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Abstract  Cleanroom air conditioning in microelectronics requires high energy input, high precision, and continuous operation,
accounting for 40% - 60% of the total plant energy consumption. Most reviews concentrate on a single technology and lack systematic
classification and engineering adaptation analysis. Thus, they fail to support low-carbon manufacturing for advanced processes and dual
carbon goals. Focusing on systematic energy savings, this study used bibliometric analysis and inductive review to summarize key
technical routes, application fields, and research developments across four aspects: air systems, cold and heat sources, intelligent
control, and energy recovery. Technical limitations are also analyzed, and future development trends are predicted. The results indicate
that improvement of air systems, rational allocation of cold and heat sources, intelligent control techniques, and energy recovery
technologies can achieve an energy-saving rate of 10% - 39%. Multi-technology integration and cooperation, digital twins, and low
Global Warming Potential (GWP) refrigerants have emerged as dominant research themes. The industry still faces significant challenges,
including low technology implementation rates, unresolved coupling mechanisms, a lack of comprehensive life-cycle evaluations, and
divergent industry standards. This study builds a complete energy-saving technology framework and clarifies the potential energy-saving
and optimization directions, with the aim of providing a systematic theoretical framework and an engineering foundation for the energy-
saving design, operational optimization, and technological upgrading of cleanroom air conditioning systems in microelectronics.
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Fig.1 Newly constructed cleanroom area in China and

energy consumption structure of clean air conditioning

FEREAMC T 29% i A ) B REFERRAC T 2. 1%; ). M.
Tsao 25/ I & T DCC (T #1445,
coil ) 5 MAU NG KGRI NS 7 28, R 1T T
L MAU RS REHR35 49. 1%, A RHLAS A
Z VLG far PR B R G A B A T A S £ 7 1)
1, B BUK i RR08 SEPRVE ML T AR A DG R
CL A S0 Alb R AR FH o v Rl b X R 3%
R I 5 RS A A A S R 3 A D DB —
WAL R G4 598 7 19 7% 7%« Yin Jiawen
AU R B X VIR RS T R T AT AT IR AIE , 2 1T &R
S Bt BOH PRI 5 ] R RISy 22002 A T
f A 5 fiE i AT ik 621 kW -h/m?, (5 25 I B fE FE /Y

dry cooling



i G OB AT S T R G BEHOR I 2 5 Bk

20. 2% ; Ma Zhiyao 252225 % KUBL i REFE 1] 151, 3 4iF
T REARE KR 5 A A A T BEACR , FFU
(XHLIT pE 2R ML, fan filter unit) XUHL I 2 A] 95 44
25. 8% ~ 29. 0%; Zhao Jiaan 522V AR 2 A PR 5
RIS A T N BB ) FRU 28 1 3 s, RE 0% o 2>
18 X 4SS & 42% ~ 55. 3% Jia Lizhi 22 JF & ) f#
P H RS AT RERATIE 15, 1%, W E L THE5R%
VA%, EPR L, 3E E 50 E T8 A 4 il
SR RIS W, K. Brown ™25 iR $4 A1 4575 fig
FoAR 5 Sun Wei ™ i) FH S B 0K A 8% 28 B 15 18 75 JRUAIL
B S S P BE 5 Xu Tengfang > 38 1o fl PR 55 1 22 F
ST, ik T 25 N dE R s i e R R AT ATk AR
R Hl B HE TR 5 S, Villarreal 5572 K BHAE G AR
L E T AR TERERL; H. Taboada %64 &R T
KR PRI e R A E PR H . B AS
i [ ) R ARV IR R 8 5 HE KR AR ETHA : Song Y. HL
EDUPEAL T SRR RS, R RA EIE LA
FH ¥ A B Ve VR K S 45 o, AR AR FL R B AIR 29 35%; HL
Suzuki 72 5@ oF 5 B AHU (25 S A #E AL 4, air
handling unit) e #G# F13 EE K , $2 T+ 4 2485035 24%
TS RGN HE 3% G. S, Song 55 YA Ak
Ve TSCHE XA 34, SEIIE I 48 3 R el 1%
BRRY . XIHFOIE N T4 B AR H AR KL .
BARE NAMERF ST B2 T 280 1R
T H YR S I v s YT RE UK TH A FE 3R
W A R 2 Ak 2 T R R RER R T . FER G
AT, NR S KRG R G K2 R4 B
SEHEAT ORI FL TR R A HLER P R] 5 BEAIL L
ANK IR . BIANAE R RE AR Dy T, Bh A AT IE I L 2
SR S W I 58 AN 8 38 40, T E S8 UE AT KIH
o7 4 T2 LA 5 AR AR T T, HE U VR A R
FH BB GAEV S5 R AR 00 1 P ARR , v a8 B T 8
D R G B UG 5 A T AR I, A5 AR S B
T LS B BT AEAR RS SR T AR
AR ERRIEANE 585 . AH T EPREHZE 3K
E 2R ARRE A KBS 0 Rk briEfk
iU X S A AF AR 220 . A SCIRZ S 7
Jei iR E AR CHE I, X 4 R G RE AR AR E
PE LEA MR RS, £ XF IS0 1~3 4 i i 1t
XA RBEE AR B2 X H UL = e DLtk — 2P
20 ) AR AR B 1 0 5 oK . U iR 2 T A — 3
ARAG AW i BOR EHE RS T E s S
FERIN AT b3 V175 24 1 R G B AR BRIP4
AR SN ol L 35 v A R T RE R A 5 BRI
AR & REERREIF R G LR R IEE 5 BUR

R) A B A 2 R R X, R B AT T 5 Y T R R
0L . T8 1 A B A B 5 R S T AR N S
B, MR GEA AL V2 PR B T R4 ) L BB 2 [T i
A FETETT ), TG R B R () A SEE I T
RETE 7, 9 HXF L A I A Rl R TE 1SO 1~8 9 i)
G A P B0 a8 AR 355 R PR AT B A R g
RUBL B HLAEAZ O A 1 RE G A . AR SC L
TR S B FR G0 4 R DR R 4 2 g
BATI R DI , P th ML RS2 {51 G HE S8 M, 5 h
TR RGN G Sl B TR AL A D T A
FE 0 R e 2 A | TR 5 AR 3515 & FE BELAS, ] Ryl H
TS AT RE R AR R RS T B 1
e LIS IRIE FIT R 2% |
1 EBFEFETARSEZO TR AR
RitE

TR 3t v 2 R R G LA SRR AR L RRRE LR
JERIZITRHE, TRERE AR C B ZE MR G R R Y
Rl | AR I MU 4 A J7 R LR AR AR R . K
F G0 A BEAR S 4 e AR 5 ABHE T B A A O, 2 3R
U5 5 £E BB A T 5 B o7 i 67 DG E , 485 R 4 il 2 3 8
SALTUME , B8 & ) TR S A ORI
4 JSH AR A B S HE U R 3G A, L (R 1 A 3
W RE A O ARKELE O R ki s 1T
AR AL S 5 S e S 48 . AR X DY R A0 5 g
ARG IR AR B AR 1 518 A s ii T
FEE, BB H AR % R
1.1 BEFEHFETARNREMRAITAR

WFR G 2 Bl 3t v s R ) EERERE 0T L B
FE 15 25 U4 R 58 MBERENY 20% ~ 40% , 5 e CHE TS
WAL AL B SR B BT C 5 2R S0 B 7 A .
MRS FERERALE AR X L an e 1 i . 1558
B — A% A5 0o e e S BT 7R I B XU R 9,
TR R A A0 A A 38 5] B BT 1 Tk ] I S R AR B
JRUER AR LRAIE 33 v B 1 W4 T BB FE 1T R AIK 56% ~
60% . [l PN 4M 25 38 o BUE AL 5 B S S
HrE AUz e A Jm ' RS Gl S
T AT Z W RS2 , 8 A5 w] 52 2y
18% (I MLRITT ER IEFL 1SO 4 ~ 7T M5 IRES . S
DB AL BB AT X 3 1 [l R, 76 5 2 I v 4%
T, A 3R PR R BT RIS XLRERE™, R B fE
PO 20T B = I 38 AR i )
Hesd e . B E BB AT AT AR AR AR P i Bl
2% XU B AIK 43. 8% , MUAILIIFEREAIL 59. 1%, H g 4E+F
FEZERRE . R ARBH SRS g 45 7T e 2 PRI R &

R 3 _



BATRE T 300 Pa L _E20 e XS T XU i) B i 9
GBI A ) g — D R AR XL L REFE . A1, 2o
B A B BE 0 P RE A2 X3 R ) 2 S B R S
i oo X TRE R R HE . MRS i

Yy B3 s AT UL Y R Sk DA i A
PERE R U BE A 58 B BOREE , A1) b5 1 RE S
4 L FE IS

R1 KRG BER AKX TS L

Tab.1 Comparative study on air system energy saving technologies
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Fig.2 Comparison of characteristics of different types of air filters
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Tab.2 Comparative study on different types of filters
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Fig.3 High-efficiency energy-saving technology route for cold and heat source systems in microelectronics cleanrooms
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Tab.3 Comparative study on high-efficiency configuration energy-saving technologies for cold and heat sources
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Tab.4 Comparative study on related research of intelligent control energy-saving technologies
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