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FOREWORD
 
APPLICATIONS RFVIW Ar<D CONCEPTUAL DESIGN
 

The Egyptian Electricity Authority (FV\), the United States Agency for
 

International Development (US!\l !I'Ca iro), and 
a group of U.S. consultants form a
 

team responsible for conduct.i Mi test deIlonstration projects for ]1 

renewable energy appl cati a. , l','pf. These demonstrat ion projects inclu&]e 

the use of photovoltaic (pV) , w'iand, and solar thermal systems for water 

pumping, ice making, (lesalination, industrial process heat, small village
 

electrification, and grid conncted electricity generation applications. lhe 

specific objectives of the 4-yea1r program are to: (]) demonstrate the viability 

of renewable energy technologies.:, in Egypt; (2) comprehensively strengthen 

Egyptian technical and institutional capabilities in the full spectrum of 

renewable energy planning and decision-making; and (3) establish the
 

infrastructure necessary to ensure 
that renewable energy technologies that have
 

been proven successful are available for widespread use in Egypt.
 

Each field test demonstration project contains seven generic tasks:
 

technology review, application review, conceptual design, preparation of a
 

statement-of-work for a tender document, proposal evaluation, supervision of
 

hardware installation, and performance evaluation. 
 Two of these tasks, the
 

application review and the conceptual design for a photovoltaic-powered
 

brackish wafer desalination plant and a diesel powered seawater desalination
 

plant are presented in this document. This report is subtask 3.8.1 and 3.8.3
 

to the field test requirements under Contract AID 263-0123C-OC-4069-00, Task
 

Area 3.
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1.0 ECUTIVE'SUMMARY > 

new bl rg c
The R En 'Field Testin~g 'REFT Prj i hasbroad objectives to
 

investigate sel ected renewable enegyopton 
o1 Comprehensi'vely strengthen Egyptian.,techrical and? insttuoal < 

~capabilities~ in the full 'spectrum of r'enewable energy planning anrdQ#f 
~decisi6n-ma'ki ng for technologies ,andapplications, i­

o Develop and sustain an Egyptian renewable enryifasucu­

throu'gh the'establishment of data bases, information syste's and 

S organizat'ions, that effectively, serve b'oth the. ublic and'private 

sectors;-i 
--- 444 

intal
o Deign. opeateandevaluate a sere of renewable eeg 

fi ld tests wh'ich utilize commercially available technologies in ~ -

applications' having potential-for~widEs'pread use4-in Eg an Qpt and 
conduct, a formal; management',and technical, t'raining-rgabton 

tejb and specialized, and esjab ish an neseinoato 
-

-dissemination 'rogram.--4­

-
Teproposed field test for poee desalin o sysem near Mers a 

Matr-uhi-is bsed on (1)ratonthree the belief that futur'e. reioal 

-~~ for ~~dispersed developmentroght{E ib--( -

strengihened by thesatisfaction~ of basic potable water ofe 
in2 dsu'c a reiw f 

the solar~rsuc iEgypt,~whc uget hat the country has. a substantial, 
reouc fo~h iepeddployent ofphotovoltaic ower 'systems, and (3) 

~the 'value of a PVpwrddslnto eosrto ob ie hr 

strengh ening of Egypt'~ahiVn4n'-ttoa­
4ia
tehia4n ntttoa capabilit'ies for'
 

wid~spead'development of ths techn'riogyab
 
An', assessment6f4 the contribuiiton of. this pei fJit feld testohe ET 

Pojet objecti'ves Js4-the mainpurpose of, the Appl-t~~ i ewat-n. iteActi 
-0 
 v ctite 

Jo- 4 



0 

ri~~~( ng her 

. 
sucomleted 'duinie viey ddress the criteria necessary for a sucesf
 

donstrationo any stand-alone PV-powers st picaton
 

~Thes~e criteria are listed below, 8thoughnonesarlinrdrf 
importance.~ 

Current and future user requirements ~4, 

o Evidence of a ibe oa resource
 

0 tAppropriate site characteristics anid infrastructure for installation~
 

oCapability of the host organization (or local villiage personne Y:tfor 

>successful operation and mhaintenance of the~ system. A j- ; 
The system.,Conceptual De's1pn atvte arefcs~-osz-h pwri~
 

sysemtoprovide instruction adinformation .sufi1ent.iuouirec'&,bid
 

contractorsinproposal preparation ",ndto support EEA/USAID inproposal
 

x~j. eval uation and contractor s .eection 
Spcifica ,teCneta Design,.will -

0'"> DevelopA site specific' energy sourcepoie and application specific 
~A~A4~W'load demiand fi'les.,-VA1 -4-p--r 


--.- ­

0 Define hardware 'performanceand environmentalspecifications. 
A'A 

0odc ytmsZirig and perform trade-off analyses.~-"~,i7.. 

0 pciyperformance monitoring instrumentation requirements.~~ ~~ 

0 Idetifycritcal dditinal ata eedsthat miust be addressed eoe, 

-a~competitive request for 'proosl (RFP) cant beA'issued, 

0o4 Recommiend ~a specific site for the' loation* f'h PV-pwerdV> 

-~#- desalination plant - ~ )~ A AAAA'A<" ~ 

i.A Purpose''of the 
AANAil ATestAA~ 
 1 ~ ~ ~ 

-efield ­ 'te st' is~prim~arily :a demonstration projecti n' the tatruh~ 
govnrzt - -r ot
reat cate nce~ r nirotei 

At 
 Egtptt isucsful coulWb +Phlatd W4the ar~easin 

ATh 
 e speclTIC objectives o~f Field, Test #89are 'to': 

A' A 

1 . -Z 

-4 



0 	Demon strate,- 1 a-rmtEgyptian env irnme'n{ the via b i ity,-of, a-PV 
powered standalne~:desal ination systeri that can des aI rak sh 
waterwt vaial iit optbe,.a'rWthj'salinj Y no, more 
than 500, parts persnlj~ (pjmta1dioyd~ojs(TS.1

Smay vary, rm aProximate1100 
.'to 1f2,000 pprif4DS ~ ~ Y 

0 Demonstrate thatsuch av systemn can be maintained 'ina remote Ioatio 
0 De mineStart-up and oprai nn maintenance cssof the system~ 

1 >eV'elop,'- througIh trai ri'ng 
procure,. install" main'tain, -promance 

, D 	 na working, capability in'Egypt toein 
~-1: 	 and analyze the of,a PVi 
Y~powered desa na~npl ant 

o Identify modifications, that should be made in replicated sytm i 
Kother locations in Egypt. 

1. -<SiteSelectionj 	 :I>I1jl 

S-<--Three-
 sites were selected by the EEA after an'extensive s'irvey by them of 

Spotentijasites throughout Egypt. These sites were evaluated by the project ~III­

'4j>field test~ engineers during a visit1 inNovember 1985. The three sie locate 

in tile Matruh Governorate are, Mowah, El Kasr 'cen ra I and ElIK'sr Extension #3.:I 

S§- Fromn'a technical -standpoint,, each of $th6,,sit es, is acceptable. Each has 
'different -assets. and 1iabilities-that affect the instal 1ati on of a '- powe 

deslinatonsytem Nneof'the s~~shad a signiicn eno-hI abii ity to, 

rule ~~t 

anayse toselctthe best location considerin nt onl 

itou ta' possible-location, for1 the field test demonstration. iTrade-off 
wee cmpete 


Jcnclisebtalso social fand political, issues. 5-& lI 

'E Ks
Et'son #3was~selected as the site forp the field test 

demonstration because it satisfied the rang ft ie selectioIebroadest 


-cri teri a.' Anipratfco in it's selection wa httest inCluLde~d 

strict envfronmental constraints which , ha ol be,encomass ths 

0encountered -else 1)re i Egypt.~ The mnajor liabil i ty of the~site was the fact 

-that beach sand and p'otential1,salt' air corrosion problems 1would beeconeed 

Ijf the hardware were Isited -at the originalblocation evaluated during the si1te 

I 	 P3. 



- -
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visit; in aovember 1985. Therefore,~to al eViate this potential problemp and to
 

...Meresentativemo.e
~ of~others throughout~Egypt, ~ the U.S. 

oca7a KasrothPVesal ination system at El 


Exeso #3b oe prxmtl 200 meters inland.K
 

'Th~e brackOsh.6 '6und 't source at El..Kasr_ Extension 43 is Roman wells'>44 

near th~e beach. ,The ,seawater source isthe Mediterranean Sea. Grounwate 

:~samples taken during the site visit' made inNovember, and at later .Iime over 

t'he p~ast year,,~indi-cate-that the4 water has ppm to 13,397 ppm~"- a TDS~of 359 
-737 


~TDS. However there isa strong indication that the extremely'low TOS levels 
-

,a~Pnd perhaos the high TOS level arepin error. Thialntyo the groundWat e r >J­

* m' expected to 'decrease during the rainy winter months and-increase during the;>; 

-4~"summer., Water 'yield is also uncertain, but the yield 'isexctdob,
 

.greatest during the rainy winter months. 'Therefore, the conceptual syte
 
deslign in'ti doce acisl grounuwatr system assumedav
a ab 

sali ni ty~of 1,00 ppm to 12,000 ppm TOS as ornal' spcfidi the OSAID4-4K 

- JFP for,the REFT Project. 
 ' ' 
 - -
 -


-Awate~r 4 qualirty analys is was not'available&for the MeiernaSea at 7Afr.­
teseletd l>ocation for this' field test. Theefore,Ahe seawatert----' ' 

iatin 


STOS,, representative of the eastr Mediterranean, region.,.''­

desl ystem -ocpuldesign. assumes, an avra~ 1, a.i i tyof 8,400 

>4''The' other twoke sie specfic- prmtrthtinf1uenceJecoeptual 

~des'ign for this field test are solar insolation n ambient temperature.~ 

Insolation on a~horizontal Asurfacathe site ranges frmahiho 8 4k-4-'' 

inJuly to a-low of 2.90 kWh/mi2 i' 4­in Decebr 'Ambient temperature vari es-fI hom- a4
 

hig of 254.5' 'degrees Centigr"ade-in -August to a.Iow of 12.8 degiesCngrd 

in Janar.Bot ofteereS.rdvle r representative 'of -what can be ~ 

~found throughout 'Egypt. -- '444 - ,.-­
, L- 44 44--2* 44444 - 4 -, 44- ­

41 4­



Concsigr "IT3I",a F 

procedirwasuse7, A stpbyste to dvlop the conceptual~design for 

ti field test: 2~ ~~ 

ds~ainaiontecnology", rV
o Chose,;te ~reverse-osmosis 

~ o 7Choose'5the operatinvg procedures fo h eaiato qimn 

0 Design:,the desaliiation equipmnent 271 
0 , C o se the photovoltaics, technology ' ', 5"' 

0 Choose~the power- systemn'protocol, i e all PV PV'battery, PV -dieseI k 
~, hybrid 01' a combiination i~7 5 *J'~ ,- ;,J2 

o Design the PV array, battery~storage system and1 specify-the-diesel

engine 


" 

's~5~-~"~~o Design the water storage tank . . 

Speif2tebin di sposal system'
 

0 -Specify the. site5 layout for teetr. ntlIaio 

. 0- Specify the perforrhance mon'itoringsinstrumentation' requirementst'& "
 
Th~~rese sproceuures,-are5 detailed inthis-document. ,The conceptual design for
'
 -

the desalination and, power systems i-s lrief1y.dsrbed below herslso 

15~~the -other{ steps 5and the rationalfrte are prsne as.~,, 

"'~"~'0' The, desa'al'nationtehology'selected was reverse-osrnosis (RO)" beas~~ e~lectrodlalysisis-,no'appropriate -for,sal'ipiylvl'bv.a-.fwq.y ' 
~ 2 5Y;Is5 j~s~ ,th3Ousand ppml TDS.s5 J:"'~~ '. J:~~ ~' 

0 h io-of,'RO'. a's .the desalination tehooydiie h 
55 ' cti~oo'ff 5an, operating procedure.', 5 'ROsystems'-require constant 

.~ -- teopratons-It ;isimprta~t tos minimize thie 
;,' ~---5-number of -starts,, a'n'd 'tops 5"o ti testem'Terf5--


55< swilbe operated continudus 1'24 -hours per day. A 

0----- #Th'e desalinationi eq mn deins su~rie inScto '5.2.3 and 
:. det ailed, in Appendix1 F.;Separate seawater and brackish-wat,r sysem 

­

are reomne.Ec ln opr ates~ contin~bS' anrd,' produces '25;
cubic meter o~f potable wtaer~piday. 1Th'e biackish ywater 'lallt ;4requires ,an average pwro 2.1 k!Ii owa tt s h sePaa ter.'plant A 

riequires an ayerage power o~f '5.8 ki Iowat'ts. 4 
t Si'hce'the.Medter, anean Slea"is' an al ternt s 5py,,of, feed~wt e f6 

' £hsh? f ield be o'wei est"'l iJtwoul'd in'onsi stent .to' the'seawater­

5 

http:reomne.Ec


-- 

- system with a'PVara thti er three, times a s Iarge as thee 
primar PV power sy-st'~m :f6r 4 th~e 1brckish water unit (see S&ct'on5 2 6,for$4des1 n dta ijIs) .Jhrefor' the brackis wae plant, isj 

~YY-P~owered and thell.lente'jewt ',s'upply, 1.e.kthe seawater 
p ntipower'ed by' a convenional ~d esel generator. 

t 
4 

0o ~ nkeeping with a goal' of siMplicity.of 'operation, a fixd, flt 
p.atec Poposed of cry~stalline (sir gleor poly9)~s i IJcon .Solar 

~~ c~ell, Imodul~s41s,,<recjmernded.<,HoWever , tjietender d~ubt sol 
b-,d thin film (anorphious's'i~licbp) 'a'ras

b I u6e.holdbe' 'required t'o, prove the stability and:reliability of';.th e' hodul es and 4 the 'bus'iness stability of their manufacturng4-~, 

o0 	 Three,d if ferent power options' are, considered for the brackish water--~-y" 
system:, ~~i 

PVadbttr traeny The diesel generator isfor back

Sup. 
 4~ 

PV wihone day of bteystorage for operation 8-hours per day
Swith the diesel operating'16-hours per day.
 

,PV 
 and diesel~wt no'battery storage. 	 ~44 

>The PV and'diesel with no battery storage is not recommended because j:;
the ;unpredictabil ity of the- solar, resource will ca~ase~ unacceptablepV 
- -number of diesel start/stops. F-Chart-analyses- and cost-' 
..'effectiveness trade offs of the, othbr~two options results. ina%jrecommenided PV-40owered system consisting4 of a 1~2~kilowatt PV aray-'~J 

.Aand- 500 ".rmp-hours~of battery -storage backed uip by a 5 kioat'dee 
generator operating as~ia hybrid power system. 

~4 0 ~Two ' 25',cubic meter water storage tanks' are recomrmended, o'ne for each-~4 
of the desalination plants. These tanks should be similar to those 44 

- ~-W~4<45& currently at.El Kasr Central., 

0 -ABrine disposal should be directly~to tihe sea'.,-~~i 

A~Aschematic 4of thel sitelayout'for~the installation is->shown i'n Exhbits- 4< -­
:1ES-I and'"ES-2.' Performance mo4nitoring intue'tto reuK.:n r 

specified 'in ,Se~ction 5.2.10. 	
141'"4~ 414~44~ 

1. Adt)oAIt1oal Data NHeeds2 

There 'avre'sopie~signfcn daaned ta ust be1 resovdbfra 

:procuremnt is initiated Th;ms~r ig2 need isdaaon the variatio nj 
- ground~waer qia'lity as- afu'tction~of- time 4a t'he2 E1 Kasr4 Extension# 3 s it e 

The. followingacitesmt be~comipeted as np~t, tohardwar~e des ign444' 

4 *.--6 

44 
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SKETCH OF WATER DISTRIBUTION SYSTEM NEAR EL KASR
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SKETCH OF LAYOUT FIELD TEST 8 



eSeio a statepieFn of 
oA 'an: er od cwater qual ity na>yses, of t hd:t 

pos sibleb. us be comp etas e'ee P,owand they, el ease bf 'a tender 
oument 	 Jincl ud ng mesrmn-o'iio i n & Hydrogen Sul fide 
0, An s ofthe' 'editeranean:,Seams md- the" wanalys 

intkerogetio a t'he 'saie time as gr-oundwater mea.surements are: mad~e 
of ydrgnSuIfid iepen meaSUrem'ent'kits are !avai e)1he 	 Ie 1* e 

Al so,, 4a measurement of P11Isouldi ,be made (portable PH-meter-, 'are~ 
available) f 	 ' ~ -> k 

mu sbe 	 etero Daa ollctedto 'd ine a itdensityindex 

0~ Wate~r temiperature should be measurewhnt. T ndarsmpei
Staken 

'0 Water availabi y~s afunction of time~should be estimated 
0:.Bilo cal aciiy ftegroundwater sample~shudb ma~'e 

Indation, there s o l be d t c l ected on th o d bearing q a 

of the lan dwhere.thef plant will be sited. Weostrongly recommend that a da 

c..ollction program to accompls ths rti cal activities be ,implementedo 

mmedatelyso th> adequate d'ata will be avaiablefor inclusion n'hetn 

-document. ~ - -~ 

T' 	 A '~-­

~ ~ ~' 



0ET OBO~~ECTI-VES, AN.,DSCRIPT 

'2 h 0bJ ec ves; 

~The, genrj~al objecieo t'sfie et is to de'osrt thie use of 
p'hot'ovol tic(PV) powere' desal ination sstems thatI can~provide significantf 

alemontsatof.pr o n w a or .dev l op ent t hroughoutw ttb op n u s Egypt 

The secifJC'bjctiesof Field Test #8 are to 

f 04 0Demobstrate in a remote Egyptian environment, the vibiiy f ~ ~powerd, ~sad\l~6dslnto ystem~th'at candesalttbaks 
sa ity t'o potabe viater of.ess,'thaii50 ppm~'~~

1-iDS.,:Thifs 1field test ',uses,ground~ate':which may vary 'fro6m~ 
apoxima el :JI000, to :12 000ppmY TDS 

'. diese., poee s 7au- n, seviae deaia n system that
 
~i~a1Mdit~raean~seaate ~tapproxjmately.38,600 ppm, TOS

P tal ae fls than,'5001 pp:DS' 

0 Dem~onstrate if these systems c~in be maintained in a remote location 
0 eemnesatu and opleration anmitnnecosts of thesytm 

k"~~ 0 'Develop,"through'trai n rg' a workin'g cability inEgypt to design,Sprocu~re,"install, malintaiJh, and analyze the performance o~f a PV 

0 I;etif m~iiaiosh hould be-made in~replicated systems in 
~. ~th~rlocation'slin' Egypt-V ->i 

~2.2 ~ d TDescription of the~~F!0;~i 

Th'Governort of Mera Matuh w'hiciludes'the; e'ntire north coast of 
Egypt west has naturalo lxnra no'6 source of fresh Water. ~The wells.'in 
~the ar~ea are~baks, b~ i n the rainy~season ~crain wte irains into the wellIs 

ed lae Offrs wab.)For this reason the~aii~ of~ -pouc stratifi waterni on~re 

th~ lI s depends upon the seso nvandWu h t f wt r t k nfro
 

rttlCUI ar we]1i ~n ' roportion ito its inf 1ow , 
'The :water, demand of at~r h po 1a~~ 7dO)'t~eir t Cityo~ the'l 

41,0 
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Governorate (Population 140,000), is over 2000 m3/day. This demand is only
 

partially met by a small waterline from Alexandria with intermittent flow, two 

water trains per week (500 m3 each) from Alexandria, and a 3-inch brackish
 

waterline from the village of [I lKasr, 15 kilometers west of Matruh A 

multistage flash distillation unii in iersa MIatruh, rated at 2000 m3/day, is 

old, inefficient, and unrelial e. Potable water for the people who live in El
 

Kasr must be transported to tin ,r.;a. This problem will be lessened when two 

200 m3/ day capacity electrodiaiy:is uaits are commissioned in the near future
 

at Mowah under a USAID funded project.
 

The main thrust of this i eld tent is to demonstrate the viability of a 

PV-powered desalination syslem. [he recommended PV-powered desalination system 

at El Kasr Extension #3 is a stand-alone system to produce 25 cubic meters of 

product water of less than 500 ppm TDS daily from brackish groundwater. The 

method of desalination is reverse osmosis (RO). 

Because of the uncertain groundwater supply at the El Kasr Roman wells,
 

the field test also requires the consideration of the Mediterranean Sea as an
 

alternate feedwater source. The use of a seawater to brackish water
 

desalination system to supplement the Roman well feedwater supply was not cost­

effective since, (1) the system might not be used at all during the year since
 

it is unclear as to the extent of the reduction of groundwater at El Kasr, (2)
 

the system would certainly be idle for long periods of time during the rainy
 

winter months, and (3) RO desalination systems cannot be run intermittently and
 

should not be stopped for long periods of time without a significant level of
 

maintenance to protect the membranes. Therefore, a diesel powered RO seawater
 

desalination system that can proouce 25 cubic meters of potabie water per day
 

is designed as the alternate feedwater source for the PV-powered system. The
 

seawater system can provide additional potable water for the El Kasr area when
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it is 	 run. It can also provide a supplemental brackish water supply for the 

PV-powered plant demonstration, if necessary, by tapping off some of the 

seawater flow before it is completely processed to potable water by the entire
 

desalination plant.
 

2.2.1 	 General El Kasr Area and Feedwater Sources
 

El Kasr, (see Exhibit 2-1) is located in a farming region about 15
 

kilometers west of Mersa Matruh. As mentioned previously, groundwater is not 

potable and is used only for washing and irrigation. Potable water is 

periodically received from the pipeline and water trains from Alexandria. 

Feedwater for the proposed PV-powered desalination system will be taken
 

from 	 the already existing brackish water sources in the El Kasr area, i.e. from 

"Roman wells" near the beach. Roman wells (so named because they were built in 

the days of the Roman Empire) are trenches dug into the bedrock near the shore. 

Rainwater filters through the sand and runs over the bedrock until it is caught 

in one of the trenchs (Exhibit 2-.2). The Lrenchs run parallel to the shoreline 

and are inclined so that the water gravitates to a collection area, where it is 

pumped to an above-ground reservoir (Exhibit 2-3). There are two Roman well
 

areas on the beach a few tens of meters from the Mediterranean shoreline;
 

Exhibit 2.4 is a photograph of one of them. In addition, some brackish water
 

is collected from conventional wells in the El Kasr area.
 

2.2.2 Possible Sites for Desalination Plant
 

During a visit to the El Kasr area in November 1985, three sites chosen by
 

the EEA as potential sites for the demonstration of a PV-powered desalination
 

plant were shown to the REFT project team. These sites were:
 

0 	 Mowah. This site, located on an Army installation, is the present
site for distribution of brackish water. It is also the site where 
two diesel-powered 200 cubic meters per day electrodialysis units are 
being installed in anoher USAID project. The units were not yet 
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Ehfbit 2-2
 
SCMEMfA TIC LL USTRA TING WA TER FLOW
 

TO ROCMAN WELLS
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Water Ffowl .... 
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/7Rock/Rock 

-Ln
171bit 2-3 
SCHEfIA TIC rLLUS YRA TUJ1rG [V'. TER FLOW TO 

PSMfAU WELL COLLEOT[GN POINT 



I-.-u 

l Ihibit 2-4
 
P-IOT() OF' BEACH AREA
 

WHERE RO IAN \VILLS ARE LOCATED
 

View Looking West. Blocks In Middle 

of Photo are Accc.s Ports for Roman Wells. 
Building on Left Is Pump House. 
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opnerstiona ii nNvme 95 ti
oduingLeta'

tidersto____ a.t..sianc-e t-ha-t time- the 'unit~hv~ -been 1-t~rned._ove--to ­

atenc no-2,perveno ata are~aalbe (eho 6~i&~ 

bitx 25i)bJ:;2'.5.
 

E*io~ site, wate'r frbMl.Kasr. Central ~At~this 1 two. d ffrn'O
Col c wel
ecion:areas' and~a conve6ntion al1 
 ismie and pumped either~~ 
to vehicles or to: Mowah via a pipel ine.'. (See Exhi bit 2-6) 

07Y El. Kasr -Extension #3. This isthe site near the beach where water iscol 1ected ib Roman wel Is 'The team was told by Mer a Matru~h
officials that there was a simi lar si te, (El Kasr Extension #2)located nearby that had- simila-'site characteristics. (See Exhibit,
 
2-7T.)
 

2.2 3 Scope of Field 'Test -Hardware 
. 

Thefield test hardware wi11 iniclude: 

~; o A reverse-osmosis desalination system capable of desalting brackishgroundwater of varing salinity level and delivering 25 cubic metersof 500 ppm TOS or 'less product wate'r per day 

0Areverse-osmosis. deslnto system capable of desalting 

or less product water per day4
 
0 Pump(s) and plumbing to transport product water from the.:Roman wells'
collection poi or the Mediterranean Sea to the resetv


int o
1
'i' desalination systems 
ptv
 

~r 
0 
 Pump(s) and plumbing to transport product water to a holding tank and
to interconnect the two desalination systems ifrequired 

o Photovoltaic array and associated 4structure and wiring I-

_0 Poweconditioning system ; i J 
i;:.; 
o Aux-il1iary diesel generators4-


' '4 

0 Fence around PV array 4*4 
'4 

0 Buldig~sAo ous''I~hediesel' engines, powercodtnig'ytem 
and desa'inti sy'stems fr 

apor tion 

for 'rej ct b ine
 

An e res rvoi or 


1'7 - - 4 
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Exhibit 2-5
 
MOWAH CANDIDATE FIELD TEST SITE
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Exhibit 22-6 
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Exhibit 2-7 
EL KASR EXTENSION #3 CANDIDATE 

FIELD TEST SITE 
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2.2.4 Feedwater Quality
 

During the project leam', visit in lovember 1985, Iroundwater samples were
 

taken from each of the three 
sites visited. Additional groundwater samples 

were taken periodically over Ihe Following 10 montis. Results of Iheso 

analyses, complete(l by an F[A 1aleratory in Cairo, are presented in Appendix A. 

These greundwater samplr. indicate a wide variahil it, in salinity from a 

low of 359 ppm TDS on Septrl- 1, 198A Wo a high of 13,397 ppm IDS 
on 

September 8, 1986. Fhis 1ar,> a di fference in salinity in only one week from 

the same groundwater source 15 highly unlikely and therefore the accuracy of
 

these data must be suspect. A s;imilar conclusion can be made with respect to 

The low salinity level of 737 ppm TIDS in June 1986, down from a level of 10,093 

ppm TDS approximately two motn!ir earlier. 

For the concept rwa I .u. in in Ihis document, the assumption was made that 

these three data poinis are in error'. The resulting water quality data still 

suggests a highly variable salinity level 
for the groundwater from the Roman
 

wells, i.e. a low of 6,380 in March 1986 to 
a high of 12,840 in September 1936.
 

In fact, the USAID Project Paper that led to the Renewable Energy Field Testing
 

Project mentions TDS levels in the F1 
Kasr region as high as 12,000 ppm and as 

1low as 1,000 ppm. This variability has a significant effect on the
 

desalination sysLem desigi. An RU membrane must he chosen that can 
accommod ate
 

the operating pressures required to desalt 12,000ppm TDS feedwater while still
 

performing in an efficient manner at the lower salinity levels. 
 AF shown in 

Section 5.2, point designs were developed for four salinity levels between the 

extremes documented in the USAI P report and verified by the on-site EEA 

measurements.
 

Egypt: Project 263-0123.2 Energy Policy Planning, Renewable Energy
 
Field Testing and Utility Management Grant, 1983.
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The 	requirement to accommodate a seawater Feedwater 
source for this field
 

test 	was specified in Decemhir 19RG (Appendix C). A qampl nf the 

Mediterranean Sea in the ari of the Roman wells has not yet heern obtained. In 

lieu of any measured data, t,, wlor quality analysis specified in the USAID 

Desalination Manual, Augut,:;IC9O fr an eastern Miediterranean location was 

used. Data frtom this anal vs in iq presented in Appendix B. These data indicate 

a total salinity of 3B,600 ppm IDS. 

2.3. 	 Requoirement for PrrJ ut Water Quality 

The World leal th Organization Guidelines for drinking water2 are as
 

fol lows:
 

Hardness (as CaC03) 5093 mg/i
 

Hydrogen Sulfide - not detectable
 

pH 	 6.5 - 8.5 

Total Dissolved Solids - 500 mg/l
 

Taste and Odor - inoffensive to most consumers. 

2 
 Guidelines for Drinking Water Quality, Vol. 
1, Recommendations, World
 
Health Organization.
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3.0 
 SITE 	LOCATION CONSIDERATIONS AND RECOMMENDATIONS
 

To arrive at a recommn,';1t ion fr t"ohe best site (of the three considered) 

for demonstration of a I'V-pn-,, red hrickish waft,' desalination plant and a
 

diesel powered seawater descll inot io)i plant, the following factors were
 

considered although not nece(sarily in this order:
 

o Recommendation of M1lalruh governorate officials 

o Terrain 

o Accessibility
 

o Surroundings
 

o Proximity to sea
 

o Distance from Mersa Matruh 

o Sociological factors.
 

3.1 	 Mowah
 

Mowah is located on an Army installation and already has an existing road
 

network, water filling stations (for brackish water), and plumbing
 

infrastructure. It is situated on 
the coastal desert plain approximately 1-2
 

kilometers from th,? sea. Land area 
is available to site a photovoltaic array,
 

but it is not known if the array would infringe on other Army prerogatives.
 

Mowah is the closest of the three sites to 
Mersa Matruh. Presumably, rowah has
 

personnel 
trained to maintain the two new diesel-powered electrodialysis units
 

currently on the installation who would be able to maintain the PV-powered unit 

if it were located here.
 

There is a question at 
the Mowah site about the ability to objectively
 

evaluate a PV-powered installation. If the PV-powered system were placed here,
 

it would be difficult to objectively evaluate its sociological impact because
 

the PV-powered reverse osmosis system would be located nearby two
 

conventionally powered electrodialysis units with a capability to provide 20 to
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40 times more product water than the PV system. 
 It is also possible that the
 

water provided by the system woul 
 n mixed with the water from the
 

conventionally powered units, eliminating any opportunity to objectively
 

evaluate the performance o the PV-powered unit. 

3.2 El Kasr Central
 

El Kasr Central has seven 200 cubic meter concrete water storage
 

reservoirs. These reservoirs and 
some equipment buildings are located within
 

an area enclosed by a stone fenuo, 
 here is provision to fill water trucks at
 

this location. East of the stone ehclosure is an area large enough to install
 

a photovoltaic array; however, should the array be located here, 
some
 

rearrangement of the truck access 
routes to the storage area might have to be
 

made. El Kasr Central is located on 
a gently sloping hill (approximately 2-3
 

percent grade) from south to north, approximately I kilometer from the sea.
 

the 	site is on desert terrain rather than a sandy beach. A gravelbed road runs
 

east 	and west just to the south of the property.
 

Small farms and 
some houses surround the property. The officials from the
 

Matruh governorate felt that the people from the surrounding village would not
 

particularly welcome a PV 
array 	and there might be damage by vandalism.
 

3.3 	 El Kasr Extension #3
 

This site although not without some 
potential problems, is technically
 

acceptable for the PV installation and is supported by the Matruh governorate
 

officials. The reasoning behind this support is that El 
Kasr Extension #3
 

would provide a rigorous test for the system; therefore, if a PV-powered system
 

works at El Kasr Extension #3, a replicatea system would most likely work in
 

other locations to the west and south of Mersa Matruh.
 

The 	proposed El Kasr Extension #3 site is located 
near 	the Roman wells.
 

24
 



2resently, the pumping station is powered by diesel 
engines located in stone­

walled buildings. The terrain 
is near-white beach sand with outcroppinqs of
 

rock. Access to the site with heavy construction equipment or delivery trucks
 

will be difficult. The buildin g that houses the pumps is approximately 50 

meters from the shore of the Hediteranean. At this location, salt air 

corrosion would definitely he a prahlem.
 

There is currently no provision for dispensing water directly to a
 

consumer. 
 If this site is chosen, either a pipeline would have to be installed
 

from the desalination equipment inland or a better road would have to be built
 

for access by water trucks.
 

3.4 Seawater Desalination Plant Location
 

The seawater desalination plant should be co-located with the brackish
 

watur plant for ease of operation and maintenance. The plants can be
 

physically located in the same huilding and perhaps share some operating
 

instrumentation. 
 The diesel generator for the seawater desalination plant will
 

be sized to supply enough power to pump seawater approximately 200 meters fro'
 

either a beach well near the Mediterranean shoreline or from the sea itself.
 

3.5 Recommendation
 

Exhibit 3-1 summarizes the evaluation factors analyzed during the site
 

selection process. 
 Each of the three sites would be acceptable from a
 

technical standpoint. There is sufficient unobstructed open space and a
 

reasonably adequate feedwater supply. 
 Since the three sites are generally
 

equally acceptable and the Matruh governorate officials stated a preference for
 

El Kasr extension #3, for purposes of the conceptual design, El Kasr Extension
 

#3 will be considered the locatK. of Field Test #8.
 

One variation tc the site at El 
Kasr Extension #3 is recommended. The
 

site of the desalination plant and photovoltaics array should be moved inland
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EXHIBIT 3-1: SITE LOCATION FACTORS
 

Criteria Mowah El Kasr Central El Kasr #3 
Seawater 

Plant Location 

Matruh governorate No No Yes Yes 
Officials Support 

Terrain Desert-Flat Desert, rocky, Sandy beach Sandy beach 
slightly sloping 
south to north 

Accessibility Good Good Difficult Difficult 

Surroundings Army Farms Beach Beach 
Installation 

Proximity to Sea 1-2 kilometers I kilometer 50 meters 200 meters 

Remoteness About 10 km from 
Mersa Matruh on 
Army Installation 

About 15 km from 
Mersa Matruh 

About 20 km from 
Matruh; Scattered 
Houses inland 

About 20 km from 
flatruh; Scattered 
Houses inland 

Sociological 
Factors 

On Army Base with 
existing Water 
Infrast!ucture 

Population around 
site may be 
opposed to having 

Loose population 
group that can 
form bases for a 

Loose population 
group that can 
form bases for a 

a PV-array located community community 
here 

Water Supply 
Availability 

Yes Yes Uncertain during 
dry season 

Unlimited 

Water Quality (ppm 
TDS) 

5,520 
(Based on 1 Data 
Point) 

7,080 
(Based on 1 Data 
Point) 

6,380-13,397 
(Based on Data Set 
in Appendix B) 

38,600 
(Based on data in 
Appendix B) 



approximately 200 meters so that it is no longer located on the beach sand. 

This relocation would accompl ish i.he following: 

o 	 The base for the hbui liing and the PV array would be more stable. 

o 	 Access to the build ing site for construction equipment would be less 
of a problem. 

o 	 There would be lss of a problem with salt air corrosion and blowing, 
beach sand. 

o 	 It would be easier to set up a system for access by the villagers or 
water distribution trucks to the product water after the plant is 
operatioiial. 
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technologies. 
 There appears 
to be no
technologies technical 
cannot reason why these
be combined into 
a sUccessful 
system
Mon itori nq and 
1
man tna-. 
 tht d,-c>i liof t i on subsystenI imandatory.
 
O There 
are significar-0, differences 
in the hardware, principles of


operation, and power requirements between
electrodialysi reverse
s systes. osmosis and
Exhibit 4-1 
summarizes these features.
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EXHIBIT 4-1 

Comparison of Reverse Osmosis and Electrodialysis Features
 

Factor 
 Reverse Osmosis Electrodialysis 

Scientific Principle 


Technology Maturity 


Typical Salinity Range 


Appl icati~ons 


Tolerance to Change in Salinity 

from Design Case? 


Tolerance to Change in Power 

Supply 

Primary Electrical Load 

Specific Power Consumption 

(KW-HR/m3 of Product Water) 


Cgpital Costs - Estimated (S per 
m pur day capacity) 

High pressure on feedwater side of 

membrane; reverse osmotic pressure 

passes product water, brine stays 

behind 


Many large plants in operation 


with conventional power 


All salinities 


Yes, at a cost of higher power 

consumption and lower flow rates 


No, decreased performance in 

product water quality 

High pressure pumps 

For 1000 TDS - 0-9V 
For 12000 TS - 1.81 

Large Municipal - 200 
Industrial - 260 
Small (<200m3/day) - 530 
Seawater 790 - 1050 

Ions of dissolved impurities are
 
attracted to positive or
 
negatively charged electrodes
 
leaving product water behind
 

Less matire te:hnology; mostly in
 

brackish water; smaller 

applicatioqs 

Lower sa i.Si i are found in 

rrackish Waer 

Yes. at a cost of higher power
 
conswpt-on an lownr flow rates 

Yes, flow rate and power to 
electrodes are auto,.atically 
adjusted
 

Current flow to electrodes 

For 1000 TDS - 0.61
 
For 12000 TDS - 6.67
 

Industrial - 260
 
Small (<200m3/day) - 530
 



5.0 	 CONCEPTUAL DESIGN
 

5.1 	 Background
 

The following application requirements and/or data were stated in the
 

preliminary conceptual design in h 
original RFP for 
the REFl Project,
 

developed from the November 
 1qRI ,iLe visit, or requested in various documents 

in Appendix C. 

e Output is to be 25 cubic mters of potable water (500 ppm TDS 
or
 
less) per day.
 

o 	 Feedwater is to be takou from one of the three water sources" Mowah,
[1 Kasr Central, or 11 Kasr #3. A backup souircr of water is the
 
Mediterranean Sea.
 

o 	 The desalination mt -I iK t , be cither reverse osmosis or 
electrodialys is. 

0 	 Five different walr qu lit y samples were 
analyzed. Details are in
Appendix A. The iPS ran.qe from a low of 359 pom to a high of 13,397

ppm. (The low and pI..., ihe- aret 	 lA, S values suspect.) 

o The power is to he supplied by a photovoltaic array.
 

On November 14, 1985, the ptotial 
 plant sites were visited and the
Matruh governorate officia a!rp inte viewed about their recommendations.
Details of this visit are 
prevod in trp reports by Mr. James Hoelscher and

Mr. Bruce Watson. (Appendix D).
 

5.2 	 Engineering Approach
 

A step-by-step procedure was 
used to develop the conceptual design. ThESO
 

steps are:
 

1. 	 Choose Desalination Technology (Reverse Osmosis or 
Flectrodialysis)
 

2. 
 Choose Operating Procedures for Desalination Equipment
 

3. 	 Design the Desalination Equipment.
 

4. 	 Chooe Type of Piotovitaics 1Technology 

5. 	 Choose Power Subsyslems Prtocol, i.e. all-PV, PV-battery, PV-Diesel
Hybrid or 
a combination.
 

6. 	 Design the Photovoltaics Array, Battery Storage System and Specify Diesel
 
Engine (if appropriate).
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7. Design the Storage Tank
 

8. Specify Brine Rejection System
 

Q. 
 Specify Site Layout of [ntire Installation
 

10. Specify Instrumentation.
 

5.2.1 Step 1. Choose Desalination Technology (Reverse Osmosis or
 

Electrodialysis)
 

Several analyses were done to determine the power required to do
 

desalination at. various TDS levels using both reverse osmosis and
 

electrodialysis units. 
 The hasic a,surnpt ions for each case were:
 

0 Feedwater of about 1,000, 7,000, and 12,000 ppm TDS. 
 Components were

scaled from one 
El Ka-. I x ension #3 water quality analysis of about 
7,000 ppm TDS. 

o Product Water is to ho Ions than 500 ppm 1DS" Note: rwo differct

flow rates of produ:tI w,ler were used - 35 cubic meters per day forelectrodialysis and 5 culic meters per day for reverse osmosis;

however the fiIgure of mrit 
(Cubic meters oft product water per dla,' 

not oi
per kWhr) are I 'll. affected by the absolute flow rate). 

Three different options were roO,ui,:r. 

o Reverse Osmosis nl.y constant power to equipment 

o Electrodialysis only constant power to equipment
 

o Electrodialysis - variable power ­ this option takes into account the

fact that electrod!alvsis ismore compatible with a variable DC
 
power source such as Photovoltaics or a battery.
 

Details of the designs are in Appendix E. The results are:
 

Specific Energy (kWh/nL)_
 

TDS (mg/i) i000 7000 
 12000
 

Reverse Osmosis 
 0.99 1.62 2.06
 

Elcnotrodialysis 
 0.61 4.00 6.70
 

Electrodialysis-Variable Power 
 0.46 3.00 
 5.03
 

The results are displayed graphically in Exhibit 5-1.
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Exhibit 5-1 
Comparison of Electro dia!ysis and Reverse Osmosis 

Specific Power Consumption 

7---------------------------------------------------- -------------------­

1..4 

-- Electrodialysis - Constant Power 

o 

0o 

n,' 

5 

j 

Electrodialysis 

Reverse Osmosis 

-

-

Variable Power 

Constant Power 

--­

a 
o 

C l) 

2 

2" 

-' 

- . . . -

.- - i . 

1 - - - -

0 411­
1,000 

- - - - - - - - - - - - - ---- T- - - -

7,000 

Total Dissolved Solids-mg/I 

- - - - - - - - - - - - -

12,000 



It can be seen by examininq [xhibit 5-1 that while all specific power 

figures increase with increa io alinity, the Reverse Osmosis specific power­

figures increasa at s l'w:r I ha either of thea i.,t n lectrod ialy, si opt onn.
 

If one extrapolates the ,,. i vr power required to the highr sali nity M
 

13,397, the highent figure 
 , :urni, then the specific energy would he: 

Electrodialysis 8.02 kWhrjm 3-

Electrodialysis (Variable Power) - 36.02 kMhrl
 

Reverse Osmosis 
 - 2.30 kMhr/d3 

Based on this analysis and the fact that there are two water qual ity 

analyses which show that salinity is above 12,000 [DS, .m-rrmnnd thI 10he 

unjthe reverseos osis. Ihe fact that sea wat er from tUe M'edituerranean is to 

be useJ as a backup feedwater source (with a IDlS of 36,000f) makes this an even 

clearer choice. 

5.2.2 Step 2. 
Choose Operating Procedure for Desalination Equipment. 

The next choice to be made is Ihe operat,ing procedure of the desalination 

system. We to a choice onwant make whether to operate the desalination unit 

continuously over 24 hours or pr-chaps variationsome in which the duty cycle 

would approximate the inrsolation pattern. 

From a point of view of the desalination equipment, reverse osmosis units 

like to be operated on a sedy Ktate basis. Du ring September, 1986, the FT 4S 

trainees toured three differen t reverse osmosis plants in Florida which were 

fed by feed water from bracklih wall.s. All the plants worked very efficiently 

and continuously. dis-:,sijotrs the operators ofIn with those plants, the point 

was made that while thr plart 'ere capable of being started again after 

shutdowns because of power outages or other reasons, it clearly is not a good 

mode of operation. The seasonAl variation at El Kasr in salinity will cause
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Option & Description 

#1 
Brackish Water 
Only 

#2 
Seawater 
Only 

#3 

Integrated System 
More Efficient 
intearated System 

Feedwater Salinity
TDS (mg/l) 1000-12000 38,404 38404 33,404 

Input Flow Rate 
m /hr 1.9 2.6 2. 2.6 

Pump Pressure 
Kg/cm- 13-32 62 60 60 

Recovery (Percent) 

Specific nergy 
kWh rs/m
product water 

Estimated Capital Cost 

Desalination System 
(Does not include 
Power system) 

($) 

55 

0.99-2.06 

26,800 

40 

5.57 

35,200 

Ist Stage 50 
2nd Stage 55 

7.51 

87,600 

Ist Stage 50 
2nd Stage 80 

6.00 

101,800 

EXHIBIT 5-2 

Summary of Various Desalination Options 



-noug6h-probl ems,-.~~hu La--d --- 1y-sstart/s toppcomp1-i cation -T
 
Field Test also~has t.he advantage~of ,the equipmenbeg desi d~for a
 

comparativ~ely low flow rlt,(bu,1 i/our.17.4 Ji ters/tinute) and 'thereby> : 

aloigteueo.sal ebaep min etc. On the other hand, there
 
.isno room for expansion shot 1d'therebe a n~ed for it., The limit-of the
 
capacity:,is~25., da.
 

&,.jWe recommend that the reverse osmosis units be U~erated on*asteady ckcle+~~
 

,f or, 24 hours 

5 23Step 3.. Des ig~i'th Desalination Equipment ~''~ 

There are two main complicating factors that must be addressed, in the 
Sdesign 
 eof the desalination equipmepnt for this Field Test: 

o Variable Salinity in the brackish water supply. 
o Alternate feedwyater source being seawater which r~equires .,a totally
different design~ and c-quipment.
 

' vrldfern pin were considered to address this.
 

o Option 1 addresses only, the variably brackish feedwater.
 

o0 Option 2 addresses 'onlythe seawater feedwater. d
 

~ .o Options 3 and 4,areoiiitegrated systems inwhich the effluent from th
sewaerstgeis the feedwater for the brackish system.
 

\he results of the threeivsgaon are summarized in Exhibit 57 anCd',h~C<~ 
duetail'eainCAppendix F. 

,K\K 2 CCK4KCAC C 

' By looking at the varu 
 ...... ~i Exhibit 5-2 one can conclude that it 7'j 

is less expensive (cfrom'a, desal i'atfoC 'hrdware standpoinc ) to CbuiId, separateK~
t
C seawater and brackish er~desalination sytm rathr than anintegrated C 

sy3stem.A It is also less complex and therefore more reliable to do this.~ KOur~'
 
recommendation is' therefore to 
build sepriiate seawater and brackish Water~X' 
desalination.units. Th mehd fpwe"n each unitL will1 be determiined' 
 AC, 



subsequent steps. It should be 
st resspi that even though there are two
 

separate desalination units, both thc units be in the samecan housed building 
side-by-side. The outer appcarance of the two ,inits will be very similar.
 
The desalination unit fed by _-aw,;r willi 
 have ihe following characteristics: 

o Single Stage System 

o 40% Recovery
 

o Two powered-vessels which each contain six elements (membranes) 

o Product flow 25m3/day 

o Product TDS = 407 mg/] 

o Maximum pressure = 62 kg/cm 2 

o Recommended membrane - Film Tech SWHR4040 

o Brine Flow = 36 m3/day 

o Brine TDS 63,731 mg/l 

o Powered by Diesel Engine genset 

o Energy required for 25m 3 of product water 
= 139.5 Kwh
 

The desalination unit fed by brackish water from the Roman wells will have
 

the following characteristics:
 

o Single Stage System 

o 55% Recovery
 

o 
 One vessel which contains 6 elements (membranes)
 

o Product Flow = 25 m3 

o Product TDS = 475 mg/l 

o Maximum Pressure = 32 kgicm 2 

o Recommended Membrane-Film Tech Model BW 4040 

o Brine Flow = )iq.2m 3/day 

a Brine TDS = 25,613 mg/l 

o Powered by PV or PV/hybrid
 

o Energy required for 25m 3 of Product Water = 51.57 kWhr.
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Exhibits 5.3 and 5.4 are schematics nf the two desalination units.
 

5.2.4 Stp 4. Choose Type of Photovoltaics Technology
 

Several design choices must be made regarding the photevoltaic array.
 

These choices are:
 

o Stationary vs. one- or two-axis tracking 

o Thin film (amorphous silicon) vs. crystalline silicon
 

o Concentrator vs. flat plate
 

o Fixed tilt vs. movable tilt.
 

In keeping with the goal of using uncomplicated project hardware and
 

minimizing complex equipment that may suffer breakdowns because of over­

sophistication, we recommend that neither one- nor two-axis tracking systems be 

used. Though these arrays ofFor some gain in effective energy efficiency (more 

energy collected per unit time), the danger of having a long downtime because
 

of a mechanical or control system breakdown is not considered worth the risk. 

During the last year or so, thin-film power modules (modules of about 1000 

cm2 in area) have been introduced by several U.S. companies. There are 

predictions that within a short time these modules may become less expensive
 

(S/watt) than crystalline silicon modules and may approach crystalline modules
 

in reliability and stability. These predictions have not yet 
neen proven in 

service. Therefore, the requeot for proposal should not disallow thin-film 

power modules, but, if they are proposed, the evaluation committee should 

require assurance of the stahility and reliability of these modules and 

assurance of the business stability of the manufacturer of the module. Single 

crystal or poly-crystalline silicon modules are considered the industry 

standard.
 

Concentrator modules have not achieved wide acceptance and, therefore,
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Feedwater Flow 
62.4 m3 /day 

Element Vessel 
25m 3 /day 

!Pr -duct Water 
407 TDS 

38,400 TDS 

o 

Feed Pump Addition 

Pressure 

Regulation 

r n Valve 

Brine 
37.4m 

3 /day 

63,700 TDS 

Exhibit 5-3 
SE 4WATER DESALINATION PLANT FLOW DIAGRAM 



Feedwater Flow 
61m 3 /day
11,800 TDS 

Element Vessel 

25m 3 /day 

Product Water 
388 TDS 

0 
L7FitrAcid 

Feed Filter Addition 

Pressure 
Regulation

Valve 

r Brine 
36 m3 /day 

BRACKISH 
Exhibit 5-4 

WATER PLANT FLOW DIAGRAM 



their industrial base is not very broad. 
 Pointing accuracy must be controlled
 

to within one degree or so. This 
requires an electrical control system and
 

mechanical hardware which may be overly complex and not easily maintained 
or
 

repaired in a remote area 
such as El Kasr.
 

In keeping with the spirit of design simplicity, a variable tilt array is
 

not recommended. 
 Not using a varial]e tilt array results in a slightly simpler
 

(and hopefully less 
expensive) structure. [xhih t 5-5 illustrates the effect
 

of using differing tilt angles for the array. 
One can see that during the May. 

August time period, a flatLer tilt. would result in more solar energy being 

intercepted by the array. But. (as will be developed in Step 5) we 
are 

designing for the worst case moth, December. laving a flatter inclinatioen
 

would worsen the December insol ation and 
result in a larger PV array to provide 

a given power output. We threfore recommend that the tilt of the array be 

consistent with usual design pra,:tice equal to the latitude which is about 320 

In summary, we recommend that the PV array he a fixed, flat-plate array 
.with a 32- tilt) comosed of" crystalline singleorpoly) silicon solar cell 

modul .s. 

5.2.5 Step 5. 
Choose Power Systems Protocol
 

Based on recommendations frum Step 3, these 
are to be two separate reverse
 

osmosis plants, one for seawater and one for the brackish water supply. The
 

energy requirement for the 
seawater plant is 139.5kWh/day and the brackish
 

water plant is 51.57 kWhrs per day. in accordance with the directions
 

contained in Appendix C, thrr: different power options will 
initially be
 

considered for powering te do% lir ti 
 ecuiument.
 

o PV and battery storage only, diesel 
generator for backup only.
 

o 
 PV (with one day battery storage) for 8 hours operation and 16 hours
 
of diesel operation.
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Exhibit 5-5 
Insolationas a Function of Various Tilt Angles 
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o 
 PV and Diesel with no battery storage.
 

The choice of the best oplion must 
be determined from the information
 

developed in the r xt step.
 

5.2.6 
 St-) 6. Design the Photovoltaics Array, Battery Storage System and
 

Specify Diesel 1Frrine 

The requirements of the dsign are that 25 m3 of product water be produced 

daily. There is no mention -f s arnal variation, so the PV array sizirg must 

be designed for the worst ca- u inm-lation month. Data 6 are as follows: 

Daily Sol.r Insolation on a 
32 Surface Mersa MatruhMonth 	 2 'iEW-rs/.	 Ambient Tenp _Cat Morsa_Matr'. 

JAN 
FEB 
MAR 

4.56 
5 52 
5.83 

12.8 
13.0 
15.1 

APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 

6.16 
7.17 
7.35 
7.41 
7.26 
7.04 
5.98 
4.92 

17.4 
20.1 
23.3 
24.9 
25.5 
24.3 
21.6 
18.1 

DEC 4.28 14.4 

The worst month from an insolation standpoint is recember with an 
insolation of
 

4.28 	kWhrs/m 2 .
 

The first option to consider is the one 
in which the PV array and battery
 

bank provide all the energy for the array. 
 (A diesel is there for backup
 

only). 

A first approximation of trie PV array size is provided by the following 

formula (See Appendix G for derivation).
 

6 Irene Sakr, Masters Thesis, Modelling of Photovoltaic Generatrs.
 
Aim Shams University, 19.34
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PV Array Size _ _Load + Losses 
(Time) ( Operating) ( P.C.) 

Where:
 

PV Array Size Rated Power at 
Standard Conditions 
at a given tilt angle (watts) 

Time No. of full sun hours equivalent (Hours) 

Operating Efficiency factor that. takes into account a derating
because of t .w :urature effects and wiring losses in­
the aciy field (dimensionless) 

P.C. Efficial(y that Lakc- i Lo account the losses 
associld:, with channeling power through the power
conditi on inq ecquipmip ent. (di nsionless) 

Load Load (LW) t ices duration (Hr) yielding kW-Hr 

First the power system for the ryckish water system will be examined. 

The "Load" term from Step 5 is 51.57 kWhr/day. 

The "Losses" term is primarily from the conversion of electrical energy to 

chemical energy (and hack) from, bat.tery storage. We assign that value 20% of 

the load.
 

The "Time" (Previously determined) is 4.28 hours.
 

The " Operating" Term is 0.82 from temperature effects and wiring losses 

The " P.C. = 0.90 (from maiufacturer's data) 

Substituting these values: 

PV Array Size = 5.57 (0.2)__(5.57_
 
(4.28) (.88) (.80) 

= 20.53 kV 

This value will be used as a starting point for using the PV-f Chart.
 

Using the same analytical approach, the 
amount of PV required for the 

seawater plant would require 5523 K" of PV (peak power). 

The second option is to provide PV with one day of battery storage for 8 
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hours of operation 	only. During the remaining 16 hours, a diesel will 
provire
 

the energy for the desalination equipment.
 

Using the same general formula as before:
 

PV Array Size = inad 
 + losses 

(Time) ( .Operating) ( , P.C.) 

Where: 

PV Array Size 
 Rated Power at Standard Conditions
 

at a given tilt angle (watts)
 

Time = 	 No. of full sun hours equivalent (Hours)
 

fj Operating Efficiency factor that takes into 
account a derating
 

because of temperature effects and wiring losses in
 

the array field (dimensionless)
 

> P.C. 	 Efficiency that takes into account the losses 

associated with channeling power through the power 

conditioning equipment (dimensionless) 

Load = 	 Load (kW) times duration (Hr) yielding kW-Hr 

In this case, the Load is for 8 hours or 1/3 day. The other terms will 

remain the same. Substituting numbers in the formula yields: 
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PV Array Size (51_ +1.570 20__51.57) 
(4.28) (.M) (.80) 

6.85 L. 

This value will again be refined by use of the PV-f-chart. 

Using thie same analytical approach, the amount of PV required for the
 

seawater plant would require 1.53 kLWof PV 
 (peak power).
 

The third option is to use a PV-diesel option only with 
no battery 

storage.
 

We do not recommend this option hecause it causes problems with the
 

desalination equipment, unprediciahility of 
product water quality, and pro-,ble 

shortening of the diesel enulin '. i tim (uo to frequent starts and stop .
 

For instance, during a day in ,hich i,-e 
are scattered clouds in the sk, as
 
soon as a minimum value of insh ,n occurs the pumps 
 will stop until the
 

diesel engine gets up to 
speed ar cnyinp temperature. If the sun then
 

returns, 
 the engine will be tIurno off, perhaps to he repeated many times per 

day. Diesel en.ines do not tolerat, this type of stop/start well and it will 

affect the lifetime and operations and maintenare costs negatively.
 

Summarizing, the primary features 
of the two requested (inAppendix C) 

options are: 

Qption PVArray Size Required-KW 

Bracki Water Seawater 
PV/Battery Bank 
 20.53 
 55.53
 

Only-Diesel for Backup 

PV/Battery Bank for 8 hours 
 6.85 
 18.53
 
Diesel for 16 hours
 

PV/Diesel Hybrid with 
 Not Analyzed
 

no Battery
 

At this point, the designer must make 
some basic recommendations which
 

involve the philosophy of this particular Field Test, economics, and technical
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considerations.
 

The Mediterranean seawater source is an alternate supply (Ref. 3) for
 

feedwater. 
As such, dependingon th, philosophy of the operation, it may not 

be used but a few weeks or mont K or year. lhis Field lest is designed for
 

brackish feedwater. It would not 
 he consistent with the objectives of the
 

project for an "alternate" feeh.at Jr 
source, (in this case the Mediterranpan)
 

to use a PV array nearly three t im .,as large (55 desalination plants. 

Accordingly, werecolmnd Ir1a! h - d, nl oattpf1jO_0(-11,pro! r fur t_rl I 

Ihey_.9rp-t by a dieo-l nenqt an thdIt hr reoo.:l1 e'rov __ ( __L beobnectivh 
dem_on';<}t rot04'J 0!_ing o th h>.I j- WaIr,. er'r rIitpoe l..oni __ _ Ii 

lThe tentative PV array si.'e rloirolsly d1 terminnd is a point design based 

on 
the worst insolation month of , ,'ear ([December). In order t.o look at the 

effect during the entire year, a ,:ian oF run, were made using the PV-f-Chart. 

The input parameters of the riuns are contained inAppendix I. Loads are a 

constant 2.145 kW (51.57 kW-HIr per 24 lours) which was calculated in Step 3. 

Other input data were based on comrm only accepted performance data or conditions 

determined in earlier steps. Only the array power was varied from 0 to 24 kW. 

The output parameter which is of most interest is the "F" term which in Ihe 

summary table is the percent of annual or monthly power which the PV array or 

the battery furnish the load. A graph was constructed in which the independent
 

variable is the array peak power (at 
 standard conditions) and the dependent 

variable is the "F" factor. This graph (Exhibit 5-6) shows that when the array 

is about 24 kW, the percent of annual load furnished by the array and battery 

is about 98.6%. However, upon close, examination, it can be seen that an array 

about half that size (about 12 LW) Furnishes about 87.7% of the load. Another 

way of looking at this result is that increasing the array by 12 kW only 

contribues to (98.6 - 87.7 percent) an increase of 10.9 percent of the load. 
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Exhibit 5 - 6 
PERCENT OF ANNUAL LOAD AS A FUNCTION OF PV ARRAY SIZE 

100 ---------- ----------------------------------------­

90 

80 / 

70 

(,,h--4 

; 
,
/ 

50 

C) 
40 /7/7 

30 / 

F 20 ,/
/ 

to / 
/ 

/ 

( 2: 4 6 8 10 14 G1i6 8 20 -4 

PE:AK P'OWYE;R OF PY ARRAY (1f,) 



To get a clearer picture of this, 
a second graph (Exhibit 5-7) was
 

constructed. Instead of plot Ling the load factor on 
the y-axis, the number of
 

PV 
annual average daily hours of operation are platted. One can 
see that the
 

curve is essentially a straight 
line until 
about 12 KW. After that point, the 

marginal return fcr increase in prformance is much less 
for each peak watt of 

PV array increase. 

To examine the situatin lu iStr, one more plot (Exhibit 5-8) was 

constructed which illustrate; the averag PV-battery duty cycle during each 

month using an array of 12 MW of power. 

From this exhibit it can le seen that even with the smaller (12 kW) array,
 

100% of the load 
is furnish,, h. thy PV array/battery storage during the 
summer 

months. It should be stres!., t hat Lhis gives an averag picture based on 

sparse data. On any given di, the diesel genset may run many more or fewer
 

hours than indicated on the graph.
 

This situation is excellent, for consideration of a PV diesel hybrid
 

system.
 

We recommend that thQ_lVarrayhe about 12 kW 
(peak power) and that. there
 

be a diesel genset controlled by a controller which will 
turn the genset on
 

when the battery voltage is below the minimum charge level 
(a PV-diesel hybrid
 

system).
 

The cost breakout of the various options is shown below. 
 The following
 

assumptions were used to calculate the costs:
 

Array Cost 
 = $]0,250/kW
Battery Cost 
 $ 182/kWh
 
BOS Cost 
 S 500/kW

Diesel Engine Cost 
 = $ 800/kW
 
Array Lifetime 
 = $ 20 years
Battery Life 
 = 10 years

Discount Rate 
 = 10%
 
Array Efficiency = 9% 
Fuel Cost = $ .21/liter
,del Efficiency = 1.5 kWh/liter
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--------------------

Exhibit 5 - 7 

HOURS OF OPERATION OF ANNUAL LOAD AS A FUNCTION OF PV ARRAY SIZE 
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PERCENT OF LOAD FURNISHED 
Exhibit 5 - 8 
BY PV/BA TTERY STORAGE (MONTHLY BASIS) 
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From these assumptions we can determine the following matrix:
 

Option I Option 2 
 Hybrid

PV/Battery Bank Only PV/Battery Option
Diesel for, Backup Bank for 8 Flours 12 kW
 

Diesel for 16 Hours Array
 

PV Capital Cost 245,385 81,795 
 123,000
 

Battery Cost (One Day) 10,938 
 3,646 10,938
 

BOS Cost 11,970 3,990 
 6,000
 

Diesel Engine Capital Cost 4,000 4,000 
 4,000
 

Diesel Fuel Cost over 20 
 34,802 6,421
 
years (Present Value)
 

Diesel O&M Cost for 20 years 
 5,108 5,10S

(Present Value) _ _ _ 

Total (Power System) 271,740 
 132,621 155,467
 

We recommend the hybriLopin. It is consistent with the principles of
 

the Renewable Energy Field Test project and will provide an 
excellent side-by­

side cost and technical 
performance comparison to the conventionally powered
 

seawater plant.
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To get an acceptable input voltage and current to the pump motor,
 

decisions must now be made regarding the series-parallel arrangement of the PV
 

modules. 
Assume that ihe nominal voltage of the battery bank is 240 V (c-osen
 

because the industrial standard PC motor voltage is 240 V) output when the 
battery bank state of charge 
is 50 	percent. The output voltage will 
be
 

approximately 1.70 volts per cell. 
 When the battery bank is 100 percent.
 

charged, its voltage per cell 
will 	he approximately I.gV/cell.7 
 To provide an
 

efficient charging voltage at 
 all 	parts of the operating range, the voltage of
 

the photovoltaic array would have to be approximately 2.3 volts per (battery)
 

cell. 
 Using this data, the numher of hat tery cells in series can be calculated 

as follows: 

Number of Battery Cells in Series 
= 

System Voltage ..--Volts per cell at lowest
 
state of charge
 

= 240 Volts/1.75 Volts/Cell 
= 126 cells
 

At near 
100 percent state of charge, PV array voltage must be 2.3 volts per
 

cell 	or 315 volts.
 

To assure that the PV array will 
be effective even 
at the hottest
 

temperature encountered, the voltage degradation due to temperature must be
 

taken into account. A typical value for crystalline silicon is -2.4 x 10-3
 

V/°C 	per cell in series. 8 This means that 
if a 500C operating temperature for
 

the array is assumed, then, to deliver 315 volts, an 
array capable of
 

delivering 359 volts 
at 250C is needed. This is equivalent to approximately
 

741 cells in series assuming an operating voltage of 0.485 volts per cell.
 

7 
 Handbook for Battery Energy Storage in Photovoltaic Power Systems
 
Final 
Report, Sandia Report SAND80-7022, Bechtel National, May 1980.
 

8 
 User Handbook for Block V Silicon Solar Cell Modules, Jet Propulsion
 
Laboratory document [No 5101-262, May 15, 
1985.
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c-fl 

36 Cells in Module 
36 Cells in Series 

Exhibit 5-9
 
TYPICAL MODULE ELECTRICAL SCHEMATIC
 



Module 

F ! (+) I 
p.(-) I 

- F
 
(-)I 

J un cLion 

Box 

TWO BRANCH CIRCUITS ARE ILLUSTRATED: 

At Standard Conditions Each Branch Circuit Delivers:
 
903 Watts
 
363 Volts
 
2.49 Amps 

Exhibit 5-10
 
TYPICAL BRANCH CIRCUIT SCHEMATIC
 



Battery Storage
 

To illustrate the method of sizing the battery bank, consider using the
 

GN[B Absolyte battery. (Litera:iturp was provided in the Appendix 
 to TR '6) The 

Absolyte battery is a good candi&l:e for use at El Kasr because it is a no 

maintenance battery. Ihe elect rolyte is suspended in a sponge-like materia] 

which prevents stratification. During the Field Test 08 trainee visit to the 

United States in September, 15,6 , several people in companies which have used 

the Absolyte battery con:rki,, K)rai)-y on them. From previous work, the 

following has been calculated: 

o One (24-hour day) [,orgy Consumption = 51.57 kWh 

o Battery Cells in Series Required = 126 eells 

o Voltage Output = 240 volts 

o Depth of Discharge Li,fit = 0 percent 

To calculate the number of amp-hours required, divide the storage kW-hrs by 

system voltage.
 

51,570 Watt Hr. ' 240 Volts 
= 215 Amp-Hr.
 

This is effective amp-hours. To get the required amp-hours capacity, this
 

figure must be divided by the depth of discharge which is 50%. 

215 Amp-Hr. -:- 0.50 = 430 Amp Hr. 

By consulting the specification sheet, it can be seen that the 3-55A17
 

battery which produces 450 amp-hours per cell for a 10 hour discharge is
 

appropriate; 42 batteries (i.e., 
 126 ---3) are required. Summarizing, the
 

recommended battery storage is as follows:
 

!umber of Batteries Required 42
 

Battery Type 
 GNB Absolyte 3-55A17
 

Battery Dimensions 
 69.0 x 21.8 x 50.0
 

9attery Weight (Unpackaged) 109 kg
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Battery Weight (Export Pack) 
 144 kg
 

Total Weight of Batteries 
 6048 kg
 

The power conditioning unit s functions are to:
 

o 	 Provide a max power Iracking function for the PV array 

o 	 Monitor and contNr tii.,:late-of-charge of the battery
 

o 	 Provide the ,tarti ,:n.; huLdown signals to the diesel genset and
 
desalination eq i.. ,.
 

There are no off-the-shelf c !r -,l m's available for this 
function, though
 

there are a number of mode l which carn 
be used with little development. 

The diesel engine in the hybrid system is an integral part of the power
 

system. W reco~'men1 
 that it . abort 5 kWand tht it beguipped witha
 

hattery charqE.
 

5.2.7 	 Step 7. Design the St.orage Tank
 

We recommend that there h. two 
 5 m tanks, one for each of the proposed 

desa i-nations---t-mcs. We further rcommend that these tanks be made of 

concrete of the same construct ion style as those at [1 Kasr Central. One 

possible configuration is that :how in Exhibit 5-11. 

5.2.8 	 Step 8. Specify Brine Disposal System
 

There are two 
commonly used methods to dispose of brine from desalination
 

plants: evaporation ponds arnd piping the brine to 
the sea. We recommend
 

pipinq the brine to 
the 	sp-a fr t~rth_the.pglants. 
 in the case of the brackish 

water system which presumably will be run most of the time, the TDS of the
 

brine is about 20,000 mg/liter which is less salty than the seawater. In the
 

case of the 
seawater plant brine, the TOS is about 64,000 mg/liter, but it is a
 

comparatively small 
amount (36m3/day) which should have 
no appreciable effect
 

on the sea.
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Exhibit 5-11 
Sketch of Suggested Water Storage 

Tank for Product Water 



There will be 
no problem with scaling inside the pipes carrying the brine
 

because enough acid will be addpd as part of the pretreatment to prevent this 

from happening. 

There will not be a need for any auxiliary pressure pumps since the 

pressure of the brine as it leaves the desalination equipment is well above 10 

kg/cm 2 . 

5.2.9 
 Sep 9. Specify Site Layout of Entire Installation 

Exhibit 5-12 is a sketch of the layout of the desalination plant, the PV 

array, storage tank, and its distance relationship to the sea presently. 

Exhibit 5-13 is a suggested l ayoul of the desalination plant. 

5.2.10 	Step 10. Specify Inst rumentation 

An on-site data acquisition system (ODAS) will be required for monitoring
 

the 	performance of hardware installed for this 
field test. This requirement is 

in addition to any other requiremnt for system instrumentation necessary for 

routine test and maintenance procod ires. Exact specifications of the ODAS will 

be detailed in the statemenL-of-work. 

The ODAS must be a stand-alone system. Failure of the system must not
 

affect the performance of the fiel]d system that
test is being monitored. The
 

ODAS must have an 
on-site data storage system that is non-volatile and capable 

of easy physical removal and transport to another location for data removal and 

long-term storage. One form of the non-volatile storage system must be a 

microchip/ EPROM or C1OSRA1 - -ype system that can be "milked" on-site easily 

and without danger of a loss of da. 

ihe ODAS must be a microcomputer based data logger with programmable input 

channels and output formats, both analog and digital. The user must have 
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control over sampling frequency and output period for each channel. 
 The
 

capability to multiplex some 
of the channels is also required. Primary design 

objectives for the ODAS shoul d he -aliability, simplicity, small size, low 

power and the ability to opraip in environmenital extremes (especially higqh
 

temperature, sand/dusL 
and trepial/sea coast). 
 The unit must be capable of 

stand-alone battery operat ioen for a period of at least 
one month, pre ferably
 

for two months.
 

The following minimum specifications are required for the ODAS:
 

Physical Specifications
 

o 	 Small, stand-alone, self-contained system in an environmental
 
encl osure
 

o 
 Desired weight: less than ]0 pounds
 

o 	 Desired size: less than 10 inches x 10 inches 
x 6 inches
 

System Power Reqtirments
 

o 
 Capable of operation using self-contained batteries
 

o 	 Capability for these use of 
an external power source to allow
 
continued data collection while changing batteries is desirable
 

o 	 Capable of transient protection from spurious electrical charges or 

lightning
 
Environmental Specificatiyns
 

o 	 Ambient Temperature: -25 deg. C to +50 
deg. 	C
 

o 	 Relative Humidity: 0 to 90 percent non-condensing
 

o 	 Impervious to 
a tropical, occanside environment with occasional 
high

airborne sand/dust and/or sulphur levels
 

Analog Inputs
 

Voltage Measurement Types: Differential or single-ended
 

Accuracy of Measurements: 
 at least . 0.5 percent
 

Range and Resolution: Selectable for any input channel 
from microvolts
 
to several volts full 
scale
 

Multiplex capability: at 
least four channels
 

1 
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Pulse Innpts 

Analog and Digital Control Outputs: a total of three resettable 
channels is desired with a range
of 0 to + 5 volts with a 0.5 volt 
resol ution 

Multiplex capability: at threeleast channels 

.Output Signal Interface 

Memory: Capable storingof at least 3000 data points per day for a
period of one month (two months desirable) 

Display: A visual display oF stored data is required on-site for data
verification hefore data removal 

Peripheral Interfacr: Dowrloadirng of data at the site should be by
phys;ical removal of the data storage device or
simple, reliable data downloading to a non­
volatile: storage device. Storage data file,
shal i BM-PC on floppy disc eitherIbe compatible 
directly from the data logger or through a 
simple, fast, reformatting technique. 

Specific parameters to be monitored for Field Test #8 are shown in Exhibit 

5-14.
 

5.3 Conceptual Design Summary 

o We recommend two separate desalination systems, both 
reverse osmosis,
each capable of producing 25 cubic meters per day. One of thesystems uses feedwater from the brackish water in the Roman wells andthe other uses feedwaier from the Mediterranean. 

o We further recommend that the seawater plant be powered by a diesel
engine generator set ad that the brackish water plant be powered by
photovoltaics. 

Of the three options considered for theo power system for the brackishsystem, all-PV/battery, 8 hour PV/Battery-16 lour Diesel and all-PVand diesel, we found that all three options had assets andliabilities. We recomid tat the system be a PV-tlybrid with about12 kW (peak) of PV with a 5 kLWdiesel engine providing the power whenthe PV or battery stoaqge is unable to do so. 

o We recommend that the ,rinn from both systems be piped to toe sea.
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Item 


Array Power 

Array Current 

Array Voltage 

Insolation 

Load (kilowatts) 

Load Voltage 

Load Current 

Battery Charge Current 

Battery Discharge

Current 


Battery Voltage 

Ambient Temp. 

Ref. Cell Temp. 

Battery Temp. 

Diesel Power 


Feedwater Conductivity 
Product Conductivity 
pH Feedwater 
Feedwater Temp. 
Feedwater Pressure 
Product Water Flow 
Product Water Flow 
Brine Outlet Pressure 

Tye 

P 

A 

A 

A 

A 

A 

A 

A 


A 

A 

A 

A 

A 

P 


P 

P 
? 

A 

2 

P 

P 
A 


12 ("musts") x 6 samples 

4 ("musts") x 2 samples 

1 ("must") x I day 

Time mark (6 x 24) 


Channel Sampling Output Priority
Frequency Interval Want 
 M'u st. 

1 sec. 10 min. x
 
10 nin. x
 
' , x
 
" ,x
 
I, 
 x
 
It x
 
, , 
 x
 
It It 
 x
 

, ,,
 
, ,, x
 
, , 
 x
 
, , 
 x
 
, 
 x
 
10 min. x
 

30 min. x
 
30 min. 
 x
 
30 min. x
 
30 min x
 
10 min. x
 
10 min 
 x
 

(Totalized) daily 
 x
 
10 min. x
 

x 24 hours = 1728
 
x 24 hours = 192
 

I
1
 
- 144
 

Total = 2065 data points per day 

17 channels
 
o 6 pulse
 
o 11 analog
 

EXHIBIT 5-14
 

Data Element Requirements
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6.0 FT #8 ESTIMATED CAPITAL COST
 

We estimate the capital cost of the recommended PV-hybrid system described
 

in Section 5.0 as follows (all 
 Figures in U.S. Dollars):
 

Conventionally powered seawater desalination plant
 

Desalination Equipment 35,200
 

Diesel Engine 4,000
 

39,200
 

PV-Hybrid Plant
 

Desalination Equipment 26,800
 

Photovoltaics and Balance
 
of Systems 120,000
 

Battery Storage 11,175
 

Diesel Engine 4,000
 

Total 
 161,975
 

Subtotal 
 201,175
 

Spares at 20% 40,235
 

241,410
 

It should be emphasized that this cost does not take into account other
 

cost factors such as:
 

o Well Drilling for the seawater feed
 

o Training 

o Contingency Costs for Working Overseas
 

o 
 Tanks for product water and excavation work for pipelines.
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