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Summary. As regions increasingly face environmental challenges, energy security concerns, and
economic transformation pressures, understanding how green energy transition contributes to sus-
tainable and resilient regional development has become an important research priority. This study
aims to examine the influence of green energy transition on regional economic resilience by analyz-
ing the mediating role of green investment and its effect on green innovation capability. Using survey
data collected from 364 professionals representing energy sectors, industrial organizations, public
institutions, universities and sustainability-related organizations in Azerbaijan, Structural Equation
Modeling was applied to evaluate the proposed relationships. The results reveal that green energy
transition has a significant positive impact on both regional economic resilience and green innovation
capability. The findings further confirm that green investment partially mediates the relationship
between green energy transition and regional economic resilience, indicating that financial mecha-
nisms are essential for converting renewable energy initiatives into sustainable regional development
outcomes. The study contributes to sustainability transition literature by demonstrating that success-
ful green transformation depends not only on renewable energy adoption but also on investment
capacity and innovation development. These findings suggest that policymakers and regional stake-
holders should integrate green energy strategies with investment mechanisms to enhance long-term
regional adaptability and sustainable economic development.
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1. Introduction

The global transition toward green energy systems has become a key response to climate change and the
pursuit of sustainable economic development. Efforts to reduce carbon emissions, decrease fossil fuel depend-
ence, and enhance energy security have accelerated the adoption of renewable energy, making the green energy
transition (GET) both an environmental necessity and a strategic driver of economic transformation and re-
gional development (Markard, 2018).

Regional economic resilience (RER) refers to a region's ability to adapt to structural change, withstand
disruptions, and sustain long-term growth. GET can strengthen resilience by promoting economic diversifica-
tion, structural transformation, and reduced reliance on conventional energy systems, particularly in resource-
dependent economies such as Azerbaijan.

Although previous studies have examined the effects of renewable energy on economic growth and envi-
ronmental outcomes (Saidi & Omri, 2020; Mukhtarov et al., 2023), limited attention has been given to the
relationship between GET and RER and the mechanisms underlying this relationship.

Therefore, this study examines the direct effect of GET on RER and the mediating role of green investment
(Gl), providing an integrated framework for understanding how green investment translates energy transition
into stronger regional economic resilience.
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2. Literature review and hypotheses development

2.1. Green energy transition, regional economic resilience, and green innovation capability

GET is reshaping regional development through renewable energy adoption, energy efficiency, techno-
logical modernization, and low-carbon transformation. As a strategic response to environmental and economic
challenges, GET strengthens regional adaptability, competitiveness, and sustainable development (Sovacool,
2016; Hasanov & Safarli, 2023). From a socio-technical perspective, energy transitions involve interactions
among technologies, institutions, industries, and society, driving structural transformation and innovation
across multiple sectors (Geels et al., 2017).

RER refers to the ability of regional economies to withstand disruptions, adapt to change, and sustain
long-term development. GET enhances RER by reducing fossil fuel dependence, improving energy security,
promoting economic diversification, and supporting green industries (Dincer, 2000). At the same time, GET
creates technological opportunities that stimulate green innovation capability (GIC) by encouraging
knowledge creation, technological learning, and capability development (Rennings, 2000; Chen, 2008;
Huang & Li, 2017).

GIC reflects the capacity of regions and organizations to develop and apply environmentally oriented
innovations. Its development depends on internal capabilities, external pressures, technological readiness, and
continuous innovation (Cai & Li, 2018; Song et al., 2019). Although previous studies have examined renewa-
ble energy, innovation, and economic growth, limited attention has been given to the role of GET in simulta-
neously strengthening RER and GIC.

Drawing on the preceding discussion, the following hypotheses are proposed:

H1. Green energy transition positively influences regional economic resilience.

H2. Green energy transition positively affects green innovation capability.

2.2. The mediating role of green investment

Gl is a key financial mechanism through which the GET contributes to RER. By financing renewable
energy, clean technologies, sustainable infrastructure, and environmentally responsible projects, GI supports
long-term economic transformation (Chen et al., 2023; Ristanovi¢ et al., 2024).

Beyond financing, Gl promotes technological upgrading, industrial restructuring, and sustainable de-
velopment. Previous studies show that green finance accelerates technological progress, low-carbon de-
velopment, and sustainability-oriented strategies (Zhang et al., 2021; Wang et al., 2022). However, GET
alone is unlikely to strengthen regional resilience without investment mechanisms that transform renew-
able energy initiatives into innovation and sustainable industrial development (Tan & Zhou, 2025; Guli-
yeva et al., 2021).

Gl also enhances RER by encouraging economic diversification, reducing vulnerability to energy-related
shocks, and supporting green development. Institutional frameworks, financial systems, environmental regu-
lations, and investment incentives are essential for mobilizing resources for sustainable transformation (Tao,
2026; Zeynalova, 2019). Despite its importance, the mediating role of Gl between GET and RER remains
underexplored, as previous studies have focused mainly on its direct effects on sustainability and green growth
(Feng & Li, 2025).

Therefore, this study proposes that Gl serves as a transmission mechanism linking GET to stronger re-
gional economic resilience.

H3. Green investment mediates the relationship between green energy transition and regional economic
resilience.

3. Materials and methods

3.1. Research design, measurement and data collection

Data were collected through a structured questionnaire based on validated scales for green energy transi-
tion, green innovation, green investment, and sustainable regional development. The survey was conducted in
Azerbaijan between January and March 2026 using purposive sampling to select respondents with relevant
expertise in energy transition, investment, innovation, and regional development.

All items were measured on a five-point Likert scale ranging from 1 (“strongly disagree”) to 5 (“strongly
agree”). After data screening, 364 valid questionnaires were retained for analysis. Respondents' demographic
characteristics are presented in Table 1.
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Table 1
Demographic profile of respondents
Variable Category Sample size %
Gender Male 188 51.6
Female 176 48.4
18-35 95 26.1
Age 36-65 232 63.7
65 and above 37 10.2
Experience with Less than 1 year 72 19.8
Sustainability |2 Years 205 56.3
More than 5 years 87 23.9
Renewable energy transition 111 30.5
Field Knowledge Gre(_an innovation_activities 103 28.3
Regional economic development 95 26.1
Environmental/sustainability projects 55 15.1

3.2. Data Analysis Procedures

Data analysis was performed using SPSS 26 and SEM. A multi-stage analytical procedure was applied to
evaluate the reliability and validity of the measurement model and to test the proposed hypotheses.

First, descriptive statistics were calculated to summarize respondents’ demographic characteristics. The
reliability of the constructs was assessed using Cronbach’s alpha (o) and CR). Values exceeding the recom-
mended threshold of 0.70 indicated acceptable internal consistency reliability.

CFA was conducted to assess the measurement model. Convergent validity was evaluated using standard-
ized factor loadings and AVE. Factor loadings above 0.60 and AVE values greater than 0.50 were considered
acceptable indicators of convergent validity. Discriminant validity was assessed using the Fornell-Larcker
criterion and the HTMT ratio.

The overall model fit was evaluated using multiple goodness-of-fit indices, including y?/df, CFI, TLI,
RMSEA, and SRMR.

After confirming the adequacy of the measurement model, SEM was applied to examine the hypothesized
structural relationships. The direct effect of GET on RER was analyzed to test H1, while the effect of GET on
GIC was examined to test H2.

Finally, the mediating role of Gl in the relationship between GET and RER (H3) was tested using a boot-
strapping procedure with 5000 resamples and bias-corrected 95% confidence intervals. The indirect effect was
considered statistically significant when the confidence interval did not include zero.

4. Results

The results of the structural model examining the relationships among GET, GIC, GlI, and RER are pre-
sented in Figure 1. The structural model illustrates the estimated path coefficients for the proposed hypotheses,
including the direct relationships and the mediating mechanism of GI.
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Fig. 1. Structural model results
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The detailed results of the structural relationships are presented in Table 2. The findings show that all
estimated structural paths are positive and statistically significant.

Table 2
Results of the structural relationships
Path Relationship Path Coefficient () S.E. C.R. Hypothesis Result
GET — RER 0.392 0.079 5.762 H1 Supported
GET — GIC 0.648 0.073 8.657 H2 Supported
GET — GI 0.584 0.068 7.914 H3 mediation path (a) Supported
GI — RER 0.436 0.071 6.325 H3 mediation path (b) Supported

The results indicate that GET has a significant positive influence on RER (B =0.392, p <0.001), support-
ing H1. This result suggests that the development of renewable energy systems, improvements in energy effi-
ciency, and low-carbon transformation processes contribute to strengthening regional adaptability and sustain-
able economic development.

The results also demonstrate that GET has a strong positive effect on GIC (f = 0.648, p < 0.001), con-
firming H2. This finding indicates that the transition toward cleaner energy systems encourages technological
development, environmental innovation practices, and the creation of new green capabilities.

Furthermore, GET significantly enhances GI (B =0.584, p < 0.001), and GI contributes positively to RER
(B =0.436, p < 0.001).

The explanatory power of the structural model was evaluated using R? values. GET explains 45% of the
variance in GIC (R? = 0.45), indicating its important role in promoting environmentally oriented innovation
capacity. Additionally, GET and GI together explain 59% of the variance in RER (R? = 0.59), demonstrating
strong explanatory capability of the proposed model.

After examining the direct structural relationships, mediation analysis was conducted to evaluate the in-
direct effect of GET on RER through GI. The results are presented in Table 3.

Table 3
Mediation analysis results
Effect Type Path Standardized Effect () S.E. 95% Bootstrap CI
Direct effect (c) GET — RER 0.392 0.079 [0.241, 0.548]
Indirect effect (a xb) | GET — GI — RER 0.255 0.061 [0.156, 0.386]
Total effect (c) GET — RER 0.647 0.072 [0.495, 0.781]

The mediation results presented in Table 3 confirm the mediating role of Gl in the relationship between
GET and RER. The indirect effect of GET on RER through GI is positive and statistically significant (B =
0.255, p < 0.001), and the 95% bootstrap confidence interval does not include zero.

Since both the direct effect of GET on RER and the indirect effect through Gl are significant, the findings
indicate a partial mediation effect. Therefore, H3 is supported.

5. Discussion

5.1. Green energy transition, regional economic resilience, and green innovation capability

The findings confirm that GET has significant positive effects on both RER (H1) and GIC (H2). These
results indicate that GET is not merely a shift from fossil fuels to renewable energy but a broader socio-eco-
nomic transformation that reshapes industrial structures, investment patterns, and regional development.

GET strengthens regional resilience by reducing dependence on conventional energy sources, improving
energy security, promoting economic diversification, and enhancing regions' capacity to respond to environ-
mental and economic shocks. At the same time, the transition stimulates technological learning, knowledge
creation, and the development of sustainable production processes, thereby strengthening regional green inno-
vation capability.

These findings support environmental innovation theory by demonstrating that sustainability-oriented en-
ergy transitions create favorable conditions for technological advancement and capability development. Unlike
previous studies that primarily emphasized the effects of renewable energy on economic growth, emissions,
or existing innovation capacity, this study shows that GET simultaneously enhances both the adaptive capacity
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of regional economies and the development of green innovation capability, highlighting its broader contribu-
tion to sustainable regional transformation.

5.2. The Mediating Role of Green Investment

The mediation analysis confirms that Gl partially mediates the relationship between GET and RER (H3).
This finding indicates that GET strengthens regional resilience both directly and indirectly through investment-
driven mechanisms.

From a theoretical perspective, Gl serves as a strategic mechanism that transforms renewable energy ini-
tiatives into technological progress, sustainable infrastructure, and regional competitiveness. Renewable en-
ergy transition alone is insufficient to enhance resilience without adequate investment to support clean tech-
nologies, energy efficiency, and sustainable industrial transformation.

These findings extend the sustainability literature by showing that Gl is not only a financial resource but
also a key mechanism linking energy transition to regional adaptation, structural transformation, and long-term
economic resilience.

6. Conclusion

The transition toward sustainable energy systems is a key driver of regional transformation. This study
developed and tested a structural framework explaining how the GET enhances RER through the mediating
role of GI. Using structural equation modeling, the study provides empirical evidence on the mechanisms
linking energy transition to long-term regional development.

The findings indicate that GET is not only an environmental initiative but also a catalyst for economic
transformation. Renewable energy and low-carbon systems improve regional adaptability, reduce vulnerabili-
ties, and promote sustainable development, while these benefits depend on the effective mobilization of GI.

The results offer practical implications for policymakers, regional authorities, financial institutions, busi-
nesses, and universities. Renewable energy policies should be integrated with green financing and supportive
regulations, while regional stakeholders should foster sustainable industries, clean technologies, innovation,
and university—industry—government collaboration.

Appendix 1. Measurement items.

Green Energy Transition
GET1 — Adoption of renewable energy technologies
GET2 — Improvement of energy efficiency practices
GET3 — Reduction of dependence on fossil energy sources
GET4 — Implementation of low-carbon energy strategies

Green Innovation Capability
GIC1 — Development of environmentally friendly technologies
GIC2 — Ability to implement green process innovations
GIC3 — Capacity to create sustainable products and services
GIC4 — Integration of environmental knowledge into innovation processes

Green Investment
GI1 — Allocation of financial resources to green projects
GI2 — Investment in renewable energy infrastructure
GI3 — Availability of green financing mechanisms
GI4 — Long-term commitment to sustainable investment activities

Regional Economic Resilience
RER1 — Ability of the region to adapt to economic changes
RER?2 — Capacity to recover from economic and environmental shocks
RER3 — Diversification of regional economic activities
RER4 — Creation of sustainable employment opportunities
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Pe3tome. B ycrnoBusix, KOria perHOHBI BCE Yallle CTATKUBAIOTCS ¢ IKOJIOTHIECKUMH TIPOOIIeMaMu, yrpo3aMH SHEPTeTHIECKON 0e3-
OMAaCHOCTH U JaBJICHHEM, CBSI3aHHBIM C SKOHOMHYECKOW TpaHchopMmanuel, u3yueHne BKJIaga Iepexona K 3eNEHOH dHEepreTHKe B
yCTOMYMBOE U CTAOMJIBHOE PETHOHAIBHOE PAa3BUTHE CTAHOBUTCS BaXKHBIM HalpaBlIeHUEM Hay4yHbIX HUccienoBaHuid. Llens nccnenosa-
HUSl 3aKJII0YAETCS B U3yUYCHHUHU BIUSHUA IIEPexo/ia K 3eEHOH SHepreTHKe Ha PerHOHABHYI0 YKOHOMUYECKYI0 YCTOMYMBOCTD MOCPE-
CTBOM aHaJIM3a MOCPEIHUUYECKON POJIM 3€NEHBIX MHBECTULMI M MX BO3JEHCTBUS HA MOTEHLMAN 3€NEHBIX MHHOBALMM. [l oneHKH
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IIPeNoNaraéMbIX B3aMMOCBSI3eH MPUMEHEH METOJ MOJEIHPOBAaHMS CTPYKTypHBIMHU ypaBHeHUsMH (Structural Equation Modeling —
SEM) Ha ocHOBe JaHHBEIX ompoca 364 CIenHaInCcTOB, NPEACTABIIONNX YHEPreTHUeCKUe OTPACIIH, TPOMBIIIIICHHBIE OpTaHU3aINH,
rOCyapCTBEHHBIE YUPEKICHUS, YHUBEPCUTETHI U OpPraHU3alllH, CBA3aHHBIE C yCTOMUMBBIM pa3BuTHEM B Azepbaiimkane. Pe3ynbTaThl
MOKA3bIBAIOT, YTO MEPEXOJ K 3e1EHOM SHEPreTUKE OKA3hIBACT CTATUCTUUECKU 3HAUUMOE TTOJIOKUTETbHOE BIUSHNE KaK HA PETHOHAITb-
HYIO 5KOHOMHYECKYIO YCTOHYIMBOCTD, TAK U Ha MTOTEHIIUAN 3eIEHBIX NHHOBAIMH. [oTyueHHbIE pe3ynbTaThl TAKXKE MOATBEP)KAAIOT, UTO
3e1€Hble HHBECTUIIMU YACTUYHO OMOCPELYIOT B3aUMOCBA3b MEXIY IMEPEX0JI0M K 3eEHON IHEPreTHKe U PETHOHATbHON 3KOHOMUYE-
CKOI yCTOWYMBOCTEIO, yKa3bIBasi Ha BAYKHYIO POJIb (PUHAHCOBBIX MEXaHU3MOB B IIPe0Opa30BaHNY MHUIMATUB B 00JIaCTH BO30OOHOBIIS-
€MOH PHEPreTUKH B Pe3yJIbTaThl YCTOHUMBOIO PErHOHANBHOTO pa3BuTHs. McciaenoBanue BHOCUT BKJIaJ B HAyYHYIO JIUTEpaATypy IO
BOIIpOCaM Iepexo/ia K yCTOHINBOMY Pa3BUTHIO, IEMOHCTPHPYSI, UYTO yCIeIIHas 3eJIEHast TpaHc(opManys 3aBUCUT He TOJIBKO OT BHEII-
peHUsI BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTHH, HO ¥ OT MHBECTHIIMOHHOTO IIOTEHIINANIa ¥ Pa3BUTHS HHHOBAIMi. [oy4eHHbIe pe3yiib-
TaThl CBUJETENBCTBYIOT O TOM, YTO Pa3pab0TYNKaM rocyAapCTBEHHON MONUTUKH U PETHOHAIBHBIM 3aHHTEPECOBAHHBIM CTOPOHAM CIIe-
IyeT HHTETPUPOBATh CTPATETHHU PA3BUTHUS 3€NEHON SHEPTETUKH C MHBECTUIIMOHHBIMU MEXaHU3MaMU JUISl TIOBBIIIEHHUS JOJITOCPOUHOM
aJIalITUBHOCTH PETHOHOB U 00ECIICUeHUsI yCTOHUHMBOrO 3KOHOMHUUECKOTO Pa3BUTHSI.

Kniouesvie cnoga: sneopeniie 60300HO6NAEMbIX UCTIOYHUKOE DHEPSUU, YCINOUMUBOE pa3eumue, HU3KoyenepoOHas mpancghopma-
Yus, 3eN1€Hble UHBECTUYUL, IKON02UYECKIe UHHOBAYUY

YASIL ENERJiYO KECID VO REGIONLARIN iQTiSADI DAYANIQLIGI
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Xiilasa. Regionlarin ekoloji problemlar, enerji tohliikasizliyi ilo bagli narahatliqlar vo iqtisadi transformasiya tozyiglori ilo getdikco
daha ¢ox lizlogdiyi soraitds yasil enerjiys kecidin dayanigli vo davamli regional inkisafa neca t6hfs verdiyinin yranilmoasi mithiim
todgiqgat istigamotino ¢evrilmisdir. Todgiqatin magsadi yasil investisiyalarin vasitagi rolunu v yasil innovasiya potensialina tasirini
tohlil etmokls yasil enerjiyo kegidin regional iqtisadi dayanighiga tesirini arasdirmaqdir. Azerbaycanda enerji sektorlarini, sonaye
toskilatlarini, dévlat miiassisalarini, universitetlori vo dayaniqh inkisafla slagoli toskilatlar: tomsil edon 364 miitoXassisdon toplanmig
sorgu molumatlari ssasinda irali siiriilon slagslorin giymatlondirilmasi tigiin struktur tonliklorin modellosdirilmosi (Structural Equation
Modeling — SEM) metodundan istifads edilmisdir. Naticolor gostarir ki, yasil enerjiys kecid ham regional iqtisadi dayaniqliga, hom do
yasil innovasiya potensialina statistik baximdan shomiyyatli miisbat tosir gostorir. ©lds edilon naticalor, homginin yasil investisiyalarin
yasil enerjiys kegidlo regional iqtisadi dayaniqliq arasindaki olagads gisman vasitaci rol oynadigini tasdiglayir. Bu iss barpa olunan
enerji togabbiislorinin dayanigli regional inkisaf naticalarine gevrilmosinds maliyys mexanizmlorinin mithiim shomiyyost dasidigini
gostarir. Todqiqat ugurlu yasil transformasiyanin yalniz borpa olunan enerji monbalarinin tothigindon deyil, hom do investisiya
imkanlarindan vo innovasiyalarin inkisafindan asilt oldugunu niimayis etdirmoklo dayaniqliliga kegid iizro elmi odobiyyata tohfa verir.
Oldo edilon naticalar gostarir Ki, siyasatgilor vo regional maraqli torsflor uzunmiiddotli regional uygunlasma gabiliyyatini vo dayaniqli
iqtisadi inkisafi giiclondirmak tiglin yasil enerji strategiyalarini investisiya mexanizmlari ilo inteqrasiya etmolidirlor.

Agar sézlar: barpa olunan enerji manbalarinin tathigi, davamli inkisaf, asagi karbonlu transformasiya, yasil investisiyalar, ekoloji
innovasiyalar
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