International Conference on Non-Electric Applications of Nuclear Power

b
Oarall, Japan frem 16 te 19 April 2007.

ECONOMICAL EVALUATION OF
NUCLEAR WATER
DESALINATION IN TUNISIA

A. KOCHED?, S. BACCOUCHE?,

1- Ecole Nationale d’'Ingénieurs de Monastir

2- Centre National des Sciences et Technologies Nucléaires




Tunisia

Mediterranean Sea

Pepulatien: 10 rmillien
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> Extension to ther FUNDESAIL Project done by,
> CNSTN;, STTEG, SONEDE (Tunisia)
> CEA (France)
- |AEA.
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> Update tie: econemical study: using DEEP3S
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Tunisia’s Water Needs, (1)

Tunisia isiamoeng the 80 countries experencing
Water scarcity/.

he average ainking Water supplies, are
currently: 4,5 millien me=/year

= [.e. around 450 me/year and per capita
x below: the povenrty: threshoeld.

Appreximately: 40% of these: reSeUIces ane
Undergrotnd waters, With salinities hetween 0.5
and 3.5 mg/m=.

Fhe salinity, ofi the: entire reseurce Is relatively

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

84 Y% of these goed quality drinking waters are
located! inl the north of the country.




Tunisia’s Water Needs (2)

funisia started using desalination since the
11980s.

4 stations: Kerkennan, Jerba, Gahes & Zarzs

Total capacity: 58 800 m=/day= 8,500 under
construction

All' use Reverse Osmosis

Input water guality: 3.2-6 mg/m?
Preduced water guality: 0:15-0.75 mg/m?
North-seuth Aqueducts;




Tunisia’s Energy: Situation

Funisia’ changead statusy duirng the last
decade

= Inf 1980s production surplus (3 Mtep)
s Net Importer of energy. (0,6 Mtep in 2004).
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Electricity, generation

Installed capacity: 2 89SNW,, peak demand 2 124" VIV,
(2004)

By technology:

a 40.2% Combined cycle

a 52.7% steam| cycle

n 15.3% Gas Tiurbine

n 1.5% hyadre

s 0.3% wind

E@ssIl fuel:

n 97,3% natural gas

= 0.9all

BY previder:

m 82.8% STEG (state owned)
n 17.2% private companies (produce 22%)




Electicity: demand for 2020

> Economical’ perfermance ofi fiunisia (6:6%/y GDPR
growin)

— electricity demanaiexpected tor grrow By an average
6:9)%0 PEK Year

—reach 31 260/ GWhrin 2020 with consumption peak

o1 5920 WI\\We

— runisian;electricalinetwork would suppert a
600IMIVVe pewelr plant areund 2020

> Tunisian utihity, STEG, plans the intreduction: el the
600 IVINVe power: plant level in: 2016;

> April 2006: Gevernment instructed the utility te start
feasibility studies for'a nuclear plant for 2016-2020
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Electricity preduction alternatives

Severalisplutiens cam erconsidered :

> Conventional power: planis:
o | Comineaicycle plant (600MVIVVE)
o | Steam cycle plant (600 IVINVe)

> Nuclear pewer: plants:

o 1 PHWR or AR(600 MINV/e) or 4 PAYVR(S00VIVVE)
SInce network Is Interconnectedwith nelghihering
COURTRIES.

* 2 modules of't
commercializec

e 3imodules of 't

1e Innevating G Ii-MHER reactor (1
).

1e PBIVIR' reactor: (Iff commercialized).
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Water demand
for Skhira 2020

Evaluation for the area oif Skhira (Imost
likely Where the nuclear pewer: plant
would be bullt) :

ISt scepanoy Use the current
FESOUICE aSSESSMENRLS for
diinking Water and preject the
FESOUCE NEEdS for 2020.

— deficit of 150,000 me/day.

20 SCERann. AccoUnt fior
planned prejects

— deficit of 48,000 me/day.




Desalination alternatives

Several selutions cam e considereds:
> Dirstillation:

« MIED
> IMlembramne pProcesses:

e RO

PeWEK and desalination plants couplingg

> For MIED:

o extract steamfrom turbine
o Use waste heat

> No optimization dene here




DEEP Input parameters

> Skhira site related parameters:
Sea Water average temperature: 21 €
Sea Water salinity : 36375 ppm




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

20 000
7 000
0.91
12 + nbr of units

800

20 000
7000
0.91

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, 951 600

Total power plant thermal power MW, 2 882 1 069
Number of power plants units - 1 1 i

Efficiency % 33 31 39
Availability % 90,2 90,2 90,2
Construction lead time Years 5 4 3
Specific construction cost $/kWe 1417 71 1135
Power plant life span Year 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 e




Economical evaluation

> Power-aesalination plant couplings:
MED RO

GT-MHR
PWR 900
CC 600
TV 600

> \Varied ol price; Interest raterandtdesalination
CAPACILY.
> Considered hybrid installations : MED + RO

> Eor MED: considered steam extraction and waste
neat




Main Results
Eleclriciiny cost

> lowest for the GI-MIHR:
> Nuclear I1s 1 generalfmuchilewer tham fiessil

> Difiference: depends on fessil el prces and
Interest rates

> Example: PWR KWhTIS thanithat off CC600
(for 100 $/bhbl and! 8% Interest rate)




Welelr Cost

> Reverse 0smosis offiers a desalination cost
lower: than that off MIED;

> Nuclearis i generalflewer than fiessil

> Examples: CC + RO s expensive than CC + MED
PWR+ROIS expensive than PWR + MED
PWR + RO IS expensive than CC + RO

0% 20% 40% 60% 80% 100%
RO/MED

ODFUEL ®mCC OPWR QOGT-MHR




CompansenwitniDEEPZEsulis
> Irends arne the same.
> Eor MED, DEERS yieldsinigher estimates.

> EoifRO;, IDEEPS yieldsilower estimates
> Examples:

FUEL+MED: DEEP3! cost Is than DEEP2’'S
PWRFE=MED: DEEP3 cost IS thamn DEERP2’S
FUEL+RO: DEEP3Icost Is than DEEP2’S
PWR'+RO: DEEP3 cost 1S than DEEPR2’'S




Conclusions

DEEP IS a simple: and yet peweriuil teo)

Fherstudy shewed the clear advantage: of
Integrating the nuclear eption to meet

TFunisia’'s water and electricity needs; for
yeanr 2020.
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