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Abstract

This study investigates the effect of energy diversification on corporate financial performance at the global level and examines the moderating
role of corporate innovation capacity. Utilizing a comprehensive panel dataset comprising 31,000 firm-year observations from 50 firms across
31 developed and developing economies between 2002 and 2021, the analysis employs a two-stage least squares instrumental variable (2SLS-
1V) regression to mitigate endogeneity concerns. The findings reveal that, independently, energy diversification exerts a significantly negative
influence on financial performance. However, this relationship is moderated by firms’ innovation capabilities—particularly those driven by
R&D investments—which, under certain conditions, can reverse the negative effect and engender positive financial outcomes. The moderating
impact of innovation is especially salient within energy-intensive industries, such as raw materials and energy sectors, relative to less energy-
dependent industries. Additionally, this effect is more pronounced in countries characterized by individualistic and long-term oriented cultural
traits that foster risk-taking and sustainability initiatives. These results underscore the intricate interplay between energy diversification,
innovation, industry-specific factors, and national cultural contexts. The study offers meaningful implications for corporate managers seeking
to leverage innovation in energy strategy development, as well as for policymakers aiming to incentivize investments in clean and sustainable
technologies.
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Introduction

This study investigates the impact of energy diversification on firms’ financial performance, with a particular focus on the moderating
role of corporate innovation capacity. Amid the global shift toward renewable energy and the urgent need to reduce reliance on fossil
fuels, energy diversification has emerged as a vital strategy for mitigating both economic and environmental risks. This issue is
especially relevant for Iran, given its heavy dependence on oil and gas, along with ongoing challenges such as electricity imbalances
and international sanctions.

The objective of this study is to examine how energy diversification interacts with firms’ innovation capabilities to influence
financial outcomes. The analysis also considers contextual factors, including national cultural dimensions—specifically individualism
and long-term orientation—and industry characteristics, particularly the distinction between energy-intensive and less energy-intensive
sectors.

This study contributes to the existing literature by addressing a notable gap, which largely concentrates on the direct effects of
innovation on firm performance while overlooking the role of energy diversification. It provides practical insights for managers aiming
to optimize their energy and innovation strategies, as well as for policymakers designing incentives to foster sustainable technological
development. The study formulates the following hypotheses: 1) Energy diversification enhances innovation performance, 2)
Innovation mitigates the negative impact of energy diversification on financial performance, 3) This moderating effect is stronger in
energy-intensive industries, and 4) The effect is more pronounced in cultures characterized by individualism and long-term orientation.
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Methodology
This study employs a quantitative research design based on panel data analysis. The sample comprises 50 firms operating across 31
developed and developing economies, including Iran, over the period 2002-2021, yielding a total of 31,000 firm-year observations.
Data for Iranian firms were sourced from the Rayan Hamafza software, while international data were obtained from recognized global
databases. Energy diversification data were drawn from Gozgor and Paramati (2022), and gross national product (GNP) figures were
retrieved from the World Bank.

Firm financial performance was assessed using three key indicators: return on assets (ROA), return on equity (ROE), and Tobin’s
Q. Corporate innovation capacity was proxied by the ratio of R&D expenditures to total revenue. Control variables included firm size
(logarithm of total assets), financial leverage, fixed assets, and corporate governance indicators such as board size, board independence,
and gender diversity. To address potential endogeneity, the analysis employed a panel regression framework utilizing a two-stage least
squares (2SLS) instrumental variable approach. The model incorporated industry and year fixed effects to control for unobserved
heterogeneity across sectors and over time. Subgroup analyses examined the moderating effects of energy diversification within energy-
intensive versus less energy-intensive industries, as well as across cultural contexts characterized by individualism and long-term
orientation. Standard errors were clustered at the firm level to correct for heteroskedasticity. This methodological approach ensures
rigorous hypothesis testing and enhances the robustness and reliability of the empirical findings.

Findings

The findings indicate that energy diversification exerts a statistically significant negative impact on firms’ financial performance, as
measured by return on assets (ROA), return on equity (ROE), and Tobin’s Q. However, this adverse effect is moderated by firms’
innovation capabilities, which can convert the relationship into a positive one among firms with high levels of innovation.

An analysis of the direct effect of energy diversification on innovation, controlling for both firm- and country-level variables,
reveals a positive and statistically significant coefficient at the 1% level (Model 1: f = 0.12, SE = 0.0009; Model 2: B = 0.06, SE =
0.0008), thereby supporting Hypothesis 1. The moderating role of innovation is further evidenced by a positive and significant
interaction term between energy diversification and innovation (ROA: p = 01008, SE = 0.002; Tobin’s Q: B = 0.06, SE = 0.03),
confirming Hypothesis 2. Subgroup analyses demonstrate that this moderating effect is more pronounced in energy-intensive
industries—such as raw materials and energy—where the interaction term is stronger (ROA: f =0.013, SE = 0.003) compared to less
energy-dependent sectors (f = 0.005, SE = 0.003), thus supporting Hypothesis 3.

Additionally, cultural context further influences the relationship: the effect is significantly stronger in countries characterized by high levels
of individualism (B = 0.015, SE = 0.004) and long-term orientation (B =[0.012, SE = 0.003), lending support to Hypothesis 4. These results
remain robust across multiple sensitivity analyses, underscoring the reliability and validity of the findings.

Discussion and Conclusion

The findings demonstrate that, in isolation, energy diversification negatively impacts firms’ financial performance. However, this
adverse effect is significantly mitigated by corporate innovation capacity—particularly through substantial investments in R&D—
ultimately enabling more innovative firms to enhance their performance. These results support the study’s hypotheses and highlight
the role of innovation as a compensatory mechanism that can offset the costs or complexities associated with diversifying energy
sources. The moderating influence of innovation is notably stronger within energy-intensive industries, where demand for clean
technologies is higher, and in cultural contexts characterized by individualism and long-term orientation—traits that foster risk-taking,
innovation, and commitments to sustainability. These insights are particularly pertinent for countries like Iran, where heavy dependence
on fossil fuels, coupled with systemic challenges such as energy imbalances and international sanctions, underscores the pressing need
for strategic investments in innovation and renewable energy sources such as solar and wind.

Policymakers can play a crucial role by incentivizing the adoption of clean technologies through targeted tax incentives, subsidies,
and other financial support mechanisms. For corporate leaders, the results suggest that aligning energy strategies with innovation
initiatives is essential for achieving both environmental sustainability and financial performance. Future research could explore the
effects of specific renewable energy sources—such as hydrogen or geothermal energy—investigate the influence of corporate culture
on energy strategy adoption, and examine the interaction between energy diversification and international carbon reduction policies.

Overall, this study contributes to the expanding literature on energy diversification and corporate innovation, offering practical
insights for managers and policymakers seeking to balance environmental responsibility with financial performance amid the evolving
global energy landscape.
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Table (1): Sample distribution and country-level innovation capability index
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Table (2): Descriptive statistics
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Table (3): Direct impact of energy diversification on firm’s performance
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Table (4): Impact of energy diversification on firm performance: The moderating role of innovation capability
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Table (5): Firms in high- versus low energy-consuming industries

S5A S e p mbo S35 D paneS mboo Jats e
/e AV oA -
(/44 ¥¥) (/0¥ S g S
eyseE Cearae - -

(/e o) (e TA) S3A g s susls 2Uls Jols
ARAN Y -

(/2YW) (O A) sy @by

< & SIS Sl izn 3l oskizad

100 Voo Slaalie

AT 140 R

- & Jl b

- < s ol

Do 3 S 10 (55l bl Jhias 31 a8 ol anils Ol 5038 Sty Y 43 51 Jta g ol (5 S
W ol (350 O e b sl s b S L 51 i b (6550 e b mbs s Jlad slacS 3

s 53U gsls Uls s eS b oS Lie o Kaia sba Kan b aS 3l 0L i oo Slalllas
Soslize S 55 Shee 5551 55 50 5 sls Ulp ks il e a3 53 ol (Sas (ol il
/) S3,3) XS o e |, (HoFstede, 2001) asls sudS Som s s 53 30 ol tass dialy opl s il
35T 0L Cmal 5 s Oladied bl p 5lidy (DBl 5 1533 malsr (SasliS /oadihs (51 S 5 o) S
«(Hofstede, 2001) Aijls dsh a5 Suss w5 Salon o1 Saer slacon b Juldays oS o ash ol
Gusly oUWy Lote jobas o1 555 da s 48 Jis S slgiy (Griffin et al,, 2021) O, ea 5 iy S ccpl posdle
WS i | iyl Gla sl 4 bg e LLisd & Ut oy el 1ol S slacKin Bl ola 538 4l oS e
St wilr onl S 15 Ol Gty bl s Sae gl Lol & 55, 00 sl (bl » «(Hofstede, 2001)
ol S s a1 85 3 VL am o b pla, s iS 55 OLSHIS 5 OB IS me alas 3l Olati(sd &S A 5,3 5,0 03] caiils
Sl 3 Shas il 4 calgys ol ool a5 Wleals OLES (g i (ol 5658 usls Ul LS 2 & el
OIS L5 1805 glan iS5 sl Ul b s ke ¥l s 0 a8 ) sbiles b e LS 5
SIS 5 855 laas s Ble (15,1 bl os S 5 53 lasstS OF A 5 0esT (gl ol e Do
285 55 80 osls Uls 3 bl oslss (1) Wslas e L oo (Hofstede, 2001) dzndls ooatil
el 0l &1 F Jgdr 53 O 4 b gy e =l A 380 o5 S 5 a6l oS s Shae

Jebos el 0 215 5 1S5 gl ite 53 1058 05 8 00 D S B F Jsdr o o s Al gla i
sls &l S 55 Shee cilie glajbas Ole L3 ol Sldlacol gl 1y (solsbme sl 5 o oo slazssl 2 5058
ol et g Sdedids 4 Rl S 5185 5 slacKia 3L sla, 138 s sosls Ul Lo id oS sls olis laasl
Joles VL (63530 655 b gla 528 5 e b oS ol O Wlie IVl 03l sl ins Olimen ¥ i 5 ccnl ol

sl b sl aUls o5 e S ol VL AT 51 5b sy cpl . ls Sosls L WIS



VE0 (OF) (gl oslad el oslad onsler Jlo ¢ Jle o s olls Cu e 24

S s Shas ssg 551 g5 B0 cnlpesdle (1 QLIS b 1w 5 0L xte e 5 el Rl s
de;Jajug;sﬁw\dsw\o.l_lJM}W\J}MM&)}T}J&L\})JYL&)&L&L&BQSJ..;

Table (6): PartA: Individualism versus collectivism
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