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Waste Heat From Thermal and Industrial systems
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Sea water desalination —
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Waste Heat From Thermal and Industrial systems

ywade
L ¢ Various Industrial Sectors

eCombined power stations
e R.0. and thermal desalination plants, ...ect

1. Salt water pumped from

5. Brine is underground wells.

pumped
into ocean.

2. Salt water is forced through 20-micron
and 5-micron filters at a pressure of
800 pounds per square inch.

3. Fresh water is forced through
additional filters.
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4. Fresh water is pumped
into water supply.




Qr:‘yz ?;',d,ej-Waste heat retrieve from various thermal systems
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Various thermal power systems
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significant amounts of waste Thermal energy P— recovery
energy.
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‘Q’é_gﬂ' Meteorological Characteristics of Madinah
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vrwade, Water scarcity by country with extremely high
__ 27> * ° ° °
=0 stress in Saudi Arabia

WATER STRESS BY
COUNTRY

- Low stress (< 10%)

- Low to medium stress (10-20%)
- Medium to high stress (20-40%)

High stress (40-80%)

O

Extremely high stress (= 80%)

This map shows the average exposure of water users in
each country to water stress, the ratio of total withdrawals
to total renewable supply in a given area. A higher
percentage means more water users are competing for
limited supplies. Source; WRI Aqueduct, Gassert et al. 2013
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Saudi Arabia’s population will reach 40 million

ywade
== by 2030

30 45
(ol
= - 40
o 25 -
Z | 35
Z 20- 30
S | o5 3
&5 =
< 120 S
9
© 10 - - 15
9
2 - 10
5 5
_§ - 5
- O | 1 1 1 1 O

1970 1980 1990 2000 2010 2020 2030

= GDP per capita — Population (right axis)

College of Engineering, Islamic University, Madinah , Saudi Arabia




Energy Demand

ywade
u;) Total primary energy demand in Saudi Arabia grows at an average
annual rate of 2.8% per year demand reaches 277 Mtoe in 2030
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Saudi Arabia’s Water Production and future

rwade
f 5 Demands

Saudi Arabia is the largest producer of desalinated water in the world.
Desalination is expected to increase rapidly over the coming years.

Fuel requirements for desalination will rise from 11 Mtoe in 2003 to 31 Mtoe in
2030, when they will account for 11% of total primary energy supply.

Total water consumption is projected to increase from 22.5 bcm in 2003 to over
25 bcm in 2030, an average annual rate of growth of only 0.5% (Table 16.6).

lable 16.6: Saudi Arabia’s Water Desalination

2003 2010 2020 2030

Water consumption (bem) 22.5 23.1 24.0 25.1
Desalination capacity (bcm) 2.2 3.5 5.6 7.8
Oil and gas use for desalination (Mtoe) 11 17 24 31
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LY j;',d Experimental test rig

College of Engineering, Islamic University, Madinah , Saudi Arabia



2 wad x
" 2017 )e

Staggered cylindrical pipes

Solar air heater

Centrifugal fan 1

External reflector

Glass

Heat exchanger
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System schematic diagram

(1) Air blower; (2) moisture
air stream to condenser;
(3) sea water inlet; (4) sea
water outlet; (5) heat
exchanger inlet; (6) heat
exchanger outlet; (7) hot
sea water to the solar still;
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ﬁ— Potable water

(8) waste heated water
outlet to the still; (9)
gcontrol by pass valve; (10)
= *"Waste heat water to still;
—| (11) waste heated water
exhausted to waste heat
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L3y Factorial design of experiments

Factor Leve| Factor values

Waste heated water
flow rate, kg/s




P Plots of hourly variation of solar
R = radiation for all the test days

1
26/01 27/01 28/01

— 1000
— 750
¢<N
= N
E 500
~— — 250
c
o
= - 0
. 29/01 30/01 31/01
g
& w00
.
S 750-
o
v
500 -
250 -
0_
8 2 16 8 12 16
Time (hours)
—@— Solar Rad (with mirror)
—o— Solar Rad (without mirror) Panel variable: Test Days

College of Engineering, Islamic University, Madinah , Saudi Arabia




,‘fwade ;Ambient temperature, glass cover and induced air
temperature at solar air heater inlet and outlet

26/01 27/01 28/01 59 | —B+— Tglass

—2— Tsah,i

—&— Tsah,o
—o— Tamb

Temperature (°C)

Time (hours)

Panel variable: Test Days

College of Engineering, Islamic University, Madinah , Saudi Arabia




Water temperature and humidity ratio inside the
t"‘"(z i'vdfj‘ humidification chamber for different waste heated
water temperature af, constant flow rate 0.15 kg/s
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cwads Productivity with time for different waste heated water
X273 flow rates at constant waste water temperature 70 °C
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+wade, Froductivity with time for different waste heated
R==J" temperatures at constant flow rate 0.15 kg/s
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vwade, Accumulated productivity for different waste heated
R water temperatures at constant flow rate 0.15 kg/s
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vwade GOR with time for different waste heated
u"" temperature at constant flow rate 0.15 kg/s
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Conclusions

Accumulated potable water productivity and GOR both increase with increase in waste heated
water flow rate until 0.15 kg/s.

Accumulated potable water productivity and GOR both increase with increase in waste heated
water temperature.

PM).

‘ High instantaneous hourly GOR up to the value 2.12 was observed in the evening hours (4-5

the proposed desalination setup under the considered range of waste heated water

Experimental daily (8 AM-5 PM) accumulated productivity up to 103 L/m? was achieved using
temperature and flow rates.

Fresh potable water can be produced at 0.0094 USD/L using the proposed desalination setup.
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