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Daily operating mode optimization for parabolic trough concentrated solar
power station by considering start-up energy consumption
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Abstract: The start-up energy consumption of parabolic trough concentrated solar power (PTCSP) systems is
high due to the characteristics of their daily start-up and shut-down processes. To reduce this energy consumption,
quasi-steady state models for a 50 MW PTCSP are established, and a daily optimal operating mode is proposed by
replacing the start-up and shut-down processes with low-load operation. The critical shut-down time is derived
theoretically to determine whether the optimal operating mode could reduce energy consumption. The results
show that, the daily accumulated electricity production of a PTCSP can be improved by 16.3~26.3 MW h with the
optimal operating mode when the electricity production decreases from 25% to 10% of the rated production under
low-load condition. When the initial energy storage duration in the thermal energy storage system increases from
0 to 3.0 h, the daily accumulated electricity production of the PTCSP system can be improved by 7.2~8.1 MW .
Additionally, the critical shut-down time of the PTCSP system is 14.0 h when the load is 15% of the rated
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electricity production under low-load operating conditions. The start-up energy consumption of the PTCSP system
with the optimal operating mode can be reduced when the practical shut-down time is shorter than the critical
shut-down time. The annual electricity production of the PTCSP system can be increased by 0.9% with the

optimal operating mode.

Key words: solar thermal power generation; start-up energy consumption; operation optimization; critical

shut-down time
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Fig.1 Schematic diagram of working principle of the parabolic trough concentrated solar power plant
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Fig.6 Critical shut-down time of the unit
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PG 55 I8 R Bl AERE RIS SOE I R G HAEAT 7 SRR 7T 95

HAT, SeR e R ARIZAT 614 v 15%THA,
WG BLZH (s S AL () 14.0 h,  RIALZH AEE AL
I (AT 14.0 h i, A ARAIEAT 77 T DL bl
HEmE. DIAFEIREIRIE i %A, ddml
AT 77, BRARISAT e 15%THA B, J
FRH G ) 4 R R R AT AN 1.85 GW h (0.9% ).

44 it

ASCELHFFE 50 MW A GRS, 6
3l (1) H s AT 77 AT 7O @ 4 S 3R A5 I 57
ML RFERR, 258 M HERRGMENE, L
PR LA e AT 7 R g okl s, M
NHLTIBAT N s AT e ke 2 . s AT
T A ARG FA s ) RERE, $R ik B AR
A

D FBOGRARSISARTIIZ, AL &4 H A
bR, A, TE AR GHT, BELHE
Ul 18 AT K AT B 9 R B ) R N 25%THA ff &
10%THA, LAzt T 7 0] LAME 4 H &S &
HH I 1 16.3~26.3 MW h.

2) IR I /T, RS RSBV
&0l DAL e etz 17 5 N 4 B AL Ah kL
o fE 4 MUBIHART, FEEMRRERYILGE
BT 0 h 3% 3 h, HLAEAAIZ AT 77 AT LA
4 HAA & RS N 7.3~8.1 MW h,

3) FLAHIBATARS A K LTI Z N 15%THA I, |
FHSHUR L 14 h, 4L AL TR TG S LR
(BT, AFFHAIZ AT 77 A T DG L2 &

4) @A, R R
FLE A LA N 1.85 GW h (0.9%).
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