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COST COIIPARISON Iil XATER SUPPLY ALTSNATIVES IN SAUDI A8A8IA

i NTF.ODLICTl ON

llqq,l*lg **.--:-"--s-e.u r-,q,e-s I n S a ud 1 A r a b I a a r e ve ry
]1p-l_te-d* and exhlblE a porenrlal problem forplanners at the natlonal and 1ocal levels.
Moat wacer suppJ.les ln rhe Klngdoo cooe fromslrallow ground rrater aqulfers ih.t h.r" limltedareal extents and supp11es. ?he most exten_alve1y developed 11.{&--r systems are located1:: the easternand noitir-easlern regloos of theKlngdom uhere extenslve sedj-Bentary t.y"."
have been deposlted along the flanics of thepre cambrlan Arablan shleld conplex. Local_lzed chall.our alluvlal aqulfers predorolnate
1n rhe eeatern and eouth-seatern reglons whereexienslve 

-!-qCl _gy-g._r--ggs have been developed
dr.rrlng the quaternary perlod.

Si._iirlall 1n the Klngdoro Is very sparse and
r.,rlracever of 1t reaches tire-'LirfTei.ir"",
evaporates fast and therefore 1itt1e or norecharge of these aqulfers takes p1ace.
The auount of avallable vater in ih"seaqulfers ls therefore l1nlted and the rraterlevels have been d*,eJ"*s*Ue sharply for rhepast fen years. iior" .rrJ-rore waier isbelng needed to keep up ulth rlslng use lnagrlculture, lndustry and munlclpai supplles.The affluence from the lncoue of oLl pioau"_t1oo,' thus brought wlth 1t large developnent
schenes that need yet larger 

"id 1..g",quantltles of vater, 1o whlch case the aval1_able sourcee could never Eeet. The attenttonof the planners have thus shlfted to alterna_tlve aources of eater supplles to satlsfythese fuEure needs. One of the flrst alterna_tlves that have been utlllzed extenslvely ls
-t 

h e d€se*I1 sg-L&.q .p,f* sqa -Herer, f rso. i lte- Ai*.Sea1n the west and ri,. #,r"*t1ge_-!gum ilrhe easr.The flrsr roaJor a.".tTilfffi*pt".,r becerueoperatlonal h1970, and produced 5 ugd toaugment the lncreaslng ounlclpal deiands ofthe clry of Jeddah. Thts was folloved byanorher plant 1n 1974 at Al*Khobar on rhe

Arablan Culf, and produced 7.5 ogd to
supply the popular.lon of Al-Khobar,
Dauram, and Qatlf . Slnce then more
plau for naJor desallnatlon projectg
have nushrooaed and the planned dally
production capabillt1es have exceeded
thousand n111lon gal1ens. A aaJor
pi.pe1lne Ls under con6tructlon to
transport desallnated sater froa Juba11at the Arablan Gulf to feed che eapircl
clty of Rtyadh eooe 460 kllornetera
tovarda the 1nterlor.

EesIdea desallrutlon other conventlcnel
and unconventlonal sources of pater
supplles have been also contemplated.
Anongst theee, the nost controverslal
rras lhe t;i.*f.p*o:L-sf*Ise"herg4 trom
Antarctlca to the Red Sea coast.
Research oD this project ls st11l golng
on by prlvate investors who oay or," a.y
see the feaslbillty of such projects
and flnd 1t oore economlcal to undertake.
Aoongst the mere conventlonal sources of
fresh lrater that has not been talked about
nuch yet ls the fnp_g"f_I**91[*s3"r_facs-.lla.gg;
:ta sem}J. 9..- pt&;T;".*ffi;%;""""r," 

"of the Tlgrls and Uphratls rlvers in Iraq.
Although 1t oay be more econooically
feaslble to lmport rrater froa such 

"o,rr""",yet the polltlcal atnosphere ln the area 1sprobably the Bost recognlzed stuobllng
block agalnst the reallzatlon of such aproJect. The ioport of nater vla lnconlng
o11 tankers Ls yet another scheae thar
could be thoughr of and lnplemented if
soue sort of encourageaent Ls consldered.
By declarlng certaln lucratlve dlscouncsto tanker ornera uho buy thrh o11 aupplles
from Saudi Arabla, uany ehlppers nili beglnto eerlously think of such dlscounts espe_clally nlth the current staggerlng rlaes
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of fuel prlces and the negllglble cost ofrenovatlng the tankers to-accomodate forahlpplng fresh eater.

No econmlc etudles have so far been con_ducted on the cost cornparLson of suchwater aupply alternatlves for Saudl Arabla.Due to lack of dara ln frpo.tfrrglte,v1a rankers and canals or pfp""l tn"pre8ent study rrl11, therefore, ie IImItedto deealinatlon
use or lceberg ":iff:::il,,and 

Potentlal

The-rnaJor obJectlves of thls study are:
^.1-1*:l:o 

a qesg-slegsl .ur"ting-i"r".
:::: :lrh rhe syeta capaclty aidertlclency of removal of hariness and
"l:::1 dlssolved sqllq...(.ID$) ; to-."tab1lshcoat-capaclty relatlonshlps for varlouedesallnatlon processes; and to evaluate the.uee of lcebergs as potentlal fresh waterresource.

COST EVALUATION OF IIATER SUPPLY SYSTSIS

Water eupply syeten can be grouped Lnto
s_9]1ec t1q!, pyqt-fJ.e-e.g,{gr ani q-lirrfU*r ronsubsysteme. colrlc [G"" s"t"y i-i.ffiri"used to supply the eource $ater lnadequate quantltles on internlttent orcontlnuous basis to the prrrfffc"tion
aubaystenr. rr 16 then .....iJ-i.-iI
accepcable quallty and conveyed to theconsunera through transnl88lon ando].strlbutlon eubsystems. The costof rater thue colie.t.a, p,r.iri.j-".,a
eupplled to the consuDera depende onthe capltal cost of the "rr.il-"y".1es-tlell ae the operatlons and theoalntenance cogts of the ,a.{ou"-"o*_,Ponents of the 8y6tem. The cost ofuater eupply is also related to thecapaelty of the systen rhlch 1s ex_pressed ae:

l.ratera In_arid reglons llke Saudl Arablaare usually hard and contal" hi;; 
"on".na."_tlon of TDS. . The removaL of these constl_tuents belos a maxlnum p"*,t""riiI-i"rr"rls, therefore, a necesslty. In addltlonto.the capacley of-water ;"ppi; 

"rl..r, .n"unlt r.rster cosr wlll- also be'"ir"il"a uythe extenc of resroval of the tf,ese-ionstf_tuents.

A mode1, deternlnlng. th: unlt uater 
"urp,,cost should lnclude hardness ,nd-TiS 
""addltlonal parameters. Such an attempt lsuade by uslng multlple ,.g."""io.,-.r""fy"i"

and ls expressed as:

€
A

where

L
c,, = "(q)" (HARDEFr)C (TDsEFp)d e)

C,rls the unlt rater cost,

Q Is the pater supply capaclty,

HARDEFF ls the efflciency of hardness
removal ln percent,

TDSEFF ls the efflclency of TDS removalpercent,

a,brc, and d are regression coefflcients.

c - a(Q)b

shere

C le the cost of Lrater supply
systeE,

a le constant nhlch decldea thecost of unlt capaclty,

Q le the capacity of Lrater supply
systeB,

and b le the econornies of scale.

The constant tb, 1s ueually lese thanq!6! It treans that the tot"f 
"o"t-lncreaeea rlth the capacity of the Eateraupply sy8teo but at a decgeael"a-r.a..If varlable, tC' represents unlt rratercoat and coefflclent rb' is 

".g.air",the coat per unlt volume of rraler ai_reaoea slth the increase 1n the capacityof nater eupply 6ysteo.

The regresslon coefflelcnts for the reverseosmosi.s desallnatlon process are eJttmateduslng the data 1lsted Uy nrrfei-tnJi. fal.This relat{onshLp i.s as follors: '

C,, = 0.790,0r-'073tiinRoEFp)-.rrr(-rrr, 
)1.944 (3)

The correlatlon coefflcient for the above modelras hlghly slgniflcant (s2 = .SS9i.

In Eq.(3), C ls e;; ilil"l;oir JI.llol!i"0"j,1' ffS;#:,,i"i08,.,are deflned ln Eq.(2i.

Slmllar relationships can be developed forother water supply systems.

cosr-cApAcrry RELATT:I:H:S*R DESALTNAT roN

cornmercially lnportant desallnatlon processesare mUltlstaee flrel, /r.c?\ _- ---" I

ix,$Ttffill-",*it**#f;*:HSF and RoareTffi6f,Tf-fl;;'i, ;lljl Arabla.Hultlstage flash ir/1,{_L ^_rr_,- 
s used for treat{nB sea}rater

(1)

(hlgh 
-sa 

1inlty ua ter),. .,h;;;.;' ;6 
" i"t r" rnryu"ld-_l:. trearlng bracklsh ,.."i. ilnce Roand MSF are cormronly used 1"-;;;-xrlgaor,cherefore, cost-capaclty relatlonshlps ofthese processes ulil ;;iy';;-;;."ii'iln"o.

Total cost as rell. as unit cosr oodels basedon 1979 Unlted Stares lndex (Ref. ii), ,r*developed for the above .;;ri;;; iJsarrr,rtronProcesses. Total cost models are categorlsedlnto dlrecr capltal, toral ..pii"r-""d annualoDefatlons lad --r---*--,



to9
Table 2 Regreeslon coefficleots for

cosE-caPacity nodels (RO'Process)Cost-capaclty relatlonships (Eq' l) for both
total cost and unlt cost oodels can be

generalllsed as follouel
c'axb

The varlables and coefflclents ln chls rnodel

have earlier been deflned. The cost-capaclty
relatlonshlps are establlshed using the data
Ilsted by Larson and LeiEner (Ref. 16)'

The varlable tCr 1n the case of total costs
1s expressed ln mllllon dollars and, in the
case of unic cost models, 1t is deflned as
Ehe cost ln dollars per cuu. The capaclty X

ls ln thousand cublc meter (CW) Per day.
The regression coefflclents thus obtalned
are 11sted in Tables I and 2-

Table I Regression coefflclents for cost-
capaclty roodels (HSF: Seawater)

Irems Regresslon CorreLatlon
Coefflclents Coefflelent
aD^yz

{
(o
5Items Regresskr Coef f -

lclents
Correlat lon
Coef f lc lent

\z

Seawacer

!esalt lng

l. Total Cost

a) Dlrect
Caplral

b) Total
Capical

c) total
Annual

2. Unlt Cost

Bracklsh l.later
DAEait lns

l. Total Cost

a) Dlrect

t.315 0.862

1.664 0.868

a.204 0.889

1.545 -0.122

0.802

0.8i 7

0.634

-o- 1 14

0.99

0.99

0.99

0.97

0. 99

0.99

0. 89

0.90

Total cost

a) Dlrect
Cap 1 caI
Cost

Total
Capical
Cosc

Annual
Co st
wlthout
Energy

Unlt Cost of
I.la t er

Capltal 0.388

b) Total
Capital O.473

c) O&M Cost 0.248r .842 0.7 73 0.99

2.934 0.792 0.99

0.555 A.787 0.99

b)

c)

2. Unlt Cost 0.405

EVALUATION OF I'NIT I.'ATER COST FOR SAUDI ARABIA

The fo1low1ng assumptlons sere made ln
analyslng the unlt cost of L,ater usLng varlous
desallnatlon processes ln Saudl Arabla'

1. Plant life = 30 Years
2. !,grartl:zatlon factor = $0.064Llyear based on

30 years P1ant 1lfe
and lnterest rate 4.87
(ner. t)

3. Plant capacltY factor = 667
4. Plant ava1labl.lity factor = 922
5. Load factor = 9OZ
5. In case of HSF desalination system' a credir

of $500 per Kllll of electrlcal capaclty ls
assuned 1n the analYsls.

7. In cases, nhere data on O&H are not glven,
the aonual operatlon and oaintenance cost
1s couputed as a Percentage of knowrr ca-
pltal cost data (Ref.16)' These values are
as follows.
MSF seawater desalting = 24'237'
RO seasater desalclng = 9,817.
RO bracklsh sater desalring - 20'327"

Based on the above assuoptlons, the unlt uater
cost for desallnatlon processes uere conputed'
The result of these conPutatloos are 11sted
in Table 3.

a)

b)

c)

011 flred I .983
bo11er

Hlgh 2. 0l 5
Su1 fur
coal
tlo11er

Low 1.964
SuIfur
coal bo1ler

Dual I .955
PurPo se

-0. I 58

-0. i 76

-0. l 70

-0. r 71

0. 98

o.97

0. 98

0.97d)
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Tahle 3 Cost evaluatlon of
ope ra t lng/ propo sed

desal lnat fon process
ln Jeddah.

Loca t 1on Appror.
operat-
lng yr.

No. of
unlts

Por.rer
(Mlr)

l.Jater Process
(mgd)

Cont -
ract
(106s)

Co st
(S/rooo
981. )

Co5 1

($/mr I

Jeddah I
Jeddah II*
Jeddah Seau/ater
Jeddah I II*
Jeddah IV*

I 970
t97 7

197 8
r 980
1983

80

200
500

5
l0
3.2

20
50

MSF
MSF

BO

HSF
HSF

t9
182

30
428
718

5.84
t4 .59

7 .36
16.97
9.58

r.54
3.88
I .94
4.48
?.56

1

4

9
4

i0
* In Jeddalr I
costs as weLl

ICEBERGS

I, lII and
as oPerat

IV desal
lons and

lnation plants the contract va-Lue lncluded themalntenance costs for a perlo<I of two years.
capltal

The utillsatlon of icebergs, as freshsatersupply alternative for Saudi arabla, 1svery aftractlve. It ls belleved that thetransport of icebergs is econornlcally andtechnlcally feasible and si1l not pose apotentlal hazard to marine envlronment(Ref. 17 and 20). The Kingdom of SaudlArabta has seriously consiJered thelnpllcatlons of the icebergs on terres_trlal envlronment (Ref. 5).

The naJor factors, ln transportlng anlceberg, are ocean currents, towi.ng
technology, and shape, hardaess ani slzeof the lceberg. It ls suggested thattransportlng lcebergs from the SoufhPole 1s relatively economical and feasi_b1e because of the favourable oa""r, currencsln towing fintarctlc icebergs. ftoi"or.r,Antarctlc lcebergs are rDore regular lnshapes (Ref. l8). Durlng tranipirrt, thelcebergs can be wrapped lnto insulatlngmater1a1, llke polyrrethene to mlnlmlzeevaporatlon and nelting losses (Ref. l5).

The ahallouness of the Arablan Gulf s111restrlct the use of lcebergs only to theWestern Coasr of Saudl eraIla. iti n.aSea near J.gg"i-g_t is also stralto, aialcebergs must be sllced, probably nearAden, prlor to tor.rlng to jeddatr orother coaatal cltles of Saudl Arabla.

The energy requlred to move the lcebergs,the veloclty at vhlch lt rrlll trarel, the
1:::1:t and.shape of iceberg" .i. Jecrarngtactora 1n determlnlng the cost of rraEerobtalnable from them. The cost of Lcebergutlllsatlon, computed by varlous theorlsts,ls llsted In Tab1e 4.

Table 4 The cost of ieeberg utilizar ton .rs
water supPly alternatlve

Theorlsts tons/Nr:wtor 
i;il, (run3) (clcum)

ISAACS

l.Ieeks-Camp
bell 425

Halt Ostrander 144

CICERO

640 0.5 t.l 1.-t

0.5 10.3 4.7
0.5 io.l 24.a

14 0.8 t.g ?o2.o

It may be noted ln Table 4 that assumprlons,1lke energy requlrements and lrater yicld,
made by dlfferent theorlsts vary sl[,nIftc;rntly
and reflect on the necesslty of furfherresearch ln the area. The cost of lcebergsutllizatlon In Sarrdi Arahia is compared wir hother sources of freshr^rater fn faU'te f .

Table 5 The cost of freshwater obtal.ned fromdlfferent sources ln Saudl Arabla

Sou rces Cost ,
(tt.S.S/m')

Reverse Osrnosls

MSF Desallnatlon
lcebergs

I .94

r.54 - 4.5

o.o! - 3.o2

DISCUSSIO}E AND CONCLUSIONS

Any deflnlte conclusion on cost_capacitv
relatlonshlps can nor be 0."* ro.'iiuii
Arabla unless sufflcient cost data areobtalned and analysed. The reulsts listedin Tables I and 2 can be modlfied to e-stabl ish
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r'osL-caPacity models Ior Saudi Arabian

desallnar lon process provlded a rellable
statlstlcal mean value of the unlt water

cost for RO and MSF is evaluated'

Bv comparing unir L'ater cost model's for
scaLratcr reverse ognosis and HSF Process
(IabIes I and 2), 1c 1s concluded chaE

for relarlvely smaII capaclty RO is
Dore econoolcal than l'tSF'

As shown in Table 5, the most economlcal
alternari.ve 1s the iceberg utllisarlon'
Further research and analysls are needed'
Ir ls also evidenced frqn Table 5 that the

unlt uaLer cosE Eo !reat seaL'ater ln
Jeridah uslng RO is usually louer rhan MSF

alternaLlve.
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