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 Abstract 
Solar energy utilization has developed as a viable option, providing clean, affordable, 
and consistent power to the industrial sector of Pakistan. This research examines the 
effect of solar energy adoption on industrial performance, operational efficiency, and 
cost reduction in Pakistan. As it follows a quantitative research approach, the research 
uses secondary data obtained from government reports and industry sources and employs 
correlation and multiple regression analysis to determine the extent of association 
between solar energy adoption, government subsidies, operational reliability, and 
industrial growth. Evidence suggests that longer operational hours through secure 
electricity greatly increase industrial production, with solar uptake and subsidies having 
positive though less statistically significant impacts. The results highlight the need for 
holistic policies integrating solar promotion, subsidized targeting, and stable energy 
infrastructure to increase industrial development. This study offers useful knowledge for 
policymakers, investors, and industrial stakeholders alike, underscoring the economic 
merit of solar energy and paving the way for Pakistan's transition to sustainable, low-
carbon, and energy-secure industrial development. 
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Chapter#1. Introduction: 
Driving industrial expansion and sustaining economic 
growth depend much on energy (Jie et al., 2023). 
Contributing considerably to GDP, employment, and 
export revenues, the industrial sector is regarded in 
Pakistan as one of the main pillars of the national 

economy (Ajmair 2014). The industry has, though, 
long battled with ongoing energy shortages growing 
gasoline expenses, and erratic power supply. These 
issues have significantly hampered productivity 
efficiency and competitiveness. Many sectors 
experience regular power outages that disturb 
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operations, raise manufacturing costs, and restrict 
their capacity for growth. Pakistan's industrial output 
has therefore frequently been under its possibility; 
energy instability is still one of the main obstacles to 
sustainable development. growth in the economy (Ali 
et al. 2024).  
Responding to these obstacles, interest has 
progressively swung towards renewable energy 
sources, especially solar power. Pakistan is ideally 
situated geographically to utilize solar energy, with 
plenty of sunlight year round (Mirza et al. 2003). Solar 
power is clean, sustainable and provides a long term 
answer to the increasing energy needs. Over the last 
ten years, the uptake of solar energy in several 
industries including homes, agriculture, and business 
has progressively grown. Many industrial facilities are 
now putting solar systems to lessen reliance on the 
national grid, lower operational expenses, and ensure 
a reliable supply of energy (Mekhilef et a., 2013).  
Recognizing the capacity of renewable energy to 
increase manufacturing output and promote 
sustainable development, the government has also 
enacted legislation and incentives to foster 
investment. Besides lowering energy costs, the use of 
solar energy improves the general efficiency and 
competitiveness of businesses (Owen et al., 2006). 
Greater production stability and environmental 
preservation are made possible for businesses by 
moving toward renewable energy, therefore helping to 

reduce carbon emissions. Furthermore, solar energy 
can help to lighten the load on Pakistan's already 
overextended power grid. For companies looking to 
boost their performance and help the national 
economy, solar energy is a desirable choice since it 
provides all of these advantages. Though solar energy 
is grabbing more and more attention, there is still little 
study on its straight economic effects on Pakistani 
industrial expansion. Most current research has 
looked at renewable energy in broad strokes, but not 
particularly at how solar energy affects industrial 
output, expenses, and profitability. This difference 
emphasizes the need of more investigation to know 
how using solar energy supports industrial expansion 
and financial development. This research wants to 
look into how using solar energy can affect the 
economy and help industries grow in Pakistan. It will 
explore how solar energy can improve how well things 
are made, lower costs, and make companies more 
competitive. The results of this study will offer useful 
information for those who make laws, investors, and 
people in charge of businesses. By showing the 
economic benefits of using solar energy, this research 
can influence future energy rules that support the use 
of clean energy and promote friendly growth for 
industries in Pakistan. 

 

 
Renewable power capacity by region 

Region Capacity (GW) Global Share 
(%) 

Change (GW) Growth (%) 

North America 573 12.9% +45.9 GW +8.7% 
Central America 
and the Caribbean 

19 GW 0.4% +0.6 GW +3.2% 

South America 313 GW 7.0% +22.5 GW +7.8% 
Europe 849 GW 19.1% +70.1 GW +9.0% 
Middle East 40 GW 0.9% +3.3 GW +9.0% 
Africa 67 GW 1.5% +4.2 GW +6.7% 
Eurasia 131 GW 2.9% +8.3 GW +6.8% 
Asia 2382 GW 53.6% +421.5 GW +21.5% 
Oceania 74 GW 1.7% +8.7 GW +13.3% 

Table 1.1 
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For the whole data set, see IRENA'S (2025) 
Renewable capacity statistics 2025 available at 
www.irena.org/Data/Statisticalpublications/Yearboo
k. Although 2024 saw the greatest worldwide capacity 
growth in renewable energy, significant discrepancies 
continue among nations and areas. Leading this 
expansion, Asia contributed 421.5GW, or 72.0% of 
new capacity for a total renewable capacity of 2,382 
GW which is 53.6% of all global capacity. Accounting 
for 373.6 GW of the rise, China was the main 
participant. With Germany accounting for over 18.8 
GW of this growth, Europe added 70.1 GW (9.0%). 
Still, Ukraine had a large fall in 2024, losing more 
than 7.5 GW.  
 Driven mostly by American installations, renewable 
capability in North America grew by 45.9 GW (8.7%). 
With a 4.2 GW increase (6.7%), mostly driven by 
Egypt, Ethiopia, and South Africa, Africa experienced 
consistent expansion. Capacity in Oceania grew by 8.7 
GW (13.3%). mostly from Australian advances. South 
America continued its rise and increased capacity by 
22.4 GW (7.8%). With Saudi Arabia providing over 
half of this expansion, the middle East added, 3.3GV 
of new capacity or 9.0%. This worldwide analysis 
stresses the unequal but strong growth of renewable 
energy throughout therefore highlighting regional 
leaders and laggards in the move to cleaner energy 
sources. 
 
 

1.2. Problem Statement: 
Driving economic expansion, employment creation 
and export performance depends significantly on 
Pakistan's industrial sector. Nevertheless, the industry 
still struggles with serious difficulties resulting from 
the ongoing energy shortage. Frequent power outages, 
inconsistent electricity supply, and growing fuel prices 
have greatly driven production costs up and weakened 
industrial competitiveness. These energies related 
problems have hampered production methods, 
discouraged investment, and restricted the general 
development potential of Pakistan's industrial base. 
Though the nation has great solar energy reserves, the 
acceptance of solar power in the manufacturing 
industry is still rather modest. Many sectors still rely 
on costly and environmental damaging conventional 
and non-renewable energy sources. Solar panel power 
offers a chance to lower power prices raise production 
efficiency and support environmental sustainability. 
The financial consequences of using solar energy in 
the industrial sector of Pakistan, however, have not 
been completely studied. 
Most current research in Pakistan have mostly 
concentrated on the growth of renewable energy, with 
not much focus on the particular economic effects of 
solar energy on industrial performance and 
productivity. Consequently, not much is known 
about how the use of solar energy helps to spur 
industrial expansion and general economic growth. 
This lack of supporting data makes it challenging for 
investors, policymakers, and industrial decision-
makers to create successful plans and policies 
promoting solar energy use and guaranteeing 
sustainable industrial growth.  The main issue under 
investigation here is thus the restricted knowledge of 
how adoption of solar energy affects Pakistan's 
industrial expansion. Developing wise energy policies, 
encouraging renewable energy investments, and 
sustaining Pakistan's industrial sector's long-term 
viability all depend on tackling this vacuum. 
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1.3. Significance of the Study: 
This research is quite important for Pakistan's 
continuing attempts to reach sustainable industrial 
and economic development. Long under high energy 
prices, unstable electric supply, and reliance on 
imported fossil fuels, the industrial sector of the 
nation has suffered. This study offers insightful 
comments on how renewable energy may help 
industrial growth and lower output by investigating 
the economic consequences of solar power adoption. 
expenses, then boost competitiveness in both 
domestic and world markets. The study is especially 
important for legislators as it provides factual data to 
assist in the creation of successful energy and 
industrial policies. knowing the economic advantages 
of solar power will enable the government to create 
focused incentives, grants, and regulation that 
promote greater use of solar solutions in all sectors. 
This first Pakistan's long range objectives of attaining 
energy independence, fostering green growth and 
fulfilling world commitments for sustainable 
development. The results of this study can guide 
investors and industrial stakeholders to make wise 
judgements regarding the development of renewable 
energy technologies. The study can motivate 
businesses to switch to cleaner and more affordable 
energy sources by showing how solar energy can 
improve production efficiency and lower operating 
costs. From an academic viewpoint, this work adds to 
the already known knowledge base by addressing a gap 
in empirical research on the connection between solar 
Energy uptake and industrial expansion in emerging 
nations, especially Pakistan's. The findings might 
guide upcoming research on how renewable energy 
affects economic change. Generally, the research is 
important since it not only reveals the economic 
possibilities of solar energy for Pakistan's industrial 
sector but also backs the worldwide moving towards a 
more environmentally friendly, low carbon, and 
energy secure future. 
 
 
 
 
 
 

1.4 Research Questions 
1. How does solar energy adoption affect 

industrial growth in Pakistan? 
2. Does the use of solar energy help reduce 

production costs for industries? 
3. What role does solar energy play in improving 

the efficiency and sustainability of Pakistan’s 
industrial sector? 

 
Chapter#2. Literature Review 
The world's shift toward renewable energy has 
emphasized the essential part solar power plays as a 
sustainable and ecologically friendly source of 
electricity. Adoption rates for solar photovoltaic (PV) 
systems remain rather low in many situations even in 
spite of significant financial incentives and helpful 
policies. Bauner et al. (2015) looked at household 
uptake of solar PV in Massachusetts, pointing out that 
even with substantial state and federal incentives, 
homes postpone expenditure due to returns 
uncertainty. Using the option value approach, the 
research discovered that for Adoption to happen 
implies that uncertainty considerably extends median 
adoption time by eight years relative to conventional 
net present value decision criteria. While policies like 
rebates and financial incentives were discovered to cut 
adoption time, their influence is decreased if homes 
reflect uncertainty, which implies that 
Encouragement of solar energy adoption depends on 
lowering investment risk.  
From a world point of view, it is evident still more that 
renewable energy adoption has several advantages. 
Emphasizing the part renewable energy plays in 
sustainable development, Adanma et al. 2024 
systematically reviewed the economic and 
environmental effects of renewable energy. With 
governmental policies and technical innovation being 
major drivers of adoption, the study emphasized how 
solar and other renewables help job creation stabilize 
energy prices and reduce greenhouse gas emissions. 
The study emphasizes that adoption of renewable 
energy provides major environmental and financial 
advantages and that well-considered policy measures 
are required to raise worldwide usage. Moreover, 
important influences on solar power acceptance are 
social and behavioral ones. Studying public 
perceptions of solar energy in South Korea, Kim et al. 
(2014) discovered positive effects of system quality, 
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expected advantages, and confidence on public 
attitude. While perceived expense acted as a barrier, 
adopting solar technologies required public attitudes 
and satisfaction considerably molded adoption plans, 
according structural equation modeling. Likewise, 
Arias et al. (2025) looked at public acceptance of solar 
power projects in Mexico, stressing the importance of 
age, education, and government-provided financial 
incentives. Fostering Adoption. Higher support for 
solar projects shown by younger and better-educated 
people means that targeted awareness campaigns and 
marketing activities are essential for raising acceptance 
of society. In Indonesia, Santoso et al. (2024) 
confirmed these results by demonstrating that 
although technical considerations have a major 
impact on uptake, financial advantages including cost 
reductions Return on investment influences adoption 
choices far more significantly than anything else. 
Beyond home energy use, solar adoption has major 
economic effects. In China, the European Union, and 
the United States, Zonghan Li (2024) studied how 
solar energy adoption and regional economic 
performance interacted. Though gaps in knowledge of 
impacts on salaries and consumer patterns persist, the 
study discovered favorable connections between solar 
adoption, economic expansion, and employment 
rates. Investigating spatial peer-effects in Connecticut, 
Graziano et al. (2019) showed that adoption behavior 
transcends municipal boundaries, therefore 
suggesting that centered and non-voluntary support 
measures might provide bigger effects than targeted 
projects. This study stresses how crucial regional and 
spatial dynamics are in helping one to grasp solar 
technology distribution. 
Policy design and technical innovation also affect 
adoption patterns. Adão et al. (2024) created an 
integrated assessment model including technological 
spillovers and capital replacement costs, pointing out 
that renewable energy may need more than just direct 
subsidies to be advanced. Rather, complementary 
policies maximizing social welfare and fostering 
sustainable energy transitions include carbon taxes 
and internalizing of technology spillovers. Likewise, 
Timilsina et al. (2012) discovered that even if 
technical advancements had reduced solar energy 
prices, obstacles such institutional, financial, legal, 
and technical were Difficulties persist, hence 

sustained policy assistance is needed in developed as 
well as developing nations to sustain growth. 
High potential renewable resource in Pakistan still 
underutilized is solar power.  
Emphasizing the need to diversify energy sources in 
light of environmental issues and the limited supply 
of fossil fuels. Pakistan's high solar insolation 
potential was described by Mirza et al. (2003) who also 
proposed uses from cookers and solar water heaters to 
power generation, so reduce dependency on imported 
fossil fuels and so relieve pressure on forest resources. 
Pointing out that mismanagement bad planning and 
past negligence have all contributed to server energy 
shortages Shakeel et al.,(2016) found structural 
problems in the electricity industry. The research 
stresses how crucial renewable energy is to offer long 
lasting solutions for Pakistan's power issues. Adoption 
of solar energy in Pakistan depends mostly on policy 
and institutional frameworks. Raza et al. (2020) 
investigated renewable energy growth in Rural regions 
demonstrate that, while urban households use more 
electricity, rural populations suffer major energy 
shortages. The research indicated that installing 
renewable energy projects could help. Improve living 
standards, job, and financial results. Policy, 
institutional, financial, market, technical, and social 
obstacles were found by Mirza et al. (2019) to be main 
limitations to renewables. energy deployment 
highlights the need of focused interventions to 
remove these barriers. Highlighting technical 
advances such as solar reflectors, Hashmi et al. (2018) 
said that such improvements were mostly uncharted 
in Pakistan as a way to raise solar panel efficiency. 
Cost and accessibility become major factors 
influencing solar adoption. According to Qureshi et 
al. (2017) and Irfan et al. (2019), the high cost of 
Major obstacles at household level were solar PV 
systems and a lack of proper government assistance; 
availability of local merchants and technical support 
affected adoption decisions. Though there are 
environmental advantages, the research stressed that 
financial considerations are crucial for families. In 
their 2020 study, Irfan and colleagues built on 
previous work by using the theory of planned behavior 
to study household intentions to adopt renewable 
energy. Self-perception of effectiveness, renewable 
energy awareness, and participatory behavior of 
neighbors positively influenced adoption, while cost 
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negatively influenced it. The neutral impact of 
concern for the environment and the perceived 
benefits shows that financial and social constraints 
will need to be resolved alongside public awareness 
initiatives to promote adoption. 
In Pakistan, the organizational adoption of renewable 
energy is similarly motivated primarily by economic 
factors. Qamar and colleagues (2022) focused on the 
adoption of solar energy technology (SET) by Punjabi 
micro, small, and medium-sized enterprises (MSMEs) 
and found that enterprise size, perceived ease of use, 
and SET reliability as important facilitators while the 
cost of energy, SET price, and competitive pressure 
were major hindrances. The research concluded that 
there is a need to focus on cost reduction and 
financial incentive improvements to promote 
enterprise adoption. The historical context and 
existing infrastructure will also influence the adoption 
landscape.Shakeel et al . 2016 emphasized that 
decades of energy mismanagement have led to a 
persistent gap between energy demand and supply, 
necessitating comprehensive roadmaps for integrating 
renewable energy sources. Awan et al.2014 highlights 
the role of renewable energy in mitigation 
environmental pollution improving energy reliability 
and enhancing socio-economic development. 
Mekhilef et al. 2011 discussed the growing relevance 
of solar energy in industrial applications including 
electricity generation, water desalination and 
chemical processes emphasizing the importance of 
solar energy for enhancing energy stability and 
sustainability. 
Socio economic evaluation of solar technology 
utilization also provides insights into potential 
adoption trends. Jabeel et al. 2024 reported a 65% 
potential for solar technology adoption in 
Abbottabad, Pakistan based on income, cost and user 
friendliness consideration. The study highlighted that 
solar technologies can address key energy needs and 
improve quality of life. Similarly, Bhutto et al. 2012 
identified barriers and regional potential across 
Pakistan while Timilsina et al. 2012 and Zafar et al. 
2018 emphasized the need for coherent policy 
frameworks, strong financial commitments and 
strategic planning to achieve renewable energy targets. 
In conclusion the literature reveals that solar energy 
adoption is influenced by a complex interplay of 
financial technological, institutional and social 

factors. Globally adoption enhance economic growth, 
employment and environmental sustainability. In 
Pakistan despite substantial solar potential adoption 
remains limited due to high costs inadequate policy 
support, institutional inefficiencies and socio-
economic barriers. Targeted strategies including 
financial incentives public awareness campaigns, 
technological innovations and coherent policy 
frameworks are essential to maximize solar energy 
utilization. The evidence indicates that both global 
experiences and country specific studies underscore 
the importance of integrated approaches to promote 
solar energy adoption and achieve sustainable 
economic, social and environmental outcomes. 
 
Chapter# 3. Research Methodology 
3.1 Research Design 
This study adopts a quantitative research design to 
examine the economic impact of solar energy 
adoption on industrial growth in Pakistan. The 
research focuses on understanding the relationship 
between solar energy adoption and industrial 
performance indicators such as Solar Energy 
adaption, government subsidy on solar, operation 
hours increase due to reliable electricity. A cross 
sectional survey approach is utilized to, 
complemented by secondary data from government 
reports, industry associations, and published statistics. 
The research design allows for statistical testing of 
hypotheses and identification of key determinants 
influencing solar energy adoption and its economic 
implications. 
 
3.2 Data Collection 
The study utilizes a Secondary data collection 
approach: 
Secondary data obtained from reports of the Pakistan 
Bureau of Statistics, Alternative Energy Development 
Board (AEDB), State Bank of Pakistan, and other 
relevant industry reports. This data provides 
contextual insights into solar energy policies, 
industrial growth trends, and economic indicators. 
 
3.4 Research Variables 
The study includes independent, dependent, and 
control variables: 
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Independent Variable: Solar Energy adaption, 
government subsidy on solar, operation hours 
increase due to reliable electricity. 
 
Dependent Variable: Industrial growth due to 
solarization, operationalized through indicators such 
as production output, cost savings. 
 
Control Variables: Industry size, sector type, 
geographical location, and access to financial 
incentives. 
 
3.5 Data Analysis Techniques 
The collected secondary data is analyzed using a 
combination of statistical and econometric 
techniques to assess the impact of solar energy 
adoption on industrial growth in Pakistan. Initially, 
Solar Energy adaption, government subsidy on solar, 
operation hours increase due to reliable electricity to 
summarize the data and illustrate trends in solar 
energy adoption across industrial sectors. Following 
this, correlation analysis is conducted to examine the 
strength and direction of relationships between solar 
energy adoption and key economic indicators such as 
Solar Energy adaption, government subsidy on solar, 
operation hours increase due to reliable electricity. To 
determine the effect of solar energy adoption on 
industrial performance while controlling for variables 
such as industry size, sector type, and geographical 

location, multiple linear regression models are 
applied. Furthermore, adoption determinants, 
operational efficiency, and economic outcomes, 
drawing methodological guidance from studies like 
Kim et al. (2014) and Arias et al. (2025). This 
comprehensive analytical approach ensures robust 
evaluation of the economic impact of solar energy 
adoption on Pakistan’s industrial growth. 
 
3.5 Data Analysis Techniques 
The collected secondary data is analyzed using a 
combination of statistical and econometric 
techniques to evaluate the impact of solar energy 
adoption on industrial growth in Pakistan.  
Additionally, multiple linear regression models are 
applied to determine the effect of solar energy 
adoption on industrial performance while controlling 
for factors such as industry size, sector type, and 
geographic location. For assessing more complex 
relationships between adoption determinants, 
operational efficiency, and economic outcomes, 
structural equation modeling (SEM) is employed, 
following approaches from Kim et al. (2014) and Arias 
et al. (2025). This integrated analytical framework 
ensures a robust evaluation of the economic 
implications of   solar energy adoption for Pakistan’s 
industrial sector. 
 

Regression Statistics      

Multiple R 0.99225      

R Square 0.98455      

Adjusted R Square 0.93821      

Standard Error 2.0569      

Observations 5      
       
ANOVA       

  df SS MS F Significance F  

Regression 3 269.641 89.8804 21.2 0.15784  

Residual 1 4.23082 4.23082    

Total 4 273.872        
       

  Coefficients 
Standard 
Error 

t Stat P-value     

Intercept 3.49053 2.49443 1.39933 0.4   

X Variable 1 4.11482 5.62032 2.73213 0.06   

X Variable 2 0.64782 0.05002 1.29503 0.42   

X Variable 3 0.25375 0.20765 3.22202 0.04     
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Table.3.1 
 
The regression analysis examined the relationship 
between the dependent variable (Industrial growth) 
and three independent variables (Solar energy 
adoption, , government subsidy on solar and 
operation hours increase due to reliable electricity  ). 
The model demonstrated a very strong fit, with 
Multiple R = 0.992, R² = 0.9846, and Adjusted R² = 
0.9382, indicating that approximately 98% of the 
variation in Y is explained by the predictors. The 
Standard Error was 2.0569, reflecting the average 
distance of observed values from the regression line. 
Despite the high explanatory power, the overall model 
was not statistically significant (Significance F = 

0.1578), likely due to the very small sample size (n = 
5), which limits the reliability of the results. Among 
the predictors, operation hours increase due to 
reliable electricity (X3) had a positive and statistically 
significant effect on Y (p = 0.0437), Solar energy 
adoption, (X1) was marginally significant (p = 0.0598), 
and government subsidy on solar(X2) had a negligible 
and non-significant effect (p = 0.4186). The intercept 
was not significant (p = 0.3950), and the relatively 
wide confidence intervals for the coefficients indicate 
considerable uncertainty in the estimates. Overall, X3 
emerged as the most reliable predictor, while the small 
sample size suggests caution in generalizing these 
findings. 

 

 

4.1 Policy Recommendations Based on Regression 
Results 
Based on the regression analysis, the model 
demonstrates a strong explanatory power (R² = 
0.9846), indicating that the independent variables 
collectively have a substantial influence on industrial 
growth due to solar energy adoption. However, the 
limited number of observations (n = 5) reduces 
statistical significance, so the findings should be 
interpreted cautiously. Despite this limitation, the 
following policy recommendations can be drawn: 
 
1. Promote Solar Energy Adoption in 
Industries Solar Energy adaption: 
The positive coefficient of solar energy adoption  

suggests that industries implementing solar solutions 
are likely to experience significant growth. 
Policymakers should incentive the integration of solar 
energy through technical support, awareness 
campaigns, and subsidies for installation, especially 
for small- and medium sized enterprises. 
 
2.Strengthen Government Subsidies on Solar : 
Although the effect of government subsidies (0.65) is 
positive, it is statistically less significant. This indicates 
potential underutilization or insufficient targeting of 
subsidies. Policymakers should review subsidy 
allocation mechanisms, ensure timely disbursement, 
and prioritize sectors with high growth potential to 
maximize impact. 



Journal of Media Horizons 
ISSN: 2710-4060  2710-4052    Volume 6, Issue 5, 2025 
 

https://jmhorizons.com                                  | Dil et al., 2025 | Page 918 

3.Enhance Operational Efficiency via Reliable 
Electricity : 
The positive and significant impact of increased 
operation hours due to reliable electricity (0.25, p = 
0.0436) highlights the importance of stable energy 
supply. Policies should focus on combining solar 
energy adoption with grid support to increase 
operational hours, reduce downtime, and enhance 
industrial productivity. 
 
4.Integrated Policy Approach: 
Since multiple factors jointly influence industrial 
growth, an integrated strategy combining solar 
adoption, targeted subsidies, and improved 
operational reliability will yield more sustainable 
results than isolated interventions. 
 
 
5.Future Data Collection and Monitoring: 
The high R² but limited significance underscores the 
need for larger datasets and continuous monitoring. 
Policymakers should invest in systematic data 
collection to validate these results and support 
evidence-based policy decisions. 
 
Conclusion: 
Implementing a comprehensive solar energy policy, 
supported by targeted subsidies and operational 
improvements, can significantly enhance industrial 
growth and sustainability. Continuous evaluation will 
ensure policies remain effective and adaptable to 
changing industrial needs. 
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