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Abstract: In order to realize the advanced adiabatic compressed air energy storage (AA-CAES) system participates
in AGC frequency regulation in wide load range, and ensure the regulation rate does not exceed the Guangdong
Frequency Regulation Auxiliary Service Market Transaction Rules (to avoid generating checking energy), a control
strategy with multi-level segmented parameter setting PID controller participating in the frequency regulation of
unit automatic generation control (AGC) is proposed. Through APROS simulation platform, the response of 10 MW
AA-CAES unit to AGC control instructions is simulated by using a single set of PID controllers and three sets of
PID controllers. The research results show that, when the AA-CAES power generation system unit adopts one set
of PID controller to respond to the AGC control instructions in wide load section range, the frequency modulation
performance index K; is greater than 5, which increases the assessment power of the energy storage power station
and causes economic losses. When the unit adopts three sets of PID controllers with different parameters to optimize
the frequency modulation performance index, the frequency modulation performance index K is within the required
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range, thereby the possibility of generating electricity for assessment is avoided and the economic benefits of the
AA-CAES power generation system participating in auxiliary frequency modulation service is effectively improved.
Key words: advanced adiabatic compressed air energy storage; frequency regulation auxiliary service; PID

controller; AGC performance evaluation
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Fig.1 Basic structure of the AA-CAES system during energy
release stage
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Tab.1 Basic design parameters of 10 MW-level AA-CAES system

TH il
FEREDIZIMW 10
FERE R J/MPa 7
it e fac = B 1 /MPa 10
i AR m? 6 000
WHEE F1IMPa 0.1
HETIREIK 298
10 MW BERERT E]/s 6 550
B AGER K 403
&R J1IMPa 0.4
B TEREIK 298
B HEE J1/IMPa 0.1

S H, RAFREN BAS RIERNLEE Tl
ITZHNR 2, KL H D)2 A0y 10.41 MW,
KELIE TR A 9.99 MW, S5¥iHEMwRZE N
0.1%, 7E LFEAVFEREIN, BEAIUER.

%2 FRERNEELREITSH
Tab.2 Operating parameters of various expanders under
rated operating conditions

AR AL E 1 2 3 4
A F3/MPa 7 2.461 0.854 0.283
H 171 £ f3/MPa 2.481 0.874 0.303 0.100
AN FHREIC 82 82 82 82
H R EIC 14.4 76 10.0 184
He P R4 /MPa 0.02 0.02 0.02 0.02
BT SR RERE/(kgst)  36.98 36.98 36.98 36.98
2Kt 2.82 2.82 2.82 2.82
IR 0.88 0.88 0.88 0.88
TR IMW 25168 27590 26728 24564
E55/(r min-t) 3000 3000 3000 3000
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Fig.2 The control logic of PID controller participating AGC
frequency modulation during normal load operation
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Tab.3 Frequency modulation performance indexes for wide
load range (a set of PID controller)

MK X [F/MW

NG EEA

50~55 6.0~65 7.0~75 8.0-85 9.0~95
Ki 6.124 5.356 5.144 5.038 4272
Kz 0.990 0.988 0.989 0.988 0.987
Ks 0.987 0.987 0.973 0.973 0.967
K 3.556 3.172 3.063 3.009 2.624
rREFEEZLE 2 P & & &
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Fig.3 Selection process of PID controller
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Fig.4 Logic diagram of operational control process of three PID controllers
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Tab.4 Frequency regulation performance index of wide load
section (three PID controllers)

M X [E/MW

Mk EbR

5.0~55 6.0~6.5 7.0~7.5 8.0~8.5
Ky 4.923 4.299 4.372 4.308
K2 0.987 0.985 0.986 0.986
Ks 0.987 0.987 0.973 0.973
K 2.955 2.642 2.676 2.644
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Fig.5 The influence of different sets of PID controller on
frequency modulation performance index
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