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28% MR HER I, H RE 2 4E BB TR AUAS | R HE B M RE A = 3 2 (W IRAS BE 47 19 97 v 5 7 A

K BEWR : OB O YRR BT AR IRE TR AL AR 3T 5 SRHEBUR AL s BERAR T BRGE 5 T £
HESES . TP272  XBEED: A  XEHS:1673-4785(2025)01-0139-11

RS AR ERE, Bk, NER, & BEFORABRKTRENARXTRTREMAUER J]. BRREFH, 2025,
20(1): 139-149.

#1325 A#&3(: LI Qinghua, RAN Yongyi, LIU Qichen, et al. Proactive intelligent energy-saving optimization algorithm for data
center CCHP system[J]. CAAI transactions on intelligent systems, 2025, 20(1): 139-149.

Proactive intelligent energy-saving optimization algorithm for
data center CCHP system

LI Qinghua', RAN Yongyi', LIU Qichen?, SUN Tongyao', CHEN Shuangwu’, LUO Jiangtao'

(1. School of Communication and Information Engineering, Chongqing University of Posts and Telecommunications, Chongqing
400065, China; 2. School of Architecture, Planning and Landscape, Newcastle University, Newcastle NE1 7RU, England; 3. School
of Information Science and Technology, University of Science and Technology of China, Hefei 230027, China)

Abstract: The existing methods for energy-saving and carbon reduction optimization in data centers lack a comprehens-
ive consideration of the coupling of carbon footprint-related factors, including energy input, production consumption,
and waste utilization. This limitation hinders the achievement of systematic energy-saving and carbon reduction. To ad-
dress this issue, a deep reinforcement learning-based optimization algorithm, named DeepCCHP, is proposed. This al-
gorithm focuses on the combined cooling, heating and power generation (CCHP) in data centers, employing coordin-
ated control of the power supply and cooling systems to optimize electricity cost, carbon emissions, and PUE. Deep-
CCHP integrates a long and short-term time-series network-attention (LSTNet-Attn) for multi-dimensional time series
forecasting and a deep reinforcement learning approach to solve the joint optimization problem, achieving proactive
joint control of power generation and cooling equipment. The algorithm is validated through training and verification us-
ing Alibaba data center cluster data in a simulation environment based on Trnsys software. Experimental results demon-
strate that, compared with baseline algorithms, the DeepCCHP algorithm can achieve up to 40% cost savings and 28%
reduction in carbon emissions. It also demonstrates a better trade-off and balance among energy cost, carbon emissions,
and energy efficiency.

Keywords: green data center; combined cooling, heating and power generation; intelligent energy-saving; deep rein-

forcement learning; carbon emission optimization; energy efficiency improvement; joint control; predictive network
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R T R AL 3 B P, DeepCCHP 7E Actor
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Fig. 2 Prediction network architecture of DeepCCHP
3.3 DeepCCHP EiEE Z&E N
DeepCCHP 1Y [] &2 2% B Fh 4 22 9 455 1 45 14
DL RIR 78525 18] F1 8l 4 25 6] 2[R 2k € . DeepCCHP
RIREVRHH P RZE R4S 1 () Q ()AL, (BB 1 (0)
WHLIZEELE, Qe Lo iR, 58
e IEL | E‘J%E;, ?#I‘ﬂ’ﬁi%fﬁﬁ PATHR N
O[N(S)§S Y2X Y L TN W E+
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Lo-1
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S & FIEL S8 0 0 (8) 1 o) 55 112 1 M 25 T4
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JZ, N(s)FT N () 53 551 22 7 R 25 23 (8] A 8 A 25 1)
P AEEI o A7 P25 X 2% 235 ) 2% [T 3 1, D) 5 4 B e
TRE mEANVE M ELERE . AR AT a5 4= B
Al LR IR A
ON(s)+N (W)
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1 FiR o

X1 DeepCCHP

H]IN: wMoREHLRIIH1E Critic M4 Q (s, a; w) Fl
Actor M4 u(s; ¢), WIIRIL BRI SEL, o « w,
¢ — ¢, VIR AL L5 B0 R

1) For episode = 12 000 do:

2) FEHLME RS N TR AL, FRAS R iRtk A

3) For do:

4) M u(s; ) H AR I S FR s, BB SNE a, =
u(ss)+N,

5) AT SIE a,, 13 2 e, SREREA R
S (s anr, s, FEALL PO R

6) M\ R MR AF batch_size 450, MRHEL (11)
HEHA O fHy,

7) ¥ B AR Ey AC AR A% (10), {8 R AR
R T BT Critic M S8 w

gEan gk
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8) MR 4G (11) fd FH A6 HE LT+ 58 Actor 9 4%
IS¢

9) B Hr H AR Critic A& S o « Lo+
(I1-A)w

10) B35 H AR Actor MEZE K S5 ¢ « Lo+
(1-2)¢

11) BRARZS 5,0 BEE 9 S EDIR A s,

12) End for

13) End for

4 LIEER G

R B EAS SRR M PERE, AT ET
Trnsys FAFAVEARE T O BLEE R, IF o Hr 2 e 4h
41 ZWSHEHIEE
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ﬂ@%?ﬁ%sw =0.2, *ETE&*EEP‘[L‘&)ﬁ‘%mTi@%
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RERAN =25 Hz, ¥ UR7K Ve HIK 181 2% 1 4% F2 34
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(RIBRHETL R T Eg = 0.448 3 AEVE K Ty 1, 4
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Table 1 Energy price list
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AL 512,256 F1 64 ANHPZE T, Hifth—sL X
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Fig. 3 Trnsys simulation environment
42 MREIEIRSEERR

R T IPAG TR IR R R PR, R LT LA
[EE{ER AT

PUE: JIr §2 ) 9 8008 o0 as 17— 2 R 1Y -F- 2
RERL, RiksE LI (6).

BUAS s 4 ) B B H o is AT — B R Y RE A
A, BgsE LW (7)),

CDE: r& il i85l tho iz 17— B R — 4
et =, BARE I (8),

ARSCREUT 4 FpRLER LS pr4g B9 Deep-
CCHP S35 047 LR

FEL(following the electrical load)™: %% 7% F
FET RNy AR PGU 1) & HL D)3, S8
e/ MESMRH TR . S T 5z OSCER A T
B, EC ¥ TR K H 7Kl R R A 8 e /ME (PRIIE
s oL E 4.

OCM(operating cost-aware energy management)™”:
WAETE FEL kAT 1 BGH, 7e LA 25 08 T
XoF BE PR AN A i ] TB] A2 Bl 1A% B0, S5 BB B A R
HIPREE B, WD T BARIE B A

DQN based(deep Q-network based)™: 1% 5.k
¥4 DeepCCHP H i 25 1) 2 /25 (8] S #U ikl 9 1~ 3)
A, $5 1 e (AR A T A T D AN AR A,
R S VE 23 8] 0] LLR IR N A = {Pogy, TS| (+Po, +T0)
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0.5 C,

PGO(power grid only)P%: iZ B L% & T —4>
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[ 4 °& DeepCHHP %3 Fll DQN based 575 1
RSt Ze . SL0 (A TR EL P I R R AR A R
B2 %I B9 Cluster-trace-v2018 F119 8 d £ 55 %4,
e 2 praw, Br B machine usage.csv H 4 % HL
#x ID | B[R] 8 . CPU R RSB, HHi7d
AR 55 B T TN 25500, 56 8 R T&
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Fig. 4 Reward convergence curve
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Fig.5 Comparison of power consumption and perform-
ance indicators
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