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Tunisia

Populatien: 10 rmillien
Area: 164,418 km?
Capital & largest ciby:
Tunis (4.7 million).
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Scope

> Extension to ther FUNDESAIL Project done by,
. CNSTN, STEG, SONEDE (Tunisia)
> CEA (Erance)
- |AEA.

el sivel/ (gatiniZlnef irle pltie e
gesaliaiieniplaRistcelpINNG)

S CCONOMICAIRESSESSIENNUSINGBDEERZ)
> Upodate the econemical study  using DEERS



CURRENT SITUATION
INFTTUNISTA

Water needs
Energy. situation
Electricity, generation



Tunisia’s Water Needs, (1)

Funisia Isiameng the 80 countres experencing
Walter: Scarcity.

The average drnking| Water supplies ane
currently: 4,5 millienme=/year

s |.e. around 450 me/year and per capita
s belew the peverty threshold.

Appreximately: 40% i these: reseUIrces ane
Undergreund\Wwaters, withi salinities between 0.5
and 3.5 mg/m=.

Fhe salinity, off the: entire reseurce Is relatively

RIghrwithr enly: 545 % having salinities; Iower than
1.5 mg/m=.

34 9% of these goed quality drinking waters are
located! In the north of the country.



Tunisia’s Water Needs (2)

funisia started using desalination since the
198(0s.

A stations: Kerkennahn,, Jerba, Gabes & Zarzis

Total capacity: 58! 800 me/day+ 8,500 under
construction

All' use Reverse Osmosis

Input water guality: 3.2-6 mg/me
Produced water guality: 0:15=0.75 mao/m:=
Noerth=south Agueducts.



Tunisia’s Energy. Situation

Funisiar changed status duling the last
decade

= I 19805 production suiplus; (3 Mtep)
» Net imperter of energy. (0,6 Miep in 2004).
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Tunisia’s Energy. Situation

Tunisia’ changead status; duiing the: last
decade

= I 19805 production suiplus; (3 Mtep)
» Net imperter of energy. (0,6 Miep in 2004).

Conseguence: of
s the decline of the country, o1l production

x the sustaned highr grewih ofi the national eneray,
AEeds (average growth ofi 4. 1% per year for pramary
energy demand).



Electricity, generation

Installed capacity: 2 893NV, peak demand 2 1245 VW
(20)0)2)

By technelegy:

40.2% Combined cycle

52. 7% Ssteam cycle

115. 3% Gas| Tiurine

1.5% hydre

s 0.3% wind

EessIl fuel:

n 97,3% natural gas

= 0.9 ol

BY previder:

m 82.8% SITEG (state owned)
s 17.2% private companies (produce 22%o)



Electricity: demand for 2020

> Economical’ perfermance ofi liunisia (6:6%/y GDP
grewitn)

— glectricity demandlexpected to grew: By an average
6,91 %0 PEN VEar:

—reach 31 260 G\Wiarin 2020 wiith censumpition; peak:
01 5920/ IVIV\e

— Tunisian;electricalinetwork would suppert a
600IVIVVe pewerrplant areund 2020

> Tiunisian utility, STEG, plans the introduction: i the
600 VIVVe power: plant level in: 2016;

> April 2006: Gevernment instructed the utility terstart
feasibility stuadies for a nuclear plant for 2016-2020
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Electrcity preduction alternatives

Several selutiens can e considered :

> Conventional power: plants:
o 1 Combineaicycle plant (600 IVIVVEe)
o 1 steam cycle plant (600 IM\\e)

> Nuclear pewer: plants:

o 1 PHWR er ARP(600 VINV/e) or L PAWR (900 VIVVE)
SINCe NEtWorK IS Intercennected wWith neighihering
COURLKIES.

s 2 modules ofi the innevaung GI-MIHR reactor (If
commercializec

o 3imodules of the PBMR reactor (1 commercializead).

N
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Water demand
for Skhira 2020

Evaluatien for the area of Skhira (mest
likely where the nuclear pewer plant
would e built)

ISt sceano:: use the current
[ESOUICE aSSESSMERLS for
diinking Water and project the
FESOUICE NEEMS for 2020.

— deficit oft 150,000 me/day:.

210 SCEHAACCOURIETON
planned projects

— deficit of 48,000 m=/day.
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Desalination alternatives

Several selutions cam e considereds:
> Distillation:

o MIED
> IMlembramne pProcesses:

e RO

Pewer andidesalination plantsicoupling:

> For MED:

o extract steam firom turbine
o Use waste heat

> NO optimization dene here
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DEEP Input parameters

> Skhia site related parameters:
Sea Water average temperature: 21 €
Sea Water salinity : S8575 ppm
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DEEP Input parameters

> Hypotheses related to the desalination pProcess

Parameters Units
Desalination plant type
Reference year
Interest rate %
Reference unit size m3/d
Specific construction cost  $/m3/d
Average salary

Management $/year

labor

Availability
Construction lead time month

2006
5-8-10
24 000
900 800
20 000 20 000
7 000 7000
0.91 0.91

12 + nbr of units 12 + nbr of
units?



DEEP Input parameters

> Hypotheses related to pewer plants

Parameters Units
Power station Type

Reference year 2006

Interest Rate % 5-8-10

Total power plant net output MW, 286 951 600 600
Total power plant thermal power MW, 600 2 882 1069 1538
Number of power plants units - 2 1 1 1
Efficiency % 48 33 51 39
Availability % 90,2 90,2 90,2 90,2
Construction lead time Years 4 5 2 3
Specific construction cost $/kWe 975 1417 il < 1135
Power plant life span Year 60 40 25 30
Fossil fuel cost $/bbl 70, 100, 120
Fossil fuel annual escalation rate %lyear - - 2 2

Specific nuclear fuel cost (interest rates

of 5, 8 and 10%) $/MWh 6.48 ; 6.48 and 6.54 - 16



EFconomical evaluation

> Poewer-desalination: plant-couplings:
MED RO

GT-MHR
PWR 900
CC 600
TV 600

> \/aried o1l price; Interest rateranaldesalination
CAPACILY.

> Considered hybid installations : MED + RO

> Eor MED: considered steam extraction and Waste
neat
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Main Results
Electriciivy cost

> lowest for the GI-MIHR:
> Nuclear is 1 generalfmuchiewer tham fiessil

> Difference depends on fessil fiuel prces and
Interest rates

> Example: PWR KWhiIs thanithat off €CC600
(for 1001'$/bhbl andi 8% Interest rate)
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\Watelr cost
> Reverse 0smosis offers a desalination cost

[oWEr than' that off MIED:
> Nuclearis 1 generalflewer than fessil
- Examples: - cc+Rois expensive than CC+ MED
PWR=+ RO'IS expensive than PWR' + MED
PWR + RO Is expensive than CC + RO

20% 40% 60% 80% 100%
RO/MED

mFUEL mCC QOPWR QOGT-MHR 19




CompamrsenwWin DEEPZIEsUIS
> Iirends ane the same.
> Eor MIEID); DEEPRS Vields nigher estimaltes.

> Eor RO) DEEPS Vieldstiower estimates
> Examples:

FUEL+MED: DEEP3! cost IS than DEEP2’s
PWRS-MED: DEEP3I Cost IS than DEEP2’s
FUEL+RO: DEEP3 cost IS than DEEPZ2’S

PWR-RO: DEEP3! Cost IS than DEEPZ2'S
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Conclusions

DEEPIIS a simple and yet pewerdiull toe)

Fherstudy shiowed the clear advantage: of
Integrating the nuclear epiion te meet
funisia’s;water and electricity needs for

yeanr 2020.
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THANK YOU
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