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Task C : definition of the maximum power generdigdon dispatchable
renewable sources, acceptable by the Tunisian ggoetransmission system
considering the network reinforcements identifiedhe first phase of the study
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GLOSSARY

AC: Alternate Current

ATR: Auto-transformer

AVR : Automatic Voltage Regulator

CCGT: Combined Cycle Gaz Turbine

CCT: Critical Clearing Time

CSP: Concentrating Solar Power

DC: Direct Current

DFIG : Double Fed Induction Generator

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

HVDC : High Voltage Direct Current
NTC : Net Transfer Capacity

P: Electric Power

PMGEN: Mechanical Power

PSS: Power System Stabiliser
PV : Photovoltaic

RES : Renewable Energy Source
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1 SCOPEOF THE ANALYSIS

According to the work plan, this analysis aims $eess the maximum acceptable intermittent genaratio
from renewable energy sources for the Tunisiarstrégsion system.

After having assessed the overall value of the mari intermittent generation penetration, we vedifie
the system performances with static and dynamidyaes, applied both to peak and minimum load
conditions, starting from the grid configuratiorntetenined in Task B [2] without any additional netko
reinforcement.

2 SUMMARY OF THE STUDY PROCESSFOR TASK C

The study process follows the methodology illusttiain [1] (see par. 3.2 end) that is here summnrise
with some additional details.

The study is basically split in three phases:

1. “single bus-bar” analysiswhere the maximum connectable non-dispatchable gdheration is
determined, considering only the constraints ofcii@ventional generating units (i.e. frequency
regulation reserve). The analysis will be carried io both loading conditions (maximum and
minimum), choosing the lower value as the genandewel that shall remain connected in peak
and minimum load conditions.

At the end of this phase, the sites for the instialh of the RES generation plants will be chosen
among those proposed by STEG.

2. Static analysiswhere the previously assessed renewable genenatlbbe connected to the
grid, introducing no further reinforcements exceapbse strictly requested for the RES
generation plants connection.

Thereafter, a “redispatching” will be necessarylofeing the “merit-order” criterion and thus
reducing the production of the most expensive gemay units. The new ELMED power plant
will be considered on the top of the merit order.

In this analysis active power flows are checkedath scenarios (peak and minimum load),
searching eventual overloads or voltage violatiomsreover a “N-1" security analysis is carried
out as well.

3. Dynamic analysiswhere two main sets of analysis are carriediaut;

- sensitivity analysis, in order to determine thesef$ on the grid of the fluctuations of
non-dispatchable RES generation;

- fault analysis, in order to verify the behaviour tbe Tunisian system during main
contingences which could cause the disconnectioarafwable power plants.

As reference, the RES generation plants connestionteria suggested in [3] have been
considered, both to evaluate the sensitivity amalyssults and to determine the renewable
plants’ behaviour in case of grid faults.

At the end of this phase, we determine to whatrgxtiee non-dispatchable RES generation
connected to the Tunisian system influences itbilgta verifying that such an intermittent
generation level can be accepted.
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3 ASSESSMENT OF THE MAXIMUM NON-DISPATCHABLE RES
GENERATION IN COMPLIANCE WITH THE CONTRAINTS OF THE
CONVENTIONAL GENERATING UNITS

In this chapter the maximum non-dispatchable RE&ggion that is possible to inject in the Tunisian
power grid has been assessed. Since the study ptisusnaffect the results, these assumptions have
been described and justified according to whatalyeestablished in Task 1 [1].

Both peak and minimum load scenarios have beerysethlin order to determine the most restrictive
situation.

Thereafter the sites chosen for the installationthef new RES power plants have been reported,
emphasising the criteria followed for these chaices

The grid representation considered in this “firevdl” analysis has been the “Single Bus Bar”
configuration (Fig. 3-1), already described in TAgl], which represents a considerable simplifaat

but not an approximation, to define the total nispdtchable renewable generation for Tunisian tect
system taking into account the reserve criteriordepicts the grid as a single bus bar with all the
traditional generators, RES generators, loads lamdHVDC system connected to the same bus in order
to investigate, as first step, the global constsagoncerning the connection of non-dispatchabieepo
generation (i.e. presence of sufficient reservelese constraints refer to the capability of the
conventional generators to cope with the fluctuegiof the renewable generation.

Winch Winclh Winclz

ﬁwy _____ ﬁ_; i

Load! Loadi Loadn

Fig. 3-1 — Single Bus Bar configuration — exampithwon-dispatchable RES generation representedibgl.

3.1 Adopted hypotheses

In this paragraph all the hypotheses adopted taimipeak and minimum scenarios, used both in static
and dynamic analyses, are described.

The results reported in this document are valids ainsidering all these assumptions: CESI do not
warrant the validity of the results reported ifsbénypotheses are not fulfilled.

Hypotheses used both in peak and minimum load sicena
1. ELMED Power Plant located in Skhira, as from resaoftTask 2 [2].



CESI

Report Pag 7/103
2. No further grid reinforcement beside those defif@dhe “solution A1” (ELMED power plant
in Skhira) in Task 2 [2].
3. International interconnections:
- Libya: out of service.
- Algeria: connected, but with a non-null import/elpbalance only during particular
transients.
4. Traditional reserve considered equal to 8% of tlotadl (comprehensive of both Secondary and
Tertiary reserve)
5. Additional reserve depending on the penetration noih-dispatchable RES generation,

determined by a linear interpolation of the valuegorted in the table below (Tab. 3-1). The
additional reserve has been considered with referemwind power since it represents the most
fluctuating form of RES generation.

Tab. 3-1 — Additional reserve depending on RES tpatien (referred to wind).

Additional reserve
(in % of the RES
generation)

RES penetration
%

5 6,5
10 9

15 115
20 14
25 16,5

To calculate the additional reserve, the followstgps are necessary:

e assume a certain amount of RES productions;

» calculate the RES penetration in percentage wepeaet to the total load,;

 calculate the additional reserve according to Bab: the traditional generation
will must be at least equal to the sum of: totahteécal minimum, tertiary and
additional reserves;

» check if the RES amount assumed at the beginningofgerent, i.e. the
constraints on the reserves are fulfilled: if rbtange it repeat the calculation.

6. For what concerns redispatching, the following hizpses have been considered:

- HVDC connection with a regulation bandwidth of 5eéférred to rated power), which
means a maximum deliverable power of 950 MW oul@®0 MW: 950 MW is the
exportation to Italy in both scenarios.

- Redispatching of exceeding generated power acaptdimerit-order criterion.

- No generating unit can be shut down, but at matuaed to their technical minimum,
increased by a regulation bandwidth of 5% (ofdted power).

- Skhira power plant generation has been consideiféerehtly in the two scenarios
analysed:

i. 1000 MW is the production in peak load condition

! These values have been adopted considering itimmahstudies, i.e. the IEA Wind Task 25 studyesign and
operation of power systems with large amounts onflypiowet, as reported in the report of Task A.
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ii. 400 MW (its technical minimum) plus its regulatingandwidth is the
production in minimum load condition: the genergtilevel of Skhira may
decrease down to 400 MW plus its regulating bantwid give priority to the
RES generation.

Note 1: the merit order criterion followed in thssudy is based on the data provided by STEG
and reported in detail in [1]. In presence of thewnELMED power plant, these data
should be brought into question and the redispaighbased on the merit order
criterion may be different in respect to the orléfeed in this study also in function of
the adopted technology of the new ELMED power gliamtgas, coal).

Note 2: with reference to the redispatching in minm load conditions (par. 4.2.2), the adopted
hypotheses to decrease the power production inr&kldwn to a value close to its
technical minimum to give priority to RES genematman have an adverse impact on
the efficiency of the Skhira units, particularlythie technology for the ELMED power
plant is based on coal.

On the other hand, it is worth mentioning thasthery binding operating mode refers
to the worst possible condition for the Tunisiasteyn, i.e. maximum non-dispatchable
generation at the minimum loading conditions.

7. For what concern RES generators:
- We always refer to_generated powarpower really injected in the Tunisian electric
system and not to the installed capacity)
- generation rate of 80% of rated pofver

As described in [1], the maximum acceptable gradiémincreasing/decreasing RES generated power
must be considered as a further possible consti@irthe connection of RES generation plants. Also
this restriction has been considered in the analisg, thanks to the fast frequency regulationhef t
HVDC system, an estimated variation of a few MW/riminrenewable production (as experienced in
country with even higher wind power penetrationhsas Spain) can be easily covered and it not
represents a problem for Tunisian electric system.

2 This assumption has been done taking into accthenssituation of Sicily that can be considered, rizany
reasons (i.e. geographical extension and locasiae, and type of installed wind power plants) gsiteilar to the
Tunisian situation and it is supported by the fhett the wind farms on Tunisia will be likely comteated in a
smaller area than Sicily. This value is in line twihe evaluation of similar systems, e.g. Irelaklihreover,
referring to Sicily, which is characterised by wirefjime similar to Tunisia, the records show tlhat tnaximum
contemporary factor has never been greater than.T@&assumption to consider this parameter equdd% for
the Tunisian system is a conservative hypothesigtiy security conditions.
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3.2 Peak Load Scenario
The starting point with the total absence of rerde/generation is represented in Fig. 3-2.
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Fig. 3-2 —Load and reserve in peak load conditioth@ut renewable power generation.

From Fig. 3-2 it is possible see that in startirmnp conditions the total load is totally covereg b
traditional generated power: part of this productiall be substituted with renewable generation.

As the load is kept constant, next step consisteduicing traditional generated power, substituting
with RES generating power, and adding the additioaaerve depending on the non-dispatchable
penetration.

The RES penetration could be theoretically incrédiiehe total upward or downward available reser

Is greater than the requested reserve (tertiaryadddional).

Actually, since no traditional generating unit isrted off, the upward reserve would never become a
limit: being the additional reserve always a litdercentage of the renewable generation, the upward
reserve of the traditional units will be greateartithe requested additional reserve as it's at ksl

to RES generation.

Therefore, the downward reserve represents theuanapnstraint for the non-dispatchable RES
penetration in this “single bus-bar” analysis, amgbeak condition it doesn’'t appear to be a resigc
situation as the generating units are far fronrtteghnical minimum.

However, a limitation will surely derive from minum load scenario analysis.
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3.3 Minimum Load Scenario
The starting point with the total absence of rertdevgeneration is showed in Fig. 3-3.
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Fig. 3-3 —Load and reserve in minimum load conditiathout renewable power generation.

The more restrictive situation of the minimum loamhdition is immediately evident. The downward
regulating power results to be pretty low, andetigks almost entirely from ELMED power plant,
which is supposed to be able to reduce its prodadtil its technical minimum (400 MW) increased by
5% regulation bandwidth (20 MW)Thus, the non-dispatchable power generation aahke to the
Tunisian grid needs to be limited.
Through an iterative calculatigra final result has been obtained (Fig. 3-4):

- renewable power generation 530 MW (penetration of 22 %)

® It is important to always ensure a regulating bedth to allow the frequency regulation in casenetessity: to
this purpose, the effective minimum production leé power plant is considered equal to its techmgaimum
increased by 20 MW (5%, i.e. the regulating bandu)id

* The iterative calculation is summarized as follpeansidering:

a) secondary reserve ﬁou_min +1507 ~150= y101412+ 150 ~150= 414MW
b) tertiary reserve = 0.08%,, = 0.08*1412 =113 MW.
First step: we suppose 500 MW of RES. We calculate:
e The RES penetration: 500/2362 = 21.Z/percentage of additional reserve equal to 14.6RES
« Additional reserve: 0.146*500 = 73 MW
e Check: 1632+113+73+500 = 2318 MW The demand istgr@362 MW), so it is possible to increase
the RES generation.
Second step: we suppose 530 MW of RES. We calculate
e The RES penetration: 530/2362 = 22.%¥percentage of additional reserve equal to 15.3R&S
« Additional reserve: 0.153*530 = 81 MW
e Check: 1632+113+81+530 = 2356 MW (about equal ® demand)> So we confirm the limit of
530 MW of RES.
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- additional reserve: 81.0 MW (15.3 % of generatmwwable power)
- traditional generated power ; 1832 MW

Since the HVDC connection is able to regulate fezmy, it doesn't need any reserve; thus, the 8%
reserve is calculated on the total load decreag&@b6 MW (i.e. 1412 MW)

The power reduction of 530 MW has been entirelyeced by ELMED power plant, which without non-
dispatchable RES generation would produce 1000 MWile its technical minimum, increased by the
regulation bandwidth, reaches 420 Mw

With a generating power rate of 80% of the ratedigro the total installed renewable power would
reach about 660 MW

Zi Pmax-i —m—g """ T

8% Upward
reserve

4043 MW

% Additional reserve

2362 MW
______________________ P
Wind power l
generation |
{530 MW) !
o ———11832 MW
Additional reserve
Traditional
8% Downward generated power
reserve
Zi Pmin-i _______

1632 MW
Fig. 3-4 — Load and reserve in minimum load cowoditivith renewable power generation.

It is very important to point out that for this segio, being all Tunisian generators to their técan
minimum, also ELMED power plant must decreasespitsduction: the ELMED power plant is
considered as the last power plant that can dezitsagroduction.

® The power export through the HVDC link is parttbé demand because it can be considered like aificad

power required by the system: for this reason twep export is taken into account in the calculatid RES
penetration. However, the behaviour of the HYDCeyscan not be considered strictly as a load, lsec@ihas
the possibility to regulate the frequency: for tteéason, the power export through the HVDC linkas considered
in the tertiary reserve calculation.

® In minimum load conditions, the ELMED power plasithe only power plant that can decrease its priboiu to
give priority to RES generation in this conditidfo have a minimum amount of frequency regulationdvadth
for this plant, its production doesn't decreaseaurt?0 MW.

" The value of wind power equal to 530 MW must neobtained as the difference between the values@Mw
and 420 MW because also the additional reserve bausbnsidered, as pointed out in the iterativeutation.
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In conclusion, from single bus bar analysis bagethe reserve criterion reported in this chaptemia:
dispatchable RES generation equal to 530 MW apeleguate for the Tunisian system: this value that
has to be verified with static and dynamic analybas been determined considering the minimum load
scenario being the most restrictive condition.

3.3.1 Non-dispatchable RES modulation in function of thELMED power plant technical
minimum

In the previous analysis a global technical minimpinthe ELMED power plant equal to 400 MW has

always been considered.

However, considering that the ELMED power plantsill at a planning stage, all its technical

characteristics cannot be known with certainty. #is reason in this paragraph the maximum non-

dispatchable RES generation in function of the EIDViower plant technical minimum (or limitation in

the downward modulation) is reporfed

The values indicated below are calculated adoplieggame methodology illustrated above based on the

total amount of available reserve for Tunisian eyst

CASE 1: ELMED technical minimum equal to 500 MW

» Technical minimum total sum: z Puin i =1732MW
i

* Additional reserve: 61 MW

* Non-dispatchable RES power generation: 450 MW

e Traditional generated power: 1912 MW

CASE 2: ELMED technical minimum equal to 600 MW

» Technical minimum total sum: z Prin i =1832MW
i

* Additional reserve: 44 MW

* Non-dispatchable RES power generation: 370 MW

e Traditional generated power: 1992 MW

CASE 3: ELMED technical minimum equal to 700 MW

» Technical minimum total sum: z Prini =1932MW
« Additional reserve: 29 MW
 RES Non-dispatchable power generation: 285 MW

« Traditional generated power: 2077 MW

® These considerations are necessary because Hmctaninimum of a power plant depends not onlyitersize,
but also on the adopted technology (e.g.. coa), gas
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In conclusion, from the reported values it is polespoint out that if technical minimum of the ELIDE
power plant increases of 100 MW, the non-dispatiehednewable power generation must decreases of

about 80 MW in linear way.

The most problematic situation for the Tunisianteysis that one showing the highest amount of non-
dispatchable RES power generation. For this reasbmhe analyses reported in the next sections are
referred to the base scenario with renewable pgemeeration equal to 530 MW.
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4 NEW TUNISIAN SCENARIOS WITH NON-DISPATCHABLE RENEWABLE
GENERATION

In this chapter the criteria adopted to build te&rscenarios for Tunisian grid are reported. Asaaly
described in the previous section, both for maximamd minimum conditions the amount of non-
dispatchable RES power generation is considered ¢g&30 MW.
Starting from this value it is necessary:
1. to define the RES generation plants to be conndotdtk grid;
2. to define the best connection solution (in ternmaiimum costs) for the RES generation plants
selected in point 1;
3. to redispach the conventional units in operatiaedispatching” is executed according to the
“merit order” of the units, but without changingethnit commitment,

The solution proposed here will be then verifiedhwstatic and dynamic analyses to ensure the
compliance with the security criteria.

4.1 Non dispatchable RES power plants connection to the Tunisian grid

The connection solutions identified in this parpiralo not change in the two scenarios considered:
they are the same both for minimum and for peaét tamditions.
Tab. 4-1 reports the RES sites identified by STHth ¥he capacity factor assessed for a generatibr un
of 1500 kW. The data in Tab. 4-1 refers to the wgsheration technology, lacking more detailed
information on the siting of other RES generatidihe RES generation plants have been selected
according to the following criteria:
- First of all, the power plant already commissior@din construction have been considered
(Sidi Daoued, Metline and Kechabta);
- The second criterion is based on the capacity fatte ones with the highest parameter have
been chosen: this is an appropriate criterion exauthis way the RES plants with the highest
ratio between produced energy and producible eremgghosen.

Then, the most convenient solutions to connect RESeration plants to Tunisian grid have been
selected among the candidate substations provigl&TBG.
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Tab. 4-1 — Non-dispatchable RES power plant sitestified by STEG.

Capacity factor assessed
Name of site Region for a generator unit of Exploitable RES
1500 kW power (MW)
(%)

Sidi Daoued (1) Cap Bon 30 54
Metline (2) Bizerte 38 97
Kechabta (2) Bizerte 35 93
Ben Aouf Bizerte 37 25
Jebel Abderrahmen Cap Bon 39 200
Ferkik Kerkennah - 40
Akarit Gabés - 50
Sidi Mechreg Bizerte - 40
Jbel Thaga Kébili - 150
Thala Kasserine 22 60
Zonkar Bizerte 32 200

(1): Power plants already commissioned.
(2): Power plant in construction (in service at the end of 2012).

Tab. 4-2, provided by STEG, shows the candidatéiosg to connect

dispatchable RES power plants.

the correspondent

non-
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Tab. 4-2 — Connection stations identified by STEG.

Name of site Region Candidate station for connection
Sidi Daoued (1) Cap Bon Menzel Temime 90 kV: 29 km
Metline (2) Bizerte Menzel Jemil 90 kV: 11 km
Kechabta (2) Bizerte E/S sur la ligne existante 90 kV Menzel Jemil-

Menzel Bourguiba: 6 km

Menzel Jemil 225 kV, 90 kV: 28 km
Menzel Bourguiba 225 kV,90 kV : 25 km

Ben Aouf Bizerte Bizerte 90 kV : 12 km
Mateur 225 kV, 90 kV : 43 km
Menzel Temime 90 kV: 20 km
Grombalia 225 kV, 90 kV: 43 km
Jebel Abderrahmen Cap Bon Korba 90 kV': 39 km

Hammamet 150 kV, 90 kV : 65 km
E/S sur la ligne existante 90 kV. Grombalia-
Menzel Temime: 11 km

Sidi Mansour 225 kV, 150 kV: 52 km
Ferkik Kerkennah Sfax 150 kV: 68 km
Thyna 150 kV: 76 km

Skhira : 150 kV : 35 km
Akarit Gabés Bouchemma 225 kV, 150 kV : 35 km
Ghannouch 225 kV, 150 kV : 36 km

Mateur 225 kV, 90 kV : 72 km
Menzel Bourguiba 225 kV,90 kV : 78 km

Sidi Mechreg Bizerte Tabarka 225 kV,90 kV : 56 km
Beja 90 kV : 70 km
Jbel Thaga Kébil Kebeli 150 kV : 20 km

Mdhilla 150 kV : 91 km

Tajerouine 225 kV, 150 kV, 90 kV: 46 km
Thala Kasserine Kasserine Nord 150 kV: 52 km
Kasserine 150 kV: 59 km

Menzel Jemil 225 kV, 90 kV: 42 km
Menzel Bourguiba 225 kV, 90 kV: 30 km
Mateur 225 kV, 90 kV: 41 km
Bizerte 90 kV: 28 km

Zonkar Bizerte

(2): Active power plant.
(2): Power plant in construction (in service at the end of 2012).
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Tab. 4-3 reports the solutions adopted in the study
Considering the information reported in Tab. 4k& best connection solution for the RES power plant
of Ben Aouf, Jebel Abderrahem and Zonkar has bedected. The connections of the other power
plants already in service or in construction areay defined.
The motivations for the solutions proposed arddhiewing:

* Ben Aouf power plant has a power equal only to 28/:Mhe natural connection is at 90 kV

voltage level.
» Because of the high power of Jebel Abderrahem amkat plants, the connections have been

chosen at 225 kV voltage level.

Tab. 4-3 — Connection adopted for Tunisian RES ppieats.

Exploitable
Name of site Region Connection stations RES power
(MW)
Sidi Daoued Cap Bon Menzel Temime 90 kV: 29 km 54
Metline Bizerte Menzel Jemil 90 kV: 11 km 97
Kechabta Bizerte E/S on existing line QQ ky Menzel Jemil-Menzel 93
Bourguiba: 6 km (1)
Ben Aouf Bizerte Bizerte 90 kV: 12 km 25
Jebel Cap Bon Grombalia 225 kV: 43 km 200
Abderrahmen '
Zonkar Bizerte Menzel Bourguiba 225 kV: 30 km 200

(1) lenght Menzel Jemil — E/S: 7 km; length E/Senk&| Bourguiba: 8.5 km

The parameters of the new lines used to connectgRE®r plants to the Tunisian grid are reported in
Tab. 4-4.

Tab. 4-4— Transmission capacity and electrical etwéeristics of the new lines (source STEG)

Voltage and mechanical R (Q/km) | X (Q/km) | C(nF/km) In (A) SEWAYZ)
characteristics
295 KV -411 mm? Alu-Ac 0,088 0,417 8,28 620 242
90 kV -411 mm? Alu-Ac 0,088 0,417 8,28 620 97

® Data sent via e-mail on July1,62010 by STEG
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4.2 Conventional unit redispatching

The introduction of 530 MW of non-dispatchable neable production in the Tunisian system implies
necessarily a redispatching of the other units amtain the balance between generation and loaite wh
avoiding modifications of the exchanges with Algeri

The redispatching is carried out considering theitneeder of the units and it is different in thea
scenarios considered because the generating umihicment is different.

For both scenarios the exportation to Sicily whk HVDC interconnection is always considered equal
to 950 MW.

4.2.1 Peak load conditions
In this scenario we have to consider the follonsisgumptions:
« 530 MW of new non-dispatchable generation;
» power export to Sicily through the HVDC link incezsl from 800 MW to 950 MW (with a
regulating bandwidth of 5% referred to the ratifighe cable).

This means that there are 180 MW of RES generdltianreplace the traditional production according
to the merit order criterion.

Tab. 4-5 — Generation redispatching in peak loaghstio.

Power plant Unif CSM Initial production| Final Production Variation | Pmin
[Tep/GWh] MW] MW] MW] | [MW]
EL BIBENE TGl 400 24.0 12.0 -12.0 12
BIR MCHERGUA | TG1 300 107.0 82.3 -23.7 40
BIR MCHERGUA | TG2 300 107.0 82.3 -23.7 40
BOUCHEMMA TGl 300 107.0 82.3 -23.7 40
FERIANA TG1 300 97.0 76.5 -19.5 40
FERIANA TG2 300 97.0 76.5 -19.5 40
THYNA TG1 300 105.0 80.8 -23.2 40
THYNA TG2 300 107.0 81.9 -24.1 40
THYNA TG3 300 107.0 81.9 -24.1 40
TOTAL 858.0 656.5 -201.5(1)

(1) This value is greater than 180 MW due to lossemmtion caused by different power flows disttiba.

Tab. 4-5 reports the power modifications for thestrexpensive generating units. It is possible tiotpo
out that:
« For the generator of El Bibene the production heenkput equal to its minimum value because
it is the most expensive unit;
« For the other generators the productions have teshrced proportionally to their initial active
power. This is a hypothesis adopted to consideéhénsame way all generating units with the
same merit order.
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4.2.2 Minimum load conditions
In this scenario the active power redispatchingtba®nsider the same assumptions adopted in tile pe
load conditions:

« 530 MW of new non-dipatchable power generation;

e power export to Sicily through the HVDC link set @0 MW to warrant the downward

regulating margin (a regulating bandwidth of 5%eregd to the rating of the cable);

Moreover, the production of the ELMED power pla@incdecrease to its minimum value, equal to
400 MW (plus its regulating bandwidth).

This means that there are about 580 MW of powearyding both 530 MW of RES generation and
50 MW of the HVDC link regulating bandwidth) thaplace the traditional production according to the
merit order criterion.

In this case, considering that one hypothesisésréduction of the ELMED power plant production to
its minimum value, the redispatching in minimumdogy conditions has been completed decreasing
only the power of these two generating units.

This choice has been adopted on the basis of th&darations described below.
a) All generators in service are at their technicahimum: it is not possible to reduce their
productions.
b) As discussed with STEG, this scenario has to beidered as an extreme minimum situation.
The reserve provided by STEG is constituted bypttoeluctions of Sousse and Rades 2 power
plants that can be decreased in the following wiegase of necessity.

Sousse: TG1 from 70 MW to 80 MW
TG2 from 70 MW to 0 MW
TV1 from 60 MW to 50 MW

Rades 2: TG1 from 50 MW to 0 MW
TG2 from 50 MW to 50 MW
TV1 from 120 MW to 60 MW

The reserve assured by Sousse and Rades 2, prawd&TEG, is not modified after the
insertion of RES power plants because it is necg$eathe possible necessities that can occur
in Tunisian system.

Moreover, following the merit order criterion reped in [1], the two power plants of Sousse
and Rades 2 are the cheapest ones.

For these reasons, we consider necessary to rélaeide MED power plant to its technical minimum
plus its regulating bandwidth. The need for dedngathe power production in the ELMED power plant
down to a value close to its technical minimum ikgegpriority to RES generation can have an adverse
impact on the efficiency of the ELMED units.

On the other hand, it is worth mentioning that thsy binding operating mode refers to the worst
possible condition for the Tunisian system, i.eximam non-dispatchable RES generation at the
minimum loading conditions.
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5 MAXIMUM NON-DISPATCHABLE RES GENERATION:  STATIC
ANALYSES

The static analysis, the results of which are reggbin this chapter, is the first step to examine t
performances of the Tunisian system in the newatjmer point with 530 MW of non-dispatchable RES
power generation. The objective of this analysi®iserify, through load flow calculations, whethbe
solution proposed in previous chapter respectsNHE security criteria both for voltages and for
components overloads.

5.1 Load flow results

For both scenarios the RES power plants producesdimee power reported in Tab. 5-1. The ratio
between the power injected into the grid and th@aatable value is considered equal to 0.8.

Tab. 5-1 — Production of RES power plants

: . Exploitable RES Produced power
Name of site Region power (MW) (MW)
Sidi Daoued Cap Bon 54 43.2
Metline Bizerte 97 77.6
Kechabta Bizerte 93 74.4
Ben Aouf Bizerte 25 20.0
Jebel
Abderrahmen Cap Bon 200 160.0
Zonkar Bizerte 200 160.0
TOTAL 669 535.2

Obviously in static analyses the non-dispatchallSs Rroductions are constant and the oscillations
caused by RES power plants variations (namely wanel)not considered.

5.1.1 Peak load conditions

In the base case of peak load condition, total aenm 3960 MW while total losses are 96 MW, as Fig.
5.1 shows; total Tunisian generation is therefbghty higher than 5000 MW.

The exportation to Italy is equal to 950 MW, sirffagnisian grid is interconnected with Algeria, a §ma

active and reactive loop flow is present. The rigacpower, in particular, is linked to the very low

loading level of the cross-border lines.
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E= Exchange among territorial subdivisions

View Territorial subdivizion selection
Exchange for TUMISIA

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

() Average Reactive [Mvar] O Reactive losses Subdivision: [TUNISIA v | Import 0.0 9.7
Export 950.4 171
Balance total 950 4 86.8

Generated power in TUMISIA

5008.1 MW 865.2 MVAR

Load in TUNISIA

J961.5 MW 1981.0 MVAR
Losses
MW MYAR
Exchange 1.7 -44 5
TUHISIA 94.5 -f63.4
Total 96.2 -807.9
Report
. Subdivision
[ Exchange l File Results Elements

Fig. 5.1 - Peak condition, International exchangesl power balances for the Tunisian grid.

In sound network condition, no voltage violationomerloads are present on the Tunisian network.

In N-1 conditions Tab. 5-2 resumes the voltageatiohs: comparing these values with the ones of the
base case ([2]), there is an additional violatifiarahe tripping of the double circuit 90 line Gnbalia-
Korba: Sidi Daoued station goes to 79.7 kV. Anywtagse limited violations can be easily solved with
local measures.

With reference to overloaded lines, only the linedBs 2 — Kram 225 kV has a load factor equal to
121% after the tripping of the double circuit Gdtde- Rades 2 225 kV (Tab. 5-3)

Tab. 5-2 — Post-contingency voltage violations

Contingency (L/\r/‘) Violation (L/\r/‘) (?(/\7) EI/&I/; (AO/\O/)
gigmﬁﬁt: Egigi 38 M.TEMIME 90| 90.1| 792 -120
gﬁgﬂgﬁt: ESEEQ gg K ORBA 9| 91.7| 767 | -14.8
gigmﬁﬁt: Egigi 38 HAMMAMET | 90| 904 | 79.3| -11.9
gigﬂgﬁt: ESEEQ gg A.KMICHA 9| 90.0| 77.3| -141
gigmﬁﬁt: Egigi 38 S%UED 9| 90.7| 79.7| -11.4

HAMMAMET | RADES 150 | RADES 150 | 157.9 | 166.0 | 10.7
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Tab. 5-3 — Overloads in N-1 conditions

Contingency (\k/\r,') Overload (|\</\9) (IkNAl) (:)NJ)
GOULETTE | RADES2 | 225

GOULETTE | RADES2 | 225

RADES 2 KRAM 225 0.57 121

5.1.2 Minimum load conditions

In the base case of minimum load condition, toeahdnd is 1400 MW while total losses are 39 MW, as
Fig. 5.2 shows; total Tunisian generation is tremetlightly lower than 2400 MW.

The exportation to Italy is equal to 950 MW, sirffagnisian grid is interconnected with Algeria, a §ma
active and reactive loop flow is present. The rigacpower, in particular, is linked to the very low
loading level of the cross-border lines.

E= Exchange among territorial subdivisions

View Temritorial subdivizion selection
Exchange for TUMISIA

® Average Active [ O Active losses Type: |Na2i0ne w | MW MVAR

(O pverage Reactive [Myvia] O Reactive losses Subdivizion: |TUN|S|.~‘-\ v| Import 0.0 02 4
Export 952.2 71.2
Balance total 952.2 163.6

Generated power in TUMISIA

23936 MW -672.1 WMVAR

Load in TUNISIA

1402 4 MW 70l 4 WVAR
Loszes
MW HWAR
Exchange 0.6 -49.8
TUHNIS1A g4 -1626.2
Total 350 -1676.0
Report
q Subdivision
l Exchange File Results Elmies

Fig. 5.2 - Minimum condition, International exchasgand power balances for the Tunisian grid.

In sound network condition, voltages are high bithiw the acceptable limit on all the voltage lesjel
no overloads are present on lines or transformers.
Neither voltage violations nor overloads are pregeil-1 conditions.

5.1.3 Considerations

The results reported in this chapter show that Withconnection of the mentioned RES power plants
with a generation equal to 530 MW there are noi@ddr changes for Tunisian network with respect to
base case scenario. This is a reasonable conclbsicause the productions of the new RES power
plants are in substitution and not in addition tmentional production. This operation causes a
different distribution of power flow on the netwobut it does not change the total amount of active
power generation.
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6 MAXIMUM NON-DISPATCHABLE RES GENERATION: DYNAMIC
ANALYSES

This chapter addresses the detailed dynamic arsafygglied to Tunisian electric system in preserice o
non-dispatchable renewable power generation (wttiqular reference to wind generation) with altota
amount of 530 MW located in the following sites:

* Sidi Daoued

¢ Metline

* Kechabta

e Ben Aouf

» Jebel Abderrahmen

e Zonkar

Firstly, the main connection rules for non-dispatadle RES generation plants, suggested in [3], have
been recalled.
Thereafter, the analyses have been reported; taeske classified into two categories:

1. sensitivity analyses;

2. fault analyses.

The most important aspect sknsitivity analysesonsists in the examination of power flow
fluctuations caused by the intermittent generattbrRES power plants without faults and with all
elements in operation. These analyses are aimed to:

e an evaluation of the fluctuations of the most int@or electric variables, such as frequencies,

voltages, active power flows on tie-lines with Alige

e acalibration check of RES power plants protections

* an evaluation of the effect of HVDC link on thedtuations reduction.

The most important aspect fault analyses consists of the evaluation of the netwesgonse in
terms of voltage and frequency profiles, oscillasicand stability margin in presence of important
contingencies, particularly in case of three-phsisert circuit without fault impedance occurring on
different voltage levels: 400 kV, 225 kV and 90 Kihese analyses are aimed at:

e an evaluation of the dynamic behaviour of RES pgvients;
e acalibration check of RES power plants protectipasticularly the frequency derivative ones.

6.1 Connection rulesfor RES power plants

In CESI Report [3], several integrations of the iBian Grid Code have been suggested, with reference
to the connection of wind power plants to the giitiese rules are applied more in general for the
connection of non-dispatchable RES generation.
The most important ones, regarding wind generaipesating parameters and protection settings, have
been used for the simulations and are reportedyere
e normal and exceptional functioning voltage and diertpy variation range in figure below (Fig.
6-1). During perturbations the frequency variafiamit is £0.3 Hz.
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J:?.Eﬁigre Etat normal Etat exceptionnel
225 kV 17,0 % +10,0 %
150 kV +7.0 % +10.0 %
90 kV +7.0 % +10.0 %
Fiogieiico Etat normal Etat exceptionnel
nominale
50 Hz 50450 mHz 48+52 Hz

Fig. 6-1 —Functioning voltage and frequency.

* wind farms should be able to vary their power fatom 0.95 (lead) to 0.95 (lag), measured at
the connection point with the grid (Fig. 6-2).

Plpu]
N T
0.2
:\ /i e
-0.31 031 Qlpu]

Fig. 6-2 —Functioning field in terms of active arahctive power.

* Wind farms are equipped with voltage, frequency ieduency derivative protections whose
calibration thresholds are reported in Tab. 6-1.

Tab. 6-1 — Wind generators’ protections

Protections Threshold Delay
Max Voltage 1.15 p.u. 0.2s
. 0.3 p.u. 04s
Min Voltage 0.85 p.u. 35
Max Frequency 51.5 Hz 0.2s
Min Frequency 47 Hz 0.2s
Derivative Frequency 0.5 Hz/s 0.2s

* To avoid unexpected wind farm disconnections inecas significant contingencies on the
network (i.e. short circuits causing important agk droops), the setting of voltage protections
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has to comply with the Fault Ride Through curvehwito thresholds with different delays: this
curve is depicted in Fig. 6-3.

A V'V

0.85 |

0.3

-
0 0.4 30 Tune (s)

Fig. 6-3 — Fault Ride Through characteristic ohwifarms.

In this case, if this characteristic is fulfillethe disconnection of many RES power plants for tnde
voltages problems in case of network fault is agdid

6.2 Hypothesesadopted for the smulations

All the results reported in this chapter have bektained mainly considering the effect of wind powe
plans that are those causing the most importaciLfiions on the network.

To execute the simulations reported in this chafiterfollowing assumptions involving RES power
plants have been considered.

Sensitivity analysis

e The fluctuations for each non dispatchable RES p@@hant, according to ELMED requests, is
made by steps: the power productions of generatbasnige consequently according to the
inertia and to the limits of the machine;

« As from the very first simulations the voltage lBsveappear to be too high if the non-
dispatchable RES generation plants work with a nesictive power exchange with the grid
(power factor equal to 1): an absorption of reacpewer equal to 20% of rated power has been
settled for each RES generator. It means thatdlepfactor would be about 0.97 (lag), which
is admitted by the suggested connection rules.

Contingency analysis
* In this case a constant power profile has beenideresi: to analyse the consequences of
network faults is not necessary to consider thegudluctuations.
» Three-phase short circuit without fault impedanee considered: this is a conservative
hypothesis to assess the security level of the orét{the effects of the other types of fault, such
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as single-phase, are less binding for angle stghili

* Fault clearing is obtained opening both circuitaeers at the end of the line without simulating
the protection relays;

* Auto-reclosing manoeuvres are not considered siecare simulating three-phase faults: when
circuit breakers are opened the line is left owtafice.

In addition to the previous assumptions, also tyyotheses already described in [2] involving Skhira
power plant and the HVDC system to Italy have beamsidered. For completeness, they are reported
below.

With reference to Skhira power plant:
1. both generators are equipped with Power Systemli@&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 indep¢rdcitation supply system.

With reference to HVDC system:
* the reactive compensation identified in static gsmd has been applied also in dynamic
simulations;
« typical values of time constants and control patamse (with reference to SAPEI
interconnection) have been adopted.

6.3 Variablesanalysed in the ssimulations

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

» electric and mechanical power of Skhira power p{fortsensitivity analysis only);

e active power of HYDC system;

* RES power generations;

< wind profile for each generator (for sensitivityadysis only);

« frequency of some important 400 kV substationshefetwork, such as Skhira, Bouchemma,

Oueslatia and Mornaguia;
* voltages of the same substations;
« total active power exchanges between Tunisia agdrid

The following table is the legend for the tie-lirmsdes used in the graphs showing the power exelsang
between Tunisia and Algeria. Note that the firstnber in the code represents the voltage level: 1 —
400 kV; 2 — 225 kV; 3 -150 kV and 5 — 90 kV.

19 SAPEI is an acronym, which stands for: SArdegiEnisola Italiana. It is the HVDC link connectingr8inia
to continental Italy. In this study this DC link sidbeen 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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Tab. 6-2 —Sicre Codes of interconnection lines betwAlgeria 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)

6.4 Senditivity analyses

In this chapter the most important results and icenations caused by RES generations’ variatioas ar
reported. To point out the positive effects on Thmisian transmission system of the HVDC link, this
analysis is repeated in four different situationthidor peak and minimum load conditions:
e Case 1: Tunisian grid connected to the rest of Magtfand Europe) and HVDC link with
frequency regulation;
e Case 2: Tunisian grid connected to the rest of Melgltand Europe) and HVDC link without
frequency regulation;
e Case 3: Tunisian grid isolated and HVDC link witbduency regulation;
» Case 4: Tunisian grid isolated and HVDC withougtrency regulation.

Comparing particularly the results of Case 1 withs€ 2 and Case 3 with Case 4, it is possible to
highlight the positive effects that the HVDC linrchave on the Tunisian system.

Note: the wind profile for each wind power plantoistained using a random function that permits to
have a casual distribution different for each popknt. For this reason the production profiles are
different for each analysis reported.

6.4.1 Peak load scenario

Peak load scenario, as showed in the graphs repadethe less disturbed case in comparison to
minimum load condition, because the RES power dlatibns represent a minor percentage of the total
generated power. However it is useful to inveséiggtas done hereafter, to point out how diffegnnd
operational arrangements (presence/absence of Hvé&Dency regulation and interconnections with
Algeria) could improve or worsen the effects of RiE®erations’ variations.

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

Case 1, reported from Fig. 6.4 to Fig. 6.13, isdtenario with the smallest oscillations and irespnts

the best grid setup in order to maintain the systanables within an acceptable range even in oése
major RES power fluctuations. Both the interconioectines with Algeria and frequency regulation of
HVDC system contribute to keep voltage within th&atlimit and frequency in the £50mHz limit.

Fig. 6.4 and Fig. 6.5 represent, respectively,giieerations and the wind speeds for every RES power
plant. Comparing the figures it is possible notat tlhecause of the inertia of the machines, afsep
variation of wind speed the generated power chdotjewing an exponential behaviour because it
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cannot change instantaneously. This behaviour, é&weith different profiles, is equal for every s
considered in sensitivity analyses.

Comparing Fig. 6.6 to Fig. 6.7 it is possible tgHiight the frequency control of HVYDC connection:
when the frequency decreases the exportation Iy diecreases and vice-versa; in particular it could
happen that, if the frequency increases, the HVIRE 4 saturation with an exportation fixed to 1000
MW: in this case the DC link can not control thedquency. For this reason it's important to have an
adequate frequency control margin.

Fig. 6.8 and Fig. 6.9 report respectively the pofi@wv variations on all tie-lines Tunisia-Algeriané
the total amount of active power exchange with AleThe fluctuations of RES generation plants
cause, as reported in Fig. 6.9, variations fronuab0 MW in importation to 70 MW in export.

The other grid variables, such as voltages of séddekV or RES stations, change consequently.

Wind generation (5idi Dacusd, M=stline, Kechabta, Ben Zouf)
20 I |[—sratr ! ! ! ! ! !
ABDTG1.P
—— BAUTG1.P
KECTG1.P
MTLTGE P [
—— ZONTG1.P

Potenza attiva (MW)

Tempo (s)

Fig. 6.4 - Peak condition, sensitivity analysis,SRgenerations (Sidi Daoued, J. Abderrahmen, Ber, Aou
Kechabta, Metline, Zoncar)

—— SIDTG1 .Eol.Wind. VelEf
ABDTG1.EolWind VelEff | Wind Speed (Sidi Daocued, Metline, Kechabta, Ben Zouf)
— BAUTG1.Eol.Wind. VelEff T
KECTG1.Eol.Wind.VelEft | : i i ; ; ; : ; ]
MTLTG1.Eol.Wind VelEf | ..........i.......... R S - S S N S dl
——— ZONTG1.Ecl.Wind.VelEff | : : : : : : : : :

13

Speed (mis)
=

Time (s)

Fig. 6.5 - Peak condition, sensitivity analysisnevspeeds (Sidi Daoued, J. Abderrahmen, Ben Aechabta,
Metline, Zoncar)
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Frequency
50.25
[ ! ! — SKHTV1A1.FREQ ! ! ! !
BOGCTV1A1.FREQ
— MORTV1A1.FREQ
—  OUSTV1A1.FREQ

50.20

5015

50,10

50.05

50.00

Frequency (Hz)

4995

49.90

49.85

49.80

49.75
Time (s)

Fig. 6.6 - Peak condition, sensitivity analysigduencies (Skhira, Bouchemma, Mornaguia, Oueslatia)

HVDC active power

-600
-650 [
-700 [
-750 [
-B00
-850 [
Q00 [
-850 !

Active power (MW)

-1000
-1050
-1100

-1150

-1200

Time (s)

Fig. 6.7 - Peak condition, sensitivity analysis, AV active power flow

Single line Tunisian active power exportation
200 ‘ T T T T T T T T

{|——aT1o01.BT.RP|
i AT20001.BT.P|;
i |—— aT3o001.BT.P|:
i |—— aTso001.BT.P|:
! |—— ATs0002.BT.P|:

-50

-100

Active power (MW)

-150

-200

-250

-300

Time (s)

Fig. 6.8 - Peak condition, sensitivity analysisige line active power exchanges.
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Active power (MW)

Active power (MW)

Voltage (kV)

Total Tunisian active power exportation

100 : ! — TUNISIA, EXF’F’I! I I T T

1z0

Q0

60

30

-30

-60

80

-120

-150

Time (s)

Fig. 6.9 - Peak condition, sensitivity analysigat@ctive power exchange with Algeria only.

Skhira power plant — Electric and mechanical power
560 1 ; —— SKHTGI1.P ; ; ; ;
550 |--eee- eenenes e ——— SKHTG1.PMGEN
i —— SKHTG2.P
540 |- —— SKHTG2.PMGEN

530 fooe e S e

440

Time (s)

Fig. 6.10 - Peak condition, sensitivity analysigctric and mechanical power of Skhira.

Legend: P — Electric Power; PMGEN — Mechanical Powe

Voltages

—— SKHTV1ALY
BOCTVIAIVY
—— MORTVIATV
OUSTVIATLY

350

Time (s)

Fig. 6.11 - Peak condition, sensitivity analysi804&V voltages (Skhira, Bouchemma, Mornaguia, Giie3!
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Wind Veoltages (Zonkar, J. Abderrahmsn)

260 T T T T T T

: I —7onTv2Al V]| : : : :

i : —aBoTv2AtY | : : : :
250 [eeeeeeees e e . - e s LI oo .
S — R S — S— S S—

Voltage (kV)

o — S— — A — R S SR S— A .

180
Time (s)

Fig. 6.12 - Peak condition, sensitivity analysi25XV RES station voltages (Zonkar, J. Abderrahmen)

Wind Veoltages (s5idi Daoued, Metline, EKechabta, Ben ARcouf)

105 T T T T T T T
i : : ——siDTvsA1Y | :
R L S mritvsary | E o R b ]
I : : —  KEcTwsALV ]| : : : :
o8 T . BAUTVEALV| ¢ o r o L i
94 f
= a1 :
= :
o 88 :
5 g
= 84
80
77 i
7 fros —— o s s ST o e o]
70 [ i i i i i i i i i
90 E 92 a3 94 a5 96 a7 98 99 100

Time (s)

Fig. 6.13 - Peak condition, sensitivity analysi8,kd/ RES station voltages (Sidi Daoued, Metlinehidbta, Ben
Aouf).

6.4.1.2 Case 2: Tunisia interconnected with the rest of Mabh and HVDC system without
frequency regulation

In case 2, reported from Fig. 6.14 to Fig. 6.23% #VDC interconnection is not equipped with
frequency regulation (Fig. 6.17 shows that HYDCaxjs constant and equal to 950 MW): in this case
all non-dispatchable RES power variations are cteckchanging only power flows with Algeria and
with Tunisian generation. A consequence of thisregmrted in Fig. 6.16, in this scenario frequency
fluctuations are larger than those reported in Qasen if they remain into £50mHz limit. Moreoyer
fluctuations of renewable productions cause, asrteg in Fig. 6.19, active power variations fronvab
110 MW in import to 110 MW in export between Algeand Tunisia.
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——SIDTG1.P
ABDTG1P Wind generation (Sidi Dacued, M=stline, Kechabta, Ben zouf)
——BAUTG1.P
— KECTG1.P
MTLTG1.P
—— ZONTG1.P

200

175
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Fig. 6.14 - Peak condition, sensitivity analysi§3Rgenerations (Sidi Daoued, J. Abderrahmen, Ber, Ao
Kechabta, Metline, Zoncar)

—— EIDTG1.Eal.Wind . VelEff
ABDTG1 EolWind VelEff |[Wind Speed (S8idi Dacued, Metline, Kechabta, Ben Rouf)
—— BAUTG1 Eol.Wind VelEff
—— KECTG1.Eol.Wind.VelEff
MTLT G1.Eol.Wind. VelEff
—— ZONTG1 . Eal. Wind Vel EfFf

Speed (m/s)
=4
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Fig. 6.15 - Peak condition, sensitivity analysigdvspeeds (Sidi Daoued, J. Abderrahmen, Ben Aadhabta,
Metline, Zoncar)
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Fig. 6.16 - Peak condition, sensitivity analysiegliencies (Skhira, Bouchemma, Mornaguia, Oueslatia
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Active power (MW)

Active power (MW)

Active power (MW)

Fig. 6.19 - Peak condition,

HVDC active powsr
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Fig. 6.17 - Peak condition, sensitivity analysi§/[P{C active power flow

Single line Tunisian active power exportation
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Fig. 6.18 - Peak condition, sensitivity analysiagte line active power exchanges.
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skhira power plant - Electric and mechanical power
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Fig. 6.20 - Peak condition, sensitivity analysigctric and mechanical power of Skhira.
Legend: P — Electric Power; PMGEN — Mechanical Powe
Voltages
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Fig. 6.21 - Peak condition, sensitivity analysi80&V voltages (Skhira, Bouchemma, Mornaguia, Giie3!
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Fig. 6.22 - Peak condition, sensitivity analysi25XV RES station voltages (Zonkar, J. Abderrahmen)
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Wind veoltages (Sidi Dacued, Metline, EKechabta, Ben Aouf)
105.0 T T T T T T T

—— SIDTVSATY
—— MTLTVSALN
——KECTV5ALV

BAUTVEATV

1015

Voltage (kV)

700 i i i i i i i i i

Time (s)

Fig. 6.23 - Peak condition, sensitivity analysi8,kd/ RES station voltages (Sidi Daoued, Metlinehidbta, Ben
Aouf).

6.4.1.3 Case 3: Tunisia isolated and HVDC system in frequeagulation

Case 3, reported from Fig. 6.24 to Fig. 6.31, shtwsimportance of the frequency regulation at the
HVDC converter station, since in this scenariositthe only element, together with the Tunisian
generation, able to control frequency deviationsised by non-dispatchable RES generation. In
particular, an instantaneous RES generation remtuci more than 200 MW causes a reduction in the
system frequency below 49.95 HizHowever the quick intervention of the HVDC systewhich
reduces its power export, leads to an acceptabte/eeing of the frequency values. From the behaviou
reported in Fig. 6.26 it is possible to note tHaban this case frequency variations are almdswigthin

a range of £50mHz. rare

Wind generation (5idi Dacued, Metline, Kechabta, Ben Aouf)
250 . T . T . T . T . T . T : T . T . T
: : : : : i |——SIDTG1.P :

5 ABDTG1.P
i | ——BAUTG1.P

KECTG1 P
MTLTG1.FP

Potenza attiva (MW)

Tempo (s)

Fig. 6.24 - Peak condition, sensitivity analysi§Rgenerations (Sidi Daoued, J. Abderrahmen, Berf, Ao
Kechabta, Metline, Zoncar)

1 This is certainly an unusual, but not impossileleent. It is true that the duration of the phenoomeis short
(less than 5 seconds) and it does not cause prelitarthe network, but it is an indicator that glectric system is
operating close to its limits.
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—— SIDT G1.Eol.Wind. VelEff
ABDTG1.Eol.Wind.VelEff | Wind Speesd (Sidi Dacuesed, Metline, Kechabta, Ben Zouf)
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—— ZONTG1.Eol.Wind VelEf
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Fig. 6.25 - Peak condition, sensitivity analysigdvspeeds (Sidi Daoued, J. Abderrahmen, Ben Aadhabta,
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Fig. 6.26 - Peak condition, sensitivity analysiegliencies (Skhira, Bouchemma, Mornaguia, Oueslatia
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Fig. 6.27 - Peak condition, sensitivity analysi§/[P{C active power flow
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Active power (MW)

Voltage (kV)

440

Fig. 6.28 - Peak condition, sensitivity analysigcéric and mechanical power of Skhira.
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350

Skhira power plant — Electric and mechanical power

—— SKHTG1.P
—— SKHTG1.PMGEN
—— SKHTG2.P
——— SKHTG2.PMGEN

Time (s)

Legend: P — Electric Power; PMGEN — Mechanical Powe

Voltages

—— SKHTV1A1V
—— BOGTVIALV
—— MORTVIATLV |
——ousTvialy |5

10 20 30 40 50 60 70 80 a0 100

Time (s)

Fig. 6.29 - Peak condition, sensitivity analysi804&V voltages (Skhira, Bouchemma, Mornaguia, Giie}!

Voltage (kV)

260

180

Wind Veltages (Zonkar, J. Abderrahmen)

— zonTveatv)] T T T T Tt
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G0 70 a0 Q0 100
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Fig. 6.30 - Peak condition, sensitivity analysi25XV RES station voltages (Zonkar, J. Abderrahmen)
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Wind Veltages (Sidi Daocued, Metline, Kechabta, Ben Zouf)
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Fig. 6.31 - Peak condition, sensitivity analysi8,kd/ RES station voltages (Sidi Daoued, Metlineghdbta, Ben

Aouf).

6.4.1.4 Case 4: Tunisia isolated and HVDC system withadudency regulation

Case 4 is the worst scenario: all RES power varatare compensated only with Tunisian generators.
Compared with the other ones reported above, #¥® demonstrates that the effects of renewable
power fluctuations are not acceptable, lacking shpport of interconnection with Algeria and the

frequency regulation of the HVDC system: for examgtequency fluctuations are always larger than

the £50mHz limit.

In this case the variations of ELMED power planbguction are larger than those of other scenarios

(Fig. 6.36)

Wind generation (5idi Dacued, Metline, Kechabta, Ben Aouf)

e ; T v T ; T T T ; T T T ; T T T T T
! : ; : : : i [—sDTE1P |

ABDTG1.P
V| —— BAUTGIP
; KECTG1.P

wmrLtat e | g
—— ZONTGH P |--i-eees

Potenza attiva (MW)

Tempo (s)

Fig. 6.32 - Peak condition, sensitivity analysi§3Rgenerations (Sidi Daoued, J. Abderrahmen, Berf, Ao

Kechabta, Metline, Zoncar)
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—— SIDT G1.Eol.Wind. VelEff
ABDTG1.Eol.Wind.VelEff | Wind Speesd (Sidi Dacuesed, Metline, Kechabta, Ben Zouf)

— BAUTG1.Eol.Wind VelEff
KECTG1.Eol.Wind. VelEff
MTLT G1.Eol.Wind.VelEff

—— ZONTG1.Eol.Wind VelEf
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Speed (m/s)
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Time (s)

Fig. 6.33 - Peak condition, sensitivity analysigdvspeeds (Sidi Daoued, J. Abderrahmen, Ben Aadhabta,
Metline, Zoncar)
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Fig. 6.34 - Peak condition, sensitivity analysiegliencies (Skhira, Bouchemma, Mornaguia, Oueslatia

HVDC active power

Active power (MW)

-1200
Time (s)

Fig. 6.35 - Peak condition, sensitivity analysi§/[P{C active power flow
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Active power (MW)

Voltage (kV)

440

Fig. 6.36 - Peak condition, sensitivity analysigcéric and mechanical power of Skhira.
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Legend: P — Electric Power; PMGEN — Mechanical Powe
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Fig. 6.37 - Peak condition, sensitivity analysi804&V voltages (Skhira, Bouchemma, Mornaguia, Giie}!
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Fig. 6.38 - Peak condition, sensitivity analysi25XV RES station voltages (Zonkar, J. Abderrahmen)



CESI

Report Pag 41/103

Wind Veltages (Sidi Daocued, Metline, Kechabta, Ben Zouf)
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Time (s)

Fig. 6.39 - Peak condition, sensitivity analysi8,kd/ RES station voltages (Sidi Daoued, Metlineghdbta, Ben
Aouf).

6.4.2 Minimum load scenario

As already mentioned, minimum load scenario remtsseéhe worst condition in case of non-
dispatchable RES fluctuations. Also in this caseghesence of HVDC system'’s frequency regulation
has a really beneficent effect for the system.

6.4.2.1 Case 1: Tunisia interconnected with the rest of Mag and HVDC system in frequency
regulation
Case 1, reported from Fig. 6.40 to Fig. 6.49, shtved in normal operation also in minimum load
condition the presence of HVDC system’s frequereyulation and of interconnections with Algeria
permits to have very good system performances dégerimportant renewable power production
variations. Also in this case frequency variatians always included in the £50mHz limit and voltage
oscillations are not particularly high. Moreovdre tpower flow variations on tie-lines with Algedae
quite small and, like reported in Fig. 6.45, indddrom about 60 MW in import to 50 MW in export.

—— SIDTG1.P Wind generation (Sidi Daoued, Metline, Kechabta, Ben Zouf)
ABDTG1.P
—— BAUTG1.P
—— KECTG1.P
MTLTG1.P
— ZONTG1P

Fotenza attiva (MW)

Time(s)

Fig. 6.40 — Minimum load condition, sensitivity &sas, RES generations (Sidi Daoued, J. AbderrahiBen
Aouf, Kechabta, Metline, Zoncar)
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—— SIDTG1.Eol.Wind VelEff
ABDTG1.Eol.Wind VelEf
—— BAUTG1 Eol Wind VelEff
KECT G1.Eol. Wind . VelEff
MTLT G1.Eol.Wind.VelEff
—— ZONTG1.Eol. Wind VelEf

Wind Speed (5idi Dacued, Metline, Kechabta, Ben Zouf)

Speed (m/s)
=

Time (s)

Fig. 6.41 - Minimum load condition, sensitivity dyss, wind speeds (Sidi Daoued, J. Abderrahmen,/ARrif,

Kechabta, Metline, Zoncar)
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Fig. 6.42 - Minimum load condition, sensitivity dyss, frequencies (Skhira, Bouchemma, Mornaguigeatia)
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Fig. 6.43 - Minimum load condition, sensitivity dyss, HVDC active power flow
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Single line Tunisian active power exportation
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Fig. 6.44 - Minimum load condition, sensitivity dyss, single line active power exchanges.
Total Tunisian active power exportation
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Fig. 6.45 - Minimum load condition, sensitivity dyss, total active power exchange with Algeriayonl
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and mechanical power

280

D70 | DNNR———— ——— —— SKHTG1.PMGEN |...oooonni i, ISR B— CI—— ]

T T [ _skHTGIP

—— SKHTG2 P
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Fig. 6.46 - Minimum load condition, sensitivity dyss, electric and mechanical power of Skhira.

Legend: P — Electric Power; PMGEN — Mechanical Powe
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Voltages
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Fig. 6.47 - Minimum load condition, sensitivity dysis, 400 kV voltages (Skhira, Bouchemma, Morregui

Voltage (kV)

Oueslatia).
Wind Voltages (Zonkar, J. Abderrahmen)
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Fig. 6.48 - Minimum load condition, sensitivity dyss, 225 kV RES station voltages (Zonkar, J. Abtienen).
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Wind Veoltages

(8idi Daoued, Metline, Kechabta, Besn Zouf)

105 " r
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Time ()

Fig. 6.49 - Minimum load condition, sensitivity dysis, 90 kV RES station voltages (Sidi Daoued|iigt

Kechabta, Ben Aouf).
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6.4.2.2 Case 2: Tunisia interconnected with the rest of Mabh and HVDC system without
frequency regulation

In case 2, reported from Fig. 6.50 to Fig. 6.5% #VDC interconnection is not equipped with
frequency regulation (Fig. 6.53 shows that HYDCaxation is constant and equal to 950 MW): in this
case all RES power variations are corrected chgngower flows with Algeria and thanks to the
Tunisian generation. A consequence of this, asrtegpaon Fig. 6.52, is that frequency fluctuatiome a
larger than those reported in Case 1, even if teeyain into £50mHz limit. Moreover, as reported in
Fig. 6.55, fluctuations of non-dispatchable RESdprtions cause active power variations from about
120 MW in import to 60 MW in export.

—— SIDTG1.P Wind generation (Sidi Daoued, Metline, Kechabta, Ben Zouf)
ABDTG1.P |os50 . T . T T

— BAUTG1.P L i :

—— KECTG1.P
MTLTG1.P

— ZONTG1P

Fotenza attiva (MW)

0 10 20 30 40 50 60 70 80 a0 100
Time(s)

Fig. 6.50 — Minimum load condition, sensitivity &sas, RES generations (Sidi Daoued, J. AbderrahiBen
Aouf, Kechabta, Metline, Zoncar)

— SIDTG1.Eol.Wind VelEf
ABDTG1.Eol Wind VelEf
— BAUTG1.Eol Wind.VelEf ' ! i ' : ' ! i : ' ! 1 i :
KECTG1.Eol.Wind VelEff : : : : : : : :
MTLTG1.Eol.Wind.VelEff
— ZONTG1.Eol.Wind VelEf

Wind Speed (S5idi Dacued, Metline, Kechabta, Ben Zouf)

Speed (m/s)
=

Time(s)

Fig. 6.51 - Minimum load condition, sensitivity dyss, wind speeds (Sidi Daoued, J. Abderrahmen,/ARrif,
Kechabta, Metline, Zoncar)
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Fig. 6.52 - Minimum load condition, sensitivity dyss, frequencies (Skhira, Bouchemma, Mornaguige<atia)
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Fig. 6.53 - Minimum load condition, sensitivity dyss, HVDC active power flow
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Fig. 6.54 - Minimum load condition, sensitivity d&ygis, single line active power exchanges.
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Fig. 6.55 - Minimum load condition, sensitivity dyss, total active power exchange with Algeriayonl
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Fig. 6.56 - Minimum load condition, sensitivity dyss, electric and mechanical power of Skhira.
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Fig. 6.57 - Minimum load condition, sensitivity dysis, 400 kV voltages (Skhira, Bouchemma, Morregui
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Wind Veoltages (Zonkar, J. Abderrahmen)
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Fig. 6.58 - Minimum load condition, sensitivity dyss, 225 kV RES station voltages (Zonkar, J. Abtienen).

Wind Veoltages (5idi Dacued, Metline, Kechabta, Ben Zouf)
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I : : — KECTV5A1V
99 |oeeeeeaad NSRRI SV — BAUTVSALV

Voltage (kV)

75

Time (s)

Fig. 6.59 - Minimum load condition, sensitivity dysis, 90 kV RES station voltages (Sidi Daoued|iigt
Kechabta, Ben Aouf).

6.4.2.3 Case 3: Tunisia isolated and HVDC system in frequeagulation

Case 3, reported from Fig. 6.60 to Fig. 6.67, hatis the importance of the frequency regulation of
HVDC system because in this scenario it is the etdynent, together with Tunisian generation, capabl

to control frequency deviations caused by non-dddble generation. From the behaviour reported in
Fig. 6.62 it is possible note that also in thiseci®quency variations are almost all included into

+50mHz limit.
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—— SIDTG1.P Wind generation (Sidi Daoued, Metline, Kechabta, Ben Zouf)

ABDTG1 P |asp .

—— BAUTG1.P

—— KECTG1.P
MTLTG1.P

— ZONTG1P

Potenza attiva (MW)

Time(s)

Fig. 6.60 — Minimum load condition, sensitivity &sas, RES generations (Sidi Daoued, J. Abderrahien
Aouf, Kechabta, Metline, Zoncar)
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Time (s)

Fig. 6.61 - Minimum load condition, sensitivity dyss, wind speeds (Sidi Daoued, J. Abderrahmen,/ARrif,
Kechabta, Metline, Zoncar)
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Fig. 6.62 - Minimum load condition, sensitivity dyss, frequencies (Skhira, Bouchemma, Mornaguigeatia)
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HVDC active power
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Fig. 6.63 - Minimum load condition, sensitivity dyss, HVDC active power flow
Skhira power plant - Electric and mechanical power
C I B —_SKHTG1.P ' P '
——— SKHTGTPMGEN f oo
—— SKHTG2P
——— SKHTG2PMGEN J-----eeeeeedemmmmmmmee oo
5
=
®
=
2
z
2
180 | L | | I | | | |
0 10 20 30 40 50 60 70 80 90 100

Voltage (kV)

Fig. 6.65 - Minimum load condition, sensitivity dyss, 400 kV voltages (Skhira, Bouchemma, Morrggui
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Fig. 6.64 - Minimum load condition, sensitivity dyss, electric and mechanical power of Skhira.
Legend: P — Electric Power; PMGEN — Mechanical Powe
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Wind Voltages (Zonkar, J. Abderrahmen)
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Fig. 6.66 - Minimum load condition, sensitivity dyss, 225 kV RES station voltages (Zonkar, J. Abtienen).
Wind Voltages (5idi Daocued, Metline, Kechabta, Ben Zouf)
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Fig. 6.67 - Minimum load condition, sensitivity dysis, 90 kV RES station voltages (Sidi Daoued|iigt

Kechabta, Ben Aouf).

6.4.2.4 Case 4: Tunisia isolated and HVDC system withaddency regulation

Case 4 is the worst scenario: all RES power vanatare compensated only with Tunisian generators.

Compared

with the other ones reported above, thise cdemonstrates that the effects of non-

dispatchable power fluctuations are not acceptable they are greater than those reported in the
correspondent scenario in peak load conditiongjigcthe support of the interconnection with Algeri
and the frequency regulation at the HVDC convestation: for example, frequency fluctuations are
always much wider than £50mHz limit. Indeed, aslddoe observed in the figures below, system
frequency presents a pretty low value (49.75 Hgpre@aching frequency maximum admitted variation

during perturbations (0.3 Hz)
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—— SIDTG1.P Wind generation (Sidi Daoued, Metline, Kechabta, Ben Zouf)
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Fig. 6.68 — Minimum load condition, sensitivity &sas, RES generations (Sidi Daoued, J. Abderrahien
Aouf, Kechabta, Metline, Zoncar)
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Fig. 6.69 - Minimum load condition, sensitivity dysis, wind speeds (Sidi Daoued, J. Abderrahmen,/ARrif,
Kechabta, Metline, Zoncar)
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Fig. 6.70 - Minimum load condition, sensitivity dyss, frequencies (Skhira, Bouchemma, Mornaguigeatia)
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HVDC active power
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Fig. 6.71 - Minimum load condition, sensitivity dyss, HVDC active power flow
Skhira power plant - Electric and mechanical power
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Fig. 6.73 - Minimum load condition, sensitivity dyss, 400 kV voltages (Skhira, Bouchemma, Morregui
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Fig. 6.72 - Minimum load condition, sensitivity dyss, electric and mechanical power of Skhira.
Legend: P — Electric Power; PMGEN — Mechanical Powe
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Wind Voltages (Zonkar, J. Abderrahmen)
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Fig. 6.74 - Minimum load condition, sensitivity dyss, 225 kV RES station voltages (Zonkar, J. Abtienen).

Wind Voltages (5idi Daocued, Metline, Kechabta, Ben Zouf)
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Fig. 6.75 - Minimum load condition, sensitivity dysis, 90 kV RES station voltages (Sidi Daoued|iigt
Kechabta, Ben Aouf).

6.5 Fault analyses
In this chapter three faults have been analysgmesenting different types of contingencies that ca
occur and for whom the system stability has tonvestigated:

e Fault on a 400 kV line, i.e. high power transpaotaiconnection, far from the connection points
of RES power plants: Skhira — Maknassy 400 kV, Guies— Mornaguia 400 kV.
e Fault on a 90 kV line near RES generation plantsnail Jemine — Bizerte 90 kV.

All these events have been simulated in peak amihmaim load scenarios with and without frequency
derivative protections: the choice to repeat theutations considering or not this protection is tmés
effect on RES generation plants connections.
The simulated faults present the same features:

e Three phase short circuit;
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e Fault at mid-point of the line;
e Line protection delay of 0.18 s;
¢ No fault impedance.

The aims of these analyses are the following:
« Verify the effect on Tunisian electric system ofpiontant faults in presence of non-dispatchable
RES generations;
* Check RES power plant protections.

For all these tests renewable productions are aonghe effect of non-dispatchable RES variatianes
not considered because the are not relevant fadbges of the simulations.

6.5.1 Peak load scenario

6.5.1.1 Short circuit on Skhira — Maknassy 400 kV hwi¢h frequency derivative protections

As reported in the figures below, the presence refjifency derivative protections causes the
disconnection from the grid of all the RES poweants$ in case of grid fault, even if it occurs feorf
their connection points. This causes the loss otieb30 MW in Tunisian system: this is an important
loss compensate both increasing the importatiom fAdgeria and reducing the exportation to Italy, in
addition to an increase of internal generation.

Voltages and frequency variables maintain acceptadillues even after such events.

Wind generation (Sidi Daoued, J. Abderrahmen, Ben Aouf, Kechabta, Metine, Zonkar)
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Fig. 6.76 — Peak load condition, fault analysis,3jgower production.
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Wind Voltages (Zonkar, 1. Abderrahmen)
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Fig. 6.77 — Peak load condition, fault analysis,3REower plants’ voltages (225 kV).

Wind Woltages (Sidi Daoued, Metline, Kechabta, Ben Aouf)
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Fig. 6.78 — Peak load condition, fault analysis,3jgower plants’ voltages (90 kV).

Freguancy (Skhira, Bouchemma, Mornaguia, Oueslatia)
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Fig. 6.79 — Peak load condition, fault analysissteyn nodes’ frequency.
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Fig. 6.80 — Peak load condition, fault analysidatactive power exchange with Algeria only.
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Fig. 6.81 — Peak load condition, fault analysisigde line active power exchanges.
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Fig. 6.82 — Peak load condition, fault analysis, ¥ active power flow.
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6.5.1.2 Short circuit on Skhira — Maknassy 400 kV lwmi¢hout frequency derivative protections
The same grid fault repeated without frequency vagisie protections doesn’t show any heavy
consequences for the network: all RES generatiantplremain connected to the grid. This avoids the
loss of internal generation and the oscillations Ewer if compared with those of previous case.
Moreover, from the graphs reported below, we nb# voltages and frequency values after fault are
almost the same of those before the contingency.

Wind generation (Sidi Daoued, J. Abderrahmen, Ben Aouf, Kechabta, Metine, Zonkar)
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Fig. 6.83 — Peak load condition, fault analysis,3jgower production.
Wind woltages (Fonkar, 1. Abderrahmen)
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Fig. 6.84 — Peak load condition, fault analysis,3REower plants’ voltages (225 kV).
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Fig. 6.85 — Peak load condition, fault analysis,3Rjgower plants’ voltages (90 kV).

Frequency (Skhira, Bouchemma, Mornaguia, Oueslatia)
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Fig. 6.86 — Peak load condition, fault analysissteyn nodes’ frequency.
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Fig. 6.87 — Peak load condition, fault analysidatactive power exchange with Algeria only.
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Single line Tunisian active power exportation
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Fig. 6.88 — Peak load condition, fault analysisigde line active power exchanges.
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Fig. 6.89 — Peak load condition, fault analysis, Y active power flow.

6.5.1.3 Short circuit on Oueslatia — Mornaguia 400 kV liwgh frequency derivative protections
Also this fault causes an intervention of the freaey derivative protections, which disconnectsta
RES power plants from the grid. However, beingfthét point not too close to ELMED power plant,
the transients have less oscillations than previmes and the power import from Algeria on the K¥3J0
line doesn’t exceed 700 MW.
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Wind generation (Sidi Daoued, J. Abderrahmen, Ben Aouf, Kechabta, Metine, Zonkar)
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Fig. 6.90 — Peak load condition, fault analysis,3jgower production.

Wind Woltages (Zonkar, 1. Abderrabimen)
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Fig. 6.91 — Peak load condition, fault analysis,3REower plants’ voltages (225 kV).

Wind Woltages (Sidi Daoued, Metline, Kechabta, Ben Aouf)
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Fig. 6.92 — Peak load condition, fault analysis,3jgower plants’ voltages (90 kV).
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Frequency (Skhira, Bouchemma, Mornaguia, Oueslatia)
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Fig. 6.93 — Peak load condition, fault analysissteyn nodes’ frequency.
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Fig. 6.94 — Peak load condition, fault analysidatactive power exchange with Algeria only.
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Fig. 6.95 — Peak load condition, fault analysisigde line active power exchanges.
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Fig. 6.96 — Peak load condition, fault analysis, Y active power flow.

6.5.1.4 Short circuit on Oueslatia — Mornaquia 400 kV limathout frequency derivative

protections

The benefits of the absence of frequency derivgire¢ections in the RES generation plants are avide
in this simulation, too:

Active power (M)

No RES power plants disconnection (and no los®wfgp generation);

Frequency within acceptable values even duringrtdresient;

Voltages and frequency values after fault almoststhime of those before the contingency;
Pretty low 400 kV interconnection line’s exchanbel¢w 500 MW during the transitory).

Wind generation (Sidi Daoued, J. Abderrahmen, Ben Aouf, Kechabta, Metling, Zonkar)
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Fig. 6.97 — Peak load condition, fault analysis,3jgower production.
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Fig. 6.98 — Peak load condition, fault analysis,3REower plants’ voltages (225 kV).
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Fig. 6.99 — Peak load condition, fault analysis,3jgower plants’ voltages (90 kV).
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Fig. 6.100 — Peak load condition, fault analysigstem nodes’ frequency.
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Fig. 6.101 — Peak load condition, fault analys@tat active power exchange with Algeria only.
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Fig. 6.102 — Peak load condition, fault analysisgée line active power exchanges.
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Fig. 6.103 — Peak load condition, fault analysi&/[BIC active power flow.
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6.5.1.5 Short circuit on Menzel Jemil-Bizerte 90 kV hwigh frequency derivative protections

Even if this fault happened on 90 kV voltage levetquency derivative protections of RES power
plants confirm even for this fault their effectt RES generators are disconnect from the grid. mbst
important effects of these protection, in additiorthe loss of 530 MW generations, are the deejagel
falls (particularly in 90 kV nodes) and low steasiate frequency after the fault (49.96 Hz). The
generation loss is divided among the HVDC systeowél exportation to Italy), tie-lines with Algeria
(higher importation) and, for a lower percentagé&hvinternal traditional generation. Moreover, the
maximum power import (during transient) reachesuab00 MW on the 400 kV interconnection line.

Wind generation (Sidi Daoued, J. Abderrahmen, Ben Aouf, Kechabta, Metine, Zonkar)
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Fig. 6.104 — Peak load condition, fault analysig§3Rpower production.
Wind Voltages (Zonkar, 1. Abderrahmen)
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Fig. 6.105 — Peak load condition, fault analysi§3rpower plants’ voltages (225 kV).
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Fig. 6.106 — Peak load condition, fault analysi§3Rpower plants’ voltages (90 kV).
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Fig. 6.107 — Peak load condition, fault analysigstem nodes’ frequency.
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Fig. 6.108 — Peak load condition, fault analys@tat active power exchange with Algeria only.
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Single line Tunisian active power exportation
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Fig. 6.109 — Peak load condition, fault analysiggée line active power exchanges.
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Fig. 6.110 — Peak load condition, fault analysi&/[BIC active power flow.

6.5.1.6 Short circuit on Menzel Jemil-Bizerte 90 kV hwmighout frequency derivative protections

The absence of frequency derivative protectionganwgs the behaviours of the system variables after
the fault on this 90 kV line, i.e. close to conmaatpoints of RES power plants:

Disconnection of only one (Ben Auof) out of the tR&S power plants connected to a 90 kV
node, caused by the exceeding of the underfrequdmeghold (47 Hz, see annexe 2): this
doesn't represent an undervoltage problem, bectngséulfilment of the “fault-ride-through”
characteristics (Fig. 6-3) avoids, also in thisegdlis intervention;

Voltages and frequency remains within an acceptebige during the transient, and after the
fault recover the initial values;

Exchange power on the 400 kV interconnection liekew 300 MW even during the transient.
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Active power (M)
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Fig. 6.111 — Peak load condition, fault analysig§3Rpower production.
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6.112 — Peak load condition, fault analysiESRpower plants’ voltages (225 kV).
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. 6.113 — Peak load condition, fault analysig3Rpower plants’ voltages (90 kV).
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Fig. 6.114 — Peak load condition, fault analysistem nodes’ frequency.
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Fig. 6.115 — Peak load condition, fault analys@tat active power exchange with Algeria only.
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Fig. 6.116 — Peak load condition, fault analysisgée line active power exchanges.
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Fig. 6.117 — Peak load condition, fault analysi&/B{LC active power flow.

6.5.2 Minimum load scenario

6.5.2.1 Short circuit on Skhira — Maknassy 400 kV hmi¢h frequency derivative protections

The effect of frequency derivative protection foER generation plants are very similar to those
described for peak load scenario.

During this fault frequency derivative protectiaresise the disconnection of all RES power plants.
While voltages and frequency behaviours are prsitgilar to those in peak load condition, the
generation loss is covered almost entirely by thédB system and the interconnection lines do not
present any particular active power transient mgarison to those of peak load scenario.

MWind generation (Sidi Daoued, Metline, Kechabta, Ben Aouf,J.aAbderrahmen, Zonkar)
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Fig. 6.118 —Minimum load condition, fault analydRES power production.
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Wind Veoltages (Zonkar, J. Abderrahmen)
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Fig. 6.119 — Minimum load condition, fault analydRES power plants’ voltages (225 kV).
Wind Voltages (5idi Daocued, Metline, EKechabta, Ben Aouf)
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Fig. 6.120 — Minimum load condition, fault analydRES power plants’ voltages (90 kV).
Frequency
5040 Il — SKHTV1A1 FREQ : 1 :
5035 BOCTV1A1.FREQ ]
50.40 —— MORTVIATFREQ |- b —— (NSNS SV .
: — OUSTVIA1FREQ 1
50.25 ! . R RE
_ 5020 frrereeeeeeshenneee [t
] L
< BOAB [rremeeemsemesbemesns b e
)
5 50.10
g LT e
e [
50.00 [l 3
F T L R RE SCTITTRNLY | N : ERSRRRR ITETTPRTITE: SINIIISTRBIEE B e M S
4950 |
49.85
49.80 - - - - - - -
0 3 6 9 12 15 18 21 24 27 30
Time (s)

Fig. 6.121 — Minimum load condition, fault analysigstem nodes’ frequency.
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Fig. 6.122 — Minimum load condition, fault analydistal active power exchange with Algeria only.
Single line Tunisian active power exportation
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Fig. 6.123 — Minimum load condition, fault analysfgle line active power exchanges.
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Fig. 6.124 — Minimum load condition, fault analygi#/DC active power flow.
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6.5.2.2 Short circuit on Skhira — Maknassy 400 kV lwmighout frequency derivative protections
The improvements coming from the absence of frecy€eerivative protections are evident in this case.
No RES power plant disconnects from grid, and gataand frequency after the fault regain the same
values they had before the fault. In addition tisere further benefit, this time deriving from the
minimum load condition, that is a pretty low pedkaative power exchange on tie-lines during the
transient.

Wind generation (8idi Dacued, Metline, Kechabta, Ben aAocuf,J.Abderrahmen, Zonkar)
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Fig. 6.125 —Minimum load condition, fault analydRES power production.
Wind Voltages (Zonkar, J. Abderrahmen)

z
ko4
s

40

20

Time (s)

Fig. 6.126 — Minimum load condition, fault analydRES power plants’ voltages (225 kV).
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Fig. 6.127 — Minimum load condition, fault analydRES power plants’ voltages (90 kV).
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Fig. 6.128 — Minimum load condition, fault analysigstem nodes’ frequency.
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Fig. 6.129 — Minimum load condition, fault analydistal active power exchange with Algeria only.
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Single line Tunisian active power exportatien
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Fig. 6.130 — Minimum load condition, fault analysitgle line active power exchanges.
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Fig. 6.131 — Minimum load condition, fault analygi/DC active power flow.

6.5.2.3 Short circuit on Queslatia — Mornaguia 400 kV lw#h frequency derivative protections
Frequency derivative protections cause the disadiome of all the RES power plants, and the
generation loss is covered mainly by an exportegdan of the HVDC system. The interconnection lines
with Algeria do not present particularly high treamgs (below 500 MW).
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Wind generation (Sidi Dacued, Metline, Kechabta, Ben Rouf,J.Abderrahmen, Zonkar)
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Fig. 6.132 — Minimum load condition, fault analydRES power production.
Wind Voltages (Zonkar, J. Abderrahmen)
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Fig. 6.133 — Minimum load condition, fault analydRES power plants’ voltages (225 kV).
Wind Voltages (5idi Daocued, Metline, EKechabta, Ben Aouf)
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Fig. 6.134 — Minimum load condition, fault analydRES power plants’ voltages (90 kV).
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Fig. 6.135 — Minimum load condition, fault analysigstem nodes’ frequency.
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Fig. 6.136 — Minimum load condition, fault analydistal active power exchange with Algeria only.
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Fig. 6.137 — Minimum load condition, fault analysfgle line active power exchanges.
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Fig. 6.138 — Minimum load condition, fault analygi#/DC active power flow.

6.5.2.4 Short circuit on Oueslatia — Mornaquia 400 kV limathout frequency derivative
protections

The absence of frequency derivative protectionsavgs the system behaviour after the fault and no
relevant problems have been noticed, as frequemdyaltages final values are similar to those befor
the fault, and the power exchange on the interadiorelines does not vary excessively.

Wind generation (Sidi Daocued, Metline, Kechabta, Ben Acuf,J.Abderrahmen, Zonkar)
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Fig. 6.139 — Minimum load condition, fault analydRES power production.
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Fig. 6.140 — Minimum load condition, fault analydRES power plants’ voltages (225 kV).
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. 6.141 — Minimum load condition, fault analydRES power plants’ voltages (90 kV).
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Fig. 6.142 — Minimum load condition, fault analysigstem nodes’ frequency.
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Fig. 6.143 — Minimum load condition, fault analydistal active power exchange with Algeria only.
Single line Tunisian active power exportatien
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Fig. 6.144 — Minimum load condition, fault analysiggle line active power exchanges.
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Fig. 6.145 — Minimum load condition, fault analygi#/DC active power flow.
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6.5.2.5 Short circuit on Menzel Jemil-Bizerte 90 kV hm¢h frequency derivative protections

Frequency derivative protections affect the systehaviour, as shown in every simulation till now,
causing the disconnection of all the RES power tplaNevertheless, the system doesn’'t undergo any
particular problems thanks to the HVDC connectmitaly, which is essential to regulate the frequen
after such a heavy generation reduction.

Wind generation (Sidi Dacued, Metline, Kechabta, Ben Rouf,J.Abderrahmen, Zonkar)
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Fig. 6.146 —Minimum load condition, fault analydRES power production.
Wind Voltages (Zonkar, J. Abderrahmen)
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Fig. 6.147 — Minimum load condition, fault analydRES power plants’ voltages (225 kV).
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Wind Voltages (5idi Daocued, Metline, EKechabta, Ben Aouf)
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Fig. 6.148 — Minimum load condition, fault analydRES power plants’ voltages (90 kV).
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Fig. 6.149 — Minimum load condition, fault analysigstem nodes’ frequency.
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Fig. 6.150 — Minimum load condition, fault analydistal active power exchange with Algeria only.
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Single line Tunisian active power exportation
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Fig. 6.151 — Minimum load condition, fault analysfgle line active power exchanges.
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Fig. 6.152 — Minimum load condition, fault analygi/DC active power flow.

6.5.2.6 Short circuit on Menzel Jemil-Bizerte 90 kV hmighout frequency derivative protections

While in peak load condition this fault caused tligconnection of one RES power plant, in minimum
load scenario all the RES generation plants reroaimected to the grid, thus avoiding the problems
that a loss of generation could cause (frequencyedsing and importation increasing). The power
oscillations on the interconnection lines appeabdcacceptable, as those of frequency and voltages

the observed nodes.
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Fig. 6.153 — Minimum load condition, fault analydRES power production.
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Fig. 6.154 — Minimum load condition, fault analydRES power plants’ voltages (225 kV).
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Fig. 6.156 — Minimum load condition, fault analysigstem nodes’ frequency.
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Fig. 6.159 — Minimum load condition, fault analygi/DC active power flow.
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7 CONCLUSIONS

The scope of this phase of the study is the assggsof the maximum non-dispatchable generation
connectable to the Tunisian system.

The study has been split in three phases thateanimarised as follow:

a) “single bus bdr analysis the scope of which was to determine the maximomdispatchable
RES power generation considering only the genagatiit constraints (i.e. frequency regulation
reserve).

This analysis has been carried out according tchiipwtheses reported in paragraph 3.1: the
validity of the results reported in this documesihot warranted, if all these hypotheses are not
fulfilled.

Secondary/tertiary reserve and additional reserve do non-dispatchable RES power
connection have been calculated according to veetrted in [1].

The analysis has concerned both minimum and pesk $oenarios, in order to assess a value
acceptable by the grid in every load condition.

b) static analysiswhere a new grid configuration is determined wtfité grid integrations required
for the RES power plants connection. Thereafter sthatic performances of the Tunisian system
have been tested in order to verify the occurreriqeossible voltage violations and overloads,
both in peak and minimum load scenarios, and indNd “N-1" conditions.

¢) dynamic analysisaddressing two sets of analyses:

- sensitivity analysis, where the effects of renewaiptneration fluctuations have been
investigated in terms of voltage and frequencyllagns;

- fault analysis, where the stability of the systentase of main grid contingences (i.e.
three phase short circuit) has been tested toyviref behaviour of RES power plants in
case of fault.

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

- yearly peak load;

- yearly minimum load.

All analyses have been executed starting from titegpnfiguration determined in Task B [2] with the
ELMED power plant located in Skhira (solution “AlWithout any additional network reinforcement
except those strictly requested for the RES powate connection.

Results of the “single bus bar” analysis
First of all, the peak load scenario has been tigated. The starting condition derives from TaskfB
this study, i.e.:
- total internal load equal to 3960 MW;
- 950 MW is the power export to Sicily through th&BIC link (a 5% regulation bandwidth
referred to the rating of the cable has been censit;
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- tertiary frequency regulation reserve calculatethas83% of the total load, according to the rules
of ENTSO-E? (the export through the HVDC link is not includiedthis calculation because the
system has its frequency regulation capability).

This scenario doesn’'t show any particular restrictonditions, as the only constraint is the dowwa
reserve increased by the additional reserve (duwertewable generation), which should be lower than

conventional generated power. Thus, the decreasargin for conventional units (i.e. connectabledvin
generation) is sufficiently high.

The restrictive scenario is, indeed, the minimuadl@ne, where the difference between conventional
generated power and the technical minimum of thiésuappears quite low, always keeping the
hypothesis not to change the unit commitment.
The starting condition is:

- total internal load equal to 1400 MW;

- 950 MW is the exportation to Sicily through the HEZDink (a 5% regulation bandwidth has

been considered);
- tertiary frequency regulation reserve calculatedhas8% of the total load (the export through

the HVDC link is not included in this calculatiore¢ause the system has its frequency
regulation capability).

The maximum power of non-dispatchable RES generasi@about 530 MW, with an additional reserve
of about 80 MW, which corresponds to an installedigr of about 660 MW, considering a generating
rate for RES equal to 80%.

The previous result is valid under the assumptibthermal production at the ELMED power plant
equal to 400 MW in low load conditions. Howeverthe level of thermal generation at the ELMED

power plant exceeds 400 MW, the non-dispachable &feration shall be reduced according to the
following table.

Tab. 7-1 — Maximum non-dispatchable RES generatimhinstallation in function of thermal ELMED prattion

Production of ELMED power plaritMaximum RES powef Installed RES power (*
[MW] generation [MW] [MW]
400 (limit condition) 530 660
500 450 560
600 370 460
700 285 355
800 205 255

(*) generation rate equal to 80%

In conclusion, from the above values it is possiblpoint out that if the production of ELMED power

plant increases of 100 MW, the non-dispatchable R&&er generation must decrease of about 80 MW
in linear way.

12 ENTSO-E: European Network of Transmission Systguer@tors of Electricity.
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The most problematic situation for the Tunisianteysis that one characterised by the highest amount
of renewable generation (reference scenario). liisiréason, all static and dynamic analyses haee be
carried out considering a RES power generationlgégquE0 MW.

Results of the static analysis

The static analysis has the objective to definebist solution to connect the new RES power pliants
Tunisian grid in compliance with the “N-1" securityriterion both in peak and minimum load
conditions. In the same time, in the new scenagiosdispatching of traditional production has been
done according to the “merit order” criterion witha@hanging the unit commitment.

To assure a non-dispatchable RES power productjoaléo 530 MW obtained after the “single bus
bar” analysis, the following RES generation plahtsse been connected to the network in the two
scenarios.

Exploitable
Name of site Region Connection stations RES power
(MW)
Sidi Daoued Cap Bon Menzel Temime 90 kV: 29 km 54
Metline Bizerte Menzel Jemil 90 kV: 11 km 97
Kechabta Bizerte E/S on existing line 90 I_(V. Menzel Jemil-Menzel 93
Bourguiba: 6 km
Ben Aouf Bizerte Bizerte 90 kV: 12 km 25
Jebel Cap Bon Grombalia 225 kV: 43 km 200
Abderrahmen '

Zonkar Bizerte Menzel Bourguiba 225 kV: 30 km 200

The redispatching, carried out considering the hwder of the units, is different in the two sceos
considered because the configuration of the gangranits in service is different.

For both scenarios the exportation to Sicily thitodhge HVDC interconnection is always considered
equal to 950 MW.

The merit order criterion followed in this studyliased on the data provided by STEG and reported in
detail in [1]. In presence of the new ELMED powdéan, these data should be re-examined, since the
redispatching based on the merit order criteriam lwa different with respect to the one followedliis
study also depending on the adopted technologyfaeldfor the new ELMED power plant (i.e. gas,
coal).

Moreover, in minimum load conditions and with a gextion level of renewable power RES equal to
530 MW, it is inevitable to change the dispatchiofgthe ELMED power plant down to 400 MW

increased by its regulation bandwidth equal to 3%saominal power. The downward redispatching of
the ELMED power plant is necessary, since all offlants in operation are already at their technical
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minimums. The decrease of ELMED generation to ae/alose to its technical minimum with the aim
to give priority to RES generation can have negagiffects in term of the unit efficiency.

Redispatching in Peak load conditions

Considering that:
e 530 MW is the production of new non-dispatchable&SRewer plants;
» HVDC exportation to Sicily increases from 800 MWA80 MW;

the redispatch carried out for this scenario isftflewing:

Tab. 7-2 — generating redispatching in peak loaghscio.

Power plant Unif CSM Initial production| Final Production Variation| Pmin
[Tep/GWh] [MW] [MW] MW] | [MW]
EL BIBENE TGl 400 24.0 12.0 -12.0 12
BIR MCHERGUA | TG1 300 107.0 82.3 -23.7 40
BIR MCHERGUA | TG2 300 107.0 82.3 -23.7 40
BOUCHEMMA | TG1 300 107.0 82.3 -23.7 40
FERIANA TG1 300 97.0 76.5 -19.5 40
FERIANA TG2 300 97.0 76.5 -19.5 40
THYNA TG1 300 105.0 80.8 -23.2 40
THYNA TG2 300 107.0 81.9 -24.1 40
THYNA TG3 300 107.0 81.9 -24.1 40
TOTAL 858.0 656.5 -201.5

Redispatching in minimum load conditions
Considering that:

* 530 MW is the production of new non-dispatchabléSRiBwer plants;

« HVDC export to Sicily is fixed at 950 MW;
the redispatch carried out for this scenario ingshalso the ELMED power plant production that is
decreased to its minimum value plus its regulatiagdwidth, since all the other units in operatiom a
already at their technical minimum.
On the other hand, this very binding operating moefers to the worst possible condition for the
Tunisian system, i.e. maximum non-dispatchable B&&ration at the minimum loading conditions.

Numerical results
Static analyses carried out considering these gvwpstenarios show that:
« In sound network condition in peak and in minimuwad scenarios, no voltage violations or
overloads are present.
¢ In N-1 conditions the security criteria are fulil. However, two additional violations with
respect to the base case are detected in peakdoaddion:
o after the tripping of the double circuit 90 kV lic&rombalia-Korba: the voltage at Sidi
Daoued station decreases to 79.7 kV (-11.4 %);
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o the line Rades 2 — Kram 225 kV has a load factoaktp 121% after the tripping of the
double circuit Goulette — Rades 2 225 kV.
However, these latter situations occur after atfemdolving a double-circuit, so, strictly speakjng
they refer to N-2 security operation modes.

Results of the dynamic analysis

The scope of this analysis is to test the dynameitakiour of the system, starting from the scenarios
(peak and minimum load conditions) deriving fromtist analysis.

Since from the very first simulations the voltagedls appear to be too high if the RES power plargs
operated at a null reactive power exchange withgtlieg (power factor equal to 1), an absorption of
reactive power equal to 20% of rated power has leed for each RES generator. It means that the
power factor would be about 0.97 (lagging reactjeaeration).

Sensitivity analysis
This analysis consisted of the simulation of RESegation power fluctuations, due to unpredictapilit
and variability of generation, in order to asséssrtinfluence on grid voltages and frequency.

The cases presented in Tab. 7-3 have been tedtechljmeak and minimum load scenarios:

Tab. 7-3 — Tested cases in dynamic analysis.

HVDC frequency regulation Interconnection with Alg&a
CASE 1 NO NO
CASE 2 YES NO
CASE 3 NO YES
CASE 4 YES YES

Considering that, to evaluate the system perforesnwe made reference to the parameters deeply
described in 6.1 and in [1]. The most importantiitssobtained in this analysis are:

a) power fluctuations do not affect excessively thetesm performance, as the frequency and
voltages variations remains within acceptable rangenks to HVDC system frequency
regulation and the interconnection to Algeria.

b) lacking one of these two conditions, the situatimrsen; when both the above conditions are
not met, the situation becomes unacceptable dsetpeency goes beyond acceptable limits .

c) If Tunisia is interconnected with the rest of Magnr no particular differences between peak
and minimum load scenarios have been noticed §udight worsening, but leaving the main
results unchanged), even if the penetration of diepatchable RES generation is pretty higher
in minimum load condition (22.4% instead of 11%).

d) The effect of HVYDC frequency regulation is impottan both scenarios, particularly if the
Tunisian grid is isolated from the rest of Magh(also in this case the fluctuations are generally
contained in the acceptable limits).
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Fault analysis
This analysis consisted in the simulation of thceatingences, i.e. three-phase short circuits witho
fault impedance each of them having a particulapsc
- Skhira — Maknassy 400 kV : contingency near thegdsg power plant of the Tunisian
system: the proximity of the fault to the ELMED pamplant causes important oscillations for
the whole system.
- Oueslatia — Mornaguia 400 kV : contingency on thelkbone of Tunisian system.
- Menzil Jemine — Bizerte 90 kV : contingence in pnuky of RES power plants’ connection to
Tunisian system.

In order to evaluate the dynamic behaviour of RESver plants during grid faults, the inserted
protections have been those described in [1], afdrring to: voltage, frequency and derivative
frequency.

As the frequency derivative protection from thewérst simulations appeared to be a too restrictiv
condition and being its presence not mentionetheein Italian Grid Code [4] nor in Spanish Grid
Code [5], the same simulations have been run bathamd without this protection.

The most important results obtained from the amsyse reported below:

a) The frequency derivative protections cause in ew#mulation the disconnection of all RES
generation plants, leading to the loss of a sigaift generation amount (530 MW). Therefore,
we recommend evaluating the possibility to avthe installation of frequency derivative
protection§’,

b) Without frequency derivative protection, the RESvpo plants remain in service for almost all
the contingencies. Only the fault on Menzel Jemig¢eBe causes the disconnection for the
intervention of underfrequency protection of oneSRfower plant: the nearest. This doesn’t
represent an undervoltage problem, because thdélmfeiit of the “fault-ride-through”
characteristics (Fig. 6-3) avoids, also in thisecalse intervention of this type of protection.

In general, the tree-phase short circuit closeRES power plant can cause its disconnection.

c) The only difference noticed between peak and mimmoad scenarios has been the voltage
levels, which are slightly higher in minimum loadnditions. However, thanks to the RES
power plants’ reactive power absorption, they dbaxaeed the acceptable limits.

d) The HVDC frequency regulation is important for iraping the system performances (in terms
of frequency regulation) after a grid fault. ltskécial effect becomes even more evident in the
simulations of chapter 8, where an extreme sitndtas been presented.

In conclusion, considering the analyses carriedimabmpliance with the assumptions adopted in our
study (namely the possibility of downward modulatiof the ELMED power plant in low load
conditions), a non-dispatchable RES generation legua30 MW appears adequate with the thermal

13 Obviously, to make this choice it is necessancaompare the consequences with and without this tfpe
protection. The installation of frequency derivatiprotection is aimed to protect the wind genesafoom all
problems coming from the network in case of faultewever, the presence of this type of protectiballsnot
become a problem for the power system operatiamsieg important losses of generation in case ofdgue.
short-circuit). A compromise between these two @ipaneeds is necessary. The same consideratienalét for
wind voltage protections: they have to comply witle fault ride through curve to avoid the discorioecof a
large number of wind farms for under-voltage protden case of short circuit.
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production of ELMED power plant equal to 400 MWIaw load condition. With a generating power
rate of 80% of the installed capacity, the totatatied renewable power would reach about 660 MW.
However, if the ELMED power plant has its produntigreater than the assumed value equal to
400 MW, the non-dispatchable RES power generatiost tne reduced according to Tab. 7-1.
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8 ANNEXE 1: EXTREME CONTINGENCY

In this chapter the simulation results obtainedcase of an extreme contingency occurred on the
Tunisian system are examined.
The event simulated consists of the following steps

At time t = 5 s a three phase short circuit withfautlt impedance occurs on Skhira-Maknassy
400 kV line: the duration of this fault is equal360 ms, greater than the CCT value for this
transmission line;

To avoid instability phenomena on the network, wkiemn fault is removed, both generators of
ELMED power plant are put out of service too;

The RES power plants are equipped also with freqju€erivative protections: this causes the
out of service of all RES power plants a few sesaater the fault;

When the active power flow on 400 kV tie-line wilgeria reaches about 900 — 1000 MW, the
Tunisia grid is isolated because of the intervantié the protections: we assume that all tie-
lines are put out of service at the same time.

The graphs reported below are referred to thrderdiit cases:

Case 1: HVDC system with frequency regulationeihains in service after the contingency (no
remote tripping-device involves DC link);

Case 2: HVDC system without frequency regulatibmeimains in service after the contingency
but it does not change the exportation to Italy;

Case 3: the HVYDC system is equipped with remoppitmig-device: because of the loss of both
Skhira units, both HVDC poles are put out of sesvic

The aim of these simulations is to point out theaatges, for the Tunisian power system, due to
HVDC interconnection to Italy, considering also giresence of RES power plants.

The contingency simulated in this chapter is amesx¢ case that involves a cascade of events quite
improbable, but it is a significant occasion to destrate the HVDC interconnection benefits.

Figures from Fig. 8.1 to Fig. 8.9 show the Tumsgystem response after the contingency in

“Case 1". In this situation the power shortfall sad by the tripping of both Skhira generators
(1000 MW) and RES power plants (530 MW) causedripeing of all tie-lines with Algeria: only the
HVDC interconnection avoids the complete islandafigrunisian electric system. Fig. 8.6 shows the
active power on HVDC link: it is possible to notiteat after the contingency the system reverts the
power flow to control the frequency: after few sed® Tunisia starts importing from Italy to supphet
lack of internal generation. This behaviour hasyveositive effects on frequency performances, as
reported in Fig. 8.7: during the transient its mmaim value is equal to about 49 Hz, but in a fevords

it increases rapidly to about 49.80 Hz. These feegy values, even if they don’t avoid the first
intervention of load shedding defence plan, camrdiesidered high due to the fault cascade happening
on the Tunisian system. Also the behaviours ofrotheables can be considered acceptable.

Figure Fig. 8.10 and Fig. 8.11 report the samé fatents but considering the HVDC system

without frequency regulation (opposite situatic@pmparing these behaviours with those of Case 1 the
advantages of HVDC regulation for the Tunisian rekware evident: in this case the frequency goes
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down indefinitely and the collapse of whole syst@wen with a strong load shedding intervention) is
very probable.

Fig. 8.12 and Fig. 8.13 report the same fault sv@onsidering an intermediate situation:
HVDC system is equipped with a remote tripping-devand a significant lack of internal generation
causes the out of service of the DC poles (in taise the tripping of both HVDC poles has been
considered due to the lack of a big amount of irdkegeneration). Comparing these results with those
referred to Case 1, it is possible to point out thi is not the best solution for the Tunisiastsyn.

In conclusion, from the simulation reported in thetion we have pointed out the positive effedhef
HVDC link for Tunisian system also in case of ewtee contingency, i.e. lack of important internal
generating power followed by the islanding of tectic system. Moreover, the simulations highlight
that the best solution for the Tunisian systemoigrovide the DC interconnection with a frequency
control avoiding remote tripping-device, which peats the power flow inversion (and its related
beneficial effect) in case of significant loss ehgration.

8.1.1.1 Case 1: HVDC with frequency regulation
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Fig. 8.1 - Peak condition, extreme contingency, KW@Woltages (Skhira, Bouchemma, Mornaguia, Ouieglat
(Case 1).
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Fig. 8.2 - Peak condition, extreme contingencystele and mechanical power of Skhira (Case 1).
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Fig. 8.3 — Peak condition, extreme contingency, B&&er production (Case 1).
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Fig. 8.4 — Peak condition, extreme contingencyglsifine active power exchanges (Case 1).
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Fig. 8.5 — Peak condition, extreme contingencltattive power exchange with Algeria only (Case 1)
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Fig. 8.6 — Peak condition, extreme contingency, i@\dative power flow (Case 1).
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Fig. 8.7 — Peak condition, extreme contingencytesyshodes’ frequency (Case 1).



Report

CESI

Pag 99/103

Vaoltage (k)

Woltage (kv)

260

100

Fig

110
105
100
=)
=)
a3
a0
73
F0
[=5)
=)
=)
S0

Fig. 8.9 — Peak condition, extreme contingency, Baons” voltages (90 kV) (Case 1).
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. 8.8 — Peak condition, extreme contingency, Bfaions’ voltages (225 kV) (Case 1).
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8.1.1.2 Case 2: HVDC without frequency regulation
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Fig. 8.10 — Peak condition, extreme contingencyDB\Active power flow (Case 2).
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Fig. 8.11 — Peak condition, extreme contingencstesy nodes’ frequency (Case 2).

8.1.1.3 Case 3: HVDC with remote tripping-device
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Fig. 8.12 — Peak condition, extreme contingencyDB\Active power flow (Case 3).
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Fig. 8.13 — Peak condition, extreme contingencstesy nodes’ frequency (Case 3).
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9 ANNEXE 2: BEN AOUF WIND FARM

The figure below show how the frequency of Ben Awiurid farm decreases to a value much lower than
the acceptable limit. This is the reason for therirention of minimal frequency protection.

Note: Fig. 9.3 and Fig. 9.4 show that during tlamsitory, the frequencies are different for eactienof

the network:; only in state conditions the frequeiscthe same in all network stations.

Ben Aouf - Freguency [Hz]
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| j j — BAUTVSALFREG | j j j j
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P E— USRS ORI i S— A S E— A

Frequency (Hz)

T o T S o — e e

3 o R S e e o

Soy) E— /S S S— /SIS SV S— A—

o) S R S — S— A — - S — 1

30
Time (s)

Fig. 9.1 — Peak load conditions, fault analyses) Beuf frequency

Ben Acouf - Woltage [ki]
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Fig. 9.2 — Peak load conditions, fault analyses) Beuf voltage.
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Fig. 9.3 — Peak load conditions, fault analysesgfrencies.
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Fig. 9.4 — Peak load conditions, fault analysesgtrencies (ZOOM).
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