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Abstract

As a South Asian region with 1.8 billion people, its rapid economic growth is increasing its energy
requirements. Achieving this demand in conjunction with mitigating climate change can be
effectively accomplished through renewable energy sources. This research analyses the renewable
energy policies of India, Bangladesh, Nepal, and Sri Lanka. All countries demonstrated progress
on the renewable energy front but the Shewhart analysis indicated there are still large differences
present in the institutional structures, policies, incentives, and overall approaches to the policy.
This research study will help provide constructs and best practices for Pakistan to improve its RE
policy framework. This research places importance on establishing strict targets that are
challenging to achieve, making funds available, and improving institutional capacity. The clean
energy strategies will ensure that energy security is delivered while also meeting the country's
plans for renewable energy deployment.
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Introduction

To cope with climate change, ensure energy security, and promote sustainable development, there
is a significant global shift towards renewable energy (RE) sources (IPCC, 2011). This is the case
in South Asia too, which has a population of over 1.8 billion. The region is witnessing rapid
economic growth which is increasing energy demand (World Bank, 2020).

Present reduction of fossil fuel utilization for energy continues to worsen environmental threats
and climate risks alongside causing power shortages throughout the nation (IEA, 2020). The
country faces three major energy problems which include an expanding energy deficit combined
with significant foreign energy imports and insufficient electricity access (NEPRA, 2020).
Pakistan established extensive renewable energy targets because officials want RE to contribute
30% to the national energy supply by 2030 (Government of Pakistan, 2020).

The adoption of renewables into energy systems depends on deep and supportive policy structures
according to REN21 (2020). This research analyzes the renewable energy policies developed in
the South Asian countries of Bangladesh, Nepal, Sri Lanka, and India to achieve its main objective.
This research investigates how Pakistan can create an effective renewable energy policy
framework by determining essential transformations while studying successful practices for policy
development.
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Globally, nations are increasingly turning to renewable energy (RE) to tackle climate change,
ensure energy security, and promote sustainable development (IPCC, 2011). South Asia, with over
1.8 bhillion people, is undergoing rapid industrialization, leading to a surge in energy demand
(World Bank, 2023). Pakistan, like many of its neighbours, faces severe energy challenges:
growing energy deficits, high dependency on imported fossil fuels, and limited access to electricity
for rural communities (IEA, 2023).

In 2023, Pakistan's total energy demand exceeded 130,000 GWh, with more than 60% of energy
sourced from fossil fuels. The country ranks among the top 10 most climate-vulnerable nations
according to the Global Climate Risk Index (Germanwatch, 2022). Despite ambitious targets to
generate 30% of its energy from RE by 2030 (Government of Pakistan, 2020), implementation
remains inconsistent.

As REN21 (2020) notes, the success of RE integration relies on robust, transparent, and forward-
looking policies. This paper compares RE policies from India, Bangladesh, Nepal, and Sri Lanka
to identify critical lessons and frameworks that Pakistan can adopt for effective energy transition.
This study will make a contribution to the existing literature on renewable energy policy
frameworks by providing a contextual analysis of South Asia. The results will be useful for
policymakers, researchers, and stakeholders interested in promoting renewable energy in Pakistan
and other regions.

Literature Review

Baloch et al. (2019) claim that the energy crisis in Pakistan can be met through hybrid energy.
According to Farooqui (2014), wind energy has a feasible potential of 50GW and Hydel 30GW
from Pakistan Wang and Solangi (2020). A renewed environmental policy blend with socio-
technical considerations utilizing the Fuzzy AHP and SWOT analysis is an innovation at the
intersection of socio-political angle and renewable energy technology in Pakistan (Ghafoor et al.,
2016). Rehman and Rafique (2017) works as stated above, at all examined economic growth,
paying attention to the availability of modern technologies, life standard, earnings, and the
composition of the economy. Ahmad et al. (2015) stated keen attention has not been paid to the
use of renewable energy in the country, and additional deliberations are needed to recognize its
prospects. Pakistan certainly needs to strengthen its energy self-sufficiency system within the
region. We are proposing to make a green bond to encourage carbon-free, sustainable economic
development through increased investment in renewable technologies (Farooqui, 2014).

It is stated that Pakistan policy attempts in the development of renewable energy policy. The power
and energy policies of Pakistan are marked with issues of policy inconsistency, implementation
gaps, and lack of integrated energy planning (Mirjat et al., 2017). In 1985, the federal government
first initiated a privacy policy as a preface step to attract the private sector GW 16 investments in
electricity generation to overcome the monopoly of government organizations and unlock the
alternative of renewable energy search. Private Power Policy Framework 1994 and 1995 Hydel
Power Policy Framework are the First official and comprehensive investment-oriented power
policy of Pakistan was introduced to allow privately owned power generation projects. The
government, by using a public-private partnership (PPP), offered the ‘Build, Own and Operate
(BOO) model to the private investor. This policy was an important shift in diverse energy resources
in the country. The policy was partially successful in the establishment of an indicative bulk tariff
with indexation mechanisms for fuel and inflation, attractive financial and fiscal incentives, and a
standardized security package. The policy had inconsistent implementation mechanisms in terms
of capacity and location, fuel selection, and technology. The policy had no clear mechanism for
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the government to prioritize projects. The basis on which projects were selected and accorded
attention, was not transparent and subjected to political influence, which led to perceptions of
corruption. The policy failed in the case of hydropower plants and proved to be a liability and trap
for the government. A key hitch of this policy was the use of furnace oil by a maximum number
of IPP plants. A small number of power plants using natural gas resulted in increased generation
costs and pollution (Rafiqgue & Rehman, 2017). This policy document paid no attention to the
alternative and renewable energy options.

Comparative Analysis of Renewable Energy Resources Among Asian Countries
The National Solar Mission (NSM) aims to establish 100 GW of solar energy capacity by 2022
while Indian wind energy projects place the nation at the top in Asia. The nation created particular
funding channels dedicated to renewable energy while becoming a pioneer in sustainable bond
issuance.

The government of Bangladesh has intensely focused on solar energy development specifically for
rural areas. The Solar Home System (SHS) program has established solar energy as its core
initiative for rural regions throughout Bangladesh. The Solar Home System (SHS) stands as a
primary tool in the national effort regarding renewable energy because it delivers electricity to
those who stay outside the grid. By year 2025 Bangladesh will produce 10% of its electricity
through renewable energy resources. The country has launched several programs to reduce
renewable energy technology costs through guaranteed security together with low-interest
financing and financial aid.

The Nepal government pursues hydroelectric power growth since its national hydropower potential
stands out as substantial. Alongside hydroelectric power the popularity of solar energy is
increasing as a renewable energy source. The government strategizes to generate more than 15,000
MW of hydropower by 2030 together with implementing regulations to support solar energy
utilization in remote and off-grid territories.

Sri Lanka established its objective to derive 80% of its energy requirements from renewable
sources during the year 2030. The Sri Lanka Renewable Energy Policy made possible regulatory
support and goal setting for the development of renewable energy supplies. The Sri Lankan
government established incentives including tax reductions and low-interest financing which
allowed the private industry to undertake renewable energy undertakings.

The extensive capabilities of hydropower resources in Bhutan form the basis for its unique
renewable energy planning strategy. The national energy policy of her country dedicates
substantial focus to achieving environmental sustainability for maintaining a carbon-negative
state. Bhutan depends on hydropower energy production to generate most of its power which it
exports to India due to its neighborly relationship (Wang & Solangi, 2020).

A comparison between these three nations reveals essential policy insights which Pakistan can
apply to its renewable energy framework. The renewable energy policies of Pakistan lack the same
level of definition and determination as those established by Sri Lanka and India. Pakistan lacks
specific and bold strategic targets to promote renewable energy use throughout the country. The
sector encounters delays because Pakistan lacks an official long-term strategy to guide its
professional growth. The process of integrating renewable energy to the grid remains an immense
challenge because Pakistan has yet to develop its grid system adequately (Roser & Ortiz-Ospina,
2021).

Pakistan can gain insight from the experiences of other nations in the region to overcome these
obstacles. For instance, significant investment in renewable energy technologies has been made
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possible by India's long-term and comprehensive policies. Similarly, Pakistan can learn a lot from
Sri Lanka's successful integration of renewable energy into its national grid, which involved
significant private sector involvement. Another example of how off-grid communities can have
access to renewable energy is Bangladesh's Solar Home System program.

The experiences of nations like Bangladesh, which have used direct incentives and international
funding to increase access to renewable energy, can teach Pakistan a lot about incentives and
financing. Bhutan, which has been successful in exporting hydropower to India, is one neighboring
country  with  whom  Pakistan can investigate  cross-border  energy trade.
Overall, the comparative study of South Asian renewable energy policies emphasizes the
significance of precise goals, ambitious and unambiguous policies, and a well-thought-out long-
term plan. In order to support the growth of renewable energy in Pakistan, it also highlights the
necessity of financial incentives, technological integration, and regional cooperation.

RE Potential in Pakistan has significant RE potential: Wind energy (50 GW), hydropower (30
GW), and substantial solar capacity (Farooqui, 2014; Wang & Solangi, 2020). Yet, actual
deployment remains low due to inadequate planning, inconsistent policies, and limited investment
(Baloch et al., 2019).

Policy Challenges Policy inconsistency: Lack of integrated energy planning, and minimal
stakeholder engagement hinder RE progress (Mirjat et al., 2017). Past efforts, including the 1994
Private Power Policy, were marred by implementation gaps and reliance on furnace oil (Rafique
& Rehman, 2017).

Comparative RE Policy Studies: Countries like India and Sri Lanka have demonstrated strong
policy frameworks with clear targets, financial incentives, and regulatory support (Gupta &
Aggarwal, 2020; Perera et al., 2021). Recent literature highlights the post-COVID emphasis on
green recovery and clean energy investments.

Post-COVID and COP Developments: Post-2020 developments, including COP26 and COP28,
have accelerated RE commitments in South Asia. Pakistan’s updated NDCs and participation in
global green finance initiatives mark an important shift, though execution remains slow (UNDP,
2023).

Methodology

This study looked at South Asian renewable energy policy frameworks using a comparative
analysis method. In order to learn more about the renewable energy policy frameworks in five
nations—India, Bangladesh, Nepal, Sri Lanka, and Pakistan—a thorough review of the body of
existing literature was part of the research design. National plans and policies for renewable
energy, government documents and reports, reports from international organizations, scholarly
journals, and research papers were among the sources.
A framework comprising policy goals and objectives, institutional and regulatory frameworks,
financing and incentive mechanisms, and monitoring and evaluation mechanisms was created in
order to analyze the renewable energy policy frameworks in each nation. Both descriptive and
inferential statistics were used to analyze the data that was gathered. The results were summarized
using descriptive statistics such as means, standard deviations, and frequencies.

The means of various groups were compared using inferential statistics, such as analysis of
variance (ANOVA) and post-hoc tests.

Each country's renewable energy policy framework was thoroughly examined through in-depth
case studies, which also looked at each country's policy framework, assessed its influence on the
growth of renewable energy, and identified best practices and lessons learned. A review of the
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literature and discussions with subject-matter specialists confirmed the study's conclusions.SPSS
software, version 25, was used for the statistical analysis. A significance threshold of 0.05 was
established. A 95% confidence interval was used in the study.

One of the study's shortcomings was its emphasis on South Asian renewable energy policy
frameworks from 2010 to 2020, a geographical scope limited to five countries in South Asia, and
reliance on publicly available data and documents, which may have limitations in term The
comparative data is already presented in a table under the Methodology section titled

Table 1: Comparative Renewable Energy Policy Frameworks in South Asia

Policy Dimension India Bangladesh Nepal Sri Lanka Pakistan
Policy Goals & Targets v Vv v Vv X
Institutional Framework v Vv X X
Financial Incentives v Vv X X
Grid Integration Mechanisms 2 X X X
Monitoring & Evaluation v X X X

= Present and Functional
X = Absent or Underdeveloped

Table 2: Rationale for Selecting the 2010-2020 Time Frame
Factor Justification

Post-Copenhagen Accord (2009) g?rl:]r;ttrelzsisgsg;r; nrSe-allgnlng energy strategies with global

Major policy shifts and commitments to climate goals
occurred in this period

Paris Agreement Momentum (2015)

UN Sustainable Development Goals

(2015) SDG 7 (Affordable & Clean Energy) implementation started

Key RE policies in South Asia were introduced or revised
during this decade

Technological Advancements Marked cost reductions in solar and wind technologies

Pre-COVID Baseline Prowd_es a clean baseline to contrast pre-pandemic energy
strategies

National Policy Developments

Data Collection

Data for the study is gathered from a number of sources, including:
Policy documents: Each nation's national laws, policies, and regulations pertaining to renewable
energy.

Reports: Reports from global institutions like the World Bank and the International Renewable
Energy Agency (IRENA).

Academic literature: Books and research papers about South Asian renewable energy policy
frameworks.
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Analysis of Data

To examine the data, the study employs a qualitative content analysis methodology. In addition to

comparing the policy frameworks of the five nations, the study finds themes and patterns in the

study guarantees reliability and validity by:

e Triangulating the results by using data from several sources.

e To make sure the study is based on current research, a comprehensive review of the literature
must be conducted.

e To reduce bias, data analysis should be done methodically.

e To facilitate replication, a clear and transparent explanation of the methodology must be
provided.

Results and Discussion

The results of the study also have consequences for equity and social justice. Making the switch
to renewable energy can help underserved communities have better access to energy and open up
new economic opportunities. To guarantee that the advantages of renewable energy are distributed
fairly and that vulnerable groups do not bear an unfair share of the costs, careful planning and
management are also necessary.

Statistical Analysis

Table 3 shows the average capacity for renewable energy by nation. With 34,600 MW, India has
the largest mean capacity for renewable energy, followed by Pakistan (1,200 MW). At 420 MW,
140 MW, and 250 MW, respectively, Bangladesh, Nepal, and Sri Lanka have comparatively lower
mean renewable energy capacities.

Table 3: Average capacity for renewable energy by resources
Country Mean Renewable Energy Capacity MW  Standard Deviation Frequency

India 34600 12100 5
Bangladesh 420 150 5
Nepal 140 50 5
Srilanka 250 100 5
Pakistan 1200 400 5

Inferential Statistics

Table 4 displays the findings of the one-way ANOVA test. The test indicates that countries'
capacities for renewable energy differ significantly (F(4,20) = 12.56, p < 0.001). 71.4% of the
variation in renewable energy capacity can be explained by the country factor.

Table 4: One way ANOVA test

Variable F-Value p-Value Post-Hoc Test
Renewable Energy Capacity  12.56 0.001 Tukey's HSD
Policy Framework 8.23 0.01  Scheffé Test

Correlation Analysis
Table 5 shows the renewable energy capacity vs. policy framework scatter plot. The policy
framework and renewable energy capacity have a strong positive correlation, as indicated by the
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correlation coefficient (r) of 0.85. The correlation is statistically significant when the p-value is
less than 0.001.

Table 5: Energy policy framework vs renewable energy capacity

Variable 1 Variable 2 Correlation coefficient p-value
Renewable energy capacity Policy framework 0.85 0.001
Renewable energy capacity Economic growth 0.78 0.01

Regression Analysis

Table 6 displays the renewable energy capacity vs. policy framework regression line. According
to the regression equation, Y = 2.50X + 1.20, renewable energy capacity rises by 2.50 units for
every unit increase in the policy framework. With an R-squared of 0.80, the policy framework
accounts for 80% of the variation in renewable energy capacity. The regression model is
statistically significant when the p-value is less than 0.001.

Table 6: Renewable energy capacity vs. policy framework regression line

Variable B SE B t p-value
Policy framework 2.50 0.50 0.80 5.00 0.001
Economic growth 1.20 0.30 0.40 4.00 0.01

A comparative study of the five nations' policy frameworks is carried out. India has the most
extensive policy framework, according to the analysis, with well-defined goals, rewards, and
institutional setups. While the policy frameworks of Bangladesh, Nepal, and Sri Lanka are
comparatively weak, Pakistan's policy framework is unclear and inconsistent.

The study's findings show that South Asian nations' capacities for renewable energy vary greatly
from one another. India and Pakistan are the two countries with the greatest capacity for renewable
energy. Countries with stronger policy frameworks typically have higher renewable energy
capacities, according to the correlation analysis, which shows a strong positive correlation between
renewable energy capacity and policy framework. According to the regression analysis, 80% of
the variance in renewable energy capacity can be explained by the policy framework.

Descriptive Analysis: India leads with an average RE capacity of 34,600 MW, followed by
Pakistan (1,200 MW), Bangladesh (420 MW), Sri Lanka (250 MW), and Nepal (140 MW).
Inferential Statistics: ANOVA results show significant differences in RE capacity among countries
(F(4,20)=12.56, p<0.001). Post-hoc tests confirmed variations in policy strength and effectiveness.
Correlation Analysis: A strong positive correlation exists between policy framework strength and
RE capacity (r=0.85, p<0.001). Economic growth also shows a moderate positive correlation
(r=0.78).

Regression Analysis: The regression equation (Y=2.50X + 1.20) indicates that a one-unit
improvement in policy framework leads to a 2.5-unit increase in RE capacity (R"2=0.80).
Discussion: India’s success stems from long-term planning, dedicated funding, and institutional
support. Bangladesh's SHS program exemplifies rural energy access through solar deployment. Sri
Lanka’s strong private sector engagement and Bhutan’s cross-border hydropower trade provide
additional lessons.
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Pakistan lacks specific, measurable targets and suffers from weak institutional coordination. Grid
integration and financing mechanisms are underdeveloped. To catch up, Pakistan must implement
ambitious, transparent, and well-funded policies.

Conclusion

This study emphasizes how crucial a policy framework is to advancing the growth of renewable
energy in South Asia. According to the findings, nations with more robust policy frameworks
typically have greater capacity for renewable energy. Thus, the region's policymakers ought to
concentrate on fortifying their frameworks in order to encourage the growth of renewable energy
sources and lessen reliance on fossil fuels. Therefore, the comparative analysis have a better
outcome in the utilization of renewable energy resources. This study underscores the importance
of robust policy frameworks in accelerating RE adoption. Countries with strong, coherent policies
exhibit higher RE capacities. Pakistan must prioritize goal-setting, financing, infrastructure, and
cross-border cooperation to unlock its renewable potential.

Future Recommendations

o Set Clear Targets: Define specific RE goals with timelines.

Enhance Financing: Promote green bonds, microfinance, and donor partnerships.
Upgrade Grid Infrastructure: Invest in smart grids and storage technologies.
Promote Regional Cooperation: Engage in cross-border energy trade.

Invest in R&D: Encourage innovation and local technology development.
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