


FEASIBILITY STUDY OF ONCE THROUGH
COOLING FOR 50 MW SOLAR THERMAL

PQWER PLANT ON/NEAR THE LOWER
ORANGE RIVER

Author: Abiola Kehinde
Supervisor: Dr. J. Hoffmann

Solar Thermal Energy Group (STERG)
Stellenbosch University

EEEEEEEEEEEEEEEEEE



Introduction

* With the technology advancement
in CSP plants, the once-through
cooling system has been neglected,
due to a large amount of water
passing through the condenser
during operation.
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Introduction

* In South Africa, 8 % of water is used
in large industries and power
generations, 18 % of water for rural
and urban use, and 62 % of water
resources are used for agriculture
and irrigation (Roux et a/., 2012).
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Introduction

« Agriculture and irrigation sector in
South Africa consume more water
resources than other sector.

 Low thermal efficiency in CSP plant
using air-cooled system
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Introduction

 To analyze the possibility of
diverting water that passed through
a condenser to agricultural purposes
or not.

 To compare the improved thermal
efficiency against condenser fouling
factor.
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Introduction

 To compare the improved thermal
efficiency against air-cooled
efficiency.

* To identify the agricultural
constraints.
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SP Plant

Modelling
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CSP Plant
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CSP Plant

Cooling water occurence
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@ 50.00%
(&
c
(]
5 40.00%
[&]
(&
o
> 30.00%
=
>
2 20.00%
T
>
c 10.00% I
<

o0 — L] [] L]

-5 0-5 05-10 10-15 15-20 20-25 25-30 30-35

Cooling water temperature [°C]

6" Annual STERG /
STERG P : \ TERG - A
STELLENBOSCH Symposium AN visit concentrating.sun.ac.za
DNIVERSITY contact sterg@sun.ac.za

1918-2018



CSP Plant
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Steam pressure at outlet steam
generator =130 MPa

Steam temperature at outlet steam
generator = 540 °C

Reheat temperature = 540 °C
Electric Generator efficiency = 0.98
Inlet cooling water temperature 21.1 °C
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CSP Plant

« Feed-water heater at inlet steam
generator =130 MPa

 Feed-water heater temperature at inlet
steam generator = 220 °C

« Temperature rise across each feed-
water heater are equal
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CSP Plant

 Total power output at the electric
generator =50 MW,

« Exit pressure pump (P2) is equal to
the Deaerator pressure

« EXit pressure pump (P2) is equal to
the inlet pressure at the steam
generator
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CSP Plant

* The efficiency of high pressure turbine
= 0.90

* The efficiency of intermediate pressure
turbine = 0.85

* The efficiency of low pressure turbine =
0.82
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CSP Plant

 Steam generator
Qs = Mp1(hssg — hp1)  Qry = Mgse(hrs — hsy)
M éps (Tis - Tos) = Mpy (hSSG - hFl) + Mgy (hRS - hSH)

e Turbine

Whpr = 7”."1511 (hssg — hsy) + syy (hssg — hsyn)
Wipr = n:lSI(hRS — hg) + Msp (hrs — hsp)

wypr = Mg (hsy — hsy) + gy (hsy — hspy)
 Feed pump

Wpy = Mgz (Mg — Aps)

Wpy = Mpg(hps — Apg)
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CSP Plant

« Feed-water heater
Tg1 — T
T, = Fllv ik MspH (hSHH - hCSl) = Mp, (hFl - hpz)
fwh

Mp3(hp3) = Mpg(hps) + megq (hest) + Mesa(hesz) + misp (hsp)

tsry (hsiy — hesz) = Mps(hpy — hps)

 Thermal efficiency
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CSP Plant
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CSP Plant 0

I o
Energy supplied to steam generator ki/kg 104719.3 111555.2

Efficiency % 47.7 44.8

/s w5 s
o s0 -
I P P
Energy supplied to steam generator ki/kg 104719.3 104719.3

% 47.7 44.8

ey
. © 4

6th Annual STERG T
Q S T E R G ?mxfsssgﬂ; i E R isit concentrating.sun.ac.za
STELLENBOSCH Symposium N/ visi g.sun.ac.
STELLENBOSCH, SOUTH AFRICA SOLAR THERMAL ENERGY contact sterg@sun.ac.za

SOLAR THERMAL ENERGY UNIVERSITY
e 18 - 19 JULY 2019 RESEARCH GROUP

RESEARCH GROUP



CSP Plant

Results
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CSP Plant

Results
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CSP Plant

« Agricultural constraint includes

government policy, water demand
and water temperature

 Environment impact includes water
quality, and water quantity.
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CSP Plant

* Once through cooling could be used
to increase the CSP plant
performance and at the same use
the discharge water for agricultural
purposes.
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THANK YOU

CONTACT DETAILS:

Abiola G. Kehinde

Solar Thermal Energy Research
Group (STERQG)

Stellenbosch University

South Africa

20851634@sun.ac.za s
+27 (0)61 655 1152




