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Economical Efficiency Evaluation of Seawater Desalination Technology Utilizing the

Temperature Difference between Seawater and Inland Atmosphere (Part 1)
— Requirements for Economically Feasible Target Regions for Construction —

H E F A MNoEIE F o«
Kento INOUE Masahide MURAKAMI
Abstract

Virtual target regions for construction of the Desalination Pipeline System that is the desalination
technology utilizing the temperature difference between seawater and inland atmosphere are configured.
The production rates and the desalination costs are calculated for the system on the basis of the model
where the desalination efficiency is improved. Requirements for economically feasible target regions
are shown. The production rates per a transport part at the target regions are 89,000 m® - 212,000 m>
that are practical figure. The desalination costs are 1.00 - 6.83 USD/m®. It is seen that the
requirements for economic feasible target regions based on the calculation results are the condensation
part altitude is higher than 1,000 m and the transport part length is shorter than 5 km, or the range of the

condensation part altitude is from 500m to 1,000m and the transport part length is shorter than 2 km.
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Fig. 1. Outlines of the Desalination Pipeline System
(the prototype model)
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Table 1 List of conditions and data for the calculation

Assuming average air

Elevation of 500 m, temperature (T ) is
condensation H 1,000m, 0.006H °C lower than
part 1,500 m  that of seawater
temperature.

. i h

Air temperature Assuming eac .
T aveS, temperature continues
around "
. Ty Tt ae-2.5,  for 4 hours. The

condensation : )

art Tt ave operation stops for other
P 12 hours.
Number of
condensation n 2 millions  The number, length and

part diameter where the

Length of pressure loss due to
condensation / 10m viscous drag in
part condensation part is
Diameter of 1/10 ~ 1/4 of that in
condensation d 10 mm transport part.
part
Tntervals of pipes 2d Rectangular
arrangement
g Thickness of Thickness that can
= pipe 1 mm withstand external
~§ pressure of 1 atm'?,
§ Domance JSME Mechanical
< pressure loss L. 0.6 Enei  Handbook ®
3 coefficient nginecrs’ Handboo
Inlet pressure £ 23 JSME Mechanical
loss coefficient ¢ ’ Engineers’ Handbook®
Thermal
conductivity of k, 50 W/mK  Steel. Rika Nenpyo 'V
pipe
Thermal
conductivity of k 0.6W/mK RikaNenpyo''.
water
Specific heat of 4.2 . m
WI;ter ki/K-kg Rika Nempyo .
Critical pressure 22.1MPa Rika Nenpyo”’.
of water
Convective
heat-transfer Wind speed inside of
coefficient 26.98 the tube bundle 1m/s,

by W/m’K  empirical formula of

Zhukauskas **

between outside
air and outer wall
of pipe

Ttems Values Remarks
Vapor pressure . m
of water - Rika Nenpyo .
Latent heat of
vaporization of b3 244 Rika Nenpyo 'V
P Mg enpyo
water
Density of water - Ideal gas approximation
vapor
B Rika Nenpyo 'V
% Viscosity of . Sutherland
O water vapor “ approximation is
applied.
8.31
Gas constant Tmol'K -
Molecular
weight of water 18 g/mol -
Gravity ¢ 98ms -
acceleration
Vapor pressure reduction 9 o1 3.5%NaCl, Raoult's
rate Law.
Specific heat of 39 . ™
seawater Cr kI/K-kg Rika Nenpyo ™.
30°Cand 20 °C
30°C, .
v Seawater continue for 3 months
| 25°C, o .
= temperature o and 25 °C continues for
g 20°C
= 6 months.
‘g Flow rates to evaporate
5 the requirement by the
Circulated mass degree of superheat of
3 around 5 °C under the
flow rate per a M, 2.0m’/s .
condition that the raw
transport part .
water temperature 18
30 °C and the inland air
temperature is 16 °C.
Length of L 2,510km -
Transport part
j . . Same diameter as
é Diameter of pipe D 4m GMRP'? 13,
Q
A ; o5 JSME Mechanical
g pressurc loss i : Engineers’ Handbook?
= coefficient
Inlet pressure £ 11 JSME Mechanical
loss coefficient ! ' Engineers’ Handbook ¥
Vol.34, No.2

2%’ ' 2 % of seawater vapor pressure
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LEEZADED L MTHEEEE UATNIERERE T
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AL,

SVEREER Fig 410, FHEGME T TR A 7T A L DRAE
D& LT, BRERER: 2 k., ERESTHER) 1,000m OEEOE
KA T A L DPEER Table. 3 ITFNFIURT, FHERERIL
PR AR WS E R OB - T L, BEETIER
B b BRSO T T 5 LW S ER T 7T
S DA IIEICR LTS, RIS 89,000m’ ~
22000m* TH Y. 77U HOEFEAKERETETHD
V- capita & EHEL 35 & 3900 A~9,200 ANZTDAETERYK
R B,

Productionrate of  desalinated water
prs S
3 3
o [=]
s 8

‘ 500
Distance betwee5n 10 Ele\_/azﬁon of
EP* and CP**(km) CP*(m)
* EP: evaporation part
2 CP: condensation part
Fig. 4 Calculation result

Table, 2 State of the desalination pipeline system at the calculation

conditions
Meteorological data ~~ Water vapor Temp. Presrszlll;eaé)‘in d
Seawater Inlandair ~ EP¥ CcP?  EPYside CP¥side
C C C C kPa kPa
19 250 213 3.0 25
30 215 26.1 233 32 28
24 274 253 35 32
14 206 16.0 23 18
25 165 215 18.1 24 2.1
19 226 202 26 23
9 164 106 1.7 13
20 L5 170 129 18 L5
14 179 15.1 19 17

*EP: evaporation part
#2(CP: condensation part
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Table 3 Basic data for the calculation of the cost of maintaining vacuum
and required power and the costs for maintaining vacuum

Table. 4 Calculation result and basic data used in the calculation of the cost

Items Number Remarks

Specific heat ratio v 14 Air, JSME Mechanical
Engineers’ Handbook ¥

for circulating raw water
Items Number Remarks
Dynamic viscosity of v 20x 107 30°C,Rika Nenpyo
water m’/s
Mean water velocity 1.0m/s -
in main pipe
Diameter of mainpipe D, 40m -
Gravity acceleration g 9.8 mks” -
Entrance pressure loss  § 0.56 ISME mechanical
coefficient engineers’ handbook”
Inlet pressure loss & L1 JSME mechanical
coefficient engineers’ handbook ®

Meanwater velocityat  u,, ~ 125m/s  Sasald,et, al. 2005y
nozzle

Diameter of nozzle d,  0107m _ Sasal,et,al (2005

Solubility of air 0.019 20 °C, latm, Rika
Nenpyo

Pressure at p, 16kPa Water vapor pressure at

Condensation part 15°C

end

Vacuum  pump 7, 60% Standard  efficiency  of

efficiency commercial ites

Flectric bill 0.1 About half prices of the

USDAKWh  electric bill of Tokyo

Electric Power

Required power 36kW -

Cost 16,000 Assuming it’s operated for

USDAT 12 hours per a day.

QEKERE &k 7T A OB R TR OPEEE T
NERROT, EEWVRFERE VBT 5, TORERD,
FUERE A BT D, FKERE R RO AR T &
BOTHD,
BRI TR TERIREER AR A,
AR ER LOSPKE IR 2mER 20m OEIETE
15,
FEEPER RO CEUKIEOKE E 20 om OB S E T/ AL
HOXOEE ERAH0LT5,
AR BB NI T ORI E SE B L,
zD ?

- mp
Wap = T Top 8 — 7t )

HWP = {(He - AHe )+ hmp g + hmp,r + hmp,exr

+ hnz,i + hnz,r + h (23)

nz.ext
ZIT, W, EEUKBBRICLEREN S (BAHRE) (W),
T IFEEHERIE, 7, TR TR 0, BEKOBE
(kg/m’), H,, i IF/KEBRIC VB 227K B (m) | g IXEINE
FEn/sh), D, 1EERENE(m). u,, EEAERNTEGE
(m/s), H, iXEEENEEUKE L UEB(m), 4 5, JERE
JE & BFHNE L OESZE OKEEHBRE) (M), |y, 1FEK
BAOE L UBERBTOERM), hy,, 1 TEKE LR
RN, Py e FEEKE HH OHBR(M), Ay 1E ) AVADIR L
VB TOBEMm), b, 1T/ ZVEBEERERMmM). fpe
1 AV n#ERmTH D,

ARG I BT — S 3 LU 1 ARTY
VLB ENIEERE % Table4 |95,

Vol34, No2 — 39 —

Length of nozzle by 1.0m -
Pump efficiency Ty 8% Assumed  based on
Yanabu and Nishikawa
(20047
Motor efficiency Nm  96% Assumed  based on
Yanabu and Nishikawa
(2004
Electric bill 0.1 About half prices of the
USDAKWh  electric bill of Tokyo
Electric Power
Required power 13kW - »
Cost 5,600 Assuming it’s operated for

USDiyr 12 hours per a day.
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B TTA L OBRER LU BTROTAERR L 5%,
LIFORa AV TR,

w=elClie, v, @4

NM,T
T DT, Gy, RSB (USDY) . C,, [ HHARSEROOBERE: (USD) .
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Light gray bars show the condition where the desalination pipeline system
is seen to exert its superiority.
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