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BRIEF MOTIVATION METHODOLOGY

Dholera is a region with scarcity of fresh Selection of Energy Source and Desalination System Key Thermodynamic Equations for Solar ETC Design
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| 1 solar |r:<| Linear Fresnel Reflector (LFR)  Tubular 10-40 60-250
" depth at most of the places. Hence access to ! == T R sl Tough ol Tl
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- objective of this research is to develop a Net heat gain by collector Qusefut = Qabsorvea — Qloss
| | * At present the state’s total installed
i green desalination SyStem Wthh can provide E power generation capacity from e Simple operation and fast start-up e Higher costs for chemical and Heat absorbed by ETC Habsorbed — Qabsorbed + Qusef ul
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: potable fresh drmkmg water. : 3 152M€{N 30-60% recovery | | Weak to feed water quality X (Scollector _ ULOSS (Tinner _ Taverage))
I I ? ‘ ¢  Removal of contaminants other than salts achieved changes
. Adequate pre-treatiment a necessity
e  Proven, reliable technology with long operating life e  Huge capital investment required;
¢  Flashing rather than boiling reduces incidence of scaling Energy-intensive process
OBJECTIVE e The ground mounted solar has total ¢  Minimal pre-treatment of feed water required e  Larger footprint required OUTCOME S
installed Capacity of around e High-quality product water e Corrosion problems if materials of]
4,000MW and solar- rooftop lesser-quality-used
contributes about 1,006 MW. ¢ Minimal pre-treatment of feed water required ¢ High energy consumption Salt
. e Very reliable process with minimal requirements for «  High capital and operational cost Step Temperatu re Pressure Heat Mass Quallty Concentration
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Multi- Stage Distillation system for biological matter e SR 6 T . ) e
geothermal water desalination Geothermal 2 401 7.0 168.5 7.0 i 4205
Key Thermodynamic Equations for MSF Design Geothermal 3§76 6.8 241.7 7.0 : 4205
Geothermal 4 84.5 6.6 355.7 7.0 - 4205
Geothermal 5 914 6.4 383.3 7.0 - 4205
. Temperature difference in each AT = Triash = Thrine Geothermal 6 914 6.4 383.3 7.0 - 4205
i . - .
b Bl stage J Geothermal 7 150.0 5.9 632.2 7.0 -1.0 4205
Vg Temperature at each stage T1 — Tbrine — AT Geothermal 8 143.5 4.0 632.2 7.0 0.0129 4205
g. Ty, =T, — AT Geothermal + Heated 9 143.5 4.0 604.7 6.91 0.0 4347
b= Brine
isti N — ; — j-1
Mass flowrate of distilled water 1M g;srinea = lheat X Mrecoverapte X (1= lheat) Geothermal + Heated 10  116.9 1.8 604.7 6.91 0.0515 4905
at each stage Brine
Mass flowrate of desalinated Xflash mflash = Xbrine Mprine Geotheran'fil + Heated 1 116.9 1.8 490.7 6.55 0.0 5069
rine
water
M d Salt bal f Geothermal + Heated 12 99.6 1.0 490.7 6.55 0.0324 5886
ass and dalt balance tor —_ , ; , o Brine
) ) .. . ((xflash xbrme) X mflash) + (xbrme X mdzsttlled)
) distilled water Xdistilled = : Geothermal + Heated 13 99.6 1.0 417.5 6.34 0.0 6080
P'a Mgistilled Brine
_| . . . . Distilled Water wi1 143.6 - 604.65 0.09 193.17 142
Mass flowrate of desalinated Meigsh = (Mprine ¥ Maistitiea) o
Distilled Water w2 116.9 - 490.7 0.45 797.69 164
water
. . Distilled Water w3 99.60 - 417.5 0.66 512.37 194
Heat transfer at each stage Q = Mgreqm (R + hjiq)
HDistiIIed Water Temperature Vs Distilled Water Salt Concentration 1o =Geother=mal Water Timzerature Vs Mass Flow rate: Brine Water Temperature Vs Brine Water Salt Concentration
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Multi- Stage Flash Distillation System ——— E— -
Evaporator 1,040,551.00
Heat Recovery Condensate Tray Annual Investment  Annual investment Pumps 118,026.00 0.0068
i (1 + I:)nl Piping and valves 188.939.00 0.0109
Tube bundle interaction with . .. . = CAPEX X = flifer acill SRl JRE S,
A E G Flashing brine inlet Condensate inlet 1+i)m-1 Others, building 258,803.00 0.0150
/ Evacuated Tubes 1225
,/ Tube bundle interaction from the Flashing bri tet Cond te outlet Hourly CAPEX hm;ﬂrly l_ CAP E‘;( . Engineering design 131.455.00 0.0076
/ / tube bundle ashing brine outle ondensate outle _ otal annual investment Financial 164319.00 10005
i o . . " 365 x 24 x 0.9 Subtotal 2,152,333.00 0.0643
/ Tube bundle interaction with Flashing steam OPEX
steam and condensate & HOllI'ly OPEX hourly — OPEX = Steam + Elf?CtT'lClty Particulars Cost in $/ year Cost in $/m3
N B\ Uit Prod $ Labour 21.909.00 0.0115
N B nit Proauct cost Mai
oY) N EaR ) P s aintenance 16.431.00 0.0087
}; | Geochemical [ oG : ;:l - m Unlt PrOduCt COSt’ m3 Rep]acement ofparts 1?30500 0.0007
B <ollection I hourlyc_ CAPEX + hourly OPEX Electricity 34.740.00 0.0183
- Total 2,226,718.00 0.1034
T 4=745°C T 3=576°C T 2=401°C T 1=40°C
P 4=66 bar P_3=6.8 bar P_2=17 bar P 1=1bar
m 4=3125 h.3=2417 h_2=168J h 1=167.6
 p—— Solar Evacuated Tubes _@ . - _@1 /2\‘ @ ) m‘
: : 't];lt]itiion Group 1 m O Ov /\ U‘/\ u
: wi — W2 ® Geothermal water
T 7=150°C N/ \/ :
P_7=5.9bar | Steam T wi=1435°C Steam T w2=116.9°C T_w3=99.6C
h_7 =632.2kg/s h_w1=604J H_WZ = 490 J h w1=417J X
Parameters Well-1 (Dholera) __m , g Heated Brine o N 0 Heated Brine Heated Brine
(Dholera) (Utthan) U/ - _
Depth 320m 320m 500m Stage 1 Stage 2 Stage 3 4
Water 40°C 45-50 °C 40 °C T _8=1435°C T 9=1435°C| [T_10= 116.9°C T_11=116.9°C T_12=996°C T_13=99.6°C -
temperature P_8=4bar P_9=4bar P_10=1.8 bar P 11=1.8bar P_12 =1 bar P_13 =1 bar
. = = = = h_12=490.7J h_13=4175J
Water flow rate 7 1ls 2 lis 2 lUs _@1 h 8=632.2J h_ 9=561J h_10= 561.4J h_11=490.7J _ _
Data acquired SP and Resistivity Cutting data
T 5=914°C
logs UL P8 = 6.4 bar Distilled water
Tubular diameter &’ 8’ h_5=3833
Hole diameter 18’ 18’ g—g ] 2144; o Geothermal Well
Geothermal Water Samples m Dholera1 Bhadiyad Dholera 2 h 6=3833
I /.05 .22 7.32 1.25
a(mg/L) 1139 1176 1156 1107
mg/L) 26.5 25.7 21 23.7 |
Ca (mg/L) 107 107 125 100
Mg (mg/L) 49 50 72 46 Direct Applications

$i0, (mg/L) 1232 16.85 9.98 12.79
B (mg/L) 3.88 3.76 4.44 48

cl (mg/L) 2426 2510 2635 2476
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production of freshwater, salt
and heat.
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