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Considering the importance of sustainability and reducing environmental impacts in
supply chains, it is essential to examine the role of technologies and management
strategies in improving the environmental performance of organizations. The present
study aimed to investigate the impact of green technology governance on green supply
chain management practices and the moderating role of green digital intelligence. Four
key dimensions of green supply chain management were considered, including
environmentally friendly design, green purchasing, environmental cooperation, and
reverse logistics. This research is of an applied and descriptive-correlation type. The
statistical population included 70 green product manufacturing units in Urmia and Tabriz
cities, identified as the statistical population based on the Environmental Organization
and the Semat Organization of Urmia and Tabriz counties. The required sample size was
determined as 59 manufacturers based on the Morgan table. The data collection tool was
a standard questionnaire and the analysis method was structural equation modeling. The
findings showed that green technology governance has a positive and significant impact
on all dimensions of green supply chain management practices. Green digital intelligence
also has a positive moderating role, and increasing its level strengthens the effect of green
technology governance on supply chain environmental performance. Based on the results,
implementing green technology governance frameworks along with developing green
digital intelligence can improve supply chain productivity and environmental
performance. By providing empirical evidence, this study highlights the importance of
combining policies and smart technologies for managers and policymakers, and shows
that simultaneous investment in green technology governance and digital intelligence is
the key to improving supply chain efficiency and sustainability.
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Introduction

Intensifying environmental challenges, limited natural resources, increased pollutant emissions,
and increasing pressure from laws and stakeholders have led organizations to adopt new
approaches to achieve sustainable development. In the meantime, green supply chain
management (GSCM), as one of the most important organizational strategies, has received
widespread attention from researchers and managers with the aim of reducing the
environmental consequences of supply chain activities and improving resource efficiency.
However, success in establishing GSCM practices is not limited to the use of green
technologies, but also requires the existence of appropriate governance mechanisms to guide,
policy-make, and manage these technologies. On the other hand, the expansion of digital and
smart technologies has provided new capacities for intelligent decision-making, data analysis,
and optimization of supply chain processes. In this regard, the concept of green digital
intelligence (GDI) is proposed as an organizational capability for the integrated use of digital
technologies in order to achieve environmental goals.Despite the increasing importance of
green technology governance (GTG) and GDI, the simultaneous examination of these two
constructs and their interactive role in promoting GSCM practices, especially in manufacturing
industries, has not yet received sufficient attention in the research literature. Also, most previous
studies have examined the role of digital technologies or artificial intelligence independently
and have less addressed the moderating role of GDI in the relationship between GTG and
GSCM. Therefore, the present study aimed to investigate the impact of GTG on the dimensions
of GSCM and also to examine the moderating role of GDI in these relationships.

Material and Methods

This research is applied in terms of purpose and descriptive-survey in terms of data collection method.
The statistical population of the research consisted of green product manufacturing companies located
in the cities of Urmia and Tabriz. Out of 70 identified companies, information was collected from 59
companies (about 84% of the statistical population). In order to increase the accuracy and validity of the
data, two managers related to supply chain and technology activities from each company were
questioned. In total, 118 questionnaires were collected and after aggregating the responses at the
company level, data from 59 companies were used for the final analysis. The data collection tool was a
standard questionnaire based on previous studies. The validity of the instrument was confirmed through
factor loading indices, composite reliability (CR), average variance extracted (AVE), and the Fornell-
Larcker criterion. Also, the reliability of the tool was examined using Cronbach's alpha and CR. The
full collinearity VIF index was also used to assess the possibility of common method bias, and the results
showed the absence of significant bias. Data analysis was performed using SmartPLS 4 software and
based on structural equation modeling (SEM) with partial least squares (PLS). The research model
included eight hypotheses, four of which were dedicated to examining the direct effect of GTG on the
dimensions of GSCM and the other four to examining the moderating role of GDI.

Results

The results of the structural model analysis showed that GTG has a positive and significant effect on all
dimensions of GSCM, including green purchasing (GP), eco-friendly design (ECD), environmental
cooperation (EC), and reverse logistics (RL); therefore, the first to fourth hypotheses of the study were
confirmed. Also, the results showed that GDI positively and significantly moderates the relationship
between GTG and all four dimensions of GSCM; in other words, the higher the level of GDI of the
organization, the stronger the effect of GTG on GSCM practices. The results of the fit indices,
coefficients of determination (R?), predictive relevance (Q?), and effect size (f?) also indicated the
suitability of the research model and its desirable explanatory and predictive power.
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Discussion and Conclusion

The findings of the study showed that GTG, as a strategic mechanism, provides the basis for the effective
establishment of GSCM practices. The existence of transparent policies, regulatory mechanisms,
coordination among stakeholders, and targeted management of green technologies improves the
performance of organizations in the areas of green purchasing, eco-friendly design, environmental
cooperation, and reverse logistics. These findings are consistent with the results of previous studies and
confirm the importance of governance in guiding green technologies. On the other hand, the positive
and significant role of GDI showed that simply having governance mechanisms is not enough to achieve
desired performance, but organizations must also have the necessary digital capabilities for data
analysis, smart decision-making, forecasting, and resource optimization. By increasing information
transparency, improving coordination among supply chain members, and facilitating data-based
decision-making, GDI increases the effectiveness of GTG and helps organizations achieve sustainable
development goals. From a practical perspective, the research results indicate that organizational
managers should simultaneously pursue the development of digital infrastructure, the enhancement of
analytical capabilities, human resource training, and the establishment of GTG systems. Combining
these two capabilities can create a sustainable competitive advantage for organizations while increasing
productivity, reducing waste, improving collaboration with stakeholders, and improving environmental
performance. However, the findings of the study should be interpreted with its limitations in mind. The
statistical population of the study was limited to green product manufacturing companies located in
Urmia and Tabriz cities; therefore, generalization of the results to other industries and geographical
regions requires caution. Therefore, it is suggested that future studies test this model in other industries
and provinces and examine the role of other mediating and moderating variables, including
organizational culture, technology maturity, organizational dynamic capabilities, digital transformation
readiness, and senior management support. Also, conducting longitudinal studies can provide a more
accurate understanding of the changes in these relationships over time and the long-term effects of GTG
and GDI on GSCM.
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Figure 1. Research conceptual framework (research findings)

93 gy
P sl polominog dpl gy 5 Canle Con g (90,8 «Bum Jlai ] Sl hmgS iaiged w031 (g j9len
Oldllae doye > &S glaigSay iwl o odlaiwl Slue ¢ (lailbuls” Gldllas oS5 5l odld (55915)5 jolaiods imghs oy
eliduoyy 3250 J1 53 3)90 (slvosls ¢ lae Al yo )3 9 13,5 ElSeiusl jutns oo @lio JI Gimghy Aty 9 (6585 Sl slailils
sl 3215 g arogyl (cloyad )3 juw SV guamxe (i slo S s lpde Joli ik (o)lo] dmels i (gyglaen 3kl
Olojls jl olitel & 35 o )3 jaw Y guazee (MG CS 05 Fe g dag)l 0 3 Jrw SV guase (g5 C8 5 ¥e &S g5k
2590 Biged 2 o590 Jgtr oluslyy 50 (ool (ol Biged iy ez g nog)l i e Camno lojles g Canjlaroms
4 Comd T lypte J) 585 93 <805y 3l dngusly (65w (1Rl g B (I3 pslitods 05 el (g5 €S DY 3l
91,5 S 15 0 5l Al VIA (ggome ;3 s Ol oaimdguly lgicds Slojlu (slacsyglis g moli 8005 slacullsd



1Fod F 6 )losis V9 5,50 o oo Conns j Lamo oy

).mdl): 5.3.») Md)sdi’l“ )‘ odlaw! L uf)w).lb);.ko PR by/w dl!bo.)].) cl.(bé.wb W-"*Sau%’ Jnlf ™) )I o= W)
g Syl gadl H lmasls o Moy st sl scipad S5 5 odizl 390 a3 (ol banlie S, 255
[EYSIN o LS)?té d‘)"& 9 L“""’)“"“7“ L’ )K)L" L?l)'L’ )‘ )‘ﬁ‘c‘ ] & AR 0 L)L““" ) J?b d"‘" C’L’ S A5 odlil d?’ﬁ)‘“"“’l
Y st b o gl 45 05 odlitdd #ligS il s 5 dmodls (5515,5 3l bl Lionias «pimad bl oo Jloys i
CJIEIS 3] g 0355 0515,5 (clmodls 513,55 3 B LB bl 5 g Attt + IV 1 5Vl gl (el timg s celmoslus soles o
e e ColiS oy polatods MBS 1,8 oalitiad 3)50 (ylel (sl il (gl g 005 05 Bl Cea B b LB IB > eyl
KMO sl Mo sl ot zols .15 oslisial iy (g0l 5 (KMO) Slgh plom y58 sl 5l ¢ lole Ldos ool o,
ol Sl 5 diges p caslio ColiS b ] 45 Casl <0 5 a5 i)l Cpgei] ol sine g g 0393 JABR L
plosl SMArt-PLSA 5 SPSS23 (g, le] celinylsélo i 51 oolizal |y loools Lotigdy 556 «oles 3 8 o sb 1, Llole (el Ll

o3l 4399 Jloyi 39031 =Y Jgu
Table 1. Normality test of the data

Azl o2l s i (g dre P

Jly Ho 0.05 0.166 Congj b b )5l S0 ‘
Jleyiré H. 0.05 0.014 S b . T
Jlogiyet H, 0.05 0.032 i jlaes (5 S E ]
Jlo gyt Hs 0.05 0.034 5SSt

Jloys Hq 0.05 0.079 oo 5pgld (SyeSs
Jloyiné Hs 0.05 0.000 e Jlomd Sig2

b o cpl s odliwl (PLS-SEM) Sia Slaye JBlis g, 3l (gptdlo c¥olee Jao obj)) g Juos (glys oty oo
o 3 L &S U o e Jlgi ol coley 6yl Lo Jde 5 (6550305 Jae 18,3 ploul ds po g3 > SMAItPLS 53l 5
A5l draogi 3,559y b Slalllas (sl 03298 SEM (g, 3,57 )13 (toxiaw )90 Jol87 ooty baojluo (0L 9 litel davojls e Ll
VAA 5 55 olosSusl ] 8oy YWAY o5 5l s s ol gl -l canlio laojlus 1 550 (glaS o sloliss g il
2o SYIYY (ppizman (uiily olaid] dusg)l 1o 4 8o )0 YA g 5035 10 (s0g8 (e dio pd Y (0 Hai 5l aidg D g0 oy
Gl 2dg SleMbl (6y5ld e 8o > WWIVY g g5 pie 2o pd YF/AY ¢ L)Ll pde dopd Yo/YY (ole o o Bamaguly
T (CR) oS 5 bl JAVE) ezl et sl g (5o ke olo sl e 5o Jo 5 (655030l Jdo il ot
i oty e 015 BT 5 Y slo Sy o ) gl i s SN g 5 (RR) (o ey 01) s S
ol - J i (AVE) oniglial by ik 5 -V J s o 5 ol oo F 5 53 oz oles sl ke (sl
ol 2 AVE jis jlaie 1y fcul odd 1ol iagh sbaojl (ol STy algy 483 o0 olis ;S,Y=Jiy9d ¥ Jgio ol ¢ pimen

il Sy 0y Jao 2l 5 bl nlple el ity Wojls plo b o (Stsen ol



oYy

Lilazlss 545 g i pg ok it /.. s el 8§ ot pr o (500 50is g i (549Ui8 iy K i 5915

Ll (55051 9 UsLw =Y Jgaa

Table 2. Structure and measurement of items

a CR | AVE A 1l }
0.822 | 0.846 0.654 - Gy bauzma b )55l Sl
0.892 b ialS T 0 (o5l g gl dlge CByme &S Wigd o (b (cl5eT 4 8 45 Y guaee
Carter and Ellram, 1998; ) 0.799 g o 485 a3 15 Slalab g dlge (b3l g Bl L wiore edlitul Sl (Y paze (Slib 45
ZSIdISIn and HendI‘ICk, 0716 ...\w)un JB‘»«) a..\fq.\/‘ 9 db).la} .)I9A )I b.)l.ﬁ.'i.wl <QY9M u_>|)jo .L.:\)B »
(1998 ]
0.818 b pials Slews 5 Sluls plie & Wsde ALk GliSa Wy sbaanl b
0.865 | 0.869 [ 0.650 | - S
0.749 i jhaos SlalIl ol a8 amd o @) EAS ol a4 ) ¥ g ()b lastiie S 3
’ ol o gl > p MBI (ol
Walton et al., 1998; ) 0.848 03 o plosl HEAS ol 2o (bt I i jlame slo o)l 5 loisjues 28 5
Zsidisin and Hendrick, | 0.805 | pS.e )3 (o)) 2)9e (058 el (0 cyels) pgo as (58 (pual gt jlaee 5,Shae 't
(1998 0.794 Sy pll s lame asls oolol &5 15 58 ol S %
0,834 | (SUkSnE 5 2525 JB) Camiloma L ISl (slagaistion J 393 0 sl (B el | ;1
' S ool &
0.926 | 0930 | 0659 | - RSN &
0.817 5 o NS0 ol b S o (o e 5 i g BRI el b 5,0 :
0.826 2 5lSan (539l ils g Sk ag lal sl ol 5 JEAS el L S )b 3
0.725 gbon Pl jos Giig Bio] 13 eols 585 S50 b ajlamo 5500 T
0.815 | S e )lSon SV gane Jilg o> 53 (65 Bpas JnlS cly byide 5 IS el b €855
(Vachon & Klassen, _— - T, 1 <.. T
2006) 0.817 '3)]J 2929 u"“")lﬁ"“ J)SJ"°"‘ JLB ) L""".‘J?““‘“ )l us)““ ‘S)J ‘Oﬁ‘l‘ o0 yd
0.778 S o ol S e gy ralled s jlase 3l 2ol gl (3l By glael
0.857 | -39t bl s jlae Bl S g iy sl ool 6255 (sluel plio b S yiia (g0
0.849 | Yo IS eastame Sl el Sy (el 815 slasl plo b S e las S o
' 250 Sygo
0805 | 0817 | 0721 | - 9Se Stucr)
0.799 &S o o3lil 395 Y game 5> (REMaANUTACIUNING) gl (clasnl 3 51 o8 i
(Rao, 2007) 0.716 A o b3l 9 oglean L 51Ty 298 ee bl Y pae 28y
0.818 D5 oo il b iaie Sl 1) Y guae s 0B pure (sl ghdiug S b
0818 | 0831 [ 0580 | - o0 6338 S peS>
0744 Colia 1) G jlases jlatwgd (slag)slid 5l oalitnl 8 i 3 GleMbl (g)5lid sladyg, 5 uwsluw
0745 ierjlase ()hob b g o pSmmena I 655 pobots Lo <805 5 Jltos slas sl &
(Setyadi et al., 2019) : : e i : : 5
0738 | b Sl Gl 4 lasls o) oS b GBI Sle; ST gl Sl gl ol =
0.685 S o St |y o 30l 6255 S e (slboged (sl b )3 oMbl (g glis (e8>
0.882 | .cuul gunod Connjlame jl cblis g )yl drwg Blial b o8 y5 0 leMbl gyglé JleSs 5 Sloe
0.858 | 0.870 | 0.636 - s Jioms Sbsn
0.739 oalitul (g oo 3,559y b 3y (sl b (gilwdine 9 S (sly Sadgn lagsyglid 5l eS,s
: &S e
0.847 a*wwfudbd)sw)\@wjhabb‘}bodl)).\wybdhbd)su)ld)w \E
’ 'JXLY" (_g__
(Lee et al., 2023) 0821 B @l g (655 Gpae (10l Bun b mlic digy anass g (s5yaely (gly Meder sl )glid ic
' Hgd o 4185 %
0772 ..Mfga ool uLuLo u...mlf )9]é.;.n43 La:;d)?ya J/».S 9 ()“"L’ dl)-? M}m dhbd”l.;é )‘l ;,S)w
0.804 S 55 g 3yl 5583 |y mlie Gy g adiy 3o 1S o oS €810 & dindsn gl sslis




1Fod F 6 )losis V9 5,50 o oo Conns j Lamo oYY

S-Sy Y Jgun
Table 3. Fornell-Larcker

St S3k8 I oS> ) . Jless pigp 5w a1k SsSe2 ..
. b > . . e Can
oveSRo o o Comnsj o b danny jlams
0.811 s jlase (68
0.809 0.766 ke b
0.797 0.681 0.635 o Jluzmd e
0.807 0.784 0.656 0.615 o & S
0.761 0.682 0.562 0.567 0.671 Few (Sygld Sl
0.849 0.634 0.662 0.643 0.748 0.770 o9Sae Sy

o9 3 sasdl

I Ol 2556 09eil Q) ity I (R?) s oy ol 5l i ol (oisle Jae 38 UB L Juo 3,91
L5 3l Ao d VY imng Je &8 dmd o Lis 15490 (slaojle (lp odalundas R polie b ol dwsd 3 aw)y o (GOF)
ol )1y 48 o s Sl YL olie cpl 5 el B oy a5 (glyls Jao oS sad o Lis Q2 olds ¢ pinon
A oo polde (g oo a8)S a3 0 KL youo o QT 2 g Cunl Jdo S i3l s sl syl PLS Jse > GOF
oS amd o Ui 9 08 o (b5l gy slaole st 1 1) Je (bl pasls cpl il Je cunlie S BaimdLis S
iy 0 g Y ) polde PLS (gl Jue jlael Liowuw (gl ccuwl 0391 3890 (y9iSe (sljusio s in 5 gudy ;0 e
e i bl o +/EYD dae &S ¥ ol ;> odelcuwnsdy GOF lae .Xgd o 48,5 L5 )3 bawgio g (695 whunss (lgicay
B YA L /YR &l 13 g 039y 5| S5 Q2 plie olod 4] &y dogi b e pitmon 1S o b 1y Jdo cawlio 35y
2 e (5old SheSs Sl as ol sl () 518501 (el pols sl )58 calio by )08 5l img s Jde o)
ol Gl VY Cagjlase b Bk (sl p g /YD) usSee Siiwsd 9 /¥ juw b 3 /YYD G jlasre b (6K
o NS 0304 e xab 0355) e dlal il S 2 (REFIE B e (5)5l8 Sy & cul ] Sy gl
A8 oo Wl o gSan S g o) bamo b ¢S

Je (il w2 € g
Table 4. Assessment of Model Fit

T e I E :uib b i
ol . . b b R
o o B e
M‘) -
0.601 - - 0.580 0.567 0.729 0.529 O
- - - 0.351 0.335 0.428 0.309 Q?
0.650 0.636 0.580 0.721 0.659 0.650 0.654 Syl polie

GOF=,/ Communality x R? = ,/0/650 X 0/582 = 0/625

B9y xS s Joil wind pglsS Sloj lalie Ko )3 9 (BN sl Bl Glagh cloosh &Sl 4 a2 L
(Y 10) Kock (ooleiuig jlze bl A s (FUll Collinearity VIF) ubjls py95 o pd (adlis 5l odlatwl b S yiie
sl 03,55 3wl gl (sl (s JSin S ko g (S o SO a0 yice il VY 5l a8 VIF pyolie assli
P S pbe ey S5y sop Jeil cnlply g 039 VIV 5l 58" (puibly )55 oy palie (olod oy (L5 lagdy ool @l

(Kock, 2015) s 4l baodls



oYy Lilazlss 545 g i pg ok it /.. s el 8§ ot pr o (500 50is g i (549Ui8 iy K i 5915

obly @398 o -0 Jgaa
Table 5. Variance inflation factor
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2.274 GDI5 2.201 EC6
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Figure 2. Path coefficients and factor loadings
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Figure 3. Structural equation modeling: significance coefficients
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