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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 eral , 2012).
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Introduction

e 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.

e To identify the agricultural
constraints.
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CSP Plant

Modelling
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CSP Plant
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CSP Plant

Cooling water occurence
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CSP Plant

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 watertemperature =211°C
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CSP Plant

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

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

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

o Total power output at the electric
generator = 50 MW

o EXxit pressure pump (P2) is equal to
the Deaerator pressure

o EXxit 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

e Steam generator
Qs = Mpy(hssg — hp1)  Qry = Mgse (hgrs — hsy)
g Cps(Tis — Tps) = Mgy (hssg — hpq) + Mgy (hrs — hsy)

e Turbine

Whpr = 7.hSH (hssg — hsy) + syy (hssg — hsyn)
Wipr = Mgy (hrs — hgp) + Msp (hgs — hsp)

wypr = Mgy (hsy — hgp) + Mgy (hsy — hspy)
 Feed pump

Wpy = Mhpz(hpp, — hps)

Wpy = Thpg(hps — hpg)
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CSP Plant

e Feed -water heater

Tp, — T, . .
T = = ki Msyy (hsyy — hest) = Mpp(hpy — hpy)

N
fwh
Mp3(hp3) = Mpy(hps) + Megq (hest) + Mesa (hesz) + misp (hsp)
Mgy (hSLH - hcsz) = Mgs (hF4 - th)

 Thermal efficiency
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CSP Plant

ATC,W: Tewo — Tewi

Water 1 Tewo = 2 Pz + Tewi
? m- MewCp,ew TTD =Ts — Tewo
0CC ITD =T, —T,,; Cooling water output temperature = 28.1 °C
=) Change in cooling water temperature = 7 °C

Water out . . o
Terminal temperature difference = 5 °C

(TC,si - TC,WO) - (TC,SO - TC,Wi) (T[dZLeffkfs N >_1
—_ Usg

Tesi — T, d, —d
] ( C,st C,wo) 3 2
Qc,m i TC,so - TC,WL'

R]’clc = T[dlLeff

(% ReWPrW)

— | mleprkrw 0
1+12.7 gD) (Pr2/3 —1)

B etM Annual STERG S E R G
S TER G ts STELLENBOSCH IUU Symposium




CSP Plant 1)

R_esults

| units | oncethroughcooling
Energy supplied to steam generator ki/kg 104719.3 111555.2

Efficiency % a47.7 44.8

Mass flow rate kg/s 35.54 37.86

Power output MW, 50 50

I ) [F——
ki/kg 104719.3 104719.3
Wi e o
. 0w

@sTERG  pg i JOO @ STERG . cemann @

SOLAR THERMAL ENERGY UNIVERSITY STELLENBOSCH, SOUTH AFRICA SOLAR THERMAL ENERGY contact sterg@sun.ac.za

o s 18 - 19 JULY 2019 RESEARCH GROUP



CSP Plant
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CSP Plant

R_esults
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CSP Plant

e Agricultural constraint includes
government policy, water demand
and water temperature
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CSP Plant

e 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 (STERG)

Stellenbosch University

South Africa
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+27 (0)61 655 1152
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