CHAPTER 5
Long Term Analysis

The Chapter aimed to estirate the unit cost of the distilled water production fromm

—
>
[

zystern of the solar thermal desalination of seawzter by bubble purnp technique

under the Chiang Mai clirnatic condition.
5.1 Systerm Sirmulaticn of Daily Performance in cach Month
5.1.1 Operating Conditions and Constants for Sirnulation

Canditions for the system siraulation were chown in Table 5.1, The modeling of
Solar Desalination with the Bubblz Punip that had been developed and proven in

previous chapters was used in this simulation.

Table 5.1 Sirmulating conditions for operating syster.

Salar thermal collachar Frltad, = 0776, FRUy = 206 W/ra" b, Arca = 2.3 m

9

Fead calt water ternperaiure, T, | 25 °C

Daily aperating time 10 hours, Fror 7:00 ar o 5:00 pr

The initial salinity of the solution seleciad (,\'j,-) for this sirmulation were 3, 3.5 and
4% of water by weisht. The driving heai of the bubble pump selected were 270, 216

and 162 rarn or 100, 30 and 60% of the avaparator’s haisht, respectively,

5.1.2 Weather Data for the Simutation

5.1.2.1 Calculation of Solar Radliation on Sloped Surfaces
There are two type: of time indicating the sun’s position in the shy: solar time and

mean solar time or local clock fime. 10 most studies, standard time is converted to zolar
time based on location of the abserver’s raeridian and the 2arth’s rake of otation, The

equation of conversion is
Solar time — Standard time = 4(Lg, — Ly,.) + E. (5.1)

where, L. : Standard rmerician for the lacal time zone, [dearee].

L. Longitude of the location, [degree west]

The pararmeter E iz the difference in minutes betwean solar time and standard

time, which is frorn Spencer (1971).
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e — A — T EDPaasd _ 1 By N
E =987:5in2F — 7.53co5B — 1.55inE. (5.2)

where B is & pararneter in a function of the certain day of the year (n), given by

_360(n -~ 81)
- 365

(5.3)

The daily extratenresirial zolar radistion on a harizonial surface on & whale day
Hy could be calculated from

243600 G e ;.ifm“ . Inws _. . e
Hy = == [l + 0023 coz (2 )] [COS‘f’COSL‘:SLnU.'S + Jsma;bsuw]. (5.4)
65 360
wl= c (sm¢smu) o ( tanditans) (5.5)
~ = COS5 — 1 Il\ - ) Nna ). e
N - cospcond ¢ GO
284+n ~
§ = 2345 sin (260 Z2222), (5.6)
365
where g : Sunset hour angle, [degree).
) s Angular position of the sun, —23.45% < 5 < 23.45¢°

p : Local latitude, [degree],

Table 5.2 Average days for month: and values of noand Hy by month: [19].

Monit Date Day of the year | Hourly radiation per rmonth(MJ/m=hr)
January 17 17 17.25
February 18 a7 19.28
March 16 75 21.04
April 15 105 20.62
May 15 135 19.08
June 11 162 16.35
July 17 198 15.79
Auguist 16 228 17.33
Septernber 15 258 - 1778
Octolber 15 255 16.14
Novermber 14 318 15.71
Decermnber 10 3dd 18.02
According to Pratinthong [19), the corrzclation between the daily diffuse solar

radiation (Hy), the daily global solar radiation (H) and H, is given
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where

H H
2% = 46402 + 26.5495 (—) (5.7)
H, H,
H H\? H\*?
—23.3422 (-—) — 314540 (-—) + 464421 (—-) .
. Hy Hy H,
The equation of the solar radiation on horizontal plane (I) is
s oS — COS@
| =Hx ﬁ(a + hcosw) = 5 FER s . (5.8)
Sinwg — ( 360 )cosw
Where a = a, + a; sin(w; — 60)
b= b1 -+ b'r Sin(a) - 60)
@ = 15¢, @ is the hourly angle
The coefiicients ay, az, by and b for Thailand was given by Pratintong [19).
The diffuse solar radiation on harizanial plane (1) is
m COSC oS
Id L Hd d CoSa - — COSd . (5.9)
Sinmg — (L e )rmw :
e 7 360
Iy=1-14 (5.10)
There is an effect of the ground cl”.)e«”iﬁ
1+ cosf: 1 - cosf
And Ry is calculated from
50509 (5.12)
>~ cosh,
casl; = cospeosScasa + singsind. (5.13)
0sf = sindsingcosfl — sindcospsinficasy + cosdcospcosfioosm (5.14)

+ casdcinpsinfoasycoso 4+ cosSzingsinfsing sinw.

L sInclination angle of surface frorn horizontal plane, [degres).
¥ : Surface azimuth angle, [degreal.

é : Declination angle, [degree].

6 s Incidence angle [degreel.

A, : Zenith angle, [degree].
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The calculation steps to evaluate the :olar radiation on the sloped surfaces in

Chiang Mai was shown in Figure 5.1.

Tablz 5.2 Coefficients ay, agz, by and by for rain siations in Thailand [19).

. Coefficients
Station
a az b, b,
Chiang Mai 0.514 0.228 0512 0.082
Ubon Ratchathani 0.760 -0.021 0.207 0.238
Hat Vai 0.607 -0.124 0417 0.007
Banstol 0792 -0.250 01359 0.471
5.1.2.2 Calculation of Arnbient Temperature
The ambient ternperature was deterrnined from Chaichana et al. [20], which was
1 ) . f2m . .
Ty = ‘2‘ (.Tma:-: + Tmiu) + (Tnm:v: + Trnin )SIN ('2‘4“ (t~- 'EJ.))], (515)
where Tnax : Mesirurm arnbient temperature, [°CJ.

Tmin = Miniruri ambient’ termperature, [°C.

Tablz 5.4 The average ma:-minirnurm termperature in Chiang Mai province [20].

Temp | JTan | Feb |[Mar | Apr [ May | Jan [ Jul | Aug [ Szp | Oct | Mov | Dac

Tyas | 314 | 3401|338 | 276 [3572 [233 [320 | 220 [325 [52.7 [ 314 302
Toin | 132 [ 153 [17.2 [22.0 [224 [235 (252|250 [22% | 214 | 175 | 140
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Figura 5.1 Flow chart for evalusating the _;ULJr radiation on tilting plane.

5.1.3 Sirnulation Results

The rezults from the calculation were illustrated in 2 graphs. These graph: showead

the amaount of dictilled water produced per day in each month of the year, Two variable
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factors were involved. The firsi factor was driving head or reservoir level in the bubble

pump. The second factor was percentace of initial sali content in the solution.

- 5.1.3.1 Initial salinity of 3%
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Figura 5.2 Monthly diztilled water yield at the initial salinity of 29%.

Reservoir teviel of 100% capacity was represznied by blue bar, 20% by red bar and
60% by sray bar. Figure 5.2 showed the production yield of distitlzd water (in liters) in
cach maonth, procduced from the alt water with ihe initial zalinity of 3% in 3 different

reservair level of the bubble purnp which werz 100%, 30% and 60%.

The fluctuation of daily production was comespondent to the quantity of solar
racliation and the ambiznt fermperaiure available in ezch rmonih (ac shown Table 5.2 and

Tablz 5.4). 60% rezervair lavel was proven bo the maost efficient.,
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the solar dezatination with bubble pump technique were different in each rmonthsz.

5.1.2.2 Initial salinity of

2.5%
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Figure 5.2 Monthly aistilled water yield at the initial szlinity of 2.5%,.

£.1.2.3 Initial salinity of 4%

Distilled water yield ab 60% of reiervair level capacity was shown only.
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quanitity were produced from Decernber to May as the shy ware mostly clear. In other &

ronthz, the shy were maostly cloudy and raining resulied to the low productions.
52  Econormic Analysis
5.2.1 Condition: znd Conztants for Economic Analysis

Table 5.5 Operating Conditions of Econamic Analysis.

Monthly operating tirne 22 days a monih ((equals 334 days a year)

Yearly mainterance cost 2% of the initial investrment

System service life 15 years
i =8%

4 baht per kWh

Interest rate

Electricity cos

Table 5.6 Expenies on the testing material.

List of testing material E-penses

Evaporator
Condenser
Electrical purnp
Cooling tower
Others

Evacuated tube collactor

23,200 baht
4,300 baht
4,100 baht
4,500 baht
12,000 baht
1,500 baht

Total expenszes

49 600 bahi

5.2.2 Unit Caost Calculation

The present value iz the warth of = predictable

1@ strearm determined 2z of

the date of valuation. The prezent value must equal to o leas than the future value

because of interest-earning potential, a characteriztic bring up o 23 the fime value of

nongy.  The present ewpenzes of the systern come from initial investrment, yearly

operation and maintenance cott minus the salvages value of the system at the prezent

worth.

where, C

Cinv

Ca&m

C
©
<

C="Cip+ Coam— Csy.

(5.16)

s Total cost at the present warth [kaht].

s nitial investment coct at the o

2nt worth [bant].

© Operation and maintznance cost at the prezent worth [bahi).

s Incorne from the salvase value at the present waorth [baht].,
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The annual e-pense of the systern come from the conversion of oresent value to

the annual expenses.

L _ i1+)" (5.17)
Cannual =CX [(1 T i)" _ 1].

wherz, Connuar: Total annual expense [bani/year).
i : Discount rate [%].

n : Service life of the system.
The unit cost of diztilled water can be calculaied by

annual expenses (5.18)

C. t = ’
product = 4 nhual product amount

NS -

rearly operation and maintenance cost at the present worth could be caloulated

by

c. - pld+d-1] (5.19)
o&m T (1 + D)n

The salvage value of the plant was azzumed to be 10% of the initial investrent,

calculated from the equation as:

e = 1% Cimy (5.20)
Yoo+

5.2.% Results and Discussion

Table 5.7 shows the cosl estirnation of the distilled waker produced by the zystem
in each cases was done under the conditions. The unit cost per liter depends on the
arnaunt of distilled water produced per year. Az dizcussed previously, 60% rezervair
level was proven to the most efficient. The factor of the initial calinity was alzo proven
to influence the productivity yield. In fact, the Less the initial salinity, the more amount

of distilled water wa: produced by the systermn.
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Table 5.7 The yield and cost of distilled water production.

Reservair level | Initial zalinity Yearly product armount Unit cost
(%] -.-. (%] [liters] [bahts/liter]
3 1704.92 4.32
60 3.5 1525582 d.62
4 1437.06 513
1460.92 5.04
3.5 1389.39 5.30
3 1071.58 6.38
3.5 974.54 7.56

80

100 -

The systern could produce the maos distilled waier in the case of 2% initial salinity

with 609 rezervair Level as shown in Table 5.7, The unit cost in thiz caze was 4.32 bahi
per liter. Thz rmain cost of the system was in the initial invesirnent (cee Table 5.6).
However, the maintenance cost was relatively cheap as the systam dossn’t have any
machanical parts and the electiical energy conzurnpiion was az litile as 71.7 W which
waz drarnatically different from that of Reverze Osmosiz and Muliiple ctage fAash
distitlation, which generally consurme raore than 5 EW [2]. The energy supply is “free”

because the heat energy from the sun is complately no cost.
5.2.4 Sensitivity Analysis

A razin determinant of the initial cost of the unit iz the price of the solar collector.
Thiz zection would evarine factors affecting the unit cosi of distilled water produced by
the syztern. The first fackor was the price of the solar collector which waz 3 main

cleterminant of the initial investment, The second factor was the dizcount rate.
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Fieure 5.5 The solar collector cost and the discount rate affeciing ihe production cast.

The effect of the cozi of the solar collector and the dizcount rate on the distilled
water procduction cost is shown in Figure 5.5, The verfical one represented the unit cost
of the production. Whils the harizontal a-is reprezented the change of the solar collector
cozt and the dizcount rate in perceniage from the reference value: of 23,200 bahis and
8%, respectively. The results show that the dizcount rate had mare effect on the unit

cost of distilled watker than the cost of the solar collector.
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