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Low-carbon green energy methods for SG photovoltaic station based on
the deep actor-critic strategy

DENG Cuiyan', QI Xiaogang®
(1. Jinzhong College of Information, Jinzhong 030800, China; 2. School of Mathematics and Statistics, Xidian University, Xi’an
710071, China)

Abstract: The large-scale application of 5G ultra-broadband technology and IoT devices has significantly increased en-
ergy consumption, operational costs, and CO2 emissions. For example, a single 5G base station can consume approxim-
ately 2,000 W, incurring monthly electricity costs of about 1,000 yuan. With the development of the photovoltaic in-
dustry, integrating clean energy sources into high-power 5G networks has emerged as a promising approach to support
low-carbon development. This paper proposes a low-carbon energy management method for 5G networks based on a
deep actor-critic (DAC) strategy, which replaces conventional grid power with photovoltaic energy. An integrated en-
ergy storage model combining photovoltaic systems, battery storage, and grid connectivity is developed. A DAC-based
optimization strategy is then applied to maximize carbon emission reductions and improve the efficiency of green en-
ergy supply. To support this strategy, a 5G network power supply agent is constructed using the A3C algorithm in con-
junction with a deep Q-network, enabling dynamic energy optimization. By optimizing reward functions, the proposed
method achieves high energy efficiency. Simulation results demonstrate that, across different seasons, the proposed
method outperforms both Q-learning and the deep Q-network algorithms in improving network energy efficiency,
thereby advancing low-carbon and green energy objectives.

Keywords: 5G low-carbon green energy; photovoltaic; DAC energy-saving strategy; reinforcement learning; power-
saving strategy; agent; power grid; battery
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5 il R BCRE B RE 1A Y 2 L T8 o — S AR R AT
w1k,

TE ) ¢, B REAR SRS N s (o), AT Bl AE:
a(t) )5, IR BUE S

R(s(1), (1) = exp(=C*(1) - C*(1))

T A3C BE R, B REMRAE S « 4> 18] 7] B N
AT 58— S5 2 22 5 R(s(0), a(0) T3 e R
2l O {H.:

Q) =E

k=t

APy e 0,1 R R &, R 5 AR Y
PR B 52 a0, PR A8 B g A 2 Wi 1/ )
42 DAC FE3HEE

DAC R A A3C B3k, il id = ) fid
FARE-IMEZ M AR R L 0 E, B3 M
2h2p o] R Y H Y

O(s(0),a(t)) = E[r(1)|s(1),a(®)]

B REATE BRI RN R] B ARAFAI R 1Y (s(), a(7))
ARG, i 3 i KA 2 JAl (B 5 I T 45 o A 1
O(s(0),a(1)) , A

a(t) = argmax Q(s(),a;0)

Xrh: ORIREEAR YIRS EL, o B REAR 1Y FE I
HLZIAE

DAC # g jth 42 il Bk Dy AU a5 1 s

BiA1  DAC & it s il 5k

W HEMINFET K d(r) KGR R G e
g, I<t<T

Mt E R AR 3 MR a(o),
I<i<T

1) ¥ i Ak 5% vh 23 [8] (replay buffer, RB), ¥ H. %8
HAHE LA N;

2) W4 actor, critic 4%, i HBEHLILE (6, 0;

3) WA K actor ., critic W £%, AL {H 6=0;

4) Y8 BRI 25 ) 25 45574 .

5) for e=1:M do:

6) for =1:T do:

7) AR B i Bl PR R s(0);

8) AT INE a(r) 3R M1 i E #(2) T s(e+1):

arg max Q(s(?),a(t),0), prob = ¢

Zﬁwmﬂ

alt) = {randomaction,prob =1-¢
9) £t (s(), a(0), r(1), s(z+ 1)) | RB;
10) R & 2B RB HBEHLIEI 2 50 5 -
(s(@),a(i),r@@),s@+1)) from RB b every £
11) AT 9 28 B35«

) r(t), terminats at step £+ 1
| r@+ymax {Q (s(t+ 1),atr=1):0) }, Jeht

12) $AT SGD R 2 (0 - O(s,a;0))*, T 0;

13) G B EH O = 0;

14) end

15) end

R T T A3C AR E I, TERRIYI 2R
b AR R RN 3 TR

KIEIMX AR BRI ESEE (), a),
r(t), s(t+ 1)) N 2R J5 RS 5 Buds, Rk O R
) S B BB

BfRM  HbR ML A A S 5030 8 D
H Y25 4, AT DA — g Jl 0 s ][] B 19 2 20
7, HAR M TR G5 28 P A7 U1 e S 301 52 i 1
R 48 AL

KR E  DAC MY 2K ok B0 K S PR it
BRI O 14 5 F AR W4 3151 QIE AR LL 3R 75451
JAl, HAt R

Loss() « E [Q— Q(s(t),a(t);6)’]

Kok Hs M4 AL E S5, NGB ED K
i) B 7 Je I 25 I 2% o B 4% DUE 21 B AR X 25 0,
2 H bR 25 1) 2 Jily R E R

Q  r(t) +ymax(t-+ DQ(s(t + 1),a(t + 1);9)

5 P B I F Fu st H AT

ASCH SR Y DAC R E 5G G Re kAR
WFFE b, AR T A4 1 40 B RS 5 LYk FH A [
HHREMEN T, 251k H DAC. DQN Al Q-
learning, XF 5G YE AR JE 55 35 RE U B (&5 201
HLBE S B R () 4T T X LT, 26 1 2024
A 1—12 H 5G ARl iz 4 A, H b Bl g
A E TP MR S N N & S S D NEA
4t, F BRI ARIRAS R E R 0, B H b A SRR
M5 DAC 2 RE A FE 0 H B 0L A 7 52 B 8T

F1 5GHRERSHEE
Table 1 S5G photovoltaic site operation data
i a] HLvlifig JetRhE
2024-07-17T03:00:00 639 0
2024-07-17T04:00:00 646 0
2024-07-17T05:00:00 789 312
2024-07-17T06:00:00 855 514
2024-07-17T07:00:00 997 568
2024-07-17T08:00:00 1402 756
2024-07-17T09:00:00 1 898 987
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Table 2 5G model parameter settings

ZHA SHAL TR BE
PR E 1 /d 30
2R An AEFEMNH% (A )/(OL/(kW b)) 0.45
EHIIRFERE(A,)/OT/(kW-h)) 2168
TR (0)/ % 85
FEHCEB)/ % 99.9
LRI RAUTERE I [ (SOE, )/ % 10
R FEHIRRIF(R+)KW 16
A IIHE(R-)KW 8
TR LR ()W 4950
Stk SR AR (A, )/ 7T 31600
A=A A (LR /A 25
- REITIERE() 0.95
Y SAI(r)/d 30

52 DAC BT RESLH

3 F PyTorch # 8 DAC 22 B A, 1 S Xt
DAC #ATIREINZR, Y kit #2 b actor & critic M
25 NP R & 7 iR .
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Fig.7 DAC model training result
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Fig. 8 Energy-saving effectiveness of DAC in 5G
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Fig. 9 Comparison of different reinforcement learning al-

gorithms

T AL 51 AR BB IR I B H DAC SR 5
5G M 48 SR BEAIRAR BUR , A SC% BN [l 2251 IR
SRIET 5G HUF SRR T RE AR, A K HF K.
ZRINTEAW RN ZEMY 5, @i DAC K
FEATR B 2715 T #EAT SR RE T Re 40 i, &1 10 SH AR
SRR B FEL D) R b RO AR O YA BB R 43 A I L,
AT LLE KOG IR 58 2 i), 76 10:00—16:00 Y6 E
5 BRI, AR RERE 8 5¢ 20 2 5G R fit
AR, LB 5G SEREMRRRLIZTT .



1205 « SR, 55 BT IR IEAT VTR RIS /Y 5G YGIR Feuf laR ot i 7 ik 551
2500 - A i eSO o 3 I S A SO A R B R AR ]
§2000 B LR 4 434 o0, WD BRHERL 9 to A2k
= R WS Y AR RAUE B AR O, E—2 R

00:00  04:00 08:00 12:00 16:00  20:00  24:00
g
(a) BX
2500 o
= [ =N A s <22 s 1B 7N
<=
= 2000
=
£ 1500
&
e
221000
4o
;ﬂ:ﬁ\4
5 500
w
00:00  04:00 08:00 12:00 16:00  20:00  24:00
g
(b) HFK
2500 L ‘
_ N o Fde e UK
=
= 2000 -
<
1500k
&
o
221000 -
Eens
%E\*
5 500 Il .
vy
00:00  04:00 08:00 12:00 16:00 20:00  24:00
ibg]
(¢) &K
B 10 34N 5G ELsEFENH

Fig. 10 Energy consumption analysis of 5G base stations
in three seasons
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