial subdivisions

Yiew Termitonial subdivizion zelection
® & P O Activel T T Exchange for TUNISIA
verage Active [Mia] clive losses ype: | azione v| MW MVAR
() Average Reactive [Mvar] O Reactive loszes Subdivision: [TUNIS1A v| Import 3.0 71.8
Export 8000 301
Balance total 7970 10139
- Generated power in TUNISIA
48740 MW 1062.8 MVAR
Load in TUMNISIA
3961.5 MW 1981.0 MVAR
Loszes
M MYAR
2000 Exchange 2.0 -42 6
TUNISIA 1136 -581.8
Total 1155 -624 .4
Report
[ Exchange File Results SE?Edr:Eﬂgn

Fig.4.57 - 1200 MW case - International exchanged power balances for the Tunisian grid.

12«one additional circuit” means one circuit morethwiespect to what already planned by STEG at ¢ze 016.

We recall that all our analyses start from theesystonfiguration planned by STEG for the selectilzbn year.
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Yiew rezults in the bus Yiew results in the bus
(O Active [Miw]
© &

MAKNASSY MAKNASSY

(O Active and Reactive O Active and Reactive

O Reactive [Myar]

i Average loading [%]

(O Reactive [MVAI

MAKNASSY MAKNASSY

SKHIRA

I |1

500,7 5007

46,7

SKHIRA

46,7

407 KV §9&3§993§5m0§5m0 407 KV é 272 é 272 é 72 é 720

SKHIRA SKHIRA SKHIRA  SKHIRA

SKHIRA SKHIRA SKHIRA SKHIRA

220 kV

220 kv

51

G2

220 kV

220 kv

G1

Fig.4.58 - 1200 MW case - Power flows and averageihg on the two new 400kV connections.

Tab.4-27 - “N-1" security analysis results (violatis and overloads).

. Vn . . Vn Vi VN1 AV
Contingency (kV) Violation &) | V) (V) (%)
MORNAGUIA |HAWARIA 400 |HAWARIA 400 3914 329.3 -17.7
MNIHLA MENZEL J. 220 |MENZEL J. 220 | 222.8 197.7] -10.1
KORBA A. KMICHA 90 |A. KMICHA 90 89.5 80.6| -10.4
. Vvn vn In-1 In-1
Contingenc Overload
gency (KV) KY) | (k&) (p.u.)
RADES GOULETTE | 220
RADES GOULETTE | 220 RADES P2-TSC 220 0.62 1.36
SOLUTION “A2”

This solution differs from the one just presentasl,it doesn't need any doubling of the corridomnfro

Maknassy to Mornaguia. That depends on the direehection between Skihra and El Hawaria, that
represents an alternative way to the HVDC systesnwall as when connecting directly Skhira to
Mornaguia) in case of tripping of one of the 400 &dhnection among Skihra-Maknassy, Maknassy-
Oueslatia, Oueslatia-Mornaguia.
In Fig.4.11 and Fig.4.12 the key figures are presgbin terms of international exchange, active powe

losses, and power flows’ distribution.

We underline that the “N-1" security analysis (Tdk28) shows that the voltage drop in El Hawaria,
due to a fault on the connection Skihra-El Hawasauite remarkable and a Var compensation scheme
shall be investigated. Moreover, the ESCR is apyriog the limit value (as it reaches about 3.1)eve
in peak conditions.
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E= Exchange among territorial subdivisions

View Termtorial subdivizion selection
Exchange for TUNISIA

® Average Active [Mw] O Active losses Type: |Nazione w | Mw MVAR

@) Average Reactive [bbAr] O Reactive losses Subdivision: |T UMIS1A “ | Import 16 76.3
Export 800.0 171.3
Balance total Fag.4 2476

Generated power in TUNISIA

4874.0 MW 1294.4 MVAR

Load in TUNISIA

39615 MWW 1981.0 MVAR
Losses
M MYAR
Exchange 1.9 -42 4
TUHNIS1A 1121 -471.6
Total 1141 5139
Heport
l Exchange File Fesults Sgllaed%v;ﬂtosn

Fig.4.59 - 1200 MW case - International exchanged power balances for the Tunisian grid.

Yiew results in the bus Yiew results in the bus

() Active and Reactive () Active and Reactive () Active [hede]
() Reactive [hdisr] @] Average loading [%] () Reactive [hdisr] ®

EL HAWARIA MAKNASSY EL HAWARIA MAKNASSY

| I | |
R07.0 4991 A7 T 46 3

SKIHRA SKIHRA

404 KV é 97.0 é 970 é BO0LO éEDD.D 404 KV 272 272 1.3 713

SKIHRA l SHIHRﬂl SHIHRAT SHIHRAT SKIHRA SKIHRA SKIHRA SKIHRA
220KV 220k G1 G2 220KV 220KV G1 G2

Fig.4.60 - 1200 MW case - Power flows and averageéihg on the two new 400kV connections.

Tab. 4-28 Voltage violations and overloads in mmsitingency situations
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. Vn . . Vn VN VN1 AV
Contingency (k) Violation ®v) | kv) (V) (%)
SKIHRA | HAWARIA 400 |HAWARIA 400 | 383.4| 294.6f -26.3
. Vn . . Vn Vi VN1 AV
Contingency (kV) Violation ®Y) | k) (V) (%)
SKIHRA HAWARIA 400 |HAWARIA 400 (401.14 | 341.5| -14.6
MNIHLA MENZEL J. 220 |MENZEL J. 220 | 2225 197.2 | -103
KORBA A. KMICHA 90 |A. KMICHA 90 89.5 80.6 |-10.4
. Vn vn IN-1 Ina
Contingenc Overload
gency (V) &) | (kA (p.u.)
RADES GOULETTE | 220
RADES P2-TSC 220 1.34 1.29
RADES GOULETTE | 220
SHUNT =400 MVar ESCR =3.13
SOLUTION “B”

This solution foresees two 400 kV transmissiondifrem Skhira to Maknassy and Mornhaguia stations.
Fig.4.61 shows, first of all, an increased in povesses (about 58 MW greater than before in sgite o
the new network reinforcements) due to the growadpction of ELMED power plant (1200 MW),

which now produces also the 800 MW flowing to theC converter station in El Hawaria. Also in

this case the greatest part of generated activeeipiows to 400 kV lines respect to the 400/225 kV
transformers (Fig.4.62).
In Tab.4-29 the voltage violation derived from ti-1" security analysis is presented. This voltage
drop can be easily avoided increasing the shuntpeasation (till 400 MVar) of the reactive power
absorbed by the HVYDC connection. The ESCR, whitimases the voltage control capacity in HYDC
station (ESCR > 3), remains around 3.7.
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B Exchange among territorial subdivisions

Yiew Temitorial subdivision selection
_ _ : Exchange for TUNISIA
® Average Active [ O active lnsses Type: |Na2|nne v| MW MVAR
3 Average Reactive [Myiar] O Reactive losses Subdivizion: |TUNISI.-’-‘« v| Import 2.6 5.7
Export 800.0 160.0
Balance total 796.4 235.7

Generated power in TUMISIA

48740 MW 1233.3 MVAR
36
l Load in TUNISIA
3961.5 Mw 1981.0 MVAR
Loszes
l Mw MVYAR
2000 Exchange 2.0 -42.3
TUNIS1A 1141 -h22.7
Total 1161 -565.0
Report
. Subdivizion
[ Exchange File Fesults Elements

Fig.4.61 - 1200 MW case - International exchanged power balances for the Tunisian grid.

View results in the bus View results in the bus
M arme MHa
(O tctive and Reactive ® iy : O Active and Reactive O Autive [Muw]
-1 M anal Wal
O Reactive [hhetar] O Lwverage loading [Z]  lslanc O Reactive [hfiar] ® E sl
MAKNASSY MOENAGUIA MAKNASSY MORNAGUIA
. . . .
50E.3 4372 47.3 48,3
SKHIRA SKHIRA
406 KV é 98,3 é 98,3 é 6000 é 6000 406 KV é 270 é 270 é 2.0 é 720
SKHIRA SKHIRA SKHIRA SKHIRA SKHIRA SKHIRA SKHIRA SKHIRA
20KV 220kv G G2 20K 220k Gl 62

Fig.4.62 - 1200 MW case - Power flows and averageihg on the two new 400kV connections.
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Tab.4-29 - “N-1" security analysis results (violatis and overloads).

. Vvn . . Vvn VN VN-l AV
Contingency (kV) Violation «V) | V) (kV) (%)
MORNAGUIA |[HAWARIA 400 [HAWARIA 400 391.0 328.4 -17.9
MNIHLA MENZEL J. 220 [MENZEL J. 220 222.8 197.6) -10.2
KORBA A. KMICHA 90 (A. KMICHA 90 89.5 80.6| -10.4
. Vn Vn | |
Contingenc Overload N-1 N-1
gency (KV) KY) | (kA (p.u.)
RADES GOULETTE 220
RADES GOULETTE | 220 RADES P2-TSC 220 1.30 1.35
SOLUTION “C”

This solution involves the doubling of all the 480knes between Skhira and Mornaguia, in order to
deliver the total power of 800 MW to the HVDC contien even in “N-1" condition.

The active power losses are the highest amongahsidered solutions (130 MW). Indeed, it had to be
expected because the impedance from Skihra to Maiadncludes also those of the double 400kV
lines Skihra-Bouchemma, Bouchemma-Oueslatia andsl@tiseMornaguia, inevitably increasing the
losses.

Beside that, the “N-1" security analysis shows shene voltage drops of the previous solutions, still
avoidable with a higher reactive power compensgd®@® MVar).

E= Exchange among territorial subdivisions

Yiew Termtorial subdivision selection
Exchange for TUNISIA

® Average Active [MW] ) Active lnsses Type: |Na2i0ne v| MW MVAR

(0 Average Reactive [Myar] O Reactive losses Subdivision: [TURISIA [»] Import 52 723
Export 800.0 283
Balance total 794 8 1006

Generated power in TUNISIA

4889.0 MW 1104.8 MVAR

Load in TUNISIA

3961.5 Mw 1981.0 MVAR
Losses
MW MVAR
Exchange 20 42 2
TUHNISIA 130.7 -540.2
Total 132.7 -hg24
Heport
' Subdivision
l Exchange l File Fiesults Elements

Fig.4.63 - 1200 MW case - International exchanged power balances for the Tunisian grid.
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Yiew results in the bus View results in the bus

() Active and Reactive {0 Active and Reactive O Active [t
) Reactive [YAR O Average loading [%] ) Reactive [hAtar]

BOUCHEMMA BOUCHEMMA BOUCHEMMA BOUCHEMMA

4502 4502 421 421

SKIHRA SKIHRA

406 K¥Y 1498 1498 EO0.O BOOO  4ng KV 393 393 1.3 718

SKIHRA lSHIHRAJ, SHIHRAT SHIHRAT SKIHRA SKIHRA SKIHRA SKIHRA
220KV 220KV G1 G2 220k 220k G1 G2

Fig.4.64 - 1200 MW case - Power flows and averageihg on the two new 400kV connections.

Tab.4-30 - “N-1" security analysis results (violatis and overloads).

. Vn . . Vn Vi VN1 AV
Contingency (k) Violation ®v) | kv) (V) (%)
MORNAGUIA |HAWARIA 400 |HAWARIA 400 391.4 329.3 -17.1
MNIHLA MENZEL J. 220 |MENZEL J. 220 | 222.9 197.9] -10
KORBA A. KMICHA 90 |A. KMICHA 90 89.5 80.4| -10.6
. Vn vn In-1 In-1
Contingenc Overload
gency (KV) (KV) (KA) (p.u.)
RADES GOULETTE | 220
RADES GOULETTE | 220 RADES P2-TSC 220 1.33 1.38
SOLUTION “D”

As usual, with the ELMED power plant at full prodion, the connection solution requires two outgoing
400 kV lines, which in this case are: a 400 kV Ifrem Skhira to Oueslatia and a 400 kV line from
Skhira to a new turn-in/turn-out substation alohg tine Oueslatia-Bouchemma. The section from
Oueslatia to Mornaguia shall consists of two 400ik¥s.

Finally, two 400 kV lines from Mornaguia to El Hara are necessary for the export to Italy in N-1
security conditions.

Fig.4.65 shows, first of all, an increase in povesises (about 55 MW greater than before in spithef
double of all 400 kV connections) due to the grgwaduction of ELMED power plant (1200 MW),
which now produces also the 800 MW headed to th®E¥onverter station in El Hawaria. Also in this
case the greatest part of generated active poasrt@l 400 kV lines respect to 400/225 kV transfasne
(Fig.4.66).

In Tab.4-31 the voltage violation derived from tid-1" security analysis is presented. The voltage
drops can be easily avoided increasing the shumpeaosation (till 400 MVar) of the reactive power
absorbed by the HVYDC connection. The ESCR remamsa 3.7.
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E=l Exchange among territorial subdivisions

View Territorial subdivizion selection
Exchange For TUMISIA

® Average Sctive [Mw] O Active losses Type: |Nazione v| MW MVAR

O Average Reactive My O Reactive lasses Subdivision: |TUNISI.-’-‘« v| Import 4.0 76.6
Export 8000 159.9
Balance total 796.0 236.5

Generated power in TUNISIA
48790 MW 12561 MVAR

Load in TUNISIA

39615 Mw 1981.0 MVAR
Lozzes
M MYAR
Exchange 2.0 -42 2
TUNISIA 119.6 -499.4
Total 1215 -541.5
Report
' Subdivizion
l Exchange File Fesults Elements

Fig.4.65 - 1200 MW case - International exchanged power balances for the Tunisian grid.

View resultz in the bus Yiew results in the bus
() Active and Reactive (O Active and Reactive O fctive [Mw]
() Reactive [Myar] O Awerage lnading [%] O Reactive My ®
BOUCHEMMA OUESLATIA OUESLATIA BOUCHEMMA OUESLATIA OUESLATIA
- —_ — - — —_
[
0.8 486.0 486.0 5.8 45.3 45.3
SKHIRA SKHIRA

406 KV gss,s gss,s gsnn,u gsnn,n A06 Ky A 204 244 718 718

N

SKHIRA SKHIRA SKHIRA SKHIRA
SKHIRA SKHIRA SKHIRA SKHIRA
220KV 220 kV G1 G2 220KV 220 kV G1 G2

Fig.4.66 - 1200 MW case - Power flows and averagelihg on the two new 400kV connections.
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Tab.4-31 - “N-1" security analysis results (violatis and overloads).
. Vvn . . Vvn VN VN-l AV
Contingency (kV) Violation «V) | V) (kV) (%)
MORNAGUIA |HAWARIA 400 |HAWARIA 400 391.1| 328.2 -17.9
MNIHLA MENZEL J. 220 |MENZEL J. 220 | 222.7( 197.5 -10.2
KORBA A. KMICHA 90 |A. KMICHA 90 89.5 80.5| -10.5
. vn vn | |
Contingenc Overload N1 N1
geney (kv) k) | kA) | (pu)
RADES GOULETTE | 220
RADES GOULETTE | 220 RADES P2-TSC 220 1.31 1.36

4.4.2 Skhira: minimum load conditions
4.4.2.1 Power generation to supply the internal load in iBimand for power export (1000 MW)

SOLUTION “Al”

The power balance of Tunisian grid in this scenasion Fig.4.67, while Fig.4.68 shows the active
power flow and the loading on the 400 kV lines $&hi Maknassy.

The “N-1" security analysis shows a low voltagedlein El Hawaria in case of tripping of one of the
400 kV connection Mornaguia — El Hawaria, which dam avoided increasing the reactive power
compensation in the converter station to 650 M\ére ESCR maintains an acceptable value (greater
then 3 p.u.).

E= Exchange among territorial subdivisions

View Teritorial subdivizion selection
® _ O Act : Exchange for TUNISIA
Average Sctive [Miw] Active losses Type: |Nazmne w | MW MVAR
O Average Reactive [Myar] O Reactive losses S ubdivizion: |TUNISIA v| Import 42 547
Exzport 1000.0 208.8
Balance total 995.7 263.5
Generated power in TUMISIA
24600 Mw -82.9 MVAR
Load in TUMISIA
1402 4 MWW F01.4 MVAR
Losses
MW MVAR
Exchange 08 -47 8
TUHNISIA 61.2 1241 4
Total 61.9 -1289.1
Report
. Subdivigion
[ Exchange File Results Elements

Fig.4.67 - 1000 MW case - International exchanged power balances for the Tunisian grid.
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Yiew results in the bus Yiew results in the bus
() Active and Reactive ® .-’-'« () Active and Reactive O Active [hdha]
O Reactive [Md™ar] 7 Average loading [%] (O) Reactive [hd™ear]
MAKHASSY MAKNASSY MAKHNASSY MAKNASSY
| | | |
4135 4135 9.0 390
SKHIRA SHKHIRA
406 KV 1105 1105 R4 5240 40 KV é é é é

SKHIRA l 5|q|-|||ml SHHIRAT SHHIRAT SKHIRA SKHIRA SKHIRA SKHIRJJ\
F20 kY 220 kY G1 G2 220 kY 220 kY G1

Fig.4.68 - 1000 MW case - Power flows and averageihg on the two new 400kV connections.

Tab.4-32 - “N-1" security analysis results (violatis and overloads).

. Vn . . Vn Vi VN1 AV
Contingency (k) Violation ®v) | kv) (V) (%)
MORNAGUIA | HAWARIA 400 |HAWARIA 400 384.1| 295.6 -26

SOLUTION “A2”

The minimum load analysis for this solution highlig) a voltage problem related to the “N-1" security
conditions. As reported ihab.4-33 in case of fault on the 400 kV connection MorriaguEl Hawaria,
the high line charging of the Skhira — El Hawariael makes the voltage in El Hawaria grow
considerably (+60%). The voltage control along tlasy long 400 kV line will likely require a dynami
Var compensation device to cope with fast voltageiations at the occurrence of perturbation;
moreover, an additional potentially critical issmay be related to the energisation procedure sf thi
lines, especially in low load conditions. Shoulce@ursue this solution, dedicated study addregbimg
above aspects shall be undertaken.
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E= Exchange among territorial subdivisions

View Termtorial subdivizion selection
Exchange for TUNISIA

® Average Active [Mw] O Active losses Type: |Nazione w | Mw MVAR

@ Average Reactive [bbAr] O Reactive losses Subdivision: |T UMIS1A “ | Import 0o 2004
Export 10031 h.5
Balance total 10031 2919

Generated power in TUNISIA

2460.0 MWW -487.9 MYAR

Load in TUNISIA

14023 MWW 701.4 MVAR
Losses
M MYAR
Exchange 07 -49.0
TUHNIS1A h3 g 13120
Total 54 5 -1361.0
Heport
l Exchange File Fesults Sgllaed%v;ﬂtosn

Fig.4.69 - 1000 MW case - International exchanged power balances for the Tunisian grid.

Yiew reszults in the bus Yiew results in the bus
() Active and Reactive () Active and Reactive O Active [hdha]
(O Reactive [PAtSiar] £ Average loading [%] (O) Reactive [hd™ear] ®
EL HAWARIA MAKNASSY EL HAWARIA MAKNASSY
I I ] ]
4929 2701 464 356
SKHIRA SKHIRA
409 KV é 925 é 925 é B24.0 é524.ﬂ 409 KV 240 24.0 B4 2 B4 2
SKHIRA lsﬁHlﬂ.ﬂ lSHHIRﬂT SHHIR.L‘I.T SKHIRA SKHIRA SKHIRA SKHIRA
220 kY 220 kY G1 G2 220 kv 220 kY G1 G2

Fig.4.70 - 1000 MW case - Power flows and averagéihg on the two new 400kV connections.

Tab.4-33 - “N-1” security analysis results (violatis and overloads).

Vn . . Vn VN VN-l AV
kv) | Violton iy | kv | kv | (o)
SKHIRA | HAWARIA 400 [HAWARIA 400 376 295 -26.2

Contingency
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SOLUTION “B”

For what concern the minimum load condition analyshis solution presents the same results as
Solution “Al".

B Exchange among territorial subdivisions

View Termitonial subdivizion selection
Exchange for TUNISIA

® Average Active [kw] O Active losses Type: |Na2i0ne v|

MW MVAR

O Average Reactive [Miar] ) Reactive losses Subdivision: |TL|NISI.t‘-\ v| Import 38 LG
Export 1000.0 209.4

Balance total 996.2 265.0

Generated power in TUNISIA
2460.0 MW -68.6 MVYAR

Load in TUNISIA

1402.4 MW 701.4 WVAR
Losses
MW MVAR
Exchange 07 -47 8
TUHNIS1A B60.7 1224 8
Total 61.4 12726
Report
. Subdivision
Exchange File Resultz e

Fig.4.71 - 1000 MW case - International exchanged power balances for the Tunisian grid.

View results in the bus View results in the bus
(O Active and Reactive () Active and Reactive O Active [t ]
) Reactive [hdtiar] i Average loading [%] () Reactive [hd™ear] ® .&verageluadmg[%]
EL HAWARIA MAKNASSY EL HAWARIA MAKNASSY
—_ —_ - -
4!?.8 319.2 40.3 375
SKHIRA SKHIRA
408 KV 110.5 1105 524.0 5240 4pg KV 284 284 E23 E23
SKHIRA lSHHlRﬂ JySHHIRAT SHHIRAT SKHIRA SHKHIRA SKHIRA SKHIRA
220V 220 kY 1 G2 . 220 kv 220 KV =1 G2

Fig.4.72 - 1000 MW case - Power flows and averageihg on the two new 400kV connections.

Tab.4-34 - “N-1" security analysis results (violatis and overloads).

. Vvn . . Vvn VN VN.1 AV
Contingency (kV) Violation «v) | kv) (KV) (%)
MORNAGUIA | HAWARIA 400 |HAWARIA 400 383.8 2955 -26

Note: the above table depicts only the contingencéaising overloads or voltage violations
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SOLUTION “C”

For what concerns the minimum load condition angjythis solution presents results very similar to
those of Solution “Al”.

E= Exchange among territorial subdivisions

View Teritorial subdivizion selection
Exchange for TUNISIA

® Average Active [Mw] O Active losses Type: |Nazi0ne w | MW MVAR

O Average Reactive [Myar] O Reactive losses S ubdivizion: |TUNISIA v| Import 20 545
Exzport 1000.0 207.0
Balance total 997.2 261.5

Generated power in TUMISIA
24720 MW -83.1 WVAR

Load in TUNISIA

1402 4 MWW F01.4 MVAR
Losses

MW MVAR

Exzchange 08 -47 B

TUHNISIA 707 -1265.3

Total 15 -1302.8
Report

' Subdivigion
[ Exchange File Results Elements l

Fig.4.73 - 1000 MW case - International exchanges power balances for the Tunisian grid.

View results in the bus Yiew results in the bus
O Active and Reactive @ factiveMw] 1 (O Active and Reactive O Active [Mw]
) Reactive [MMr] ®] Awerage loading [3] (O) Reactive [hAtaur]
BOUCHEMMA BOUCHEMMA BOUCHEMMA BOUCHEMMA
— —_— - —
3[1.4 3;5[1.4 361 361
SKHIRA SKHIRA
406 K¥ 1485 1486 530.0 5300 406 KV ar.a Crl] [N [N
SKHIRA lSHHIRﬂ lSKHIFulT SHHIRAT SKHIRA SKHIRA SKHIRA SKHIRA
220 k¥ 220 kY G1 G2 : 220 kW 220 kY G1 G2

Fig.4.74 - 1000 MW case - Power flows and averagelihg on the two new 400kV connections.
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Tab.4-35 - “N-1" security analysis results (violatis and overloads).

. Vvn . . Vvn VN VN-l AV
Contingency (kV) Violation «V) | V) (kV) (%)
MORNAGUIA | HAWARIA 400 |[HAWARIA 400 385 296.8| -25.7]

SOLUTION “D”

For what concern the minimum load condition analy#is solution presents results very similar to
those of Solution “Al”.

E= Exchange among territorial subdivisions

Yiew Ternitonal subdivizion zelection
Exchange for TUNISIA

® Average Sctive [MWw] O Active losses Type: |Na2i0ne w | Mw MVAR

@] Average Reactive [Myar] () PReactive losses S ubdivizion: |TUN|S|:‘-\ v| Import 29 559
Export 1000.0 209.8
Balance total 9971 2657

Generated power in TUNISIA
2464.0 MW -56.8 MVAR

Load in TUNISIA

14024 Ww 701.4 WVAR
Losses
Mw MVAR
10000 Exchange 0.7 -47 7
TUHNISIA 64.3 -1204.8
Total 65.1 12525
Report
) Subdivizion
[ Exchange File Results Elements

Fig.4.75 - 1000 MW case - International exchanges @ower balances for the Tunisian grid.

View results in the bus Yiew results in the bus
() Active and Reactive @® .&ctwe[MW] . (O Active and Reactive O Active [Mw]
() Reactive [M¥ai] () Average loading [Z] O Reactive [Miir]
BOUCHEMMA OUSLATIA OUSLATIA BOUCHEMMA OUSLATIA OUSLATIA
- —_— — —_— - -
E[d 31[!.3 310.3 = 36T 367
SKHIRA SKHIRA
A0E KV 1025 1025 52E.0 5260 405 KV 6.2 262 E3.1 631
SKHHIRA lSHHlRﬂ Jy SHHIRAT SHHlﬂﬂT SKHIRA SHKHIRA SKHIRA SKHIRA
Z20 kY 220 kY 1 G2 220 KV 220 kY G1 G2

Fig.4.76 - 1000 MW case - Power flows and averagelihg on the two new 400 kV connections.
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Tab.4-36 - “N-1" security analysis results (violatis and overloads).

. Vn . . Vvn \Y VN—l AV
Contingency (kV) Violation (k) (k\?) (kV) (%)
MORNAGUIA | HAWARIA 400 |HAWARIA 400 383 295| -26

4.4.3 Skhira: solutions of network reinforcements and cosions

When examining the siting of the ELMED power plant Skhira, as in the case of the previous

alternatives we investigated the feasible connec@hemes to supply the internal load on Tunislg on

and those needed also for the power export toySicil

For the supply of the internal load with a powesduction level of 400 MW, two basic solutions are

acceptable:

a) turn-in/turn-out substation on the 225 kV doublecuit line Bouchemma-Sidi Mansour
equipped with 2 x 400 MVA transforméts

b) one 400 kV line outcoming from Skhira (the shor@s¢ being Skhira-Macknassy 70 km) and
the turn-in/turn-out substation on the 225 kV deublrcuit line Bouchemma-Sidi Mansour
equipped with one 400 MVA transformer.

Indeed, these solutions do not fulfil the secucitpstraints when the ELMED power plant generates it

rated power (1200 MW); hence, additional reinforeeats shall be considered as illustrated in TabZ 4-3

here below.

With the reinforcements shown in Tab. 4-37, allufiohs are feasible, except AO. The following

comments are worth being highlighted:

- Solution C is characterised by poorer performamtésrms of power losses. Indeed, reinforcements
towards the southern direction are not favourainleesboth the internal load and the exporting point
are located in the North. Thus, this connectionitsmh is not recommended;

- Solutions Al, A2 and B, involving a 400 kV conneatiwith the existing 225 kV s/s of Maknassy
may be completed by the addition of a 400/225 k¥hatMaknassy s/s for more flexibility in the
operation. Nevertheless, this integration is nadeel for the power evacuation from the ELMED
power plant in compliance with the security crieri

- Solutions A2 and B entailing the erection of vaygd 400 kV may be critical for the voltage control
and an appropriate Var compensation scheme shativiestigated: likely dynamically controlled
shunt Var compensation devices are needed. Moretiverenergisation procedure of the long
400 kV line might reveal critical, especially inhidoad conditions characterised by low short circui
power. If chosen, these solutions require the di@twf dedicated studies and, very likely, extra
costs are to be considered for the voltage control;

- All solutions, except A0, show a poor loading oa #90/225 kV transformers at the turn-in/turn-out
station along the Bouchemma-Sidi Mansour line. Awadter of fact, if we consider two 400 kV
lines outgoing from Skhira power plant, one migbhgider the connection of one autotransformer
only, or, better, two autotransformers with lowater (e.g.: 250 MVA). This latter solution warrants
a better reliability and operation flexibility.

13 This configuration ensures a better sharing opier flows on the two circuits of the 225 kV line
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Tab. 4-37 — ELMED power plant in Skhira : netwoginforcements and other ranking elements

Solution Reinforcements New lines New ATR | Losses in peak Notes

total length

(km) (1)

400/225 kV

conditions
(MW)

Solution NOT feasiblg
for the full capacity pf

T-in/T-out B.-S.M.* 2x20 2
the ELMED power
plant
Al T-in/T-out B.-S.M.* 2x20
Skhira-Maknassy double  2x70
circuit (d.c.) g 113.6 ESCR within 3.28 +
Maknassy-Oueslatia 180 3.67 p.u
Oueslatia-Mornaguia____| 130
2x El Hawaria-Mornaguia 300
A2 T-in/T-out B.-S.M.* 2x20
Skhira-Maknassy 70 3 1121 ESCR within 2.79 +
Shkira-El Hawaria | 410 3.13p.u
El Hawaria-Mornaguia 150
B T-in/T-out B.-S.M.* 2x20
Skhira-Maknassy 70 . ESCR within 3.28 =
Skhira-Momaguia | 350 3 Hal 367 pu
2x El Hawaria-Mornaguia 300
C T-in/T-out B.-S.M.* 2x20
Skhira-Bouchemma d.c. 2x70
Bouchemma-Oueslatia 280 Dk 130.7 ESCR within 3.23 =
Oueslatia-Mornaguia___| 130 3.63pu
2XEl Hawaria-Mornaguia 300
D T-in/T-out B.-S.M.* 2x20
Skhira - T-in/T-out along 85
the line Bouchemma-
Oueslatia P 119.6 ESCR within 3.27 =
Skhira-Oueslatia 245 3.66 p.u
Oueslatia-Mornaguia | 130
2xEl Hawaria-Mornaguia 300

(1) In the table we have split the km of new linesessary to connect the ELMED power plant to tineisian
grid from those necessary to connect the AC/DCtatibs in El Hawaria to the Tunisian grid.

* Turn-in/Turn-out substation on the 225 kV doudikeuit line Bouchemma-Sidi Mansour

** 1 ATR 400 MVA in Maknassy and 2 ATR in Skhirattie T-in/T-out along the line Bouchemma-Sidi
Mansour with appropriate size (e.g.: 250 MVA). Aitively, one can foresee 1 ATR only in Skhira
with the standard rating of 400 MVA.

*** 2 ATR in Skhira for the T-in/T-out along thené Bouchemma-Sidi Mansour with appropriate size
(e.g.: 250 MVA). Alternatively, one can foreseeTRAnly in Skhira with the standard rating of 400

MVA.
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Tab. 4-38— ELMED power plant in Skhira: reactiveygs compensation

Solution Reactive power compensation [Mvar]
Peak Load Minimum Load

A0 - -

Al 400 650

A2 400 370*
B 400 650
C 400 650
D 400 650

*A dynamic Var compensation device is likely regdir
Note: the shunt Var compensation shown in the ababie shall be intended only as indicative, since
the study didn’t addressed the optimisation of dugjgipment.

In conclusion, the siting of the ELMED power plant Skhira turns out to be the most binding
alternative with respect to the other ones in tesfmgetwork reinforcements.
By comparing the feasible solutions, we note thatghort circuit power in El Hawaria is quite semnil
with no big difference in the ESCR ranges. Hendgs tparameter cannot be considered as a
discriminating factor for the ranking of the soturs.
The most favourable solution in terms of new nelweinforcements (km of new lines) is solution A2;
however, this solution is not recommended due éodifficulty in the voltage control of a very long
400 kV AC line in a weak transmission system.
Solution C is not favourable both in terms of nat@inforcements and losses.
Solution D shows higher losses than solutions Ad Bnmoreover it requires the construction of a new
substation along the line Bouchemma-Oueslatia.
Solutions Al and B are comparable both in termbs$es and network reinforcements, but the latter
connection scheme entails the need to build a4@@kV line (Skhira-Mornaguia: 350 km). Moreover,
solution Al, characterised by several shorter gastof 400 kV, offers more flexibility in the opéicn
stage.
For the above considerations, solution Al turnstoube the most favourable one. In summary this
connection solution is selected because:

e it avoids very long transmission lines that canseauoltage problems in case of low power

flows;

e it uses an already existing corridor to build mufsthe new reinforcements;

o it will hardly cause under-excitation problems @nerators in case of restoration;

* itis one of the solution with the lowest netwookses.

Thus, this solution is examined more in detail asisg the performances of the system in dynamic
conditions.
Here below, we summarise the reasons why the otharection solutions are excluded.
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SOLUTION “A2”
This solution consists of a line from Skhira to Maksy and a very long line from Skhira to El Haaari
This solution shows worst performances if compaoesblution “A1” because:

« the construction of a very long 400 kV line fromh8k to El Hawaria (410 km) entails voltage
problems;

« this solution is likely prone to stability problergseater than those of solution Al in case of
three phase short circuit on Skhira — Maknassy dine to the high impedance of Skhira — El
Hawaria line;

» risks under-excitation for generators may existase of restoration;

e it requires a completely new South-North right-aiywinstead of use the already planned
400 kV corridor.

SOLUTION *B”
This solution consists of a line from Skhira to Maksy and a long line from Skhira to Mornaguia. It
also shows poorer performances if compared toisoltf1” because:
* itrequires along 400 kV line from Skhira to Mogugea that can cause voltage problems;
e the solution is likely to show stability problemeegter than those expected for solutions “Al”
in case of three phase short circuit on Skhira kriasy line due to the high impedance of
Skhira — Mornaguia line;
e it may present under-excitation problems for getoesan case of restoration;
e it does not use the already planned 400 kV corfiidiothe new reinforcements.

SOLUTION “C”
This solution foresees two single lines from Skhia Bouchemma. It definitely shows worse
performances to solution “Al” because:

e it convey the power generated in Skhira in the seut region of Tunisia (Bouchemma) and,
then, the power is sent to the north of the coumihere the largest share of the load is
concentrated;

* itis the solution with the highest active powesdes;

e it is necessary to reinforce the whole south-nat@® kV corridor from Bouchemma to
Mornaguia;

e it may cause grater instability phenomena thantiemid’A1l” because in case of loss on one
Skhira — Bouchemma line the equivalent impedanbégis.

SOLUTION *D”
This solution foresee a line from Skhira to theatty planned line Oueslatia — Bouchemma with an E/S
and a line from Skhira to Oueslatia. This solui®not very different to case “Al”, but:

e it causes greater losses;

« in case of fault on Skhira — E/S Oueslatia — Boouha it might show some stability problems

due to the impedance of Skhira — Oueslatia line;
« there is the need to build a new substation albadine Bouchemma-Oueslatia;
e it requires two news corridors instead of one oatyin the case of solution “Al”.
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5 IMPACT OF THE ELMED PRODUCTION CLUSTER ON THE TUNIS IAN
TRANSMISSION SYSTEM: DETAILED ANALYSIS APPLIED TO T HE
SELECTED ALTERNATIVE

This chapter addresses the detailed dynamic arsabselied to the ELMED power plant located in
Skhira and the connection scheme of solutions “A1".
The aim of these analyses is:
« to evaluate the Critical Clearing Time (CCT) of 8&hpower plant in case of short circuit close
to the power plant and show the effect of Fast Maldevice during the transient;
e to show the importance of HVDC link to improve therformance of the Tunisian electric
system in dynamic conditions;
* to evaluate the impact of the loss of one HYDC mwiél unisian electric system.

The analyses show the system behaviour, both ik ged low load conditions, at the occurrence of the
following contingencies:
1. three-phase short circuit without fault impedanodte 400 kV line Skhira — Maknassy;
2. loss of one Skhira generator in three situations:
a. Tunisia connected to the rest of Maghreb and Eurapg HVDC link to ltaly in
frequency regulation;
b. Tunisia isolated and HVDC system to Italy in freqeyeregulation;
c. Tunisiaisolated and HVYDC system to Italy out @duency regulation.
3. loss of one pole of HVYDC system.

5.1 Solution adopted for dynamic analyses

All dynamic analyses, referred both to peak andimmim load conditions, have been executed with
reference to the connection solution “Al” of Skhpawer plant consisting of the following network
reinforcement$:

e two 400 kV lines from Skhira to Maknassy;

e one 400 kV line from Maknassy to Oueslatia (two &90ines in total);

e one 400 kV line from OQueslatia to Mornaguia (tw®4 lines in total);

e two 400 kV lines from Mornaguia to El Hawaria;

* two 400 MVA 400/225 kV transformers in Skhira wah E/S on Bouchemma — Sidi Mansour

225 kV lines;
« one 400 MVA 400/225 kV transformer in Maknassyistabn local 225 kV voltage level.

The HVDC link is always included in the time domaimulations and it exports to Italy the following
power amount:

¢ 800 MW in peak load scenario;

e 1000 MW in minimum load scenario.

14 Additional reinforcements with respect to whaealty planned.
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5.2 Hypotheses adopted for the simulations

To increase the stability margin of the Tunisiarstegn and to have an acceptable CCT value the
following devices have been considered for Skhinagr plant:
1. both generators are equipped with Power Systenili@&al{PSS) components;
2. a Fast Valving (FV) device has been considerecg&mh generator: it closes high and medium
steam pressure valves during the transient;
3. both generators have been equipped with an indepeedcitation supply system.

Obviously, these hypotheses derive from many sitiaus carried out by CESI and they shall be
considered as a conclusion of dynamic analyseshitnreport we fully report only the simulations
concerning the best final solution including théswices (FV, PSS and independent excitation supply
system) to show clearly the dynamic stability lendf Tunisian network. However, some additional
graphs obtained without these devices for Skhiragplant are reported to show the improvements
obtained installing the recommended components.

Moreover, typical values of dynamic parameters $#thira generators (time constants, reactances,
inertia, etc.) have been considered. These valaes been adopted with reference to generating ahits
the same size in coal power pldnts

With reference to HVDC system:
* the reactive compensation identified in static gs@¢ has been applied also in dynamic
simulations;
* adroop equal to 5% has been adopted for the daystem in the converter stations;
e typical values of time constants and control patanse (with reference to SAPEI
interconnectiolf) have been adopted.

Moreover; the following assumptions have been c@rsd:

« three-phase short circuit without fault impedarscednsidered: this is a conservative hypothesis
to assess the security level of the network (tfeces of the other types of fault, such as single-
phase, are less binding for angle stability);

« fault clearing is done opening both circuit breakat the end of the line without simulating the
protection relays;

e auto-reclosing manoeuvres are not considered swecare simulating three-phase faults: when
circuit breakers are opened the line is left owtafice.

5.3 Variables analysed in the simulations

During the simulations the behaviours of the follogvvariables have been monitored and reported in
this document:

« the electric and mechanical power of Skhira povientp

« the rotoric angle of Skhira generators (in casghoirt circuit fault);

'3 |n particular, reference is made to modern coéburcently commissioned in Italy.

8 SAPEI is an acronym, which stands for: SArdegiEnisola Italiana. It is the HVDC link connectingr8inia
to continental Italy. In this study this DC link shidbeen considered as a reference because it hasathe
characteristics of the one considered in the sthigyalar configuration, having a rating of 2000 MW.
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e the active power of HVYDC system;

» the frequency of some important 400 kV substati@fisthe network, such as Skhira,
Bouchemma, Oueslatia and Mornaguia;

« the voltages of the same substations;

« the active power exchanges between Tunisia andrialgeonsidering both the total power
export / import and the flows on the single tieeBn

5.4 Peak load scenario

Tab. 5-1 shows the values of CCT in case of thiesse short circuit without fault impedance on one
400 kV line from Skhira to Maknassy with and withdétast Valving device and with HYDC system in
and out frequency regulation. In this scenarioBh®ED power plant produces 1200 MW.

Comparing the values, it is possible to say that:

« Only with Fast Valving device the CCT parameteruasss acceptable values: 170 ms can be
considered adequate for the network also because affurther increase of this value also
Ghannouch and EI Biban power plants lose the symim;

* The CCT is independent from HVDC frequency regafati

Tab. 5-1 — CCT in case of Skhira — Maknassy 400niéshort circuit

Critical Clearing Time [ms]

HVDC in frequency regulation | HVYDC out of frequency regulation

Without FV With FV Without FV With FV

120" 170(1) 120 170(1)
(1) Limited by Ghannouch and EI Biban power plants

Considering that Skhira power plant has the biggesterating units of the Tunisian system and are
among the biggest generators in all Maghreb are@Ca equal to 120 ms can not be considered
acceptable to have a significant dynamic securiygim for Tunisian network. Moreover, 120 ms are
generally insufficient to permit a reliable telesfwction action: for this manoeuvre 150 ms of CE@d a
generally required.

Tab. 5-2 shows the value of CCT in the same prevamnditions in case of three-phase short cirquit o
one 400 kV line from Maknassy to Oueslatia.

In this case, moving away from the station of Skitlme CCT values increase rapidly both with and
without Fast Valving. The little CCT difference WiV caused by HVDC regulation is attributable to
the power oscillations caused by the interactio8kdfira power plant and HVDC controllers.

" The CCT showed in CESI presentation in Tunis,line)2010, was equal to 70 ms. This value was dain
without Power System Stabilizer and without indefeert excitation supply system for both Skhira getues.
These two additional elements increase signifigatht value of this parameter.
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Tab. 5-2 — CCT in case of Maknassy — OueslatiakdObne short circuit

Critical Clearing Time [ms]

HVDC in frequency regulation

HVDC out of frequency regulation

Without FV

With FV

Without FV

With FV

180

280(1)

180

290(1)

(1) Limited by Ghannouch power plant

5.4.1 Short circuit on Skhira — Maknassy 400 kV line

Preliminary case: fault without FV device for both Skhira generators

In this paragraph the simulation results obtaingtiout Fast Valving device for both Skhira genersito
are reported. The PSS and the independent exaitstipply system are always in service; the duration
of the fault is equal to 170 ms, the same adoptdldd next paragraph (stabilized case).

From the figures reported it is possible to highlighat Skhira power plant is unstable: the electri
power oscillates and the rotoric angle increasesfinitely.

Active power (MW )

Skhira power plant - Electric and mechanical power

— SKHTGLP |- -
SKHTG1.PMGEN 1
—skHTGzp |- .
— SKHTGZ.PMGEN ]

Time (s)

Fig. 5.1 - Peak condition, Skhira — Maknassy 40GRk¥'t circuit, electric and mechanical power ohB&

without FV. Legend: P — Electric Power; PMGEN — Mauical Power
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Skhira rotoric angle

2000 r r T -
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——— SKHTGE2.Ele. vin DELREL

1750 foeeeees —oeccosanssanlasansccosccs .
1500 | : : :
1250
1000

730

Angle (deqg)

300

230

-230

., i
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Fig. 5.2 - Peak condition, Skhira — Maknassy 40Ghkbv't circuit, Skhira rotoric angle without FV.

Stabilized case: fault with FV device for both Skhia generators

From Fig. 5.3 to Fig. 5.9 the diagrams obtainedhaithree-phase short circuit on Skhira-Maknas$§y 40
kV line are reported. These diagrams are obtain#ddfault duration equal to the CCT: 170 ms and the
HVDC in frequency regulation.

Fig. 5.3 shows the differences between electricraadhanical power of Skhira power plant. The effect
of FV device is observable: the mechanical powarelese significantly after the fault to avoid the
instability of the machine.

Fig. 5.4 shows the rotoric angle behaviours of @kigenerators. The trace reported show clearly that
the power plant maintain the stability after thentimgency and the angle come back to about the
original value at the end of the oscillations.

Fig. 5.5 shows the active power flow on the HVD@wrter station: after the oscillations causedhay t
effects of the fault, at the end the final valuab®ut equal to the original one.

Fig. 5.6 shows the frequencies in four importamissations of the network. From the graph it is flides

to point out that the most important oscillation®g g@resent in the southern part of the network,
particularly in the node of Skhira and Bouchemnha&; morthern part of Tunisian grid, farther from the
fault and stronger than the southern one has léwgquency deviations.

Fig. 5.7 shows the voltages on the same substatidtes the fault the voltages increase rapidlyntkea
also to the exciter of Skhira equipped with indegeet supply.

Fig. 5.8 and Fig. 5.9 show the active power exchangith Algeria, respectively the total amount and
the flow interesting the single tie line. From tmgrams it is possible to point out that the most
important variations concern the 400 kV line JermoChefia: the highest oscillations exceed 600 MW
in importation (from Algeria to Tunisia). This mesathat the protective relays shall be suitably dutoe
avoid the risk of tie-line trippings. It is wortloting that the phenomenon of high power oscillaiah
the 400 kV tie-line is independent from the sizeeath single Shkira unit, but it is related to tbial
amount of power generated in Skhira.

Tab. 5-3 is the legend of Fig. 5.9.
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Skhira power plant - Electric and mechanical power
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Fig. 5.3 - Peak condition, Skhira — Maknassy 40Gkb't circuit, electric and mechanical power ohB&.
Legend: P — Electric Power; PMGEN — Mechanical Powe
Skhira rotoric angle
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Fig. 5.4 - Peak condition, Skhira — Maknassy 40Gkb't circuit, Skhira rotoric angle.
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Fig. 5.5 - Peak condition, Skhira — Maknassy 40Gkb't circuit, HYDC active power flow.
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Frequency
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Fig. 5.6 - Peak condition, Skhira — Maknassy 40GRvrt circuit, frequencies (Skhira, Bouchemma, hguia,
Oueslatia).
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Fig. 5.7 - Peak condition, Skhira — Maknassy 40GhkW't circuit, voltages (Skhira, Bouchemma, Mowrag
Oueslatia).

Total Tunisian active power exportation
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Fig. 5.8 - Peak condition, Skhira — Maknassy 40GRy't circuit, total active power exchange witlyédia only.
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Single line Tunisian active power exportation

Active power (MW)
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Fig. 5.9 - Peak condition, Skhira — Maknassy 40GRk¥rt circuit, single line active power exchanges.

Tab. 5-3 — Sicre Codes of interconnection linesvbet Algeria and Tunisia.

CODE LINE
AT11001| El Hadja — Jendouba (400 k\)
AT20001| El Aouinet — Tajeroui (225 kV!
AT30001| Djeb Onk — Metlaoui (150 kV
AT50001| EIl Aouinet — Tajeroui (90kV)
AT50002| EIl Kala — Fernana (90 kV)

5.4.2 Skhira generator loss
In this paragraph the most important results ansiderations obtained after the loss of one geoerat
in Skhira power plant are reported.
This contingency has a very strong impact on trstesy: the loss of 600 MW of power (equal about to
15% of Tunisian internal load in peak load sceracen cause very important variations in terms of
power flow and frequency values.
To point out the positive effects on the Tunisiaansmission system of the HVDC link, this
contingency is repeated in three different situatio

e Case 1: Tunisian grid connected to the rest of Magtiand Europe) and HVDC link with

frequency regulation;
e Case 2: Tunisian grid isolated and HVDC link witbduency regulation;
e Case 3: Tunisian grid isolated and HVDC withougtrency regulation.

Comparing particularly the results of Case 2 anseC3 it is possible to highlight the positive effthat
the HVDC link can have on the Tunisian system.

Figures from Fig. 5.10 to Fig. 5.15 show the Twamssystem response after the contingency in
“Case 1". In this situation the power shortfall sad by the tripping of one Skhira generator (600 MW
is partially covered by the other Tunisian genemataccording to their droops but mainly by the
decreasing of exportation to ltaly (Fig. 5.11 shotlat the HVDC converter station reduces its
exportation of about 320 MW) and importing from At (Fig. 5.14) about 200 MW. Only about
80 MW are provided by other Tunisian generatorsthia case there aren’t any particular oscillations
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and the final value of the frequency (reportedim B.12) equal to about 49.95 Hz can be considased
a good result. The exchanges from Algeria alsohia tase concern particularly the 400 kV line
Jendouba-Chefia (with a peak in importation gretitan 500 MW).

Tab. 5-4 is the legend of Fig. 5.15.

Figures from Fig. 5.16 to Fig. 5.19 show the Tuamsinetwork response after the same
contingency in “Case 2". In this situation the powbortfall due to the tripping of one Skhira gexter
(600 MW) is partially provided by the other Tunisigenerators according to their droops (about 120
MW), but mainly by the HVDC link that decreases désportation of about 480 MW. Also in this
situation there are not particular problems in teohdynamic oscillations and final values: for e
the minimum value of the frequency is about 49.720ddring the transient and about 49.93 Hz as & fina
value; only the voltages, particularly in Mornagaiad Oueslatia stations have transient values equal
441 kV, but they came back to their limits at thel ef the transient: the lower power flows on the
400 kV transmission level cause the increase dbgeb (see Fig. 5.13).

Figures from Fig. 5.20 to Fig. 5.23 show the Tuamsinetwork response after the same
contingency in “Case 3". This is a critical situati the loss of 600 MW and the HVDC link without
frequency regulation cause problems for the netwmekause in peak load scenario the Tunisian
generators cannot cover the lost power. In thie tas load shedding intervention is necessary.

5.4.2.1 Case 1: Tunisia interconnected with the rest of Mag and HVDC system in frequency
regulation

Skhira power plant - Electric and mechanical power
900

—— SKHTGLP R
— SKHTGLPMGEN | : : : : : :
— SKHTGZF
— SKHTGZ.PMGEN

800 |-

700 |-

Active power (M)

o (I RS NS SUDUN SUDN SEDUS RSN SN SRV
Time (s)

Fig. 5.10 - Peak condition, Skhira generator lasdsctric and mechanical power of Skhira (Case 1).
Legend: P — Electric Power; PMGEN — Mechanical Powe
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HYDC Active Power
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Fig. 5.11 - Peak condition, Skhira generator Id4¥,DC active power flow (Case 1).
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Fig. 5.12 - Peak condition, Skhira generator Idssguencies (Skhira, Bouchemma, Mornaguia, Oueg(&ase
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Fig. 5.13 - Peak condition, Skhira generator losdtages (Skhira, Bouchemma, Mornaguia, Oueslé@Gase 1).
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Total Tunisian active power exportation
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Fig. 5.14 - Peak condition, Skhira generator ldssal active power exchange with Algeria only (Caye

Single line Tunisian active power exportation
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Fig. 5.15 - Peak condition, Skhira generator Iagsingle line active power exchanges (Case 1).

Tab. 5-4 — Sicre Codes of interconnection linesvbeh Algeria and Tunisia.

CODE LINE
AT11001| El Hadja — Jendouba (400 k\)
AT20001| El Aouinet — Tajeroui (225 kV!
AT30001| Djeb Onk — Metlaoui (150 kV
AT50001| EI Aouinet — Tajeroui (90kV)
AT50002| El Kala — Fernana (90 kV)




Report

CESI

Pag 98/133

5.4.2.2 Case 2: Tunisia isolated and HVDC system in frequeagulation

Q00

Skhira power plant - Electric and mechanical power

[ T T [ —aaie /T '
: AN S ——— SKHTGL.PMGEN |: :
——SKHTGE2.P : :
...... ——SKHTG2.PMGEM [ :
H i ;
Z : :
T : :
z : :
2 : 5
: : :
E T
0
00 [ i i i i i i i i i
u] 2 4 5] g 10 12 14 16 15 20
Time (s)
Fig. 5.16 - Peak condition, Skhira generator lasdsctric and mechanical power of Skhira (Case 2).
Legend: P — Electric Power; PMGEN — Mechanical Powe
HVDC Active Power
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Fig. 5.17 - Peak condition, Skhira generator Id4¥,DC active power flow (Case 2).
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Fig. 5.18 - Peak condition, Skhira generator Idssguencies (Skhira, Bouchemma, Mornaguia, Oueglé@ase

2).
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Woltages
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Fig. 5.19 - Peak condition, Skhira generator losdtages (Skhira, Bouchemma, Mornaguia, Ouesl{CGase 2).

5.4.2.3 Case 3: Tunisia isolated and HVDC system withaddency regulation

Skhira power plant - Electric and mechanical power
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Fig. 5.20 - Peak condition, Skhira generator ladectric and mechanical power of Skhira (Case 3).
Legend: P — Electric Power; PMGEN — Mechanical Powe
HVDC Active Power
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Fig. 5.21 - Peak condition, Skhira generator Id4¥,DC active power flow (Case 3).
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Frequency
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Fig. 5.22 - Peak condition, Skhira generator Idssguencies (Skhira, Bouchemma, Mornaguia, Oueglé@ase

3).
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Fig. 5.23 - Peak condition, Skhira generator losdtages (Skhira, Bouchemma, Mornaguia, OuesldéGase 3).

5.4.3 HVDC pole loss
In this paragraph the most important results andicierations obtained after the loss of one poli®f
HVDC link are described.
Assuming that the HVDC link with Sicily will havel@polar configuration, we consider the loss ofyonl
one pole since the loss of the whole converteiostad considered very improbable.
This contingency, equivalent to a sudden load @sergs repeated in two different situations:

e Case 1: Tunisian grid connected to the rest of Mamglfand Europe) leaving the other pole of

the HVDC system in frequency regulation;

e Case 2: Tunisian grid isolated and leaving the rogmde of the HVDC system in frequency
regulation.



CESI

Report Pag 101/133

The case with Tunisian grid isolated and the offede of HVDC without frequency regulation is not
significant because of the moderate margin of feagy regulatior®

5.4.3.1 Case 1: Tunisia interconnected with the rest of Maf

From Fig. 5.24 to Fig. 5.29 we note that there raseparticular problems for the power system. The
most important effect that it is possible to highli is the increase of the power export from Tianis
Algeria: Fig. 5.28 shows that after the transiemhi$ia exports to Algeria more than 200 MW; Fi@%.
shows that in this case the line that most inceaseower flow (in absolute value) is the 225 liié
Tajerouine-El Aouinet.

Tab. 5-5 is the legend of Fig. 5.29.

Skhira power plant - Electric and mechanical power
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Fig. 5.24 - Peak condition, HVDC pole loss, electnd mechanical power of Skhira (Case 1).
Legend: P — Electric Power; PMGEN — Mechanical Powe
HYDC Active Power
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Fig. 5.25 - Peak condition, HVDC pole loss, HVD@iae power flow (Case 1).

'8 In this case after the contingency the HVDC polesérvice increases the exportation to Italy taucedthe
frequency error: this margin of regulation is nattgularly wide due to the high value of activengo exported in
starting conditions (100 MW is the margin in pea#id conditions for each pole).
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Fig. 5.26 - Peak condition, HVDC pole loss, freqeien (Skhira, Bouchemma, Mornaguia, Oueslatia) éCHs
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Fig. 5.27 - Peak condition, HVDC pole loss, voltag8khira, Bouchemma, Mornaguia, Oueslatia) (Cgse 1
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Fig. 5.28 - Peak condition, HVDC pole loss, totetiege power exchange with Algeria only (Case 1).
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Single line Tunisian active power exportation
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Fig. 5.29 - Peak condition, HVDC pole loss, tiecliactive power exchanges (Case 1).

Tab. 5-5 — Sicre Codes of interconnection linesvbet Algeria and Tunisia.

CODE LINE
AT11001| El Hadja — Jendouba (400 k\)
AT20001| El Aouinet — Tajeroui (225 kV!
AT30001| Djeb Onk — Metlaoui (150 kV
AT50001| EIl Aouinet — Tajeroui (90kV)
AT50002| EIl Kala — Fernana (90 kV)

5.4.3.2 Case 2: Tunisia isolated

From Fig. 5.30 to Fig. 5.33 we note that in thisecafter the contingency the frequency increases
significantly until about 50.25 Hz. In fact, thentimgency is equal to a load shedding and the &eqy
goes up. After the fault the generators (Fig. 3egibrts Skhira machines) decrease their productinds
the other pole of HVDC exports 500 MW to Sicily éixported 400 MW at the beginning). In this case
the effect of the other pole of HYDC system is tigdi to only 100 MW and it is the most importantecas
of frequency increase, particularly at the begigrohthe transitory.

Active power (MW

Skhira power plant - Electric and mechanical power
200 r T r T

—EkKHTG1.P :
——SKHTG1.PMGEM |

Sl oo ——— ——SKHTG2.P grommemmeepem———— g ‘A

— SKHTG2.PMGEN |:

100 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1

Time (s)

Fig. 5.30 - Peak condition, HVDC pole loss, electtnd mechanical power of Skhira (Case 2).
Legend: P — Electric Power; PMGEN — Mechanical Powe
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Fig. 5.31 - Peak condition, HVDC pole loss, HVD@iae power flow (Case 2).
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5.32 - Peak condition, HVDC pole loss, frequiea (Skhira, Bouchemma, Mornaguia, Oueslatia) éC)s
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Fig. 5.33 - Peak condition, HVDC pole loss, voltag8khira, Bouchemma, Mornaguia, Oueslatia) (Cgse 2
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5.5 Minimum load scenario

Tab. 5-6 shows the values of CCT in case of thteese short circuit without fault impedance (solid
short circuit) on one 400 kV line from Skhira to kmassy with and without Fast Valving device and
with the HVDC link in and out frequency regulati@ame conditions of peak load scenario). In this
scenario the ELMED power plant produces 1048 MW.

From the value reported it is possible to point thatt also in absence of FV device the CCT is direa
acceptable (equal to 200 ms). The increasing of @&&ameter in this case is mainly due to the lower
production of ELMED power plant (1048 MW rather tha200 MW) with respect to peak load
conditions. To have acceptable values of CCT alb & production of 1200 MW (like in peak load
scenario), the FV is necessary.

Tab. 5-6 — CCT in case of Skhira — Maknassy 400niéshort circuit

Critical Clearing Time [ms]

HVDC in frequency regulation | HVDC out of frequency regulation

Without FV With FV Without FV With FV

200 270(1) 200 280(1)
(1) Limited by Ghannouch power plant

Tab. 5-7 shows the value of CCT in the same prevamunditions in case of three-phase short ciraquit o
one 400 kV line from Maknassy to Oueslatia.

In this case, moving away from the substation difik the CCT values increase a lot both with and
without Fast Valving. The little difference with Fsaused by HVDC regulation is attributable to the
power oscillations caused by the interaction ofi@kpower plant and HVDC controlléfs

Tab. 5-7 — CCT in case of Maknassy — OueslatiakdObne short circuit

Critical Clearing Time [ms]

HVDC in frequency regulation | HVDC out of frequency regulation

Without FV With FV Without FV With FV

310 730(2) 310 760(1)
(1) Limited by Ghannouch power plant

Y The interaction of HVDC and generator dynamic oolférs, particularly in situations with very stsesl
network (in this case the short circuit duratiowésy long) can cause little differences in thalgtability margin.
These differences, like in this case, are emphdsa&eso by the difference between time constants BV
controller is faster than generator controller).
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5.5.1 Short circuit on Skhira — Maknassy 400 kV line

Preliminary case: fault without FV device for both Skhira generators

In this paragraph the simulation results obtaingtiout Fast Valving device for both Skhira genersito
are reported. The PSS and the independent exaitstipply system are always in service; the duration
of the fault is equal to 270 ms, the same adoptdlda next paragraph (stabilized case).

Like in peak load conditions, from the figures rgpd it is possible to highlight that Skhira povpdaint

IS unstable: the electric power oscillates andtheric angle increases indefinitely.

Skhira power plant - Electric and mechanical power

—EkHTG1.P L
— SKHTG1.PMGEN |:
—SkHTG2.P :
— SKHTG2.PMGEN |

Active power (M)

Tirne (s}

Fig. 5.34 - Minimum condition, Skhira — Maknass® 4¥ short circuit, electric and mechanical powé&Skhira
without FV. Legend: P — Electric Power; PMGEN — Mauical Power
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Fig. 5.35 - Minimum condition, Skhira — Maknass¥ 4¥ short circuit, Skhira rotoric angle withouV/F

Stabilized case: fault with FV device for both Skhia generators

The diagrams obtained with a three-phase shoutitiva Skhira-Maknassy 400 kV line are shown from
Fig. 5.36 to Fig. 5.42. These traces are obtainéud avfault duration equal to the CCT: 270 ms dmal t
HVDC in frequency regulation.
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Fig. 5.36 shows the differences between electrit mechanical power of Skhira power plant. The
effect of FV device is observable: the mechanicalgr decreases significantly after the fault toi@vo
the instability of the machine.

Fig. 5.37 shows the rotoric angle behaviours ofildkpenerators. The trace reported show clearly tha
like in peak load conditions, the power plant maimtthe stability after the contingency and thelang
come back to about the original value at the erntti@bscillations.

Fig. 5.38 shows the active power flow on HVDC deviafter the oscillations caused by the effects of
the fault, at the end the final value is about étuahe original value In this scenario it is inmfamt to
underline that the HVDC interconnection does natreéase its exportation because it exports already
1000 MW to lItaly in base conditions.

Fig. 5.39 shows the frequencies in four importamtssations of the network. From the graph it is
possible to note that the most important oscilfeiare present also in this scenario in the soutbert

of the network, particularly in the node of Skhimad Bouchemma; in this case the amplitude of these
oscillations is greater that those in peak loaddt@ns due to a lower inertia of the system.

Fig. 5.40 shows the voltages on the same subssatibere the frequency was displayed. After thet faul
they increase rapidly thank to the exciter of Skhwith independent power supply. In this scenario,
mainly in the station of Mornaguia and Oueslatig transient values increase up to 455 kV: these
values are high, but their duration is low and final values are inside allowed limits. Howevere th
possibility of accepting such high transient voétaghall be carefully checked referring to the 2Btf

the planned 400 kV lines.

Fig. 5.41 and Fig. 5.42 show the active power emgha with Algeria, respectively the total amourd an
the active power flowing in the single tie linesofm the diagrams we see that the most important
variations concern the 400 kV line Jendouba-Chettig highest oscillations exceed 780 MW in
importation (from Algeria to Tunisia)Hence, an appropriate tuning of the protectivaye on the
400 kV tie-line has to be implementeurthermore, we underline that the protectionirsgtshall be
coordinated with the other 400 kV lines in Algesiad Morocco along the east-west corridor

Tab. 5-8 is the legend of Fig. 5.42.

Skhira power plant - Electric and mechanical power

- — SKHTGL.P d d d d d d 1
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i

o0 i i

Time ()

Fig. 5.36 - Minimum condition, Skhira — Maknass® 4¥ short circuit, electric and mechanical powé&Skhira.
Legend: P — Electric Power; PMGEN — Mechanical Powe

20 B|L: Basic Insulation Level



CESI

Report Pag 108/133

Skhira rotoric angle
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Fig. 5.37 - Minimum condition, Skhira — Maknass® 4¥ short circuit, Skhira rotoric angle.
HYDC active power
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Fig. 5.38 - Minimum condition, Skhira — Maknass® 4¥ short circuit, HVDC active power flow.
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Fig. 5.39 - Minimum condition, Skhira — Maknass 4¥ short circuit, frequencies (Skhira, Bouchemma,
Mornaguia, Oueslatia).
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Fig. 5.40 - Minimum condition, Skhira — Maknass¥ 4¥ short circuit, voltages (Skhira, Bouchemma,
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Fig. 5.41 - Minimum condition, Skhira — Maknass 4¥ short circuit, total active power exchangehwigeria
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only.

Single line Tunisian active power exportation
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Fig. 5.42 - Minimum condition, Skhira — Maknass 4¥ short circuit, single line active power exchas.
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Tab. 5-8 — Sicre Codes of interconnection linesvbet Algeria and Tunisia.

CODE LINE
AT11001| El Hadja — Jendouba (400 k\)
AT20001| El Aouinet — Tajeroui (225 kV!
AT30001| Djeb Onk — Metlaoui (150 kV
AT50001| EIl Aouinet — Tajeroui (90kV)
AT50002| EIl Kala — Fernana (90 kV)

5.5.2 Skhira generator loss
In this paragraph the most important results anicerations obtained after the loss of one geoerat
in Skhira power plant are described.
This is a very strong contingency: the loss of 32 of power (equal about to 37% of Tunisian
internal load in minimum load scenario) can causy ¥mportant variations in terms of power flow and
frequency values.
To highlight the positive effects on the Tunisiaansmission system of HVDC link we examined the
following three cases, similarly to what done irpeonditions:

e« Case 1: Tunisian grid connected to the rest of Melghland Europe) and HVDC with

frequency regulation;
e Case 2: Tunisian isolated and HVDC with frequeregyutation;
» Case 3: Tunisian isolated and HVDC without freqyergulation.

Figures from Fig. 5.43 to Fig. 5.48 show the Twamsnetwork response after the contingency in
“Case 1". In this situation the loss of Skhira gatien (524 MW) is partially covered by the other
Tunisian generators according to their droops kaihin with the decreasing of exportation to Itaiyg.
5.44 show that HVDC reduces its exportation of al32® MW) and importing from Algeria (Fig. 5.47)
of about 130 MW. Only about 70 MW are provided biyes Tunisian generators. Also in this case there
aren’'t any particular oscillations and the finalueaof the frequency (reported in Fig. 5.45) ecuoal
about 49.95 Hz can be considered as a good résgtexchanges from Algeria also in this case cancer
particularly the 400 kV line Jendouba-Chefia (wétlpeak in importation equal about to 400 MW). In
this scenario the voltages (Fig. 5.46) are quitgh lfter the contingency due to the low power flmw
400 kV transmission line.
Tab. 5-9 is the legend of Fig. 5.48.

Figures from Fig. 5.49 to Fig. 5.52 show the Tumsinetwork response after the same
contingency in “Case 2”. In this situation the la$sSkhira generation (524 MW) is partially coveltsd
the other Tunisian generators according to themops (about 120 MW) but mainly by the HVDC
system that decreases its exportation of aboutMM0 In this situation it is important to highligkiiat
during transient the voltages can have peak vallsssgreater than 470 kV and greater than 450 kV at
the end on the dynamic, particularly in Mornaguma @ueslatia stations. Hence, an appropriate Var
compensation shall be defined, identified the pmesineed for a dynamically controlled Var
compensation.
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Also in this situation there are not particularlgems in terms of dynamic oscillations and final
values for the frequency: its minimum value is ab&67 Hz during the transient and about 49.93 Hz
as final value.

Figures from Fig. 5.53 to Fig. 5.56 show the Tumsinetwork response after the same
contingency in “Case 3”. This contingency is les$ical than the same one in peak load conditions
because in this case the Tunisian generators hamggk reserve to supply the internal load. In fact,
even if HVDC system exports always 1000 MW to ltdlye frequency achieves a stable final value
equal to 49.53 Hz and also the minimum value dutireggtransient (equal to 49.20 Hz) is not so low
(obviously this behaviour can cause problems ferrtétwork like first step load shedding intervenyio
In this case, as shown in Fig. 5.56, the voltagesl@wver than in the previous case with HVDC in
frequency regulation because the converter st&eeps its power export at full load (1000 MW) with
consequent higher power flows on the Tunisian systehich helps to contain voltages.

5.5.2.1 Case 1: Tunisia interconnected with the rest of Mafh and HVDC system in frequency

regulation
Skhira power plant - Electric and mechanical power
500
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Fig. 5.43 - Minimum condition, Skhira generatordpslectric and mechanical power of Skhira (Case 1)
Legend: P — Electric Power; PMGEN — Mechanical Powe

HWDC active power
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Fig. 5.44 - Minimum condition, Skhira generatordpklVDC active power flow (Case 1).
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Fig. 5.45 - Minimum condition, Skhira generatordpfequencies (Skhira, Bouchemma, Mornaguia, @tia!

(Case 1).
Yoltages
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Fig. 5.46 - Minimum condition, Skhira generatordpgoltages (Skhira, Bouchemma, Mornaguia, Oueglati
(Case 1).

Total Tunisian active power exportation
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Fig. 5.47 - Minimum condition, Skhira generatordp®tal active power exchange with Algeria onlp¢€ 1).
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Single line Tunisian active power exportation
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Fig. 5.48 - Minimum condition, Skhira generatordpsingle line active power exchanges (Case 1).

Tab. 5-9 — Sicre Codes of interconnection linesvbeh Algeria and Tunisia.

CODE

LINE

AT11001| El Hadja — Jendouba (400 k\

AT20001| El Aouinet — Tajeroui (225 kV

AT30001| Djeb Onk — Metlaoui (150 kV

AT50001| EIl Aouinet — Tajeroui (90kV)

AT50002

El Kala — Fernana (90 kV)

5.5.2.2 Case 2: Tunisia isolated and HVDC system in frequeagulation

Q00

200

700

Active power (M)

-100

Skhira power plant - Electric and mechanical power
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I S A ——skHTGLpmeEn | o =
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i
2 4 6 g 10 12 14 16 18 20
Time (s}

Fig. 5.49 - Minimum condition, Skhira generatordpslectric and mechanical power of Skhira (Case 2)
Legend: P — Electric Power; PMGEN — Mechanical Powe
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HWDC active power
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Fig. 5.50 - Minimum condition, Skhira generatordpklVDC active power flow (Case 2).
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Fig. 5.51 - Minimum condition, Skhira generatordpfequencies (Skhira, Bouchemma, Mornaguia, @tia}!
(Case 2).
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Fig. 5.52 - Minimum condition, Skhira generatordpgoltages (Skhira, Bouchemma, Mornaguia, Oueglati
(Case 2).
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5.5.2.3 Case 3: Tunisia isolated and HVDC system withagqudency regulation

Skhira power plant - Electric and mechanical power
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Fig. 5.53 - Minimum condition, Skhira generatordpslectric and mechanical power of Skhira (Case 3)
Legend: P — Electric Power; PMGEN — Mechanical Powe

HWDC active power
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Fig. 5.54 - Minimum condition, Skhira generatordpklVDC active power flow (Case 3).
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Fig. 5.55 - Minimum condition, Skhira generatordpfequencies (Skhira, Bouchemma, Mornaguia, @tia}!
(Case 3).
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Woltages
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Fig. 5.56 - Minimum condition, Skhira generatordpgoltages (Skhira, Bouchemma, Mornaguia, Oueglati
(Case 3).

5.5.3 HVDC pole loss
In this paragraph the most important results antsicerations obtained after the loss of one pole of
HVDC system are summarized.
Assuming that the future HVDC link will have a bippconfiguration, the contingency reported below
considers the loss of only one pole since the tisthe whole converter station is considered very
improbable.
Also in this scenario this contingency, equivalena sudden load decrease, is repeated in twaehife
situations:
e Case 1: Tunisian grid connected to the rest of Magljand Europe) leaving the other pole of
the HVDC system in frequency regulation;
e Case 2: Tunisian grid isolated and leaving the roffede of the HVDC system in frequency
regulation.

The case with Tunisian grid isolated and the offwe of HVDC without frequency regulation is not
significant because of the nul margin of frequerenulation’

5.5.3.1 Case 1: Tunisia interconnected with the rest of Maf

From the figures reported below there are not @aei problems for the network even if, like regaoit
in Fig. 5.60, the voltage are quite high, partidylauring the transient. We underline again thechtor
an accurate optimisation of the Var shunt compénsat

Another important effect that it is possible to arlthe consists of the increasing in Tunisian
exportations: Fig. 5.61 shows that after the temtstunisia exports to Algeria about 350 MW, Figh5
shows that also in this case the line that moseases its power flow (in absolute value) is thg &2
line Tajerouine-El Aouinet.

Tab. 5-10 is the legend of Fig. 5.62.

L In this case, because of the initial exportatm&icily equal to 1000 MW, the margin for frequemegulation is
equal to zero: this means that the cases with MBE pole in service with and without frequency ridion are
equal.



CESI

Report Pag 117/133

Skhira power plant - Electric and mechanical power
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Fig. 5.57 - Minimum condition, HVDC pole loss, ¢tecand mechanical power of Skhira.
Legend: P — Electric Power; PMGEN — Mechanical Po{ase 1)
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Fig. 5.58 - Minimum condition, HVDC pole loss, HVRE&ive power flow (Case 1).
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Fig. 5.59 - Minimum condition, HVDC pole loss, fueqcies (Skhira, Bouchemma, Mornaguia, Ouesla@asé
1).
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Fig. 5.60 - Minimum condition, HVDC pole loss, agies (Skhira, Bouchemma, Mornaguia, Oueslatia) ¢d3s
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Fig. 5.61 - Minimum condition, HVDC pole loss, iaative power exchange with Algeria only (Case 1).
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Fig. 5.62 - Minimum condition, HVDC pole loss, dsline active power exchanges (Case 1).
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Tab. 5-10 — Sicre Codes of interconnection lings/ben Algeria and Tunisia.

CODE LINE
AT11001| El Hadja — Jendouba (400 k\)
AT20001| El Aouinet — Tajeroui (225 kV!
AT30001| Djeb Onk — Metlaoui (150 kV
AT50001| EIl Aouinet — Tajeroui (90kV)
AT50002| EIl Kala — Fernana (90 kV)

5.5.3.2 Case 2: Tunisia isolated

From Fig. 5.63 to Fig. 5.66 we note that in thisecafter the contingency the frequency increades a
until about 50.53 Hz. In fact, the contingency qua& to a load shedding equal to 500 MW and the
frequency goes up. After the fault the generatéig. (5.30 reports Skhira machines) decrease their
productions and the other pole of HVDC exports ganregulate due to the lack of power margin: the
combined effects of significant loss of exportatiarreduced number of active power plants in servic
and a null margin for the HVDC pole in service aatlsese problems of over-frequency

Skhira power plant - Electric and mechanical power
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Fig. 5.63 - Minimum condition, HVDC pole loss, g¢tecand mechanical power of Skhira.
Legend: P — Electric Power; PMGEN — Mechanical Po{ase 2)
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HWDC active power
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Fig. 5.64 - Minimum condition, HVDC pole loss, HVRE&ive power flow (Case 2).
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Fig. 5.65 - Minimum condition, HVDC pole loss, fueqcies (Skhira, Bouchemma, Mornaguia, Ouesla@asé

2).
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Fig. 5.66 - Minimum condition, HVDC pole loss, agies (Skhira, Bouchemma, Mornaguia, Oueslatia) ¢3s
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5.6 Considerations about further network reinforcements

In this paragraph we summarized the results oldaiadopting different network reinforcement
schemes.
As a matter of fact, as explained in the previoaagraphs, one of the most binding problems detecte
in our analyses for Skhira power plant is the lo@TCvalue at full power production in Skhira (see th
peak load conditions) in case of three phase sticetiit without fault impedance on the Skhira-
Maknassy 400 kV line.
To increase this value both Skhira generators baea provided with the following devices:

1. Power System Stabilizer;

2. Fast Valving for both high and medium pressure esilv

3. independent supply excitation system.

Particularly the second and the third device hdlj o increase the CCT.

Another way to increase this parameter and to thelpnachines to maintain the synchronism to thie res
of the grid is to reduce the equivalent reactaeesn 9y the machines.

This aspect has been verified adopting, from SkturMaknassy stations, two double circuits instead
two single circuits line. Unfortunately, these duagtial reinforcements do not help in a significaay

to increase the stability margin of Skhira powempl(the CCT parameter does not increase): in tlaet,
instability phenomena of Skhira power plant arerggty influenced by the voltages on 400 kV system.
Indeed, if a fault occurs on the Skhira — Makna&3§ kV transmission line, the voltages on all 480 k
stations (particularly from Bouchemma to Mornaguliegrease a lot. This phenomenon is due to the fact
that generators are mostly connected to voltageldesthers than the 400 kV and, as such, the wltag
control in transient conditions is poor. This faoplies that after the line fault the voltage bebav on
Skhira power plant is quite independent from thecttire of the rest of 400 kV transmission systeh a
for this reason the CCT of the ELMED power planesionot change remarkably if further network
reinforcements are added.

For the above reason, considering the structutbeofTunisian power system without devices directly
connected to the 400 kV voltage level able to ainipbltages (generators or SVCs), to increase the
stability margin of the generators in Skhira is munore important an independent supply excitation
system rather than two double circuits from SkhirdMaknassy substations.

The same results have been obtained consideringibuble circuits from Maknassy to Oueslatia and
from Oueslatia to Mornaguia (this is obviously adtetical solution), but also in this case theiktab
margin has not been increased: this confirms tiawobltage recovery affects a lot the stability giar
of Skhira power plant. The faster is the voltagmowery, the higher is the stability margin

In conclusion, no additional network reinforcemeatbier than those identified in static analyses are
recommended, but for dynamic stability it is stdgngecommended to equip both Skhira generators
* Power System Stabilizer
* Fast Valving device for both high and medium pressalves
* Independent supply excitation system
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6 CONCLUSIONS

The scope of this phase of the study addressesnthect on the Tunisian transmission system of the
new ELMED power plant (or “ELMED Production ClusbeMore specifically, the analyses are aimed
at identifying the reinforcements needed on theidian grid in terms of new lines and interconnegtin
transformers in order to fulfil the static and dgma criteria established by the Tunisian system
operator, STEG.

The study has been split in two phases:

a) screening phasehere we investigated the needed reinforcemetitsMiog the commissioning
of the new ELMED Production Cluster. Four differatiernatives for the location of this new
power plant are examined:

o El Hawaria with a CCGT rated 3x400 MW ;
o0 Bizerte with coal fuelled units rated 2x660 MW ;
o Skhira with coal fuelled units rated 2x660 MW ;
o Enfidha with coal fuelled units rated 2x660 MW.
At this stage, static analyses only are carried out
Two generation levels of the ELMED power plant examined:

- 400 MW to supply theinternal demand in TunisiaThe possible reinforcements
necessary for the evacuation of this power gemmeratie dictated by the expected load
growth in Tunisia;

- 1200 MW to supply thénternal demand in Tunisiand toexport the surplus to Sicily
The additional reinforcements with respect to thevipus case are closely linked to the
commissioning of the HVDC interconnection towardgilf These additional
reinforcements shall warrant a power exchange ®itily up to 1000 MW, which is
the target rating of the submarine interconneatidsipolar configuration.

The reinforcement possibilities for the four ELMEIOwer plant locations have been supplied
by STEG through ELMED Etudes and integrated wittinfer alternatives proposed by CESI
and agreed with ELMED Etudes and STEG.

At the end of this screening phase the more bingotgtion has been chosen for the subsequent
detailed analyses.

b) Detailed analysis phasehere we examined the performance of the Tunipiaduction and
transmission system in dynamic conditions. This gktanalyses helped to highlight the
minimum conditions to comply with the dynamic caasits of the Tunisian system
interconnected with the rest of Maghreb and ingmes of the HVDC interconnection to Sicily.

All the analyses have been carried out considettieghorizon year 2016. Two operating conditions
have been considered:

- yearly peak load: 3960 MW;

- yearly minimum load: 1400 MW.
In addition to the HVDC link with Sicily, the Tunén system is linked with Algeria through five tie-
lines, while the lines with Libya have always beensidered out of service.
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Results of the screening phase

To comply with the N-1 security criteria, two 400 Kines are required for the connection of the
ELMED power plant as well as the HVDC convertettistato the backbone of the Tunisian power
system. With the exception of the ELMED power placated in El Hawaria, the 400 kV lines outgoing
from the ELMED power plant are used both for thppdy of the internal load in Tunisia and for power
export.

For the ranking of the connection alternatives leetwthe ELMED power plant and the Tunisian power
system, the following elements were considered:

- length of new lines;

- losses;

- strength of the grid at the HVDC converter sta{B8CR parameter);

- other environmental oriented elements such asuhear of new right-of-ways.

ELMED power plant located in El HawariaThe most favourable location for the new ELMED
production cluster is in El Hawaria. This altermatdoesn’t require any network reinforcement f@ th
power export to Sicily. Network reinforcements aseded only to supply power to cover the internal
load in Tunisia or, in general, in the Maghreb. T48® kV lines are required connecting El Hawaria to
Mornaguia ensuring a capability of 2000 MW. Thisusion is also very favourable since it ensures a
high short circuit power at the HVDC converter istatand doesn’t cause any additional losses in the
Tunisian system for the power export to Sicily. Eover, thanks to the 2x400 kV lines El Hawaria-
Mornaguia, there aren’t any restrictions for thevpoimport from Sicily in emergency situation.

ELMED power plant located in Bizertthree technically feasible solutions have be¢ammed:

New lines Losses in peak

Solution Reinforcements total length conditions
(km) (MW)

Bizerte-Mateur .
Bizerte-Mornaguia 170 ESCR within

A e 67.7 1.99 + 3.55 p.u.
2x El Hawaria-Mornaguia 300
Bizerte-Mateur 170
Bizerte- Mnihla ESCR within

S N 67.4 1.95 + 3.47 p.u.:
2x El Hawaria-Mornaguia 300 ' ' o
Bizerte-Mateur 310
Bizerte-El Hawaria ESCR within

e s 68.4 0.69+2.88 p.u
El Hawaria-Mornaguia 150 ' ' o

As for the ranking among the solutions, we note swdutions “A” and “B” are practically equivalent
even considering all ranking criteria. A possiblsscdminating element may be related to the
environmental impact, e.g.: difficulty in selectiadhe right-of-ways, number of expropriations, etc.
Solution “C” shows a poor short circuit power a¢ tHVDC converter station and higher losses.

ELMED power plant located in Enfidh&our solutions are technically possible (seeddi#re below),
but the performances of solution “A” are more fanadle both from the technical (no critical problems
detected in N-1 conditions) and environmental pofntiew (only two right-of-ways for the new lines)
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As for the power losses, solution “C” is the mastdurable one when considering the power export to
Italy, even if power losses difference with solatid\” is not remarkable.

Solution Reinforcements New lines Losses in peak

total length conditions

(km) (MW)
2x Enfidha-Mornaguia 200 Only —two  right-of-way
A bz P TS T 68.3 necessary
2x El Hawaria-Mornaguia 300 ESCR within
3.53 +3.99 p.u.
Enfidha-Mornaguia 210
B Enfidha-Oueslatia | 777 76.4 ESCR within
2x El Hawaria-Mornaguia 300 ' 3.41+3.88p.u
Enfidha-Mornaguia 250
C Enfidha-El Hawaria | 777 64.3 ESCR within
El Hawaria-Mornaguia (2) 150 ' 3.74+4.15p.u
2x Enfidha-El Hawaria 300 .
D S R 70.8 ESCR within
El Hawaria-Mornaguia 150 ' 4.83 +5.05 p.u

ELMED power plant located in Skhirghe location of the ELMED power plant in Skhirashthe
heaviest impact on the Tunisian power system sin@xuires the doubling of the south-north 400 kv
corridor up to Mornaguia.

For the supply of the internal load with a powesduction level of 400 MW, two basic solutions are

acceptable:

C) turn-infturn-out substation on the 225 kV doublecuit line Bouchemma-Sidi Mansour
equipped with 2 x 400 MVA transformers;

d) one 400 kV line outcoming from Skhira (the short@s¢ being Skhira-Macknassy 70 km) and
the turn-in/turn-out substation on the 225 kV deublrcuit line Bouchemma-Sidi Mansour
equipped with one 400 MVA transformer.

Indeed, these solutions do not fulfil the secuciystraints when the ELMED power plant generates it

rated power (1200 MW). Hence, additional reinforeats shall be considered as illustrated in thestabl

here below.

The following comments are worth being highlighted:

- Solution C is characterised by the poorer perfogrann terms of power losses;

- Solutions Al, A2 and B, involving a 400 kV conneatiwith the existing 225 kV s/s of Maknassy
may be completed by the addition of a 400/225 k¥hatMaknassy s/s for more flexibility in the
operation. Nevertheless, this integration is nadeel for the power evacuation from the ELMED
power plant in compliance with the security crieri

- Solutions A2 and B entailing the erection of vaygd 400 kV may be critical for the voltage control
and an appropriate Var compensation scheme shativiestigated: likely dynamically controlled
shunt Var compensation devices are needed. Moretiverenergisation procedure of the long
400 kV line might reveal critical, especially infidoad conditions characterised by low short circui
power. If chosen, these solutions require the ei@twf dedicated studies and, very likely, extra
costs are to be considered for the voltage control;

- All solutions, except A0, show a poor loading oa #90/225 kV transformers at the turn-in/turn-out
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station along the Bouchemma-Sidi Mansour line. Awater of fact, if we consider two 400 kV
lines outgoing from Skhira power plant, one migbhsider the connection of one autotransformer
only, or, better, two autotransformers with lowater (e.g.: 250 MVA). This latter solution warrants
a better reliability and operation flexibility.

Solution Reinforcements New lines New ATR | Losses in peak
total length | 400/225 kV conditions
(km) (MW)
AO Solution NOT feasiblg
. . for the full capacity pf
T-in/T-out B.-S.M. 2x20 2 the ELMED power
plant
Al T-in/T-out B.-S.M.* 2x20
Skhira-Maknassy double  2x70
circuit (d.c.) gk 113.6 ESCR within 3.28 +
Maknassy-Oueslatia 180 ' 3.67 p.u
Oueslatia-Mornaguia_____ | 130
2x El Hawaria-Mornaguia 300
A2 T-in/T-out B.-S.M.* 2x20
Skhira-Maknassy 70 g 112.1 ESCR within 2.79 +
Shkira-El Hawaria | 410 ' 3.13p.u
El Hawaria-Mornaguia 150
B T-in/T-out B.-S.M.* 2x20
Skhira-Maknass 70 - .
Skhira-Mornagui);l 350 3 114.1 ESCR within 3.28 =
2x El Hawaria-Mornaguia | 367pu
300
C T-in/T-out B.-S.M.* 2x20
Skhira-Bouchemma d.c. 2x70
Bouchemma-Oueslatia 280 o 130.7 ESCR within 3.23 +
Oueslatia-Mornaguia_____ | 130 ' 3.63p.u
2xEl Hawaria-Mornaguia 300
D T-in/T-out B.-S.M.* 2x20
Skhira - T-in/T-out along 85
the line Bouchemma-
Oueslatia ok 119.6 ESCR within 3.27 +
Skhira-Oueslatia 245 ' 3.66 p.u
Oueslatia-Mornaguia | 130
2XEl Hawaria-Mornaguia 300

* Turn-in/Turn-out substation on the 225 kV doudikeuit line Bouchemma-Sidi Mansour

** 1 ATR 400 MVA in Maknassy and 2 ATR in Skhirattie T-in/T-out along the line Bouchemma-Sidi
Mansour with appropriate size (e.g.: 250 MVA). Aitively, one can foresee 1 ATR only in Skhira
with the standard rating of 400 MVA.

*** 2 ATR in Skhira for the T-in/T-out along thené Bouchemma-Sidi Mansour with appropriate size
(e.g.: 250 MVA). Alternatively, one can foreseeTRAnly in Skhira with the standard rating of 400
MVA.

In conclusion,_the siting of the ELMED power plaint Skhira turns out to be the most binding
alternative with respect to the other ones in teohsietwork reinforcementsBy considering the
technical performances solution “Al” is the mostdiarablesince:

e it avoids very long transmission lines that canseauoltage problems in case of low power
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flows;
e it uses an already existing corridor to build mafsthe new reinforcements;
« it will hardly cause under-excitation problems f@nerators in case of restoration;
e itis one of the solution with the lowest netwookses.

Thus, this solution is examined more in detail sassg the performances of the system in dynamic
conditions.

Results of the detailed analysis phase
The dynamic analyses focused on examining the msystability at the occurrence of large credible
perturbations, namely:
1. three-phase short circuit without fault impedancele 400 kV line Skhira — Maknassy;
2. loss of one Skhira generator in three situations:
a. Tunisia connected to the rest of Maghreb and Eurapg HVDC link to ltaly in
frequency regulation;
b. Tunisia isolated and HVDC system to Italy in freqeygregulation;
c. Tunisiaisolated and HVDC system to Italy out @dfuency regulation.
3. loss of one pole of HVYDC system in two situations:
a. Tunisia connected to the rest of Maghreb;
b. Tunisia isolated.

The occurrence of a three-phase short circuit @400 kV is a very critical perturbation for the
transient stability of the Shkira unitthdeed, to ensure an adequate CCT we recommexidbdith
Skhira generators shall be equipped with:

» Power System Stabilizer

« Fast Valving device for both high and medium pressalves

» Independent supply excitation system.
By adopting the above measures, the CCT with Skhiréull generation level (1200 MW) attains
170 ms, independently from the control system lestaat the HVDC converter station. The CCT is
strongly affected by the generation level of th&i&kunits (e.g.: CCT = 280 ms when the power plant
generates 1050 MW). For short circuits occurringhier from the ELMED power plant in Skhira, the
CCT are larger and warrant the stability also isecaf intervention of the distance protectionsdoosnd
steps.

The loss of one unit in Skhira has a moderate impacthe Tunisian power system when it is
interconnected with Algeria and the HVDC link isugaped with a frequency regulatan peak load
conditions, the loss of 600 MW in Skhira is rec@geby reducing the power export to Sicily by about
320 MW, increasing the import from Algeria of ab@®0 MW, whilst the remaining amount of power
is generated inside Tunisia. In case of Tunisiaatpd in isolated mode from the rest of Maghreb, to
avoid the intervention of load shedding the HVD@w&rter station must be equipped with a frequency
regulatorhaving an appropriate droop.

Finally, the loss of one pole in the HVYDC convestation (500 MW), which is equivalent to the sudde
disconnection of a load, doesn’t show any transseattility problems; the surplus of power is coreey
towards Algeria with a consequent increase of ebasder power flows. Only in case of Tunisia
isolated the frequency, particularly in minimumdascenario, increases in a significant way. This i
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mainly due to the reduced frequency regulation imafggual to zero in minimum load scenario) for the
other HVDC pole in service. In this case a highueabf power exported to ltaly in starting point
conditions exposes Tunisian grid to a possible-freguency problems in case of the loss of one HVYDC
pole if the tie-lines with Algeria are out of sarei

Three additional recommendations are formulated:

- considering the large size of the Skhira units (88 each) and the impact on the cross-border
power flows when tripping a unit, an appropriateitg of the protective relays on the 400 kV tie-
line has to be implementedrurthermore, we underline that the protectiontirsgetshall be
coordinated with the other 400 kV lines in Algesiad Morocco along the east-west corrjdor

- the defence plansf the Tunisian power system shall also be revisetbpe with possible extreme
contingencies taking into account the presencehefrtew ELMED production cluster and the
HVDC link with Sicily;

- an optimisation of the shunt Var compensation d=sahall be carried on, since in some cases we
have detected too high voltage profiles both imgr@nt and post-contingency situations (e.g.: loss
of a Skhira units in minimum load conditions and HVDC converter in frequency regulation).
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ANNEXE 1. VALIDATION OF THE BASIC MODELS

Before starting the simulations, several tests veameied out to check the consistency of the result
obtained with SPIRA package and SICRE simulatohwéspect to the original results supplied by
STEG and obtained by PSS/E.

In particular, the static results were verified dipsschecking the load flows outputs between SPIRA
and PSS/E.

Dynamic results were verified by crosscheckingtitme domain diagrams obtained by SICRE simulator
and PSS/E applying the same perturbations

All the above analyses were carried out with Tunigberated in isolated mode, since the origina dat
base was referring to this operating condition.etain, the Tunisian system has been interconnected
with Algeria, Morocco and the ENTSO-E/SCR systelffterahaving verified that the overall model
showed the same results inside Tunisia, we haveedttne study.

Al.1 Tests in static conditions: coherency checks basic configuration

Peak load conditions

The tripping of the 90 kV double circuit line Groailia — Korba gives origin to the low - voltage leve
on 90 kV substation showed in the following tablEse same outage creates an overload (26%) in the
parallel 90 kV line Grombalia - M. Temime. Thessuiks are coherent with those of the original PSS/E
load flows.

Post-contingency voltage violations — Base case

. Vn . . Vn Vi VN—l AV
Contingency (kV) Violation &) | &) | &v) (%)
GROMBALI KORBA 90
GROMBALI KORBA % M. TEMIME 90 89.9 77.1 -14
GROMBALI KORBA 90
GROMBALI KORBA % KORBA 90 92.1 75.0 -17
GROMBALI KORBA 90
GROMBALI KORBA % HAMMAMET 90 91.0 78.1 -13
GROMBALI KORBA 90
GROMBALI KORBA % A.KMICHA 90 90.5 75.9 -16
KAS.NORD KASSERIN 150 | TAJEROUI 150 | 159.6| 165.§ 11
KAS.NORD KASSERIN 150 | KAS.NORD 150 155.4 166.8 11
HAMMAMET |[RADES 150 |RADES 150 | 159.3| 167.3 12
Overloads in N-1. Base case
. Vvn Vvn In- In-
Contingenc Overload N-1 N-1
gency (KV) (KV) (KA) (p.u.)
GROMBALI | KORBA 90
GROMBALI | KORBA % GROMBALI [M.TEMIME 90 0.66 1.26

Al.2 Tests for the dynamic model validation

In this section the comparison between the timeadordiagrams obtained by CESI and those provided
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by STEG is shown. This test is necessary becausanug analyses provided by STEG are executed
with PSS/E software tool; instead dynamic analysescuted by CESI are executed with SICRE
simulator.

All these simulations have been obtained considahe Tunisian grid isolated.

Peak load conditions

Fig.0.1 and Fig.0.2 show the frequency behavioterathe loss of Aousdja 400 MW generator.
Comparing the two diagrams, respectively providgdSTEG (obtained with PSS/E software) and
obtained by CESI with SICRE simulator, we note ttaty are very similar, both in term of dynamic
oscillations and in term of final value after trentingency.

|

|
EEETER

I

0.0 B, 00O 12,000 18.000 24,000 30,000
3.,0000 3.0000 15.000 21,000 27.000

i G
TIME [SECONDS) TUE, MARY 18 20

Fig.0.1 — Peak load scenario — Tunisia isolatedSSFE trace — frequency after Aousdja 400 MW loss
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Fig.0.2 — Peak load scenario — Tunisia isolated GRE trace — frequency after Aousdja 400 MW loss
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The same considerations apply by comparing Figut3 Fig.0.4: in this case the voltage behaviour of
Aousdja station after the same previous contingénegported. Also in this case the two diagranes ar
very similar, both in terms of dynamic oscillatiamd in terms of final value and duration of the
transient.

0.0 4, 0000 B.,0000 12.000 16, 000 20,000
2.0000 6. 0000 10,000 14,000 18,000

TIME [SECONDS)

Fig.0.3 — Peak load scenario — Tunisia isolatedSSFE trace — Aousdja voltage after Aousdja 400 b4 |

TUE.

Tension Aousdia [ki] - SICRE

4122
410.4
408.0

405.6 I
403.2 [
400.2 I
308.4 I
396.0 I

393.6

201.2 [ - i " j . i. " j i i " il i Il - i " j
u]

Tempo (s)

Fig.0.4 — Peak load scenario — Tunisia isolated GRE trace — Aousdja voltage after Aousdja 400 M¥é |

Minimum load conditions
For this scenario little differences among SICRE &8S/E behaviours are present because dynamic
simulations are referred to two different minimumad conditions: in fact, diagrams provided by STEG
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are referred to the first minimum load scenarioviited on May 20, 2010; instead SICRE diagrans are
referred to the second and the official minimundisaenario provided on June™ 2010.

Fig.0.5 and Fig.0.6 show the frequency behavioterathe loss of Aousdja 200 MW generator.
Comparing the two diagrams, respectively providgdSTEG and obtained by CESI with SICRE

simulator, we note that they are very similar, gkcgome little dynamic oscillations caused by the
different configuration between the two scenarios.

= INH
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0.0 B, 0000 12.000 18. 000 24. 000 30,000
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Fig.0.5 — Minimum load scenario — Tunisia isolateBSS/E trace — frequency after Aousdja 200 MW loss
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Fig.0.6 — Minimum load scenario — Tunisia isolate8ICRE trace — frequency after Aousdja 200 MW loss

The same considerations can be done comparing. Figr@l Fig.0.8: in this case the voltage behaviour
of Aousdja station after the same previous contiogés reported. Also in this case the two diagrams
are very similar, both in terms of dynamic osciiat and in terms of the duration of the transiém;
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final values show some differences because Aoustljfiguration is different in the two scenarios.

0.0 12.000 24.000 36,000 48,000 B0, 300
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Fig.0.7 — Minimum load scenario — Tunisia isolateBSS/E trace — Aousdja voltage after AousdjaM@dloss

Tension Aousdia (kW] - SICRE

430 . . . — T . . .
[ : : —— AOUTW1ALY | ; : : : :

423

426
424

422
420
418

416
414
412

.., B R N T BN R I IR B
a7 14 21 28 35 42 49 56 63 70

Termoo (51

Fig.0.8 — Minimum load scenario — Tunisia isolate8ICRE trace — Aousdja voltage after Aousdja 00 loss




