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Adoption of Artificial Intelligence and the Quantity & Quality Improvement of
Green Innovation in Manufacturing
——Based on the Inverted U-shaped Moderating Effect of Financing Constraints

Zhao Xiangxin, Shen Danhong’
(School of Economics and Management, North University of China, Taiyuan 030051, China)

Abstract: China’s 14th Five-Year Plan for Intelligent Manufacturing Development clearly states the need
to promote the innovative application of artificial intelligence (AD) technology in the field of green manufacturing
and develop intelligent green equipment and products. Can the adoption of Al technology in the manufacturing
industry achieve incremental quantity and quality improvement? To answer and verify this question, this paper
selects panel data from Chinese A-share listed manufacturing companies from 2012 to 2023 as the research sample
and employs a fixed-effects model to explore the impact and mechanism of AT application on the incremental
quantity and quality improvement of green innovation in manufacturing enterprises. The results show that Al can
promote the incremental quantity and quality improvement of corporate green innovation; the mechanism indicates
that Al promotes the incremental quantity and quality improvement of corporate green innovation by alleviating
information asymmetry and helping enterprises obtain government subsidies; the moderating effect shows that

financing constraints play an inverted U-shaped moderating role between Al and the quality of corporate green
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innovation; heterogeneity analysis indicates that the quantity effect of Al on corporate green innovation is more

significant in low-pollution, low-environmental regulation, and high-tech enterprises, while the quality effect of

Al on corporate green innovation is more significant in low-pollution, high-environmental regulation, and high-

tech enterprises. This paper provides a theoretical basis for enterprises to achieve economies of scale and quality

breakthroughs in green innovation, and offers decision-making references for policymakers to optimize the path

of AT empowerment.
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Interm,,= B, + B, Al_Application,, + (§,Control,, +
id + year + €, 2
Innovation,,/InCite, ~vy,+y, Al_Application; , +
yoInterm,,+ y,Control,, + id + year +9,, (3)
Horp, Interm 34y 22 5, 43 51 8 Al A5 B AN X AR
P 48 5 ( Asymmetric Information, ASY ) BRI &
# B (Government Subsidy, Govsub) . A8 3C i % F
B AE RIS D v, T8 A 6F J UG A8 AR AT A oy

Sy HTEN 2 fE 3 Kk, N T RES 4k 4k 5 B
BRI MR ENIERCR, FAFEEAN
X AR AR B O . BN TR B o 2% A
S R R AR A ol gt €5 00 B 1) 8 R R T, 4
X TR H2,

4.1.2  BUMBFE S B HL ST 56

FLF R SCRYEIE bT . A TR AR AT LS B 4l
AT BOUM B & 40 Bl 32E 10041 2 A Ml 2 €0 400 3 1) 348 o
PET, B #b B AL A 56 40 5% 7 51 (4 — (S iR .
WLEEH CO BT 15, AN T8 RERN FH7E — & FE ¥ |
A DL B Al 3R A5 BOR AR B o 31 (4D F B (5) 1 25
R — B UE T N T A8 R /K 7 R Al B
% T O B 115 55, R4S B 22 1 O A Bl DT
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B e Aol 2 €0 B0 09 3 R B, Bk T BB HS.
AR L Aol 2% 0 BB BCRE T =, BUR A B E N T3
AE -5 Aol 2% 0 Q)T i 2 T A B O 3 . A
B b Bl i B AR O HOR | HE B R | BRI

HRTTHE . AT PRI & DA S kb T g 2k R, Wl
BT ATEES SO R EMNES . ma
R 2 O A M 0 T S AT D R A BOR
REE I & s R B U R Y I i

R7T NMEKBEIFER

AR ASY Innovation [nCite Gousub Innovation nCite
AL-Application —0.028™ 0.029" 0.057"" 0.118™ 0.031" 0.060™"
(0.007) (0.013) (0.013) (0.033) (0.013) (0.014)
ASY —0.099"" —0.169™"
(0.035) (0.036)
Govsub 0.008* 0.013™
(0.004) (0.004)
Lev —0.192™ —0.019 0.282"" 1.430™ —0.010 0.296™
(0.050) (0.084) (0.094) (0.283) (0.085) (0.094)
ROA —1.577"" —0.137 —0.221 1.687™" 0.007 0.023
(0.111) (0.166) (0.182) (0.582) (0.163) (0.174)
Growth 0.024™" —0.009 0.004 0.032 —0.012 —0.000
(0.007) (0.012) (0.015) (0.035) (0.012) (0.015)
CashFlow —0.316™" —0.241" —0.031 0.404 —0.213* 0.017
(0.060) (0.122) (0.133) (0.424) (0.122) (0.132)
Age —0.403™" —0.062 0.162 0.167 —0.023 0.228
(0.112) (0.225) (0.215) (0.600) (0.226) (0.214)
Dual 0.003 —0.026 0.024 —0.013 —0.027 0.023
(0.013) (0.022) (0.025) (0.083) (0.022) (0.026)
Constant 1.093™" 0.615 0.226 15.528™" 0.390 —0.162
(0.332) (0.671) (0.639) (1.755) (0.683) (0.642)
Observations 10 087 10 087 10 087 10 087 10 087 10 087
R-ssquared 0.773 0.706 0.810 0.523 0.705 0.809
year YES YES YES YES YES YES
id YES YES YES YES YES YES
U VR K, DL oA N LB Gl 0
i " it 56 R o 92 TR FR R R W1 5 314 25 S0
R % BE Rl 9 2 (Financing Constraints, FCXF 8ok, FCH B35 5 &%k —0. 397, I Hill i
b N T RE R FH 5 Al 2% €0 B0 3 16 i 2 3 22 1) A 100 S 25 PERS 56, 8 W] Fl 9% 20 e N R R X il

KRS, AT R AR (FOME R R, 5
2 B AT A ey SOG LA T A A, T SA R
KOy g SHER AR, BB, Al T i ) il 24 R
el N 1 5 = e | e R R0 S I N
LY A Ry U5 78 dE K FEV O TURN A LIRS HEAT S
BLIAS 30 o A% SRS 8 40 97 45 R0 A5 A
Innovation, ,/InCite, =3,+ 6, AI-Application; , +
0,SA ., + 0, AI-Application, *SA . ,,+ &,Control,, +
id + year + o,, 4
Innovation;,/InCite, =n,+n, AI-Application; , +
,FC,,+ mFC},+ n,AL-Application, *FC,, +
ms AI-Application, *FC?, + n;Control,, + id +
year + (5
R8T ML BT L AR AL Ay [ 9 45 2R
MF 1T FN G 2 A, il 29 sRfE N T BRI S A
b £ 40 ) B B S R I AT R . 51 345
REBW, FCH—M RECH S, 0l 106 19 & P
59, M FC 5 AFApplication B 58 B30 AT il o o) 3%

L T R R AR U BRI AR
S REMSH

5.1 ®liSEBEERRE

Ak Fr AR AT BTG YRR B, SN TR R Y
IR 36 £ Ml S €0 A I 1 5% ) AR AR AE 25 5. BRI,
AR SO FE A A R 53 A e e AR R Al R S
FERE A, Al 5 e AR T S5 Mk Il A 25 2R sk 9 B
o BRI, N TR Re AR AR & TG e A b 2% (.61
A 1 4R T BT W AR S E s O AR T
AT B, N T B8 I X £l 2% 2 6 38 T it 1
[l 15 22 50 25 (0. 050<C0. 054) , 5 B [9] 19 45 5 41
o BT REAE T« =05 Y Aol i Jd 4% G A7l 7 R
RS, Hinis A &, £ d T E AR T
Ve 4 [, AT g H A B2 AR A | Bz
K 300 % s HIR ' %) ) AT, DA B B RS L B =
JOT i PR B RO SR ATBL R A . BRI, AT
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5.2 RIREMHEERRE

A0 PR S5 M A R A 2 B R N T RE R Al
2R A0 BB G iR A e E AR . R, AR SCR T
b 36 R B 58 BUA o S ™l b T A B A o
VIS S RGNS T % =R D AR VA O o S S N R
S AL A PR SR KL P, IR S5 5R a0k 10 B .
SRR A PR EE LT N TR BE X Al
LR RH AR AR O B, @ T 10 R
FH RS ;TR ARER R R, N T RE X x5 4
HRCRE B R SR A S D AT REAE T . e BRI AL
0 3 5 AR T L A AN PO . BRG]
SHALED, 1A AR B TR BE 5 AR g 0 BT T
A ERTE 5 AR AR B R T, Al S TR
N TR RERY LR AL BERE J7 o IXURS: 23 OO, A R 5
P UK 25 8], R Je 38 SR BIET Bt i 9 5k

F10 FEMFRERRE

Begall rh Ry B
=8 PFTHHEEER
AR Innovation nCite Innovation nCite
Al-Application  0.0317 0.061™" 0.040™" 0.089™"
(0.013) (0.013) (0.015) (0.015)
FC —0.595""  —0.585""  —0.602"" —0.619"
(0.225) (0.210) (0.226) (0.210)
FC? 0.425 0.824™"
(0.276) (0.293)
ALFApplica-
tion*FC 0.002 —0.026 —0.002 —0.025
(0.047) (0.045) (0.049) (0.043)
Al Applica: —0111  —0.397"
tion*FC
(0.104) (0.107)
Lev 0.028 0.314™ 0.034 0.330™"
(0.084) (0.096) (0.085) (0.096)
ROA 0.037 —0.018 0.046 0.001
(0.160) (0.171) (0.159) (0.170)
Growth —0.009 0.001 —0.008 0.003
(0.012) (0.015) (0.012) (0.015)
CashFlow —0.200%* 0.069 —0.195 0.080
(0.119) (0.131) (0.120) (0.131)
Age 0.042 0.262 0.474 1.091™
(0.222) (0.210) (0.363) (0.403)
Board —0.030 0.020 —0.033 0.010
(0.063) (0.073) (0.063) (0.073)
Constant 0.381 —0.040 —0.935 —2.556"
(0.691) (0.643) (1.111) (1.226)
Observations 10 344 10 344 10 344 10 344
R-squared 0.706 0.808 0.707 0.809
year YES YES YES YES
id YES YES YES YES
£9 PUSREERRY
e Tg e Al e is gl
A7 i
Innovation nCite Innovation [nCite
AL-Application —0.014 0.053" 0.050™" 0.054™"
(0.022) (0.030) (0.016) (0.015)
Lev 0.076 0.291 —0.047 0.272"
(0.149) (0.179) (0.106) (0.115)
ROA 0.345 0.431 —0.141 —0.133
(0.345) (0.311) (0.189) (0.212)
Growth —0.006 —0.009 0.002 0.008
(0.024) (0.037) (0.016) (0.018)
CashFlow 0.056 0.244 —0.312" —0.135
(0.186) (0.219) (0.159) (0.168)
Age —0.841" 0.239 0.380 0.199
(0.408) (0.427) (0.313) (0.287)
Board 0.056 0.099 —0.041 0.001
(0.107) (0.121) (0.086) (0.097)
Constant 2.750" —0.327 —0.577 0.278
(1.219) (1.283) (0.984) (0.891)
Observations 2814 2814 6 593 6593
R-squared 0.636 0.763 0.744 0.831
year YES YES YES YES
id YES YES YES YES

ol 355 1L R ER BT R il

Innovation nCite Innovation nCite

AL-Application 0.033 0.101™ 0.070™" 0.019
(0.021) (0.020) (0.018) (0.020)

Lev 0.114 0.262" —0.070 0.282"
(0.114) (0.148) (0.123) (0.148)
ROA 0.242 0.273 —0.237 —0.183
(0.228) (0.256) (0.209) (0.237)

Growth —0.006 —0.016 0.001 0.043
(0.018) (0.021) (0.018) (0.029)
CashFlow —0.228 0.061 —0.022 —0.207
(0.175) (0.171) (0.166) (0.205)

Age —0.424 —0.089 0.295 0.636
(0.370) (0.376) (0.340) (0.386)

Board —0.126 —0.183* 0.042 0.124
(0.077) (0.094) (0.125) (0.113)
Constant 1.893* 1.408 —0.553 —1.367
(1.097) (1.111) (1.072) (1.215)

Observations 4 566 4 566 4781 4781

R-squared 0.752 0.862 0.776 0.820

year YES YES YES YES

id YES YES YES YES

5.3 fUrEAREXBSRE

I8 B Al i Jm A BR8N TR fE
FHK X5 Aol 2 €0 61 37 B 5 Wi A7 7 S TP, AR SR

FA 24 R 30 03 2605 1 R REAS Al Xl
3 O e Bk Al A R B Al R AT LI
® 1 MECR BN, AN TR BEX @ B Al 2 (0 4
B R B T A Y A AR EAE L i R AR
ool AR ma IF A B2 . RN AT REAE T AHE TR
e BBl T R A e A T 5 S Y HOR JE
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filt 15 it A B O 5 0 B b B RE O, R R HRABEKR,
AEFEEHEENTHRZMES N T AR
BT SR 6l BT S /P A=Y S s o A e S R ol s
125 5y 5% BT 35 5 SRR B W0ah i AU 3R 3 .

11 SUHRERRRE

I RH AL I i B Al

Innovation nCite Innovation [nCite

AT-Application 0.046™" 0.061° —0.002 0.002
(0.017) (0.015) (0.022) (0.026)

Lev 0.001 0.251" —0.022 0.101
(0.109) (0.114) (0.095) (0.155)

ROA —0.041 —0.008 0.042 0.463
(0.200) (0.199) (0.229) (0.313)

Growth —0.008 —0.011 0.013 0.045
(0.016) (0.018) (0.018) (0.029)

CashFlow —0.126 —0.099 —0.255 0.205
(0.150) (0.164) (0.167) (0.185)

Age 0.079 0.296 —0.168 0.004
(0.292) (0.273) (0.449) (0.426)
Board —0.012 0.080 —0.005 —0.143
(0.084) (0.089) (0.099) (0.133)

Constant 0.292 —0.103 0.725 0.635
(0.902) (0.831) (1.427) (1.382)

Observations 7338 7338 2069 2069
R-squared 0.727 0.823 0.519 0.743

year YES YES YES YES

id YES YES YES YES

6 MRLELEHREW

6.1 MRLIL

AL HL 2012 — 2023 4F o [E A Bl ik F T
s F) Y TR B AR S DF SRR AT, SR A B AN T B
7 FH X8 ) 325 Ml A Ml S €0 B0 i 1 it B2 5T 1Y 52 e K A
FAALH . FLEGRMT: H—, N LR BRI (L i
Al 2 60,6 A 4 e 4R BT, 0 HG ol 66 81 BT
ARV E ISR e e (S RN 3 BN
T 8 A I 7 A A5 B8 AN G BRORIAS Bl 4 b 3K A5 R
A0 Bl ok A1 A Ml 2 0 0 8T 0 3G B T 2R L, R
RN B, RlgE 29 RO N TR BE R A ol 2 €2 ) B
A KU B AE I S0, SRR g b
FHH N T BE T A ol % €0 A1) B 450 20N AE I TS
BN (18218 5 U R =1 5 Nl | A R T2 (TN O <
AT i Ml 3 0 A0 0 T AE AR TS e L IR BE R D) &
AR A P i 2

6.2 EIREW

XA - Ak A TR R R A, BEEE
A (5 A0 B A KR, T R AR v A (0 BB Y

Jide o MEAh, R T H AR KA AR HL R B IR X
N, A SCHE AR SBORF i A3 ) e I Y AP S
e, BT R4 WA MPT RS AR, L
P T IR BE T o X TR B A HBOR R AR
B R Al BRI BB, B e BT e R
FIR, RAC N T RE A 2 (i T i T, G A 3
PG5 2R B8 . R T A 2 B Rt 5 {3k N B A R
DA B 55 €5 6138 B4 580 25 R JEE il 5

XEFBOFT S , 85, BUF RN N T GER)
SCREIIRE o AR I A [ DX 170 il 9% P15 A0 AT 7K
-, R 22 S A ARG HE A BRI o R B PR e 2
ATRE RSP RAR A M IX, B AL S48 13t AR |
B e AR B B, DI Al R 4k R BEE AR
AT . X FHOR M BE 25 PR A M IX, m] DUHES)
AT H R L AU R E, R
RN, AP SRR BT . EdESh N T A A 0™
MR RS RS R R, BOMR ARS8 Sl s L 1™
IA:7S = BETE s  Na i S = I 3 wi e 3 1 D R/ G RS (a1
bR IEILE 5 ROR I SR e SR (4 RE ) 1 AT
B SRR AL, BUR AT ARFER T2 5 A RE
TR XA [ S B, A SRR SR | B
R TTIXHEIRSS , M A TR A SR
Oy PR B B SR St FU AR, 7 S S A e BTG A BILR
R R A M 2 (5 REAL S R R SEPRASCR,, JF &5 G i IX
22 5 R PR R R
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