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Abstract

This study investigates the role of rooftop solar panels in enhancing energy security
in Dhaka City, Bangladesh. As one of the fastest-growing cities in the world, Dhaka
faces significant energy challenges due to rapid urbanization, increasing electricity
demand, and heavy reliance on fossil fuels. These factors have led to frequent power
shortages, affecting residential, and commercial sectors, and hindering economic
activities. To address these issues, rooftop solar panels have emerged as a promising
solution for sustainable energy production. Comparative analysis with India, and
China demonstrates the potential for growth in Bangladesh's rooftop solar sector.
The study explores rooftop solar panels' current penetration, and impact across
Dhaka City, analyzing installation trends, energy generation capacity, and
contributions to energy security. It examines how these systems can reduce
dependence on the national grid, mitigate power shortages, and provide a more
stable energy supply. The research also evaluates existing policies governing rooftop
solar adoption, identifying strengths, and weaknesses in their design, and
implementation. Key findings reveal that while rooftop solar adoption has shown
promising growth, several barriers hinder widespread implementation, such as high
initial costs, limited public awareness, regulatory hurdles, and insufficient financial
incentives. The study highlights successful initiatives by Dhaka Power Distribution
Company Limited (DPDC), and Dhaka Electric Supply Company Limited (DESCO),
including net metering programs, and innovative projects like electric vehicle
charging stations. The research emphasizes the need for improved policy
frameworks, increased financial support, and enhanced public awareness campaigns
to accelerate adoption rates. Case studies of BRAC University, and Bangladesh
University of Engineering, and Technology (BUET) showcase successful
implementations, and offer valuable insights into best practices. The study concludes
by remarks for policymakers, implementers, and end-users to optimize rooftop solar
integration. These include streamlining regulatory processes, enhancing financial
incentives, improving technical capacity, and fostering stakeholder collaboration.

The findings aim to inform policy de"\éisions, and strategic planning to promote



rooftop solar adoption, ultimately supporting Dhaka's transition to a more

sustainable, and secure energy future.
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Chapter1 Introduction

1.1 Introduction
Dhaka City faces serious energy challenges due to rapid growth. The demand for
electricity is rising quickly because of the increasing number of people, more
industries, and more urban areas. However, the energy supply is not keeping up,
causing frequent power shortages that disrupt daily life, and businesses. Dhaka relies
heavily on fossil fuels like natural gas for electricity, which is risky because these
resources are running out, and their prices can change suddenly. To tackle these
problems, and ensure a stable energy future, Dhaka is exploring renewable energy
options, especially rooftop solar panels. Solar energy is clean, and sustainable, and
uses the city's abundant sunlight. Installing solar panels on rooftops of homes,
businesses, and factories can produce energy locally, reducing the strain on the
national power grid, and lowering dependence on fossil fuels. Despite the benefits,
there are challenges to the widespread use of rooftop solar in Dhaka. Many people,
and businesses do not know enough about solar power or how to install it. Costs are
high initially, and it is hard to get financial help. Government rules, and paperwork
also slow down installing solar systems. Better cooperation among the government,
energy companies, and residents is crucial to overcoming these challenges. It also
reviews current policies, and suggests to help more people use solar energy
effectively. By understanding these issues, the research aims to support Dhaka in

becoming more sustainable, and secure in its energy supply.

1.2 Background of the Study
Like many rapidly growing urban centers, Dhaka City faces significant energy security
challenges. The city's electricity demand has risen sharply due to its expanding
population, industrial growth, and increasing urbanization. However, the energy
supply has struggled to keep pace, leading to frequent power shortages and load-
shedding. This energy deficit affects residential and commercial sectors, disrupting
daily life and hindering economic activities. Moreover, Bangladesh's heavy reliance
on fossil fuels, particularly natural gas, for electricity generation adds to the

vulnerability, as fossil fuel reserves are depleting, and prices are volatile in global
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markets. These issues highlight the urgent need for sustainable and reliable energy
solutions to ensure long-term energy security in Dhaka. One of the most promising
solutions to these challenges is adopting renewable energy sources, with rooftop
solar panels being a key option. Renewable energy, particularly solar power, offers a
clean, sustainable, locally available alternative to fossil fuels. Rooftop solar systems,
in particular, have gained attention as they use Dhaka's abundant sunlight
throughout the year. These systems are easy to install on residential, commercial,
and industrial buildings, allowing for decentralized energy production. Solar energy
can reduce the pressure on the national grid, lower the dependency on fossil fuels,
and provide a more stable, and sustainable energy supply for the city. Rooftop solar
systems play a crucial role in mitigating energy insecurity in Dhaka. By generating
electricity on-site, households and businesses can reduce their reliance on the grid
and lessen the impact of power shortages. Additionally, solar power reduces the
city's carbon footprint, aligning with global sustainability goals. With appropriate
policy support, financial incentives, and public awareness, rooftop solar can be vital
to Dhaka's strategy to achieve greater energy security and transition towards a more

sustainable energy future.

1.3 Statement of the Problem
Dhaka City urgently needs alternative energy sources to address its growing energy
crisis. The city's demand for electricity is increasing, but the supply is insufficient.
Frequent power outages disrupt daily life and hinder economic activities. The heavy
reliance on fossil fuels, particularly natural gas, poses significant risks as these
resources are limited and subject to price fluctuations. Exploring renewable energy
options, such as solar power, is essential to ensure a stable, sustainable energy
future. Rooftop solar systems offer a viable solution to enhance energy security in
Dhaka. However, there are several challenges and complexities involved in
implementing these systems. Many residents and businesses lack awareness of the
benefits of rooftop solar panels and how to install them. Additionally, financial
barriers deter many potential adopters, such as the high initial costs and limited
access to financing options. Regulatory hurdles and bureaucratic processes can slow
down the installation of solar systems. Furthermore, there is often a lack of

coordination among stakeholders, including government agencies, energy providers,
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and consumers. These challenges must be addressed to promote the widespread

adoption of rooftop solar energy in Dhaka.

1.4 Objectives of the Research

The main objectives of this research are :

1. Exploring the Current Penetration and Impact of Rooftop Solar Panels in Dhaka
City’s Energy Landscape: This objective aims to assess how widely rooftop solar
panels have been adopted across Dhaka City. It will collect data on the number of
installations and the overall solar energy capacity generated. By analyzing this data,
we can gain insights into how rooftop solar panels contribute to energy security,

reduce reliance on fossil fuels, and support sustainable development in Dhaka.

2. Investigating Policy Implications for Optimizing the Integration of Rooftop Solar
Panels to Strengthen Energy Security in Dhaka City: This objective focuses on
understanding the policies that govern the adoption and implementation of rooftop
solar systems in Dhaka. Based on this analysis, the research will provide insights for

optimizing policies to encourage greater adoption of rooftop solar technology.

1.5 Research Questions
This research is guided by two main questions focusing on the impact of solar power

panels in Dhaka City.

1. What are the effects of establishing solar power panels in buildings in Dhaka?
This question seeks to understand the various impacts of installing solar power
panels on Dhaka buildings. It aims to explore the installed capacity, generation, and

usage of a house building’s rooftop solar panels.

2.To what extent do solar panels add to energy security in Dhaka City?
This question focuses on assessing the role of solar panels in enhancing energy
security in Dhaka.

1.6 The Promising Role of Rooftop Solar Systems in Bangladesh: Challenges and
Opportunities

Rooftop solar systems have emerged as a significant solution to address energy
challenges in Bangladesh. As the country grapples with increasing energy demands

and environmental concerns, the potential of rooftop solar systems becomes

14



increasingly apparent. Alam (2022) emphasizes that rapidly installing 2,000
megawatts (MW) of rooftop solar capacity could substantially reduce 15 million tons
of CO2 emissions between 2023 and 2030. This reduction is crucial for Bangladesh to
meet its Nationally Determined Contributions (NDCs) under the Paris Agreement.
Adopting rooftop solar is not just an environmental necessity but also a strategic

approach to bolster energy security in the country.

1.6.1 Energy Demands in Dhaka City

Hossain and Rahman (2021) highlight the pressing energy demands in Dhaka, the
capital city of Bangladesh. The city's rapid urbanization and population growth have
put significant pressure on the existing energy infrastructure. Traditional energy
sources often cannot meet the growing demand, leading to frequent power outages.
In this context, decentralized energy solutions like rooftop solar systems can play a
vital role. By harnessing solar energy at the individual or community level, Dhaka can
alleviate some of the strain on the national grid and provide residents with a more

reliable energy supply.

1.6.2 Economic Benefits of Rooftop Solar

Beyond addressing energy shortages, rooftop solar systems offer a range of
economic benefits. Begum (2019) points out that these systems can provide a buffer
against rising energy costs for households and businesses. With energy prices
continuously fluctuating, having a reliable renewable energy source can protect
consumers from sudden price hikes. Moreover, deploying rooftop solar can
stimulate job creation in the energy services sector. As more households and
businesses invest in solar technology, there will be an increased demand for
installation, maintenance, and technical support services. This not only generates
employment opportunities but also contributes to the country's overall economic

growth.

1.6.3 Environmental Benefits

The environmental advantages of rooftop solar systems are also significant. By
reducing reliance on fossil fuels, these systems contribute to lower greenhouse gas

emissions. This aligns with Bangladesh's commitment to mitigating climate change
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and adhering to international climate agreements. The transition to renewable
energy sources is critical for a country like Bangladesh, which is particularly
vulnerable to the impacts of climate change, such as flooding and extreme weather
events. Therefore, rooftop solar can be seen as a proactive measure to enhance

climate resilience while reducing environmental degradation.

1.6.4 Challenges in Integration

Despite the clear benefits, there are significant challenges in integrating rooftop
solar panels into Bangladesh's national grid. Jamal et al. (2015) identify inadequate
infrastructure as one of the significant barriers to successful integration.
Additionally, regulatory hurdles pose a significant challenge to the growth of rooftop
solar. The existing regulatory framework may not support solar energy initiatives
sufficiently, discouraging potential investors and stakeholders from participating in

the market.

1.6.5 Regulatory Reforms for Growth

Amin et al. (2021) stress the importance of adequate regulations in attracting foreign
investment into renewable energy projects in Bangladesh. The lack of clear,
supportive policies can create uncertainty for investors, making them hesitant to
commit to solar projects. For rooftop solar to thrive, regulatory reforms are
essential. Policymakers must work to create a more favorable investment climate by
establishing clear guidelines, providing incentives for solar adoption, and simplifying
the approval processes for new installations. By addressing these regulatory

challenges, Bangladesh can unlock the full potential of its rooftop solar resources.

1.6.6 Public Awareness and Education

Another critical aspect to consider is public awareness and education regarding
rooftop solar systems. Many potential users may lack information about solar
technology's benefits and availability. Educational campaigns are necessary to
inform the public about how rooftop solar works, its financial benefits, and its
environmental impact. Increasing awareness will encourage more individuals and
businesses to invest in solar systems, leading to higher adoption rates. This

educational effort should also include training programs to build local solar
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installation and maintenance capacity, ensuring the workforce has the necessary

skills to support the growing solar market.

1.6.7 Collaboration Among Stakeholders

Collaboration among various stakeholders is crucial for successfully implementing
rooftop solar initiatives. This includes partnerships between government agencies,
private companies, non-governmental organizations, and local communities. Each
stakeholder plays a unique role in promoting and facilitating solar adoption. For
instance, government bodies can provide the regulatory framework and financial
incentives, while private companies can offer innovative technologies and services.
Local communities can contribute by advocating for solar projects and participating
in decision-making. By fostering collaboration, stakeholders can create a more

conducive environment for rooftop solar deployment.

1.7 Significance of the Study
This research is essential for several reasons, particularly in the context of
sustainable development in Dhaka City. As one of the fastest-growing cities in the
world, Dhaka faces significant energy challenges. The city's rapid population growth
and urbanization have led to increased demand for energy, resulting in frequent
power outages and a heavy reliance on fossil fuels. This study aims to contribute to a
more sustainable energy future for Dhaka by exploring the potential of rooftop solar
panels. Renewable energy sources, especially solar energy, can play a vital role in
addressing energy shortages and reducing environmental impact. The findings of this
research will be particularly relevant for policymakers. As they develop strategies to
enhance energy security and promote sustainable practices, this study will provide
valuable insights into the effectiveness of rooftop solar policies. Understanding the
challenges and benefits of solar energy adoption can help policymakers design better
regulations and incentives. This, in turn, can lead to increased investments in
renewable energy and improved access to clean energy for residents. Furthermore,
this study will benefit stakeholders, including local businesses, community
organizations, and residents. By highlighting the advantages of adopting solar
energy, the research can encourage businesses to invest in solar panels and

contribute to a more sustainable economy. For community organizations, the
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research will provide a foundation for advocacy efforts to promote renewable
energy adoption among residents. Finally, researchers will find this study relevant as
it adds to the growing knowledge of renewable energy implementation. By
examining the specific context of Dhaka, this research can serve as a case study for
other cities facing similar energy challenges. It will provide valuable lessons and best
practices that can be applied in other urban settings. The study aims to impact

energy policy, community engagement, and sustainable development in Dhaka City.

1.8 Scope and Limitations of the Study
This study focuses on understanding how rooftop solar panels are used in Dhaka City
to address its energy challenges and improve energy security. It tried to find the
current status of rooftop solar installations across different areas of Dhaka, aiming to
gather data on the number of systems installed and their total energy generation
capacity. Furthermore, the research aims to explore rooftop solar panels' impact on
energy consumption patterns in Dhaka. It aims to determine whether these
installations help reduce reliance on the national power grid, mitigate power
shortages, and contribute to a more stable energy supply. Understanding these
effects is crucial for evaluating the overall effectiveness of solar energy in enhancing
the city's energy security. In addition to assessing the adoption and impact of
rooftop solar panels, the study will analyze existing policies and regulations
governing their installation and operation in Dhaka. This aspect of the research aims
to enhance policy frameworks to facilitate greater adoption of solar technology and
address barriers hindering its widespread implementation. However, the study faced
several limitations that need to be considered. Firstly, data availability and reliability
posed challenges, as comprehensive information on rooftop solar installations in
Dhaka has not been found. This has affected the thoroughness of the analysis and
the generalizability of the findings. Time constraints represent another limitation,
potentially restricting the depth of analysis or the scope of fieldwork conducted.
Despite these limitations, this study tried to contribute valuable insights into the role
of rooftop solar panels in promoting sustainable energy practices and enhancing
energy security in Dhaka City. Addressing these scope and limitations, the research
informs policymakers, stakeholders, and future research efforts in renewable energy

adoption in urban environments.
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1.

1.9 Organization of the Study

(1) This research work consists of seven separate chapters.

Chapter One: It includes the Introduction, Background of the Study, Statement of the
Problem, Objectives of the Research, Research Questions, The Promising Role of
Rooftop Solar Systems in Bangladesh: Challenges and Opportunities, Energy Demands
in Dhaka City, Economic Benefits of Rooftop Solar, Environmental Benefits, Challenges
in Integration, Regulatory Reforms for Growth, Public Awareness, and Education,
Collaboration Among Stakeholders, The Way Forward, Significance of the Study, Scope,

and Limitations of the Study, Organization of the Study, and Conclusion.

Chapter Two: Chapter two covers Solar Adoption Globally, Rooftop Solar Energy
Adoption in India, Rooftop Solar Energy Adoption in China, Key Variables Influencing
Successful Policy Implementation in Rooftop Solar Energy Initiatives, Policy Standards
and Objectives, Resources, Inter-organizational Communication, and Enforcement
Activities, Characteristics of Implementing Agencies, Economic, Social, and Political
Conditions, Disposition of Implementers, Challenges, and Opportunities in Policy
Implementation for Rooftop Solar Energy in Developing Countries, Comparative
Analysis, Comparative Analysis of Rooftop Solar Energy in India, China, and Bangladesh,
Regulatory Framework, Financial Support, Grid Connectivity, Energy Security Impact,

Capacity Building, and Current Rooftop Solar Capacity.

Chapter Three: This chapter discusses Theories of Policy Implementation. Detailed
ways and means of research methodology are discussed in chapter three, which
includes research design, the unit of analysis, an overview of the research area,

sampling, data collection, and analysis method.

Chapter Four: This includes Research Methodology, Introduction, Research Plan,
Research Design, Approach of Inquiry, Unit of Analysis, Analytical Framework Based on
Winter's Integrated Implementation Model, Implementation Theory in Practice,
Research Area: An Overview, Sampling Method, Data Collection Method, Data
Collection Tools, and Techniques, Data Analysis Method, Ethical Considerations, and

Conclusion.

Chapter Five: It covers DESCO & DPDC findings, Dhaka Power Distribution Company

Limited (DPDC), Net Meter Installation Information, Rooftop Solar System in DPDC, Net-
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Meter Installation Data (Up to Dec), Net-Meter in Government & Private Sector (Up to
Dec), Completed Projects, DESCO, Net Meter Data of DESCO, Solar Installed Capacity by
Desco, Solar Energy Adoption, and Infrastructure Developments in DESCO Area, Solar
Installed on Consumer’s Rooftops, Rooftop Solar Installed by DESCO at Own
Establishment, Net Metering Information, Net Metering (OPEX Model), Solar Battery
Charging Stations Installed by DESCO, Electric Vehicle (EV) Charging Station,
Comparison of Solar Energy Initiatives by DPDC, and DESCO, Rooftop Solar Systems, and
Total Capacity, Net-Meter Installations, Solar Projects by the Companies, Solar Battery

Charging Stations, and Overall Contribution to the Renewable Energy Sector.

Chapter Six: It includes Policy Findings, Gaps in Bangladesh’s Rooftop Solar Regulation,
Capacity Limitations, and Net Metering Policy, High Import Duties on Solar Equipment,
Lack of Clear Guidelines, and Complex Approval Processes, Inadequate Financial
Incentives, and Support, Insufficient Awareness, and Technical Capacity, Political Will,

and Policy Support, and Regulatory Constraints on System Capacity.

Chapter Seven: This chapter comprises Case Studies of BRAC University and BUET, Brac
University’s Rooftop Solar Panel System, BUET’s Rooftop Solar Panel System, OPEX
Model, and OPEX Model in Bangladesh.

Chapter Eight: This section covers the Rationale for Choosing Winter's Integrated
Implementation Model, Comprehensive and Holistic Approach, Emphasis on Feedback
Mechanisms, Contextual Adaptability, Focus on Multi-Level Dynamics, Practical

Application, Comparison with Other Theories, and Alighment with Study Objectives.

Chapter Nine: It includes Policy Design and Objectives (Top-Down Perspective), Local-
Level Dynamics, Stakeholder Engagement (Bottom-Up Perspective), Interplay Between

Policy and Practice (Hybrid Perspective), and Contextual Factors.

Chapter Ten: This chapter summarizes Findings, Recommendations, and Final

Thoughts.

1.10 Conclusion
Dhaka City faces significant energy challenges due to rapid urbanization, increasing
electricity demand, and reliance on fossil fuels, leading to frequent power shortages.

To address these issues, rooftop solar panels are being explored as a sustainable
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energy solution. Solar energy offers an environmentally friendly and decentralized
alternative, reducing dependence on the national grid and enhancing energy
security. However, adoption faces several challenges, including high initial costs,
limited awareness, regulatory hurdles, and lack of coordination among stakeholders.
This study focuses on the current penetration and impact of rooftop solar panels in
Dhaka, analyzing installation trends, energy generation, and contributions to energy
security. It also evaluates existing policies and provides recommendations to
improve financial incentives, streamline regulations, and promote stakeholder
collaboration. Despite the benefits, challenges such as inadequate infrastructure,
unclear regulations, and limited public awareness hinder widespread adoption.
Addressing these barriers through policy reforms, financial support, and education
can accelerate the transition to renewable energy. This research aims to guide
policymakers, businesses, and communities in fostering a more sustainable and

secure energy future for Dhaka City.
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Chapter 2 Solar Adoption Global

2.1 Introduction

The global transition toward renewable energy has positioned rooftop solar (RTS)
systems as a cornerstone of sustainable development, offering decentralized energy
solutions that enhance energy security, reduce carbon footprints, and empower
communities. As leading Asian economies, India and China have emerged as pivotal
players in advancing rooftop solar adoption, driven by ambitious policy frameworks,
technological innovation, and socio-economic imperatives. Meanwhile, although
smaller in scale, Bangladesh reflects the challenges and opportunities developing
nations face in scaling RTS adoption. This chapter examines the trajectories of
rooftop solar energy in India, China, and Bangladesh, analyzing their policy
landscapes, implementation strategies, and socio-economic impacts. The chapter
begins with a detailed exploration of India’s RTS sector, highlighting its record
growth in 2024, state-led successes in Gujarat and Maharashtra, and flagship
initiatives like the Pradhan Mantri Surya Ghar Yojana. It then delves into China’s
rapid ascent as a global RTS leader, underpinned by programs such as the Golden
Sun Programme and the Whole County PV Initiative, which have integrated solar
energy into poverty alleviation and urban resilience strategies. Bangladesh’s evolving

RTS landscape is analyzed to contrast the progress and hurdles in smaller economies.

2.2 Growth and Policy Framework of Rooftop Solar in India

India's rooftop solar (RTS) sector has continued its impressive growth in 2024,
reaffirming its commitment to renewable energy. The RTS sector has seen significant
achievements this year, including an installed capacity increase of 2.99 GW from
2023 to 2024, reaching a total installed RTS capacity of 11.87 GW as of March 31,
2024 (Roy, 2024). This increase marks the highest growth in RTS installations
reported in a single year, reflecting the effectiveness of government policies and the
dedication of stakeholders. Despite these achievements, much work remains to
unlock the full RTS potential, which is estimated at approximately 796 GW across
India. The government’s ambitious energy targets, aiming for 500 GW of renewable

energy capacity by 2030 with a solar target of 280 GW, position rooftop solar as a
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Figure 1 Solar panels installed atop an apartment building in J.P. Nagar, Bengaluru (Roy, 2024)

The RTS program in India began with the Jawaharlal Nehru National Solar Mission
(NSM) in 2010, an initiative focused on building a strong solar infrastructure to reach
an initial goal of 20 GW. By 2015, the target was revised to 100 GW by 2022,
emphasizing achieving 40 GW, specifically from rooftop solar installations (Roy,
2024). While the timeline for reaching this target has been extended to 2026, RTS
capacity growth has been fueled by supportive policies, financial incentives, and
technological advances. Programs like the Sustainable Partnership for RTS
Acceleration in Bharat (SUPRABHA) and the Sustainable Rooftop Implementation for
Solar Transfiguration of India (SRISTI) have provided financial support, technical
assistance, and training programs that empower local stakeholders and improve
adoption rates. Nevertheless, the RTS sector must increase to contribute around 100
GW by 2030 to meet India's larger renewable energy goals and net-zero emissions by

2070.

2.3 State-Level Progress and Challenges in RTS Adoption

State-level efforts are crucial to India’s RTS success, and Gujarat, Maharashtra, and
Rajasthan have made substantial progress. With its installed RTS capacity of 3,456

MW, Gujarat leads the country due to favorable policies, quick approval processes,
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and high consumer awareness. The state’s pioneering achievements include
establishing Modhera as India’s first solar-powered village, with 1,300 rooftop solar
systems installed, showcasing the potential of community-level solar initiatives.
Maharashtra and Rajasthan follow with 2,072 MW and 1,154 MW, respectively,
demonstrating the positive impact of proactive policies, high solar irradiance, and
streamlined approval processes. Other states, such as Kerala, Tamil Nadu, and
Karnataka, have also made steady progress. However, Uttar Pradesh, Bihar, and
Jharkhand still face challenges in fully realizing their RTS potential due to

bureaucratic inefficiencies and limited awareness (Roy, 2024).

Image credit: PV Maogazine India

Figure 2 Rooftop in India (Nagrika, 2024)

In 2024, a landmark initiative, the Pradhan Mantri Surya Ghar: Muft Bijli Yojana,
aimed at equipping one crore (10 million) households with rooftop solar systems,
has further accelerated adoption rates (Manas Pimpalkhare, 2024). This scheme
enhances energy security and affordability by providing households up to 300 units
of free electricity each month, especially in rural and low-income areas. The
initiative, supported by a financial outlay of Rs 75,021 crore, covers central financial
assistance, distribution companies' incentives, local bodies' funding, and model solar
villages. Acknowledging the limited number of trained professionals, the scheme
allocates Rs 657 crore for capacity building, fostering a skilled workforce for RTS

installation, maintenance, and management. This trained workforce will be essential
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as India continues to scale up rooftop solar installations, especially under ambitious
targets set by the government.

Public awareness and education initiatives have also been prioritized to ensure the
widespread adoption of RTS. Grassroots campaigns led by distribution companies
and local authorities aim to increase household awareness of RTS's economic and
environmental benefits. Such campaigns emphasize the ease of obtaining loans,
simplified installation procedures, and the long-term financial savings of solar
energy. Moreover, enhancing access to affordable financing options has encouraged
RTS adoption. Several banks and non-banking financial companies now offer low-
interest loans for solar installations, making RTS more accessible to residential and

commercial customers.

2.4 Financing, Public Awareness, and Future Prospects

Ensuring that RTS financing is as readily available as traditional loans for vehicles or
property can help motivate more households to invest in rooftop solar (Roy, 2024).
India’s solar photovoltaic (PV) capacity growth has become a global point of
reference, with rooftop solar representing a key component. This year alone, India
added 17 GW of solar capacity, resulting in solar energy constituting 20% of the
country’s total energy mix (Manas Pimpalkhare, 2024). The global implications of this
achievement were emphasized by Minister Pralhad Joshi, who announced that India
had reached the milestone of 400,000 rooftop solar units installed under the Muft
Bijli Yojana. These installations reduce reliance on fossil fuels, provide energy
security to underserved regions, and reduce the burden on the central power grid.
The government’s recent efforts to streamline regulatory approvals and provide
policy clarity signal a commitment to resolving these issues, and ongoing
international partnerships with organizations like the International Solar Alliance
(ISA) can offer additional support for India’s solar energy initiatives (Manas
Pimpalkhare, 2024). The Indian government’s renewed focus on RTS and aggressive
targets are setting the stage for substantial growth in the coming years. With over
400,000 new rooftop units installed under the Muft Bijli Yojana, India has
demonstrated its capability to accelerate solar adoption through well-structured

programs and financial incentives.
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Residential Rooftop Solar Gains Led by Gujarat

Cumulative capacity for residential installations (subsidised
and non-subsidised) projected to reach 3.2GW in FY2023
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Figure 3 Gujrat Rooftop Gains (Nagrika, 2024)

Gujarat has made impressive strides in residential rooftop solar adoption, leading
India's rooftop solar gains with policies encouraging household installations and
streamlining regulatory processes. The state’s success is mainly due to its proactive
approach, including financial incentives, streamlined approvals, and the promotion
of innovative programs like "Rent a Roof." This program lets residents lease their
rooftops to third parties for solar energy generation, providing financial returns
without upfront investment. Gujarat’s Renewable Energy Policy has also provided
attractive subsidies, making solar installations more affordable for homeowners. As
of early 2023, Gujarat achieved an 85% increase in residential solar installations, with
a significant portion of its 3,456 MW capacity from residential rooftops alone. The

state's efforts have positioned it as a model for other Indian states aiming to expand
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residential rooftop solar use (Nagrika, 2024).

25 Growth and Policy Framework of Rooftop Solar in China

China has rapidly advanced its rooftop solar (RTS) sector, positioning itself as a
leader in distributed solar adoption. With an immense technical solar potential of
2,070 GW, China had installed 609 GW of cumulative solar capacity by the end of
2023, driven by government-led initiatives targeting residential, rural, and
commercial installations (Goyal, 2024). The country expects to reach 1 TW of solar
PV capacity by 2026, with distributed solar projected to make up nearly half of the
total capacity. China's RTS journey began with the Golden Sun Programme (2009-
2011), which aimed to create domestic solar demand, especially in rural areas with
limited or no grid connectivity. This initiative supported less than 6 MW distributed
solar systems with capital subsidies of up to 70% for rural installations and 50% for
grid-connected projects. By targeting both grid-connected and off-grid areas, the
program provided electricity access and helped China build a strong, industrialized

solar market from the ground up.

® China aims to achieve 1,200 GW solar and wind capacity by 2030.
N/ e [t also aims to achieve net-zero emissions by 2060.
National targets
i & Approximately 37 per cent of the total solar PV installation is
ﬁ contributed by distributed solar (225 GW).
e Residential sector deployment has increased from 20 GW in 2020 to
Current deployments 105 GW in 2023.

Figure 4 Solar Targets of China (Goyal, 2024).

China implemented the Solar Energy for Poverty Alleviation Programme (SEPAP)
from 2014 to 2020 to further expand solar benefits to impoverished regions. SEPAP
aimed to improve income for 2 million people across 35,000 rural villages by
installing 10 GW of distributed solar. Through SEPAP, low-income families received
100% subsidized rooftop solar installations, and financing options allowed
beneficiaries to pay off loans by selling excess power back to the grid. This program
exceeded its target, adding around 26 GW and benefiting over 4.18 million
impoverished households. The program provided reliable energy access and a steady
annual income of CNY 3,000-3,500 per household, highlighting the socio-economic
potential of RTS systems (Goyal, 2024). Building on these achievements, China

launched the Whole County PV Programme in 2021 to scale distributed solar
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deployment while addressing challenges from earlier programs. This initiative sets
installation targets for government, public, and commercial buildings and for rural
homes in selected counties. The program minimizes soft costs and logistical
challenges by appointing a single investment company for each county to construct,
operate, and manage RTS systems. By 2022, this approach resulted in a 50% growth
in rural installations, adding 87.4 GW of distributed solar capacity across 676

counties.

Figure 4 Significant reduction in solar PV module and CapEx costs in China
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Figure 5 Solar Adoption in China (Goyal, 2024).

2.6 Technological Innovation, Financial Incentives, and Regional Growth
Looking ahead, China plans to invest approximately USD 70 billion to bolster grid

infrastructure, improve energy storage, and extend green certificates to distributed
solar generators, ensuring grid stability as RTS adoption continues to surge. These
investments support China’s RTS sector’s steady growth, pushing the nation toward
its 1 TW solar capacity target and enabling widespread RTS adoption across
residential and commercial sectors (Goyal, 2024).

China has emerged as a global leader in solar energy production, particularly
emphasizing the expansion of rooftop solar photovoltaic (PV) systems. Chen and
Chen (2021) explore how distributed solar PV has significantly contributed to the
total solar power generation in the country. The growth of the household solar PV

(HSPV) market has been remarkable, with millions of households adopting solar
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technology to meet their energy needs. This trend demonstrates the potential of
solar energy in urban areas and indicates a shift toward more sustainable energy
consumption patterns across China. One of the key drivers of rooftop solar energy
growth in China is the regulatory framework established by the government. Zhu et
al. (2020) emphasize how well-designed regulations have facilitated rapid expansion
while ensuring high-quality installations and safety standards. The Chinese
government has implemented various policies, such as feed-in tariffs and subsidies,
which incentivize homeowners and businesses to invest in solar energy. These
regulations have made it easier for consumers to access the benefits of solar
technology, thus promoting widespread adoption. Research and development (R&D)
investment is crucial for building a robust rooftop solar energy infrastructure in

China. Wang et al. (2023) highlight the significance of R&D funding, which has led to

technological innovations and cost reductions in solar panel manufacturing.

Figure 6 A house in Qingdao, in China's eastern Shandong province ((Ye, 2023))

The government and private sector have collaborated to enhance the efficiency of
solar panels, making them more accessible to consumers. This emphasis on R&D has
positioned China as a global leader in solar technology, enabling the country to
produce high-quality solar products at competitive prices. Additionally, financial
incentives and grants have played a significant role in encouraging the adoption of

rooftop solar systems. The government has introduced various programs aimed at
29



reducing the upfront costs of installation, making it easier for households to invest in
solar energy. These financial incentives have proven to be effective in driving the
growth of the rooftop solar market, allowing more individuals and businesses to
benefit from clean energy solutions. China's success in establishing a robust solar
infrastructure is evident in the number of installations and the increasing public
acceptance of solar technology. Schunder et al. (2020) discuss how the country's
strong solar infrastructure has led to higher adoption rates among the populace. As
awareness of environmental issues and the benefits of renewable energy grows,
more individuals are inclined to invest in rooftop solar systems. This cultural shift
towards embracing clean energy is vital for the long-term sustainability of solar
energy in China. The environmental benefits of integrating rooftop solar into the
energy mix cannot be overstated. Zhang and He (2016) examine how combining
renewable energy sources, including rooftop solar, reduces pollution and enhances
urban resilience. The shift toward solar energy presents a viable solution for
mitigating environmental damage in a country where air pollution has long been a

significant concern.

Xu et al. (2023) analyze residential rooftop solar (RRS) growth in China, highlighting
the roles of air pollution, population density, GDP, and other factors in driving this
expansion across regions. Using the Geographic Detector Model with city-level data,
they find that RRS growth is highly variable by region, with distinct differences
between northern and southern areas. For instance, the RRS growth rate responds
more strongly to population density and GDP in the northern region, where factors
like population density have a 0.243 coefficient impact on RRS growth. At the same

time, in the south, this effect is much lower.
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Figure 7 Growth, cost, and subsidy for residential rooftops (Xu et al., 2023)

Key findings include the minimal impact of fiscal subsidies, which, contrary to
Western trends, show limited influence on China’s RRS development (e.g., a
coefficient of -0.009 in some models), suggesting that RRS growth is mainly
independent of subsidies. Instead, pollution levels (with a coefficient of 0.154 for
PM2.5 concentration) and existing renewable energy infrastructure show a more
substantial, more direct impact. Population density demonstrates a complex,
inverted U-shaped relationship with RRS growth, indicating that medium levels of
density correlate with the highest growth rates. In policy terms, Xu et al. recommend
focusing RRS incentives in high-density, high-pollution regions to maximize efficacy.
They suggest that regional, rather than national, subsidy frameworks could better

support balanced RRS development across China.

2.7 Challenges, Future Prospects, and Policy Recommendations

China aims to address pressing environmental challenges while fostering sustainable
development by decreasing reliance on fossil fuels and utilizing cleaner energy
sources. Despite these successes, challenges remain in China's rooftop solar
landscape. One notable issue is the uneven distribution of solar installations across

different regions. While urban areas often see high adoption rates due to better
31
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access to resources and information, rural areas may lag due to economic
constraints and lack of awareness. Addressing this disparity is essential for ensuring
that the benefits of rooftop solar energy are accessible to all, regardless of
geographical location. Moreover, the rapid growth of the solar market has raised
concerns about the quality of installations. With so many new players entering the
market, maintaining standards becomes crucial. The government must continue
enforcing regulations prioritizing safety and quality to avoid potential issues that
could undermine public confidence in solar technology. Another challenge is the
integration of solar energy into the existing energy grid. As more households install
rooftop solar systems, managing the influx of distributed energy resources becomes
increasingly complex. Effective grid management and storage solutions are
necessary to balance supply and demand. The government and utility companies
must collaborate to develop strategies for integrating rooftop solar into the energy
grid while maintaining reliability.

The Chinese government has launched initiatives to promote energy storage
technologies in response to these challenges. By investing in battery storage
systems, households can store excess energy generated during sunny days for use
during peak demand times or cloudy days. This approach enhances rooftop solar
systems' reliability, making them more appealing to consumers. China's commitment
to renewable energy is also evident in its international collaborations. The country
has partnered with other nations to share technology and best practices in solar
energy deployment. By learning from successful global case studies, China can refine
its policies and approaches to accelerate rooftop solar adoption. Public awareness
campaigns are essential for fostering a sustainability culture and encouraging more
individuals to consider solar energy. The government and non-governmental
organizations can play a crucial role in educating the public about the benefits of

rooftop solar systems.
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Figure 8 China's Aim for Solar Power Capacity (ep-bd, 2024)

Providing information on financial incentives, installation processes, and
environmental advantages can help demystify solar technology and empower
consumers to make informed decisions. As China moves forward in its renewable
energy journey, the importance of rooftop solar energy will only grow. The country
has set ambitious targets to significantly increase its renewable energy capacity,
focusing on solar energy. By 2030, China aims to have over 1,200 GW of solar power
capacity, with a substantial portion coming from rooftop installations. Achieving
these targets will require continued investment, regulatory support, and public
engagement.

2.8 Key Variables Influencing Successful Policy Implementation in Rooftop Solar Energy
Initiatives

The successful implementation of policies in the context of rooftop solar energy
initiatives is influenced by various critical variables. Van Meter and Van Horn (1975)
identify six key factors determining whether a policy achieves its goals.
Understanding these variables is essential for policymakers and stakeholders who
aim to promote the adoption of renewable energy sources and enhance energy

security.
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Figure 9 Van Meter and Van Horn'’s six key factors for policy implementation

2.8.1 Policy Standards and Objectives

Clear and specific policy goals are essential for successful implementation. Regarding
rooftop solar, policies must set measurable standards, such as target installation
capacities or specific emissions reductions (Van Meter & Van Horn, 1975). Clear
objectives help stakeholders align their efforts toward common goals and provide

benchmarks for assessing progress and success.

2.8.2 Resources

Adequate resources, including financial, human, and technological resources, are
necessary for effective policy execution. This includes government funding or
subsidies to reduce initial costs, technical expertise to support installation, and
access to solar technology for rooftop solar. Even well-designed policies may struggle

to achieve significant adoption rates without sufficient resources.

2.8.3 Inter-organizational Communication and Enforcement Activities

Effective communication and coordination among the involved agencies are crucial.
Rooftop solar policies often require collaboration between government
departments, local utilities, and private companies. Good inter-organizational
communication ensures that regulations are consistently applied and that incentives,

permits, and other aspects of the policy are implemented smoothly.

2.8.4 Characteristics of Implementing Agencies

The capabilities and commitment of the agencies responsible for implementing
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rooftop solar policies directly impact success. Agencies with skilled staff, a precise
mission alignment with renewable energy goals, and a strong organizational
structure are more likely to achieve positive outcomes (Van Meter & Van Horn,
1975). These agencies must also be responsive and adaptable to address any issues

during implementation.

2.8.5 Economic, Social, and Political Conditions

External conditions can influence how policies are received and implemented. For
example, consumers may be more receptive to rooftop solar in regions with high
electricity costs, increasing policy success. Similarly, strong public support for
renewable energy and favorable political backing can drive policy momentum, while
economic downturns or competing political priorities may hinder implementation

efforts.

2.8.6 Disposition of Implementers

The attitudes and motivations of the individuals executing the policy are crucial. In
rooftop solar initiatives, the willingness of agency staff, contractors, and utility
workers to support and promote solar adoption can make a significant difference
(Van Meter & Van Horn, 1975). Implementers who believe in the value of rooftop
solar and are motivated to achieve the policy’s objectives are more likely to go
beyond minimum requirements, troubleshoot issues, and advocate for continuous

improvement.

Developing Countries

Adopting rooftop solar energy systems has become increasingly important for
addressing energy security, promoting sustainability, and mitigating climate change,
particularly in developing countries. However, implementing effective policies to
support rooftop solar adoption is challenging. Narendra Raj Paudel (2010)
emphasizes that developing nations face significant obstacles in translating policies
into practice. These challenges can hinder the effectiveness of renewable energy
initiatives, such as rooftop solar energy programs. One of the primary challenges in
implementing rooftop solar policies in developing countries is widespread poverty.

Many individuals and communities lack the financial resources to invest in solar
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technology. The initial costs of purchasing and installing rooftop solar systems can be
prohibitive for low-income households. This economic barrier limits access to
renewable energy and perpetuates dependence on traditional energy sources, which
are often less reliable and more polluting. Without addressing these financial
constraints, achieving meaningful progress in expanding rooftop solar energy
adoption becomes difficult. In addition to economic challenges, active public
participation is critical for successfully implementing rooftop solar policies. Public
involvement ensures that policies are well-designed and aligned with the needs and
preferences of the communities they serve. However, many developing countries
face political instability, undermining public trust in government initiatives. Political
unrest can hinder effective communication between policymakers and the public,
making engaging citizens in discussions about renewable energy options challenging.
As a result, the lack of public participation can lead to poorly targeted policies that
do not resonate with the intended beneficiaries.

Parichat Pongloe et al. (2015) treat policy implementation as an ongoing process
influenced by various factors. Their study highlights the importance of effective
communication, resource availability, and bureaucratic structure in shaping the
outcomes of policy initiatives. In developing countries, weak institutional
frameworks and limited resources can significantly hinder the implementation of
rooftop solar energy policies. For instance, if the bureaucratic structure is inefficient
or poorly organized, it can delay project approval and execution. Additionally, a lack
of skilled personnel can impede the effective management of renewable energy
programs, further complicating the implementation process. The attitudes and
dispositions of those responsible for policy implementation also play a crucial role in
determining success or failure. Anisur Rahman Khan (2016) notes that the
effectiveness of policy implementation is dependent on two key elements: well-
designed policies and effective management. Policymakers must recognize the
importance of fostering a positive attitude among stakeholders, including
government officials, private sector players, and community members. If there is
resistance or indifference from those involved in the implementation process, it can
undermine the overall effectiveness of the policy. This emphasizes the need for

training and capacity-building initiatives that empower stakeholders to take
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ownership of solar energy projects. Khan (2016) identifies several common factors
that can lead to policy implementation failures, including ambiguous goals and
objectives, a lack of coordinated planning, and inadequate standardization. In the
context of rooftop solar energy, policymakers must establish clear and measurable
goals to guide implementation efforts. Ambiguity in objectives can confuse
stakeholders and result in misalignment between policy intentions and actual
outcomes. Moreover, effective coordination among different government agencies,
NGOs, and private sector actors is essential for seamless project execution. If
stakeholders do not collaborate effectively, it can lead to duplication of efforts or
gaps in service delivery, hindering progress in rooftop solar adoption. The complexity
of joint actions among various stakeholders can also pose significant challenges.
Rooftop solar energy initiatives often involve multiple actors, including government
agencies, local communities, private companies, and financial institutions.
Coordinating efforts among these diverse stakeholders can be complicated, mainly
when competing interests or differing priorities exist.

A lack of communication and collaboration can create barriers to effective policy
implementation and slow the progress toward achieving renewable energy goals.
Despite these challenges, there are several opportunities for advancing rooftop solar
energy adoption in developing countries. One promising avenue is the development
of innovative financing mechanisms that make solar technology more accessible. For
instance, pay-as-you-go models and microfinance options can help reduce the
upfront costs associated with rooftop solar systems. These approaches enable low-
income households to invest in solar energy without the burden of significant
financial risk. Policymakers can empower communities to embrace renewable
energy by leveraging technology and creative financing solutions. Additionally,
raising public awareness about the benefits of rooftop solar energy is essential for
driving adoption. Educational campaigns informing citizens about solar energy's
environmental advantages and potential cost savings can increase interest and
demand for solar installations. Engaging community leaders and local organizations
in these outreach efforts can enhance credibility and ensure messages resonate with
target audiences. Another opportunity lies in fostering international collaboration

and knowledge sharing. Developing countries can benefit from the experiences of
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nations that have successfully implemented rooftop solar policies. Learning from
best practices and lessons learned can help policymakers avoid common pitfalls and
design more effective programs. International partnerships can also facilitate access
to funding and technical assistance, enabling developing countries to build the
necessary infrastructure for solar energy adoption.

Moreover, integrating rooftop solar energy into existing energy policies can create
synergies that enhance overall energy security. Policymakers should consider how
solar energy can complement other renewable sources, such as wind or biomass, to
create a diverse and resilient energy mix. By adopting a holistic approach to energy
policy, governments can maximize the benefits of renewable energy technologies
and improve energy access for all citizens. Finally, ongoing monitoring and
evaluation of rooftop solar policies are crucial for assessing their effectiveness and
making necessary adjustments. Policymakers should establish clear metrics to
measure progress and identify areas for improvement. Regular feedback from
stakeholders can inform decision-making processes and help fine-tune

implementation strategies to meet the needs of communities better.

2.10 Comparative Analysis
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Financial - Financing schemes for | - Tax incentives for solar - Announced low-interest
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commercial sectors. but allotted a small budget
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Comparative Analysis of Rooftop Solar Energy in India, China, and Bangladesh

Rooftop solar energy has significantly addressed energy challenges and promoted

sustainable development across various countries. This analysis compares the

regulatory frameworks, financial support, grid connectivity, impact on energy

security, capacity building, and current rooftop solar capacity in India, China, and
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Bangladesh.

2.11.1  Regulatory Framework

India has made notable progress in establishing a robust regulatory framework for
rooftop solar adoption. The Indian National Solar Mission has set ambitious targets
and offers various incentives to promote solar energy. According to Shankar (2024),
these policies encourage solar technology investments and ensure widespread
adoption. However, the regulatory landscape still needs continuous improvement to
enhance the speed of adoption. In contrast, China has developed an excellent
regulatory framework supporting rapid rooftop solar sector expansion. As noted by
Zhang (2024), China's regulations promote growth and maintain high quality and
safety standards in solar installations. The government’s proactive stance has led to
significant investments in solar technologies, making it a leader in the global solar
market. Bangladesh's regulatory framework for rooftop solar is evolving. The
government has implemented a simplified approval process for solar installations.
However, as Alam (2022) points out, there is still a need for more comprehensive
policies to facilitate faster expansion and integration of rooftop solar technologies
into the national energy system. Strengthening the regulatory framework is crucial
for attracting investments and ensuring the successful deployment of rooftop solar

systems.

2.11.2  Financial Support

Financial support is a critical aspect of promoting rooftop solar adoption. In India,
various financing schemes are available for residential and commercial sectors. The
central and state governments offer subsidies to encourage investments in solar
technologies (Shankar, 2024). These financial incentives are vital in reducing the
initial costs associated with solar installations, making them more accessible to a
broader audience. China stands out for its extensive financial support mechanisms.
The country offers tax incentives for solar projects, grants, and installation subsidies.
Additionally, China has allocated a substantial budget for research and development
in solar technology, ensuring continued advancements and innovations in the sector
(Zhang, 2024). This comprehensive financial support framework has been

instrumental in driving the growth of rooftop solar across the nation. In Bangladesh,
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while the government has announced low-interest loans for solar installations, the
allocated budget for research and development remains small compared to the
sector's needs. As Alam (2022) emphasizes, increasing financial support and
resources for solar projects is essential for fostering growth in the rooftop solar

market.

2.11.3  Grid Connectivity

Effective grid connectivity is crucial for integrating rooftop solar systems into the
national energy infrastructure. In India, net metering has allowed users to sell
surplus energy generated by their solar systems back to the grid. This initiative
encourages the adoption of rooftop solar and helps manage energy consumption
more efficiently (Auroville, 2020). Innovative metering technology further enhances
solar energy management, providing real-time data and better control over energy
usage. China has significantly improved its grid infrastructure, enabling better
support for renewable energy sources. The country’s advanced grid systems
facilitate the integration of distributed solar energy, ensuring a stable, reliable
energy supply (Zhang, 2024). This robust infrastructure is essential for
accommodating the growing demand for solar energy and optimizing its use in urban
areas. Bangladesh initially faced difficulties in integrating rooftop solar systems into
its national grid. As Alam (2022) noted, the existing grid infrastructure struggled to
manage the influx of distributed energy. However, improvements are being made to

enhance grid connectivity and support the integration of renewable energy sources.

2.11.4  Energy Security Impact

Rooftop solar systems have a significant impact on energy security in each country.
In India, these systems help mitigate power shortages in urban areas, easing the
burden on centralized power grids. By diversifying energy sources, rooftop solar
contributes to a more reliable energy supply, especially in regions that experience
frequent outages (Shankar, 2024).

China’s approach to rooftop solar diversifies its energy mix and reduces pollution
levels. The deployment of solar technologies has contributed to urban resilience,
enabling cities to cope better with energy demands and environmental challenges

(IEA, 2021). This not only enhances energy security but also addresses broader
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sustainability goals. In Bangladesh, rooftop solar panels reduce dependency on fossil
fuels and provide reliability during grid outages. Zahid (2023) emphasizes that solar
systems can serve as backup power sources, ensuring that households and
businesses can access energy even during challenging circumstances. This is
particularly important for a country like Bangladesh, which faces significant energy

challenges.

2.11.5 Capacity Building

Capacity building is essential for the sustainable development of the solar energy
sector. Various skill development initiatives in India focus on creating a workforce
skilled in solar energy technologies. Training centers have been established to
provide education and practical experience to individuals interested in solar
installation and maintenance (Auroville, 2020). This investment in human capital is
crucial for supporting the growing solar market. China also prioritizes capacity
building through educational programs that promote solar adoption. Research
institutions are actively engaged in advancing solar technology and fostering
innovation (IEA, 2021). By focusing on education and research, China ensures a
steady supply of skilled professionals who can contribute to the growth of the solar
sector. Bangladesh recognizes the importance of training programs for technicians
and engineers involved in solar installations. Awareness campaigns are also being
conducted to educate the public about the benefits and feasibility of rooftop solar
systems. These efforts aim to increase acceptance and participation in the solar

market.

2.11.6  Current Rooftop Solar Capacity

As of 2022, India boasts a rooftop solar capacity of approximately 10.6 gigawatts
(GW) (Energy.gov, 2023). This significant capacity reflects the country’s ongoing
commitment to expanding its solar energy infrastructure. Continuous policy support
and financial incentives have contributed to this growth. China leads the world in
rooftop solar capacity, with an impressive 58.2 GW installed as of 2022 (Scully,
2022). This achievement results from years of investment in solar technology and a
strong regulatory framework that encourages adoption. China’s success is a model

for other countries looking to expand their solar capabilities. In comparison,
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Bangladesh has a rooftop solar capacity of 1.7 GW as of 2022 (Zahid, 2023). While
this figure indicates progress, there is still considerable room for growth. Increasing
investments, improving regulatory frameworks, and enhancing public awareness will

be essential for scaling up rooftop solar capacity in the country.

2.12 Conclusion

Rooftop solar energy has significantly addressed energy challenges and promoted
sustainable development across various countries. This analysis compares the
regulatory frameworks, financial support, grid connectivity, impact on energy
security, capacity building, and current rooftop solar capacity in India, China, and

Bangladesh.
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Chapter 3  Conceptual Ideas about Policy Implementation

3.1 Introduction

Policy implementation theories offer critical frameworks for understanding policies
transitioning from legislative intent to tangible outcomes, particularly in complex
sectors like renewable energy adoption. This chapter explores foundational policy
implementation theories, tracing their evolution from top-down and bottom-up
approaches to more integrated models that account for multi-level governance,
stakeholder dynamics, and contextual adaptability. In the context of rooftop solar
energy adoption in Dhaka City, these theories illuminate the challenges of aligning
national renewable energy goals with urban realities marked by dense populations,
economic constraints, and institutional gaps. The chapter begins with an overview of
key implementation theories, including Pressman and Wildavsky’s emphasis on
decision-point complexities, Van Meter and Van Horn’s six-variable framework, and
Bardach’s strategic “gamesmanship” perspective. It contrasts top-down models (e.g.,
Sabatier and Mazmanian) with bottom-up approaches (e.g., Lipsky’s Street-Level
Bureaucracy) and hybrid models (e.g., Sabatier’s Advocacy Coalition Framework).
These theories collectively reveal the importance of resource allocation, stakeholder
coordination, and adaptive learning in policy execution. However, the limitations of
purely hierarchical or grassroots models become evident in dynamic urban contexts
like Dhaka, where fragmented governance, infrastructural challenges, and socio-
economic disparities demand a more flexible approach. Winter’s Integrated
Implementation Model emerges as the chosen analytical framework for this study.
Unlike rigid top-down or bottom-up paradigms, Winter’s model synthesizes national
policy directives with local-level realities, emphasizing iterative feedback loops,
multi-stakeholder collaboration, and contextual adaptation. This hybrid approach is
uniquely suited to Dhaka’s rooftop solar adoption, where successful implementation
hinges on reconciling centralized energy targets with decentralized urban challenges,
from navigating bureaucratic inefficiencies to addressing financial barriers and
climate vulnerabilities. By bridging the gap between policy design and practical
execution, Winter’s model provides a robust lens to analyze how rooftop solar

initiatives can overcome systemic bottlenecks and achieve scalable impact.
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3.2 Theories of Policy Implementation

Implementation theories provide a framework for understanding how policies,
projects, and innovations are put into practice, and how their success or failure is
influenced by various factors. In the context of rooftop solar energy adoption in
Dhaka City, these theories help to evaluate how well solar energy policies are being
translated from legislation into real-world outcomes, such as increased energy
security, reduced reliance on fossil fuels, and enhanced sustainability. By leveraging
the insights of implementation theories, this research aims to explore the challenges,
and opportunities in the rollout of rooftop solar systems, identify key stakeholders,

and recommend strategies to improve policy execution.

Pressman and Wildavsky (1973)

Van Meter and Van Horn (1975)
Bardach (1977)

Sabatier and Mazmanian (1979. 1980)

Majone and Wildavsky (1973), Scharpf (1978), Mayntz
(1977), Windhoff-Heritier (1980), Ripley and Franklin
(1982). G. Edward III (1984), Elmore (1985). Sabatier
(1986a), Goggin et. al (1990), Winter (1990), Grindle

and Thomas (1991)

op-do
theories

hybrid
theories

Lipsky (1971), Elmore (1980)
Hjern and porter (1981)
Hjern (1982)

Hjern and Hull (1982)

bottom-up
theories

(Source: As modified from Parichat Pongloe et al article, 2015)

Figure 10 Three models of policy implementation at a glance

Implementation theories can be broadly divided into two categories: top-down, and
bottom-up approaches:

e Top-down theories focus on how central authorities, and policy designers ensure
that policies are executed as intended by following hierarchical structures. In this
context, the role of governmental bodies, regulators, and policymakers in promoting
rooftop solar energy will be scrutinized.

e Bottom-up theories, on the other hand, consider the roles of local actors such as

businesses, households, and solar energy service providers. This approach
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emphasizes the importance of ground-level implementation, community
engagement, and the adaptability of policies to local conditions. Both approaches
are relevant for assessing rooftop solar adoption in Dhaka, as the success of policies

depends on both national directives, and the active participation of local entities.

3.2.1 Pressman, and Wildavsky's Implementation Theory (1973)

Pressman, and Wildavsky’s Implementation Theory, introduced in their book
Implementation (1973), explores the complexities, and challenges involved in putting
public policies into action. They argue that policy implementation is often a difficult,
and fragmented process involving numerous actors, and institutions. These actors
may include government agencies, private contractors, and various stakeholders
who must work together to achieve the policy’s goals. A key insight from Pressman,
and Wildavsky is that implementation is not a straightforward process. It involves
multiple decision points, each of which can introduce delays or deviations from the
policy’s original intent. This series of decision points means that the more steps
there are between policy formulation, and implementation, the greater the chance
of failure. They emphasize that even well-designed policies can fail if the
implementation process is not managed effectively. Successful implementation,
according to Pressman, and Wildavsky, requires coordination among all involved
parties, and sufficient resources, such as funding, and trained personnel (Pressman &

Wildavsky, 1973).

3.2.2 Van Meter, and Van Horn's Framework for Policy Implementation

(1975)

Van Meter, and Van Horn’s Framework for Policy Implementation, introduced in
1975, builds on previous work by offering a more structured approach to
understanding how policies are put into action. Their framework identifies six key
variables that influence policy implementation: policy standards, and objectives,
resources, inter-organizational relationships, characteristics of the implementing
agencies, the socio-political environment, and the dispositions or attitudes of the
implementers. Van Meter, and Van Horn stress the importance of clear policy goals.
If the goals are ambiguous or conflicting, it becomes difficult for implementers to

know what they are supposed to achieve. Similarly, they argue that resources, such
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as financial support, and skilled personnel, are essential for effective
implementation. The framework also highlights the role of inter-organizational
relationships, which can either facilitate or hinder cooperation between different
agencies or departments involved in the policy (Van Meter & Van Horn, 1975).
Additionally, the socio-political environment, such as public opinion, and political
support, plays a critical role in shaping the success of policy implementation. The
attitudes of those responsible for implementing the policy whether they are
motivated, and aligned with the policy's objectives can also significantly affect the
outcome. Van Meter, and Van Horn’s framework thus provides a comprehensive

view of the many factors that need to align for successful policy implementation.

3.2.3 Bardach's Implementation Game (1977)

Eugene Bardach’s Implementation Game (1977) takes a more strategic view of policy
implementation by framing it as a game in which various actors maneuver to
advance their interests. Bardach views the implementation process as a dynamic
interaction between different players, including government officials, interest
groups, and private sector stakeholders. These actors have their own goals, and
interests, which can lead to competition, and conflict during the implementation
process. Bardach's key contribution is his emphasis on the "gamesmanship" of policy
implementation. He argues that actors often engage in strategic behavior to secure
resources, influence decisions, or shift responsibilities. For example, an agency
tasked with implementing a policy might attempt to delay or modify the policy if it
perceives that doing so will protect its interests. Bardach also points out that
resource constraints, bureaucratic inertia, and misaligned incentives can create
opportunities for actors to "game" the system, leading to inefficiencies or policy
failure (Bardach, 1977). In The Implementation Game, Bardach suggests that one
way to improve policy implementation is to anticipate the potential strategies, and
behaviors of the actors involved. By designing policies, and implementation plans
that account for these behaviors, policymakers can minimize delays, and conflicts.
This approach is particularly useful in complex policy environments, where multiple

stakeholders with different interests must work together to achieve policy goals.

47



3.24 Sabatier, and Mazmanian's Top-Down, and Bottom-Up Approach
(1979, 1980)

Sabatier, and Mazmanian (1979, 1980) developed a theory that integrates both top-
down, and bottom-up perspectives to explain policy implementation. The top-down
approach focuses on the central authority, emphasizing how decisions made by
policymakers influence the success of implementation. In this model, policies are
designed with clear objectives, and success depends on how well lower-level actors,
such as local governments or institutions, carry out the policy as planned. Sabatier,
and Mazmanian argue that for top-down implementation to succeed, the policy
goals must be clearly stated, and there must be sufficient resources, authority, and
accountability at all levels (Sabatier & Mazmanian, 1979). The bottom-up approach,
in contrast, emphasizes the role of local actors, and the importance of flexibility in
policy execution. This perspective argues that local implementers often face specific
challenges or circumstances that policymakers cannot predict. Therefore, local
governments or agencies need to adapt policies to fit the specific needs of their
communities. Sabatier, and Mazmanian suggest that both approaches are necessary.
A successful policy implementation must blend top-down guidance with bottom-up
flexibility, enabling policies to be adapted while still meeting overall objectives

(Sabatier & Mazmanian, 1980).

3.2.5 Majone, and Wildavsky's Policy Implementation as a Learning Process

(1973)

Majone, and Wildavsky (1973) introduce the concept of policy implementation as a
continuous learning process. They argue that policies should not be seen as rigid
plans that are fixed once they are designed, but rather as dynamic processes that
evolve over time. Policymakers, and implementers learn from their experiences, and
make adjustments as necessary. This theory emphasizes that the implementation
process is often unpredictable due to changing conditions, new information, or
unforeseen challenges. Therefore, flexibility, and learning are essential for success.
According to Majone, and Wildavsky, policies should be viewed as experiments
where feedback is gathered from early stages of implementation, and this feedback
helps refine the policy. As problems arise during the implementation, actors involved

can use that information to adapt their strategies, making improvements along the
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way. This view encourages an iterative process, where learning, and adaptation are

central to achieving the desired outcomes (Majone & Wildavsky, 1973).

3.2.6 Scharpf’s Interorganizational Policy Implementation (1978)

Scharpf (1978) focuses on the complexity of policy implementation in systems where
multiple organizations are involved. In his interorganizational policy implementation
theory, Scharpf argues that policies are often carried out by several different
agencies, departments, or even private organizations. Coordination between these
entities becomes critical for effective implementation. The more organizations that
are involved, the more challenging it becomes to ensure smooth cooperation, and to
avoid conflicts of interest. Scharpf notes that each organization involved in policy
implementation has its own goals, resources, and constraints, which can lead to
conflicts or inefficiencies. For instance, a policy designed to improve public health
might require collaboration between health departments, local governments, and
non-governmental organizations. If these entities are not well-coordinated, the
policy may fail to achieve its goals. Scharpf emphasizes the importance of building
strong communication channels, and cooperation mechanisms among organizations
to ensure they work together efficiently, and are aligned with the policy’s objectives

(Scharpf, 1978).

3.2.7 Mayntz’s Implementation as a Multilevel Process (1977)

Renate Mayntz (1977) introduced the idea of policy implementation as a multilevel
process, highlighting how different levels of government, and actors are involved in
the implementation process. According to Mayntz, policies are typically designed at
the national or central level but are implemented at the regional or local levels. This
creates challenges, as each level may have different priorities, resources, and
capacities. Mayntz argues that successful implementation requires coordination, and
cooperation between the different levels of government. National governments may
provide the overall framework, resources, and goals, but local governments are
responsible for adjusting the policy to their specific context. This theory also
highlights the importance of communication, and clear division of roles between
national, regional, and local authorities. Inadequate communication or poorly

defined responsibilities can lead to implementation gaps, where policies are either
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poorly executed or not executed at all (Mayntz, 1977).

3.2.8 Windhoff-Heritier’'s Administrative, and Political Implementation

(1980)

Adrienne Windhoff-Heritier (1980) proposed the administrative, and political
implementation theory, emphasizing the distinction between two major aspects of
implementation: administrative, and political. According to this model,
administrative implementation focuses on the formal, technical, and bureaucratic
aspects of executing a policy. It involves following rules, procedures, and guidelines
established by the government or relevant authorities. On the other hand, political
implementation refers to the influence of political actors, power dynamics, and
interest groups on the implementation process. Windhoff-Heritier argues that
policies are not implemented in a vacuum, and political pressures often play a
significant role in shaping how policies are carried out. Political actors, such as
elected officials or advocacy groups, may attempt to modify or delay policies to align
with their interests. Therefore, understanding both the administrative, and political
aspects of implementation is essential for ensuring policy success (Windhoff-Heritier,

1980).

3.2.9 Ripley, and Franklin’s Political Model of Implementation (1982)

Ripley, and Franklin (1982) developed the political model of implementation, which
highlights the inherently political nature of policy implementation. They argue that
policy implementation is not a neutral, technical process but one that is influenced
by political considerations, such as power struggles, conflicts of interest, and
negotiation among stakeholders. According to this model, various actors—including
government agencies, interest groups, and politicians—seek to influence the
outcome of policy implementation to align with their own objectives. Ripley, and
Franklin emphasize that policy implementation is often shaped by political
bargaining, and compromise. Different groups may have competing interests, and
the implementation process becomes a matter of finding a middle ground that
satisfies multiple stakeholders. The political model suggests that conflicts, and
negotiations are inherent in policy implementation, and that policies are rarely

implemented exactly as they were originally designed (Ripley & Franklin, 1982).
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3.2.10  G. Edward llI's Policy Implementation Framework (1984)

George C. Edwards Il (1984) proposed a comprehensive policy implementation
framework that identifies four key factors influencing the success of policy
implementation: communication, resources, disposition, and bureaucratic structure.
According to Edwards, these factors must align for successful implementation to
occur.

1. Communication: Clear, and consistent communication between policymakers, and
implementers is crucial for ensuring that the goals of the policy are understood, and

properly carried out.

2. Resources: Adequate resources, including funding, personnel, and equipment, are

necessary to implement policies effectively.

3. Disposition (or attitudes): The attitudes, and motivation of those responsible for
implementing the policy significantly affect the process. If implementers are

indifferent or opposed to the policy, its success is at risk.

4. Bureaucratic Structure: The organization, and efficiency of the bureaucracy also play
a critical role. A well-structured bureaucracy with clear lines of authority, and

coordination increases the chances of successful policy implementation.

Edwards emphasizes that failure in any one of these factors can hinder the policy
implementation process. For example, even if resources are available, poor
communication or negative attitudes among implementers can lead to failure

(Edwards 111, 1984).

3.2.11  Elmore’s Forward, and Backward Mapping Approaches (1980, 1985)

Richard Elmore (1980, 1985) introduced two distinct approaches to policy
implementation: forward mapping, and backward mapping. These approaches offer
different strategies for designing, and implementing policies.

1. Forward Mapping: In this approach, the policy implementation process begins at the
top, with policymakers outlining clear objectives, and then passing them down to
implementers. Policymakers assume that if clear instructions are given, and

sufficient resources are provided, the desired outcomes will be achieved. This
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approach resembles a top-down strategy, where policy directives flow from higher

authorities to lower levels of government or organizations (EImore, 1980).

2. Backward Mapping: In contrast, the backward mapping approach starts at the
bottom, with a focus on the implementers, and the conditions they face. Instead of
beginning with policy goals, backward mapping looks at the challenges that frontline
implementers encounter, and designs policies that address those challenges. This
approach allows for more flexibility, and adaptation to local conditions. Elmore
suggests that backward mapping is often more effective because it takes into
account the practical realities of implementation, and provides room for

adjustments (EImore, 1985).

3.2.12  Sabatier’s Advocacy Coalition Framework (1986a)

Paul Sabatier (1986a) introduced the advocacy coalition framework (ACF) to explain
how policy implementation, and policy change occur over time. This framework
emphasizes the role of advocacy coalitions, which are groups of actors—such as
interest groups, government officials, and researchers—who share a common belief
system, and work together to influence policy outcomes. These coalitions compete
with each other to shape the direction of policy implementation, and change.
According to Sabatier, policy implementation is not a static process but one that
evolves over time as advocacy coalitions interact with each other. Each coalition
seeks to promote its own interpretation of the policy, and to adjust implementation
strategies to reflect its goals. The ACF suggests that long-term policy implementation
is shaped by shifts in power among competing coalitions, changes in external
conditions, and learning that occurs as a result of ongoing interactions between

different actors (Sabatier, 1986a).

3.2.13  Goggin et al.'s Communications Model of Policy Implementation (1990)

In 1990, Malcolm Goggin, and his colleagues introduced the Communications Model
of Policy Implementation, which emphasizes the role of communication between
different levels of government in ensuring effective policy implementation. Goggin et
al. argue that policy implementation is often hampered by poor communication

between the policymakers (typically at higher levels of government), and those
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responsible for executing the policy (at the lower levels). This model sees policy
implementation as a hierarchical process in which instructions, resources, and
information flow from top to bottom. The success of the policy depends on how well
these messages are communicated, and understood by the implementers. Goggin et
al. highlight that policies are more likely to succeed if the communication is clear,
consistent, and responsive to the concerns of implementers. Furthermore, they
suggest that feedback mechanisms are critical, allowing implementers to provide
input to policymakers about any challenges they encounter. The model also stresses
the importance of political, and organizational support to facilitate the

communication process (Goggin et al., 1990).

3.2.14  Winter’'s Model of Implementation as Process (1990)

Sgren Winter's Model of Implementation as Process (1990) views policy
implementation as a dynamic, and continuous process rather than a one-time event.
Winter focuses on how the different stages of the policy process—from formulation
to execution—are interconnected, and influence each other. This model stresses
that implementation is influenced by both the content of the policy, and the
environment in which it is carried out. Winter argues that the behavior of street-
level bureaucrats (those who implement policies directly) is crucial to understanding
how policies are implemented. He points out that the personal attitudes, beliefs, and
motivations of these individuals can shape the outcomes of implementation.
Additionally, external factors such as political pressure, organizational culture, and
available resources play a significant role in the process. The model highlights that
policy implementation is not just about following instructions; it is about
continuously adapting to the realities on the ground, and managing the complex

interactions between policy, implementers, and the environment (Winter, 1990).

3.2.15 Grindle, and Thomas’s Policy Reform Process Model (1991)

Merilee Grindle, and John Thomas’s Policy Reform Process Model (1991) focuses on
how political, institutional, and social factors influence the success of policy reform
efforts. Their model emphasizes that policy implementation is not just a technical
process but also a political one, where the interests of various actors need to be

managed. Grindle, and Thomas argue that policy reform is often resisted by powerful
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groups that benefit from the status quo. Therefore, the success of policy reform
depends on how well policymakers can navigate the political landscape, build
coalitions, and manage conflicts among stakeholders. They highlight the importance
of leadership in driving reform, as well as the need for strategic planning to
overcome opposition. Their model also recognizes that the context in which a policy
is implemented—such as the level of development, institutional capacity, and public
support—plays a crucial role in determining whether reforms are successfully
adopted (Grindle & Thomas, 1991). This model offers a more holistic view of
implementation, considering not only the policy design but also the political, and
social dimensions of the reform process. It emphasizes that successful
implementation requires more than good policies; it also requires managing the

political, and institutional barriers to change.

3.2.16  Lipsky’s Street-Level Bureaucracy (1971)

Michael Lipsky’s Street-Level Bureaucracy (1971) theory focuses on the role of
frontline workers—such as teachers, police officers, and social workers—who are
responsible for implementing public policies at the local level. Lipsky argues that
these street-level bureaucrats have a significant amount of discretion in how they
apply policies, which can lead to variations in implementation. According to Lipsky,
street-level bureaucrats often work in environments characterized by limited
resources, high demand for services, and conflicting policy objectives. As a result,
they develop coping mechanisms, such as simplifying rules or rationing services, to
deal with these challenges. This discretion means that the implementation of a
policy can vary widely depending on the decisions, and actions of individual
bureaucrats. Lipsky’s theory highlights the gap between policy as written, and policy
as implemented. Even though policies may be well-designed, their implementation
can be inconsistent because street-level bureaucrats have the power to interpret,
and modify them in response to local conditions, and pressures. Lipsky’s work
underscores the importance of understanding the behavior of frontline workers in

the study of policy implementation (Lipsky, 1971).

3.2.17  Hjem, and Porter’s Network Analysis Approach (1981)
Hjem, and Porter’s Network Analysis Approach (1981) focuses on understanding
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policy implementation through the lens of networks, and relationships among
various actors involved in the process. This approach emphasizes that policy
implementation is not a linear process controlled solely by a central authority.
Instead, it involves a range of actors—including government agencies, private
organizations, and local communities—who are interconnected through networks.
According to Hjem, and Porter, successful policy implementation depends on how
well these actors work together, and coordinate their efforts. They highlight the
importance of relationships, and collaboration between different stakeholders. For
example, effective communication, and cooperation between local authorities,
central government, and private sector entities are crucial for overcoming
challenges, and ensuring the smooth implementation of policies. The network
analysis approach also recognizes that each actor in the network has its own
interests, which can affect how they contribute to or hinder the implementation
process (Hjem & Porter, 1981). This model is particularly useful for analyzing
complex policy environments where multiple actors have varying degrees of
influence, highlighting the need for a decentralized approach to policy

implementation.

3.2.18 Hjern’s Implementation Structure Analysis (1982)

Hjern (1982) introduced the Implementation Structure Analysis, which expands on
the network approach by focusing on the structural aspects of policy
implementation. Hjern argues that policy implementation occurs within a multi-
organizational context, where different organizations are responsible for executing
various components of the policy. Rather than viewing policy implementation as a
top-down process, Hjern believes that implementation should be understood by
looking at the interactions, and interdependencies between these organizations.
Hjern’s analysis emphasizes the importance of understanding how different
agencies, and organizations are structured, and how they interact with one another.
He argues that policy success depends on how well these organizations align their
goals, and actions to meet the objectives of the policy. This theory also highlights the
importance of feedback loops, where organizations involved in implementation
continuously communicate with one another to adjust their actions based on

evolving circumstances. Hjern’s work shows that effective policy implementation
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requires an understanding of the broader system of organizations, and their

interactions (Hjern, 1982).

3.2.19  Hjern, and Hull’s Social Structure, and Policy Implementation (1982)

In their collaborative work, Hjern, and Hull (1982) developed the Social Structure,
and Policy Implementation theory, which builds on the earlier work of Hjern's
Implementation Structure Analysis. Their theory emphasizes the role of social
structures—specifically, how policies are shaped, and implemented by the broader
social context in which they operate. Hjern, and Hull argue that the success of policy
implementation depends on the social networks, and institutional structures within
which the policy is being executed. Their model highlights that policy
implementation is influenced by a range of factors, including the social norms, power
dynamics, and relationships between different groups in society. For instance, in a
local community where there is strong social cohesion, implementation may be
more successful because the community is more likely to work together toward
shared goals. Conversely, in areas where there is social conflict or mistrust between
groups, implementation can face significant obstacles. Hjern, and Hull’s theory also
stresses the importance of local actors, and their ability to adapt national or regional
policies to local contexts. They argue that policies should be flexible enough to allow
for adaptation to specific social, and cultural circumstances, which can increase the

likelihood of successful implementation (Hjern & Hull, 1982).

33 Analytical Framework Based on Winter's Integrated Implementation Model

The Winter's Integrated Implementation Model is selected as the theoretical
framework. This hybrid model combines elements of both top-down, and bottom-up
approaches, providing a comprehensive lens to analyze the implementation of
rooftop solar systems in Dhaka City. The model emphasizes the interplay between
policy design, local-level dynamics, and stakeholder interactions, making it highly
relevant for understanding the complexities of renewable energy adoption in an

urban context like Dhaka.

34 Rationale for Choosing Winter's Integrated Implementation Model

The Winter's Integrated Implementation Model was selected as the theoretical
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3.

3.

3.

framework for analyzing rooftop solar adoption in Dhaka City due to its hybrid
approach, which combines top-down, and bottom-up perspectives. This model is
particularly well-suited for addressing the complexities, and multi-level dynamics of
renewable energy implementation in an urban context like Dhaka. Below is the

rationale for choosing this model over other implementation theories:

5 Comprehensive, and Holistic Approach

Winter's model integrates both top-down policy analysis, and bottom-up stakeholder
engagement, providing a holistic view of the implementation process. Unlike purely
top-down models (e.g., Sabatier & Mazmanian) or bottom-up models (e.g., Lipsky's
Street-Level Bureaucracy), Winter's framework acknowledges the interplay between
national policies, local dynamics, and contextual factors. This is critical for
understanding rooftop solar adoption in Dhaka, where national policies (e.g., 2012
solar mandate, 2023 net metering guidelines) must align with local realities (e.g.,

high population density, limited rooftop space).

6 Emphasis on Feedback Mechanisms

The model emphasizes the importance of feedback loops between policymakers,
implementers, and end-users. This is particularly relevant for rooftop solar adoption,
where misaligned incentives, inadequate communication, and lack of stakeholder
collaboration often hinder effective implementation. By incorporating feedback
mechanisms, the model allows for continuous refinement of policies, and practices,

addressing gaps in real-time.

7 Contextual Adaptability

Winter's model considers contextual factors such as urban challenges, economic
barriers, and environmental conditions, which are critical for rooftop solar adoption
in Dhaka. For example:
Urban Challenges: High population density, and limited rooftop space require
tailored solutions.
Economic Barriers: High upfront costs, and lack of financial incentives deter
adoption.
Environmental Factors: Dhaka’s climate (e.g., high humidity, monsoons) affects
system performance, and maintenance.

This adaptability makes the model highly relevant for addressing the unique
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challenges of renewable energy implementation in Dhaka.

3.8 Focus on Multi-Level Dynamics

The model recognizes the multi-level dynamics of implementation, involving national
policymakers, local implementers (e.g., DPDC, DESCO), and end-users (e.g.,
residential, commercial, industrial consumers). This is essential for rooftop solar
adoption, where success depends on the alignment of policies, resources, and
stakeholder actions. For instance:

e Top-Down: National policies must provide clear guidelines, and adequate

resources.
e Bottom-Up: Local implementers, and end-users must have the capacity, and

motivation to adopt rooftop solar systems.

3.9 Practical Application

Winter's model is practical, and action-oriented, making it suitable for real-world

implementation challenges. It provides a structured framework for:

e Policy Analysis: Assessing the clarity, feasibility, and enforceability of national
policies.

e Stakeholder Engagement: Understanding the roles, and challenges of local
implementers, and end-users.

e Feedback, and Refinement: Identifying gaps, and refining policies based on local
feedback.
This practical focus aligns with the study’s goal of providing actionable

recommendations for rooftop solar adoption in Dhaka.

3.10 Comparison with Other Theories

e Top-Down Models (e.g., Sabatier & Mazmanian): These models focus on the role
of national policies but often overlook local dynamics, and contextual factors.
They are less effective in addressing the ground-level challenges of rooftop solar
adoption in Dhaka.

e Bottom-Up Models (e.g., Lipsky's Street-Level Bureaucracy): These models
emphasize the role of local implementers but may neglect the importance
of national policy frameworks, and resource allocation.

e Hybrid Models (e.g., Elmore's Forward, and Backward Mapping): While hybrid
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models also combine top-down, and bottom-up perspectives, Winter's model is
more comprehensive, and contextually adaptable, making it better suited for the

study’s objectives.

3.11 Implementation Theory in Practice

Winter's Integrated Implementation Model provides a structured approach to
understanding the multi-level dynamics of rooftop solar adoption in Dhaka. By
combining top-down policy analysis with bottom-up stakeholder engagement, the
framework ensures a holistic view of the implementation process. It also emphasizes
the importance of feedback mechanisms, and contextual adaptability, which are
critical for addressing the unique challenges of renewable energy adoption in an

urban setting.

3.12 Conclusion

The exploration of policy implementation theories underscores the multifaceted
nature of translating renewable energy goals into actionable outcomes, particularly
in @ complex urban environment like Dhaka. While traditional top-down models
prioritize hierarchical control, and bottom-up approaches emphasize grassroots
agency, Winter’s Integrated Implementation Model stands out for its holistic
synthesis of these perspectives. By emphasizing the interplay between policy design,
stakeholder engagement, and contextual adaptability, Winter's framework
addresses the unique challenges of rooftop solar adoption in Dhaka such as high
population density, limited rooftop space, and fragmented institutional coordination.
The model’s focus onfeedback mechanisms ensures that policymakers can
iteratively refine strategies based on ground-level insights, while its recognition
of multi-level dynamics bridges the gap between national mandates, and local
execution. For instance, Dhaka’s 2012 solar mandate, and 2023 net metering
guidelines must be complemented by localized solutions, such as tailored financial
incentives for low-income households or partnerships with NGOs to build technical
capacity. Winter’'s approach also highlights the critical role of street-level
bureaucrats from utility officials to solar installers whose discretion, and motivation

directly shape policy outcomes. Ultimately, Winter’s Integrated Implementation
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Model provides a pragmatic roadmap for Dhaka to overcome barriers to rooftop
solar adoption. By fostering alignment between policy intent, resource allocation,
and community participation, the model supports the city’s transition toward energy
security, and sustainability. As Bangladesh strives to meet its renewable energy
targets, adopting such adaptive, context-sensitive frameworks will be essential to
transforming rooftop solar from a niche initiative into a mainstream urban energy
solution. This chapter lays the groundwork for applying Winter’s model to Dhaka’s
context, offering actionable insights to bridge the chasm between ambition, and

achievement in the renewable energy sector.
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Chapter 4 Research Methodology

4.1 Introduction

The adoption of rooftop solar energy policies in urban areas like Dhaka City involves
navigating a complex landscape where policy goals need to be effectively translated
into practical results. This research focuses on understanding the factors that impact
rooftop solar adoption in Dhaka City, Bangladesh. By examining different
implementation theories, and models, the study aims to uncover both the
challenges, and opportunities associated with implementing these policies.
Additionally, the research seeks to identify strategies that can enhance the execution
of rooftop solar initiatives in this unique urban context. Dhaka City offers a
compelling case due to its rapid urbanization, and pressing energy demands. The city
faces significant challenges related to energy security, and environmental
sustainability, making rooftop solar adoption a critical component of its future
energy strategy. Understanding how policies translate from intentions to outcomes
in such a dynamic urban environment is crucial for informing effective policy
decisions, and fostering sustainable development. These theories provide
frameworks for understanding the roles of different stakeholders, regulatory
frameworks, financial incentives, and community engagement in shaping policy
outcomes. By examining these factors through qualitative research methods, such as
interviews, and document analysis, the research aims to uncover the nuanced
dynamics influencing rooftop solar adoption. Furthermore, the research
methodology prioritizes ethical considerations, ensuring that participants'
confidentiality, and privacy are protected throughout the data collection process. By
adhering to ethical guidelines, and rigorous data analysis techniques, the study aims
to produce findings that are reliable, valid, and relevant to stakeholders involved in
urban energy policy, and planning. This research contributes to the broader
discourse on sustainable urban development by examining rooftop solar adoption in
Dhaka City. By identifying key factors influencing policy implementation, and
recommending strategies for improvement, the study aims to support informed
decision-making that promotes renewable energy adoption, and contributes to

achieving long-term energy goals in urban areas.
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4.2 Research Design, and Approach of Inquiry

The research design for this study adopts an exploratory, and descriptive approach
to investigate rooftop solar adoption in Dhaka City, Bangladesh. This approach is
chosen to thoroughly explore how policy intentions translate into real-world
outcomes within urban settings. By utilizing case studies, and conducting in-depth
interviews, the study aims to gather comprehensive, and nuanced data from various
stakeholders involved in the rooftop solar sector. The exploratory, and descriptive
approach is well-suited for uncovering the multifaceted dynamics of rooftop solar
adoption in Dhaka City. This methodological choice allows the research to delve
deeply into emerging issues, and complexities surrounding policy implementation.
Through the exploration of diverse perspectives, and detailed descriptions, the study
seeks to provide a thorough understanding of the factors influencing the uptake of
rooftop solar systems. Central to the research methodology are case studies that
provide in-depth examinations of specific instances of rooftop solar adoption within
Dhaka City. In-depth interviews serve as a primary method for gathering qualitative

data directly from key stakeholders involved in rooftop solar adoption.

1. Data Collection:

o Primary Data: Conduct interviews, and surveys with policymakers,
DPDC/DESCO officials, local installers, and end-users to gather insights on
policy implementation, and local dynamics.

o Secondary Data: Analyze policy documents, project reports, and case studies
(e.g., Brac University, BUET) to assess alignment between policy objectives,
and implementation outcomes.

2. Data Analysis:

o Qualitative Analysis: Use thematic analysis to identify key themes from
interviews, and policy reviews, focusing on policy design, local dynamics, and
feedback mechanisms.

o Quantitative Analysis: Perform statistical analysis of adoption rates, capacity
installations, and cost-benefit data to evaluate the effectiveness of

implementation strategies.
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Case Studies:
o Examine successful rooftop solar projects (e.g., Brac University, BUET) to
identify best practices, and lessons learned.
o Analyze failed or underperforming initiatives to understand barriers, and gaps

in implementation.

4.3 Data Collection Method

The data collection method chosen for this study on rooftop solar adoption in Dhaka
City, Bangladesh, is primarily qualitative, aiming to capture rich, and contextual
insights from various stakeholders involved in or affected by rooftop solar policies.
Qualitative methods are selected for their ability to delve deeply into the nuances of
policy implementation, stakeholder interactions, and the underlying factors
influencing adoption decisions. Central to the data collection approach are in-depth
interviews with key stakeholders. These interviews will be semi-structured, allowing
flexibility to explore participants' perspectives, experiences, and challenges related
to rooftop solar adoption. The semi-structured format ensures that key topics are
covered while allowing for new themes to emerge organically during the
conversation. Interviews will be conducted face-to-face or remotely, depending on
participant availability, and preferences, to ensure candid, and detailed responses.
Additionally, the study will employ case studies to provide detailed examinations of
specific instances of rooftop solar adoption within Dhaka City. Case studies offer a
comprehensive way to analyze real-world examples, providing contextual depth, and
allowing researchers to explore the complexities, and dynamics of policy
implementation in specific settings. Each case study will involve gathering
documentary evidence, conducting interviews with relevant stakeholders, and
analyzing the outcomes, and challenges faced in implementing rooftop solar
initiatives. To complement the qualitative data collection, document analysis will be
employed. This involves reviewing policy documents, reports, and other relevant
materials related to rooftop solar policies, and their implementation in Dhaka City.
Document analysis provides additional context, and background information, helping
to triangulate findings from interviews, and case studies. Throughout the data
collection phase, rigorous note-taking, and documentation of findings will be

maintained to ensure accuracy, and reliability. Audio recordings, and transcripts of
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interviews will be securely stored, and analyzed using qualitative data analysis

software to facilitate systematic coding, and thematic analysis.

4.4 Data Collection Tools, and Techniques

Data collection tools, and techniques are crucial components of any research
endeavor, particularly in qualitative studies focused on nuanced topics like rooftop
solar adoption in Dhaka City, Bangladesh. The tools, and techniques selected must
align with the research objectives, and ensure the robust capture of data from
diverse stakeholders involved in or impacted by rooftop solar policies.

In-depth Interviews: The primary data collection tool for this study is in-depth
interviews. These interviews will be semi-structured, allowing for flexibility in
exploring participants' perspectives, experiences, and insights related to rooftop
solar adoption. Semi-structured interviews strike a balance between predefined
guestions, and the opportunity to delve deeper into emergent themes, and issues
that arise during the conversation. This approach ensures that the researcher
captures rich, detailed narratives that provide depth, and context to the study.

Case Studies: Another essential data collection technique employed in this research
is the use of case studies. Case studies offer a detailed examination of specific
instances of rooftop solar adoption within Dhaka City. Each case study involves
gathering multiple sources of evidence, including interviews, documents, and
observational data if applicable (Sulaiman & Baldry, 2008). By focusing on real-world
examples, case studies provide an in-depth understanding of the complexities,
challenges, and successes associated with implementing rooftop solar policies in
urban settings.

Document Analysis: Document analysis serves as a complementary technique to
interviews, and case studies (Bowen, 2019). It involves systematically reviewing, and
analyzing policy documents, reports, academic literature, and other relevant
materials related to rooftop solar policies, and their implementation in Dhaka City.
This method helps researchers contextualize interview, and case study findings

within broader policy frameworks, historical contexts, and existing research.

4.5 Ethical Considerations

Ethical considerations are paramount in any research endeavor, particularly when

studying sensitive topics such as policy implementation, and stakeholder
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perspectives on renewable energy adoption like rooftop solar in Dhaka City. This
section outlines the ethical principles, and practices that guide the conduct of this
research, ensuring integrity, respect for participants, and transparency throughout
the study. Obtaining informed consent from participants is a fundamental ethical
principle. Prior to any data collection, participants will be fully informed about the
research objectives, procedures, potential risks, and benefits (Manti & Licari, 2019).
They will have the opportunity to ask questions, and provide voluntary consent to
participate. Special attention will be given to ensuring that participants understand
the nature of their involvement, and any potential implications. Protecting the
confidentiality, and anonymity of participants is crucial to maintaining trust, and
respecting their privacy. All data collected, including interviews, survey responses,
and documents, have been done with consent. Participants were assured that their
identities will not be disclosed in any publications or presentations resulting from the
research unless they provide explicit consent or if required by law. Measures will be

implemented to ensure the security of data throughout the research process.

4.6 Conclusion

This chapter outlined the research methodology adopted to investigate rooftop solar
adoption in Dhaka City, Bangladesh. By employing an exploratory, and descriptive
research approach, the study integrates qualitative data collection methods,
including in-depth interviews, case studies, and document analysis. These methods
provide a comprehensive understanding of the challenges, and opportunities
associated with policy implementation in the rooftop solar sector. Ethical
considerations, such as informed consent, and data confidentiality, have been
prioritized to ensure the integrity, and reliability of the research process. The chosen
methodology aims to generate insightful findings that can inform policy
improvements, enhance implementation strategies, and contribute to the broader

discourse on sustainable urban energy solutions.
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Chapter 5 FINDINGS
5.1 Introduction

Dhaka City, a rapidly urbanizing metropolis, faces mounting energy demands driven
by population growth, industrialization, and urbanization. In response, rooftop solar
energy has emerged as a critical component of Bangladesh’s strategy to enhance
energy security, reduce carbon emissions, and promote sustainable development.
This chapter examines the roles of Dhaka Power Distribution Company Limited
(DPDC), and Dhaka Electric Supply Company Limited (DESCO), the two primary
electricity distribution utilities in Dhaka, in advancing rooftop solar adoption.
Through detailed analysis of their infrastructure, net-metering initiatives, completed
projects, and capacity-building efforts, this chapter evaluates how these entities are
driving the integration of solar energy into the urban energy mix. The chapter begins
by exploring DPDC'’s contributions, including its 750 KW grid-tied solar project, and
net-metering installations, which have collectively added 36.5 MWp of solar
capacity. It then shifts focus to DESCO, highlighting its 62.2 MWp of rooftop solar
capacity, and innovative ventures like electric vehicle (EV) charging stations. A
comparative analysis of both organizations underscores their distinct approaches,
challenges, and achievements in scaling solar adoption. By delving into policy
frameworks, technological investments, and stakeholder engagement, this chapter
provides a comprehensive overview of Dhaka’s transition toward a renewable

energy future, anchored by the efforts of DPDC, and DESCO.

5.2 Dhaka Power Distribution Company Limited (DPDC)

The Dhaka Power Distribution Company Limited (DPDC) plays a critical role in the
energy sector of Bangladesh, serving as one of the major electricity distribution
utilities in Dhaka city. Operating across an area of approximately 250 square
kilometers, DPDC's jurisdiction spans a wide array of urban landscapes, from densely
populated residential neighborhoods to vibrant commercial zones, and essential
industrial hubs. These diverse regions present unique challenges in terms of
electricity distribution, but DPDC has consistently worked to meet the growing
demand for power in these areas, ensuring reliable, and efficient delivery to millions
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of consumers (dpdc, 2022).

DPDC's infrastructure is a key asset in ensuring that the electricity supply meets the
needs of its wide-ranging customer base. The company operates an extensive
network of substations, feeders, and distribution transformers that enable it to
supply power to residential, commercial, and industrial areas efficiently. This
network is designed to handle varying load requirements, from high-demand
commercial centers to large residential clusters. The city of Dhaka, being one of the
fastest-growing urban centers in South Asia, sees a continuous increase in both
population, and industrial activity, necessitating constant upgrades, and expansions
to the distribution network to accommodate the city’s dynamic energy needs (Staff
Reporter, 2023). To enhance operational efficiency, and service reliability, DPDC has
undertaken significant modernization initiatives. These efforts include the
implementation of smart grid technologies, which enable real-time monitoring, and
management of the distribution network. Such advancements are crucial for
promptly identifying, and addressing power outages, thereby minimizing downtime,

and improving customer satisfaction (afd, 2015).
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Figure 11 Area map of DPDC (dpdc, 2024)

In recent years, DPDC has made substantial investments in modernizing its
infrastructure, with a strong emphasis on technological advancements. The
implementation of smart grid systems, for instance, has been a significant step
forward in improving operational efficiency, and reliability. These systems allow for
real-time monitoring, and management of the distribution network, enabling DPDC
to quickly detect, and address any faults or power outages. Such capabilities are vital
for minimizing downtime, which is crucial in a city like Dhaka, where electricity
demand is high, and interruptions can have far-reaching consequences for both

residents, and businesses. Smart grid technologies also facilitate better load
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management, helping DPDC optimize its resources, and reduce energy losses. As part
of its modernization efforts, DPDC has also focused on expanding its capacity, and
reach to ensure that underserved areas are not left behind. With the rapid
urbanization of Dhaka, new residential, and commercial developments are
constantly emerging, which requires an expanding power infrastructure to meet the
increasing energy demands. DPDC has responded to this by strategically investing in
infrastructure expansion, including building new substations, and upgrading older
facilities to handle higher loads. This expansion also aims to provide equitable access
to electricity across all areas of the city, ensuring that every resident, and business,
regardless of their location, has access to a reliable power supply. Another notable
aspect of DPDC's operations is its commitment to sustainability, and renewable
energy initiatives. As the global focus on sustainable energy grows, DPDC has been
active in integrating renewable energy sources, such as solar power, into its
distribution network. Through various projects, including rooftop solar installations,
and participation in net-metering programs, the company is helping to reduce the
carbon footprint of Dhaka’s energy consumption. These initiatives also enable
consumers to generate their own electricity, and reduce reliance on the grid, leading

to both economic, and environmental benefits.

5.3 Net Meter Installation Information

Dhaka City has seen a steady increase in the adoption of rooftop solar systems, as
evidenced by the data on net-meter installations, completed projects, and the
overall distribution of solar systems. These projects are pivotal in supporting
Bangladesh's renewable energy goals, and contribute to a more sustainable energy
future for the country. The data on rooftop solar systems in Dhaka reveals the scope
of efforts being made to harness solar power in urban areas, particularly in

residential, commercial, and governmental sectors.

5.3.1 Rooftop Solar System in DPDC

Rooftop solar systems in Dhaka have been steadily growing in number, with a total
of 55,478 installations across the city, yielding an impressive 36,516.17 KWp of
installed capacity. This expansion is driven by both government incentives, and
private sector initiatives that are focused on reducing dependence on conventional

energy sources while simultaneously addressing environmental concerns. The
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number of net-meter installations has also been on the rise, with significant
contributions from both the private, and government sectors. For instance, the total
number of net-meter installations has reached 388 systems, with a combined
capacity of 5,224.22 KWp, demonstrating the increasing penetration of solar

technology into the energy mix.

5.3.2 Net-Meter Installation Data (Up to 1st Dec 2024)

The net-meter installation data provided for rooftop solar systems in Dhaka City
offers a clear picture of the gradual adoption, and growth of solar energy usage, as
well as the increasing integration of solar power into the national grid. Net metering
is an important policy tool that allows consumers—both residential, and
commercial—to feed surplus energy generated by their rooftop solar systems back
into the national grid. In return, they receive credits on their energy bills, making
solar energy not only an environmentally friendly option but also a financially
beneficial one. The data provided highlights this upward trend in installations, and
capacity, indicating the growing shift towards renewable energy.

The following table summarizes the installation data for net meters up to December

2024:

Fiscal Year Number of Systems Capacity (KWp)
2024-2025 23 1,396.62
2023-2024 35 671.78
2022-2023 27 322.40
2021-2022 51 544.72
2020-2021 52 546.17
2019-2020 100 842.41
2018-2019 100 900.12

Total 388 5,224.22

The table includes net-meter installation data from the fiscal year 2018-2019 up to
the projected data for 2024-2025. A detailed breakdown of the data reveals the
following key points:

e 2018-2019: Both the number of installations, and the capacity were significant, with

100 systems installed, and a combined capacity of 900.12 KWp. This was the starting
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point for many of the installations, setting a foundation for future growth.

2019-2020: Another 100 systems were installed, adding 842.41 KWp of capacity. The
number of installations remained consistent, demonstrating that rooftop solar
adoption was steadily increasing during this period.

2020-2021: A slight decrease in the number of installations was observed (52
systems), but the capacity remained relatively high at 546.17 KWp. This suggests that
while the number of installations reduced, individual systems likely had larger
capacities compared to earlier installations.

2021-2022: This year saw a further decrease in the number of installations to 51, yet
the total capacity of 544.72 KWp remained similar to the previous fiscal year,
reinforcing the trend of higher-capacity systems being adopted.

2022-2023: The number of systems continued to decrease slightly, with 27
installations, and 322.40 KWp. This shows that the growth rate for new installations
had started to plateau but was still positive in terms of capacity.

2023-2024: The number of systems increased again to 35, contributing 671.78 KWp.
This period suggests a renewed interest in rooftop solar installations, and capacity
expansion.

2024-2025 (projected): The table shows an increase to 23 systems, but with a
significant leap in total capacity to 1,396.62 KWp. The reduction in the number of
systems combined with the higher total capacity indicates the adoption of larger,
more efficient solar systems.

When aggregated, these figures reveal a total of 388 net-meter installations,
contributing a combined capacity of 5,224.22 KWp. The data highlights a steady
increase in both the number of rooftop solar installations, and the overall capacity,
indicating that rooftop solar is becoming an integral part of the energy landscape in
Dhaka. While the number of systems fluctuates over the years, the total capacity
steadily rises, indicating the adoption of higher-capacity solar panels as the
technology becomes more advanced, and cost-effective. This growth in net-meter
installations demonstrates a positive trend in the adoption of renewable energy,
suggesting an increasing shift toward solar power in the region. Net metering also
encourages further investments in solar infrastructure, promoting sustainability, and

offering long-term energy solutions for individuals, and businesses. These trends
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indicate that rooftop solar energy is a key component of Bangladesh’s energy
transition strategy, with the potential to significantly reduce reliance on traditional

power sources.

5.3.3 Net-Meter in Government & Private Sector (Up to 1st Dec 2024)

The distribution of net-metered solar systems across different sectors reveals a
substantial dominance of the private sector in terms of both the number of systems,
and the total installed capacity. According to the data, the private sector has 364
solar systems with a total capacity of 4,516.22 KWp. In comparison, the government
sector has significantly fewer systems, with only 24 installations, amounting to a

total capacity of 708 KWp.
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Figure 12 Comparison of Number of Systems, and Capacity by Sector

This large discrepancy suggests that the private sector has been more proactive in
adopting rooftop solar energy systems. The higher adoption rate in the private
sector could be attributed to several factors, such as the desire to reduce energy
costs, meet corporate sustainability goals, or take advantage of incentives, and tax
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benefits offered for renewable energy projects. Many private sector companies may
also have the financial flexibility to invest in solar energy systems, seeing them as

long-term cost-saving measures, and environmentally responsible actions.

In contrast, the government sector’s adoption of rooftop solar systems remains
relatively low, with only 24 systems in operation. This indicates that there is
significant potential for growth in this area. Expanding solar energy adoption within
the government sector could provide numerous benefits, including enhanced energy
efficiency, cost savings, and the opportunity to set an example for private entities,
and citizens. Furthermore, increased government adoption of rooftop solar could
contribute to national sustainability targets, and the overall development of a
cleaner energy infrastructure. The skew towards the private sector highlights the
need for targeted policies, and incentives that could encourage greater adoption of
solar systems in the government sector. By addressing the barriers faced by
government entities, it may be possible to accelerate their transition to renewable

energy sources, ultimately benefiting both the environment, and the economy.

5.3.4 Completed Projects

Several significant rooftop solar projects have been successfully completed in recent
years. These projects are examples of how both the public, and private sectors are
moving towards a more sustainable energy future. Some of the notable completed
projects include:
i) 750 KW Grid-Tied Rooftop Solar Project at DPDC

Commercial Operation Date: 2019

Location: Various substations within DPDC’s North, South, and Central zones

Implementing Agency: Power Utility Bangladesh Ltd

Capacity: 750 kW (Distributed across three zones)
The 750 KW Grid-Tied Rooftop Solar Project at DPDC is a landmark initiative that
underscores the company’s commitment to increasing renewable energy capacity in
the Dhaka region. Launched in 2019, this project involved the installation of rooftop
solar systems across 42 different substations located in DPDC’s North, South, and
Central zones. The project aimed to provide a substantial contribution to the local

grid by utilizing solar energy generated through rooftop installations. Implemented
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by Power Utility Bangladesh Ltd., the project distributes the total 750 kW capacity
across three geographic zones, ensuring a balanced load across the network. The
North Zone hosts 17 installations, generating 285 kW, while the South Zone also
features 17 installations, contributing 275 kW to the grid. The final 8 installations in
the Central Zone generate an additional 190 kW. This decentralized approach
optimizes solar power generation by reducing reliance on a single location, and
increasing overall grid resilience. Being a grid-tied system, the generated energy is
fed directly into the national grid, benefiting the surrounding communities, and
reducing the dependency on conventional energy sources. The project exemplifies
the potential of rooftop solar systems to enhance energy sustainability while
reducing the environmental impact of fossil fuels. As part of DPDC’s renewable
energy strategy, this initiative is expected to serve as a model for other urban energy

providers aiming to integrate solar power into their infrastructure.

ii) 50 KW Grid-Tied Solar Project at Bangladesh Secretariat

Commercial Operation Date: 2014

Location: Rooftop of Bangladesh Secretariat Building-2

Implementing Agency: Rahim Afrooz Renewable Energy Ltd

Power Purchasing Rate: BDT 19.95/unit
The 50 KW Grid-Tied Solar Project at the Bangladesh Secretariat was one of the
pioneering efforts to integrate renewable energy into government buildings.
Completed in 2014, this project placed solar panels on the rooftop of the Bangladesh
Secretariat Building-2, marking a significant milestone in government-driven solar
adoption. The project aimed to reduce energy costs for the government while
contributing to the country's broader renewable energy objectives. Implemented by
Rahim Afrooz Renewable Energy Ltd., the 50 kW capacity of this project helps supply
power directly to the Secretariat. The power generated is fed into the grid through a
grid-tied system, enabling the government to reduce reliance on non-renewable
energy sources. Additionally, the power purchasing rate for this project was set at
BDT 19.95 per unit, offering an economic incentive for the project’s energy
generation. This installation not only supports the Secretariat's energy needs but

also acts as a visible example of how public sector buildings can harness solar energy
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to improve sustainability. It serves as a benchmark for future government initiatives,
showing that solar projects can be implemented on large institutional buildings with
success. Moreover, the project reinforces the government's role in leading by
example in renewable energy adoption.
iii) 200 KW Grid-Tied Solar Power Plant at Sheikh Russel Roller Skating Complex

Commercial Operation Date: 2019

Location: Rooftop of Sheikh Russel Roller Skating Complex

EPC: Rahim Afrooz Renewable Energy Ltd

Power Purchasing Rate: BDT 9.93/unit
The 200 KW Grid-Tied Solar Power Plant at the Sheikh Russel Roller Skating Complex,
completed in 2019, represents a creative application of solar energy in a public
recreational facility. Located on the rooftop of the Sheikh Russel Roller Skating
Complex, the project provides a renewable energy source for the complex,
contributing to its electricity needs while reducing its reliance on the national grid.
This project was executed by Rahim Afrooz Renewable Energy Ltd., and it utilizes a
grid-tied solar system that feeds the generated power back into the national grid.
The 200 kW capacity plays a crucial role in meeting the complex’s energy demands,
helping the facility become more energy-efficient. The power purchasing rate for this
project is BDT 9.93 per unit, further incentivizing the energy generation. The
installation of solar panels at a recreational facility highlights the diverse potential of
solar energy. It demonstrates how public spaces, which often have large rooftops,
and underutilized areas, can play a significant role in the adoption of renewable
energy. The project also contributes to the sustainability efforts of local
governments, showing that solar power can be implemented in a variety of urban
infrastructures, from government buildings to public recreational complexes.
iv) 20 KW Solar Charging Station at Siddhirgonj, Narayangonj

Commercial Operation Date: 2019

Location: Siddhirgonj 33/11 kV Substation, Narayangonj

Implementing Agency: DPDC

EPC: Rahim Afrooz Renewable Energy Ltd
The 20 KW Solar Charging Station at Siddhirgonj, Narayangonj, installed in 2019,

represents a forward-thinking approach to renewable energy use in urban
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infrastructure. Located at the Siddhirgonj 33/11 kV Substation, this solar charging
station is designed to provide clean energy for electric vehicles, and other
applications, reducing the need for grid-based power sources. Implemented by
DPDC, and executed by Rahim Afrooz Renewable Energy Ltd., this project highlights
the versatility of solar energy applications. It serves as a practical solution for
charging stations, demonstrating how solar power can be used not only for
traditional electricity generation but also to power electric vehicles, and charging
facilities. The solar energy generated here is integrated into the local grid, helping to
reduce grid dependency while promoting the adoption of electric vehicles in the
region. The installation of this solar charging station also aligns with broader
environmental goals, such as reducing carbon emissions, and supporting sustainable
urban transportation solutions. As electric vehicles continue to gain popularity, solar-
powered charging stations like the one at Siddhirgonj offer a forward-looking
approach to urban mobility, and energy use. This project exemplifies how solar
energy can be harnessed for modern infrastructure, including charging stations, as

part of the ongoing transition toward a more sustainable energy landscape.

5.4 DESCO
Dhaka Electric Supply Company Limited (DESCO) is one of the key players in the

electricity distribution sector in Bangladesh, responsible for delivering power to the
northern, and central regions of Dhaka city. With a jurisdiction spanning an extensive
area, DESCO caters to a diverse population, covering residential, commercial, and
industrial sectors. Its service area includes affluent residential neighborhoods,
bustling commercial hubs, and various industrial zones, which together create a
dynamic, and rapidly growing urban landscape. The service area of DESCO is
strategically positioned to meet the needs of the capital's expanding urban
infrastructure. The company’s service covers significant parts of Dhaka city, including
areas such as Uttara, Mirpur, Gulshan, Banani, and parts of the central business
district. These areas are densely populated, and home to a large number of
businesses, government institutions, and residential consumers. Given the rapid
urbanization of Dhaka, DESCO faces the challenge of meeting the ever-increasing
demand for electricity while ensuring the reliability, and efficiency of its distribution

network. DESCO operates a sophisticated network of substations, feeders, and
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transformers that ensures the smooth flow of electricity to its consumers. The
company’s infrastructure is built to handle a high demand for electricity, particularly
during peak hours when consumption tends to surge. One of the key goals of DESCO
is to provide uninterrupted power supply to its consumers while also improving the
quality of service. To achieve this, DESCO has heavily invested in modernizing its
infrastructure, incorporating advanced technologies such as smart grid systems,
which enable real-time monitoring, and management of the distribution network.
This allows for quicker responses to outages, and more efficient power distribution,

ultimately improving customer satisfaction.

N = EEl

J-' ( DESCO area map

The company’s area also spans several high-demand sectors, including the
commercial heart of Dhaka. Areas like Gulshan, and Banani are home to numerous
multinational companies, upscale hotels, and commercial establishments, all of
which require a reliable, and stable supply of electricity. Similarly, residential areas
like Uttara, and Mirpur are expanding rapidly, with new housing developments
continuously being built to accommodate the city’s growing population. DESCO plays

a key role in meeting these demands by ensuring the infrastructure is capable of

77



supporting these developments.

Moreover, DESCO has been actively involved in promoting sustainable energy
practices, including the installation of rooftop solar systems, and participation in net
metering projects. These initiatives are part of the company’s broader strategy to
contribute to the country's renewable energy goals while helping its customers
reduce electricity costs. By integrating renewable energy sources into its grid, DESCO
is not only improving its energy mix but also fostering a culture of sustainability in
the areas it serves.

DESCO'’s service area also includes several critical infrastructures such as hospitals,
government offices, and educational institutions. These sectors are highly dependent
on reliable power, and DESCO ensures that these facilities remain operational,
especially during emergencies or peak demand times. In addition to residential, and
commercial areas, DESCO also serves industrial zones where uninterrupted power is
essential for the production, and manufacturing processes. This is especially

important as Dhaka continues to grow as a major industrial hub.

5.5 Net Meter Data of DESCO

The data provides a detailed account of the installation of rooftop solar systems over
several fiscal years in Dhaka City. This data offers insights into the growth of solar
energy adoption, highlighting the number of systems installed, and their respective
capacities. From 2018 to 2025 (up to November), there has been significant variation
in the number of systems installed, and the energy capacity generated, reflecting
both the growing trend of solar energy adoption, and the broader efforts to promote
renewable energy within the region. In the fiscal year 2018-2019, 107 rooftop solar
systems were installed, contributing a total capacity of 331.421 kWp (kilowatts
peak). This initial year marked the beginning of a notable rise in solar adoption, with
a relatively modest number of systems but an encouraging start to the solar energy
journey. The following year, 2019-2020, saw a marked increase in the number of
rooftop solar systems, rising to 130 installations. The total capacity during this year
surged significantly to 1,218.4 kWp, indicating an uptick in both the volume of
systems, and the capacity being installed. This increase was likely driven by

heightened awareness of renewable energy benefits, and government or private
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sector initiatives aimed at promoting sustainable energy solutions.

Trend of Net Metered Solar System Installations and

Capacity
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Figure 13 Net Metered Solar System Installations, and Capacity

In 2020-2021, the number of systems installed decreased to 89, which is a significant
drop from the previous year. However, the capacity installed still remained notable,
reaching 709.3 kWp. This indicates that while fewer systems were installed, those
that were installed were likely of higher capacity or were part of larger scale
projects. This year may also reflect shifts in policy or market conditions affecting the
adoption rate. The following fiscal year, 2021-2022, experienced an even greater
decrease in the number of systems installed, with only 65 systems contributing
273.33 kWp. This sharp decline could be attributed to factors such as market
saturation, policy changes, economic conditions, or logistical issues that may have
slowed down the momentum from previous years. Despite the drop in installations,
the total capacity was still significant, suggesting that the industry was stabilizing or
transitioning to a different phase. In 2022-2023, the number of systems continued to
decrease, with only 35 systems installed, contributing a relatively low capacity of
129.55 kWp. This reduction may indicate challenges in the market or operational

barriers hindering the growth of rooftop solar systems. However, the market may
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have faced temporary setbacks such as changes in government incentives, supply
chain disruptions, or shifts in public or private sector priorities. The fiscal year 2023-
2024 experienced a dramatic recovery with 283 rooftop solar systems installed, and
a substantial increase in total capacity to 3,931.2 kWp. This year marks the most
significant increase, with the number of systems, and their cumulative capacity
nearly doubling compared to previous years. This sharp rise in capacity suggests a
renewed push for solar energy adoption, possibly driven by stronger government
incentives, increased awareness, and policy shifts aimed at accelerating renewable
energy uptake. Finally, in 2024-2025 (up to November), there have been 81 systems
installed, contributing a capacity of 1,086.38 kWp. This data, though incomplete for
the full fiscal year, shows a continuation of growth, indicating that the momentum
from the previous year has carried into the new fiscal period. This growth trend is
encouraging, as it suggests ongoing investments in renewable energy solutions. In
total, 790 rooftop solar systems have been installed over the course of these years,
generating a cumulative capacity of 7,679.581 kWp. This data provides a clear
picture of the growing importance of solar energy in Dhaka City, and highlights the
significant role that rooftop solar systems are playing in meeting the city's renewable
energy targets. The upward trend in the number of systems, and total capacity
underscores the increasing adoption of solar power, driven by both policy support,

and market demand.

5.6 Solar Installed Capacity by Desco

The data provided highlights the solar installations at the consumer end within the
Dhaka Electric Supply Company (DESCO) area, covering both on-grid, and off-grid
solar systems from the beginning of operations up until 2024-2025 (up to July 2024).
The total number of systems installed, as well as their respective capacities, reveals
key insights into the solar energy uptake, and trends in the region. The breakdown of
on-grid, and off-grid installations is significant, showing the growth of solar energy

adoption, particularly in urban areas.

On Grid Off Grid Total
FY Capacity Capacity Capacity
(KWP) Nos. (KWP) Nos. o) Nos.
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Starting
to 11083 ok 7790 koK
2016-2017
2017-2018 4513 1301 508 2430
2018-2019 3850 1403 647 2596
2019-2020 3485 1148 694 2559
2020-2021 3930 1531 777 3107
2021-2022 4957 1719 1996 4458
2022-2023 2443 1916 577 4488
2023-2024 10100 | 4160 893 966
2024-2025%* 1013 455 4 6
Total 45374 | 13633 | 13886 | 20610

* Upto -July 2024

** Has no any Break up

From the very beginning of the solar projects in the DESCO area up until 2016-2017,
a significant installed capacity of 18,873 kWp was achieved across 10,540 systems.
This early phase laid the foundation for a growing interest in solar energy, although it
appears that the market at this stage was relatively modest in its scale compared to
the subsequent years. In the fiscal year 2017-2018, a notable increase in both on-
grid, and off-grid solar systems occurred. The on-grid systems added 4,513 kWp,
distributed across 1,301 installations, whereas the off-grid systems contributed 508
kWp from 2,430 installations. This brought the total capacity for the year to 5,021
kWp, across 3,731 installations. This year showed that on-grid systems were more
popular than off-grid, with a strong push towards integrating solar power into the
national grid. On-grid solar systems, being more efficient, and able to feed surplus
power back into the grid, likely appealed to both individual consumers, and
businesses looking to reduce electricity costs. The trend of increasing solar adoption
continued in 2018-2019, with on-grid systems reaching a capacity of 3,850 kWp
across 1,403 installations. Off-grid systems also showed growth, contributing 647
kWp from 2,596 installations. The total capacity for the year amounted to 4,497
kWp, spread across 3,999 systems. The continued expansion of both on-grid, and off-
grid systems during this period indicates the growing interest in solar energy, driven

by both economic incentives, and environmental awareness.
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The fiscal year 2019-2020 saw the on-grid systems contributing 3,485 kWp from
1,148 installations, while off-grid systems added 694 kWp from 2,559 installations.
The total capacity installed during this year reached 4,179 kWp, from 3,707 systems.
Despite the challenges posed by the global COVID-19 pandemic, which impacted
many industries, the adoption of solar energy continued to grow. The relatively high
number of off-grid installations suggests that there were still efforts to ensure access
to solar power in areas without reliable grid connectivity. In 2020-2021, the on-grid
systems continued their dominant position, contributing 3,930 kWp from 1,531
installations. Off-grid systems contributed a total of 777 kWp, with 3,107 systems.
The total installed capacity reached 4,707 kWp from 4,638 systems. This year saw a
significant increase in the number of on-grid systems installed, signaling the
increasing integration of solar power into the grid infrastructure. The off-grid
installations remained relatively stable, demonstrating the continued need for solar
energy solutions in areas where grid infrastructure was still lacking. The fiscal year
2021-2022 marked a major expansion in the solar energy sector within the DESCO
area. On-grid systems added 4,957 kWp across 1,719 installations, while off-grid
systems saw a substantial increase, contributing 1,996 kWp from 4,458 installations.
The total capacity installed in this year reached 6,953 kWp, across 6,177 systems.
This marked a significant jump from the previous years, particularly with the
increased focus on off-grid solutions. The large increase in the off-grid installations
points to targeted efforts in providing solar power to remote, and underserved

areas.

In 2022-2023, the on-grid systems continued to grow, contributing 2,443 kWp from
1,916 installations. Off-grid systems contributed 577 kWp from 4,488 installations.
The total installed capacity reached 3,020 kWp, spread across 6,404 systems.
Although the total number of systems increased, the overall capacity of the systems
installed in this year was lower compared to 2021-2022. This could be due to a larger
proportion of smaller off-grid systems being installed, which provide less power per
system. The trend also indicates that the focus remained on ensuring solar energy
access in areas that were not connected to the national grid. The fiscal year 2023-

2024 marked a remarkable increase in the number of on-grid systems, contributing
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10,100 kWp across 4,160 installations. Off-grid systems contributed 893 kWp from
966 installations. The total installed capacity in this year reached 10,993 kWp, across
5,126 systems. This sharp rise in both the number of on-grid systems, and total
capacity indicates that solar energy adoption had become a major focus for both
consumers, and businesses within the DESCO area. The total capacity in this fiscal
year far surpassed previous years, demonstrating a substantial shift towards large-
scale solar energy investments, likely driven by favorable policies, incentives, and

growing market awareness.

The data for the fiscal year 2024-2025, up to July 2024, shows the continued trend of
growth, with on-grid systems contributing 1,013 kWp from 455 installations. Off-grid
systems contributed 4 kWp from 6 installations. The total capacity installed was
1,017 kWp, across 461 systems. While this data is not complete for the entire fiscal
year, it already shows that the adoption of on-grid systems continues to dominate
the market, and the adoption of off-grid systems has drastically reduced, signaling
that grid infrastructure has likely improved, reducing the need for off-grid solutions.
In total, by July 2024, the DESCO area has seen 59,260 kWp of solar energy installed
across 44,783 systems. This data highlights the increasing reliance on solar energy
for both on-grid, and off-grid systems. The growth in on-grid installations is
particularly noteworthy, reflecting the increasing integration of solar power into the
national grid. The significant rise in both the number of systems, and total capacity
showcases the effectiveness of ongoing efforts to promote solar energy adoption in
the region, driven by various policy incentives, market conditions, and technological
advancements. The total figures suggest that solar energy is becoming an
increasingly vital part of the region’s energy infrastructure, contributing to
sustainable development, and reducing dependence on traditional energy sources.
As the solar energy landscape continues to evolve, the expansion of both on-grid,
and off-grid solar systems will be crucial in meeting future energy demands while

ensuring a cleaner, more sustainable energy future for Dhaka, and beyond.

5.7 Solar Energy Adoption, and Infrastructure Developments in DESCO Area

The data provided presents a detailed overview of rooftop solar installations, net

metering systems, solar battery charging stations, and electric vehicle (EV) charging
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stations within the Dhaka Electric Supply Company (DESCO) area. This data, which
includes information up to November 2024, highlights the increasing adoption of
solar energy by both individual consumers, and DESCO itself, along with an emphasis
on innovative technologies such as solar battery charging stations, and electric

vehicle charging solutions.

5.7.1 Solar Installed on Consumer’s Rooftops

As of November 2024, a total of 46,355 consumers have installed rooftop solar
systems, with a total installed capacity of 62,196 kWp. This capacity is split between
48,295 kWp from on-grid systems, and 13,901 kWp from off-grid systems. The on-
grid systems are those connected to the national grid, allowing consumers to feed
surplus electricity back into the grid, which benefits both the consumers, through net
metering, and the energy system by improving overall grid reliability, and
sustainability. The off-grid systems, on the other hand, are designed for areas where
access to the grid is limited or non-existent, providing energy independence to users
in remote or underdeveloped regions.

The inclusion of net metering in the on-grid systems indicates that consumers are
able to offset their energy bills by supplying surplus electricity to the grid. This
practice has become an increasingly popular option for consumers in urban areas, as
it helps reduce the overall energy consumption costs, and supports the broader

renewable energy goals of the country.

5.7.2 Rooftop Solar Installed by DESCO at Own Establishment

DESCO itself has contributed to the promotion of solar energy by installing rooftop
solar systems at its own establishments. In total, 65 solar systems have been
installed by DESCO with a total installed capacity of 269.68 kWp. Of this, 237.08 kWp
comes from on-grid systems, while 32.60 kWp comes from off-grid systems. These
installations are part of DESCO’s efforts to lead by example, showcasing their
commitment to renewable energy, and sustainability. The inclusion of solar battery
charging stations in some of these installations further demonstrates the company’s
focus on energy storage, and off-grid solutions, which can provide additional

flexibility, and reliability to the energy infrastructure.

5.7.3 Net Metering Information

The data also includes comprehensive information on net metering installations. A
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total of 774 net meters have been installed with a combined capacity of 7.50 MWp.
Net metering allows consumers to generate electricity from their rooftop solar
systems, and feed any excess power back into the grid, receiving credits for the
energy they contribute. This system is an essential component of encouraging
rooftop solar adoption, as it offers both financial benefits to consumers, and
environmental benefits by increasing the share of renewable energy in the national

grid.

5.7.4 Net Metering (OPEX Model)

The OPEX (Operational Expenditure) model, which allows consumers to install solar
systems without upfront costs, has been introduced as part of the solar adoption
strategy. Under this model, two solar systems have been installed, with a total
capacity of 17.34 kWp. These systems are located at the Gulshan Substation (11.34
kWp), and the Bashundhara Substation (6 kWp). The OPEX model is an innovative
financial approach that helps overcome the initial cost barrier for consumers by
allowing them to pay for the energy generated by the system rather than for the
installation itself. This model helps make solar energy more accessible to a broader
range of consumers, especially businesses, and organizations that may not have the

capital to invest in a system upfront.

5.7.5 Solar Battery Charging Stations Installed by DESCO

In addition to solar installations, DESCO has also implemented solar battery charging
stations at two locations. These stations, with a combined capacity of 32 kWp, are
located at the Baunia 33/11 kV Substation (Uttara West S&D), and the Uttara East
Complaint Center (Uttara East S&D). However, it is worth noting that these stations
are currently non-functional. Solar battery charging stations are designed to store
solar energy for later use, especially in areas with intermittent or unreliable grid
supply. These stations can play a vital role in ensuring that stored solar energy is
available when needed, even during periods of low sunlight or high demand.
Although the current status of these stations is non-functional, their installation
demonstrates DESCQ’s forward-thinking approach to expanding solar energy

applications, and enhancing the grid’s flexibility.

5.7.6 Electric Vehicle (EV) Charging Station

The adoption of electric vehicles (EVs) is also being integrated into the solar energy
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strategy, as seen with the installation of an EV charging station at the Sumatra Filling
Station in Manikdi, Dhaka Cantonment. This charging station, which was inaugurated
on November 25, 2023, is equipped to support the growing demand for electric
vehicles in the region. The installation of EV charging stations represents an
important step towards reducing the country’s reliance on fossil fuels, and
contributing to the global shift towards cleaner transportation. The partnership with
CrackPlatoon Charging Solution Ltd. highlights the collaboration between private
companies, and utilities to drive the transition to sustainable energy, and
transportation. The GPS location provided (23.820194, 90.386318) ensures that the

station is easily accessible for EV owners in the area.

5.8 Comparison of Solar Energy Initiatives by DPDC, and DESCO
Both the Dhaka Power Distribution Company (DPDC), and Dhaka Electric Supply

Company Limited (DESCO) play crucial roles in the electricity distribution, and energy
management within Dhaka City. Their initiatives in promoting renewable energy,
especially solar power, have been significant in supporting the country's
sustainability goals. Below is a detailed comparison of the solar energy efforts made
by both companies, focusing on their installed capacities, projects, and contributions

to solar adoption.

5.8.1 1. Rooftop Solar Systems, and Total Capacity
DPDC: DPDC has installed 55,478 rooftop solar systems with a total capacity of

36,516.17 KWp. This substantial investment in rooftop solar energy shows DPDC’s
commitment to integrating renewable energy solutions into its power grid. The
capacity indicates a wide-scale adoption of rooftop solar systems across the city.

DESCO: DESCO, on the other hand, has a notable 46,355 rooftop solar installations,
with a total installed capacity of 62,196 KWp. The distribution between on-grid, and
off-grid systems is also significant, with on-grid installations contributing 48,295 KWp,
and off-grid systems contributing 13,901 KWp. This data highlights DESCO’s focus on
both on-grid solutions, and off-grid applications, expanding the reach of solar energy

across diverse consumer groups.

5.8.2 2. Net-Meter Installations

DPDC: DPDC has made significant progress in promoting net metering, a policy

allowing customers to feed excess solar power back to the grid. As of December 2024,
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DPDC installed 388 net-meter systems with a combined capacity of 5,224.22 KWp.
These systems span across the government, and private sectors, with the private
sector accounting for the majority of the installations. The adoption of net metering
has helped DPDC integrate solar energy into the grid while incentivizing consumers to
participate in renewable energy generation.

DESCO: DESCO has installed a total of 774 net meters, with a combined capacity of 7.5
MWp. The net metering adoption by DESCO is slightly more extensive, with a
significant number of installations across both the residential, and commercial
sectors. Additionally, DESCO has embraced the OPEX model, which allows consumers
to install solar systems with minimal upfront investment, thus promoting greater
participation in renewable energy generation. This model is reflected in two solar

systems under the OPEX model, providing a total capacity of 17.34 KWp.

5.8.3 3. Solar Projects by the Companies
DPDC: DPDC has carried out several major solar projects, including the 750 KW Grid-

Tied Rooftop Solar Project, which was implemented at various substations across the
North, South, and Central zones. These projects have been highly successful in adding
substantial solar capacity to the distribution grid, and reducing dependency on
conventional energy sources. Additionally, DPDC has implemented the 20 KW Solar
Charging Station at Siddhirgonj, Narayangonj, which is currently operational as a net-
metering system.

DESCO: DESCO has also played a key role in rooftop solar installations. It has installed
65 solar systems with a total capacity of 269.68 KWp at its own establishments,
including a solar battery charging station. These projects have helped DESCO build its
internal capacity for solar energy production, and support its infrastructure needs.
Additionally, DESCO is actively engaged in the deployment of solar charging stations,
and has one EV charging station installed at Sumatra Filling Station, Manikdi, Dhaka
Cantonment, inaugurated in November 2023. This initiative is part of DESCQ’s vision

to support electric vehicle adoption, and reduce carbon emissions.

5.8.4 4. Solar Battery Charging Stations

DPDC: DPDC has also embraced solar battery charging stations, which allow for more
efficient energy storage, and usage. However, the charging stations are primarily used

to support its distribution networks, and have also been linked to renewable energy
87



projects.

DESCO: DESCO has installed two solar battery charging stations, each with a capacity
of 32 KWp, at key substations in the Uttara West, and East areas. While these stations
have been integrated with the grid, they are currently non-functional, indicating that

further investments or operational upgrades may be necessary.

5.8.5 Overall Contribution to the Renewable Energy Sector

DPDC: DPDC's efforts in the renewable energy sector have been substantial,
particularly in the installation of large-scale rooftop solar systems. With over 55,000
rooftop systems installed, DPDC has contributed significantly to the promotion of
clean energy within the region. Their net-metering, and grid-tied solar installations
have ensured that solar energy generation is effectively integrated into the local grid.

DESCO: DESCO has shown strong growth in both the residential, and commercial solar
energy sectors. Its focus on diverse solar applications, from rooftop systems to EV
charging stations, positions it as a comprehensive leader in integrating renewable
energy into daily infrastructure. Furthermore, with a higher number of net-metering
installations, and a robust OPEX model, DESCO is helping democratize solar energy

adoption for its consumers.

5.9 Conclusion

The rooftop solar initiatives led by DPDC, and DESCO underscore Dhaka’s progressive
shift toward renewable energy, driven by the urgency to address energy security,
and environmental sustainability. DPDC’s achievements, including 55,478 rooftop
installations (36.5 MWp), and landmark projects like the 750 KW grid-tied solar
plant, reflect its commitment to integrating solar energy into Dhaka’s grid.
Meanwhile, DESCO’s broader reach 46,355 installations (62.2 MWp), and innovative
OPEX models—demonstrates its focus on democratizing solar access for residential,
and commercial consumers. Both entities have leveraged net metering to incentivize
consumer participation, with DPDC’s 5.2 MWp, and DESCO’s 7.5 MWp capacities
illustrating significant strides in decentralized energy generation. However,
challenges persist, such as non-functional solar battery stations, and uneven
adoption rates between private, and government sectors. DESCO’s foray into EV
charging infrastructure further signals a holistic vision for sustainable urban mobility.

As Dhaka continues to grapple with energy deficits, and climate vulnerabilities, the
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collaborative efforts of DPDC, and DESCO offer a blueprint for scalable solar
integration. Future success hinges on addressing financial barriers, enhancing grid
resilience, and fostering public-private partnerships. By aligning policy ambition with
grassroots execution, Dhaka can solidify its position as a leader in South Asia’s
renewable energy transition, ensuring equitable, and sustainable energy access for

its burgeoning population.
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Chapter 6 Case studies of BRAC University, and BUET

6.1 BRAC University’s Rooftop Solar Panel System

Brac University is located in Merul Badda, Dhaka. It has established itself as a leader
in sustainability through the implementation of a rooftop solar panel system that
embodies innovation, and environmental stewardship. This initiative is not only a
solution to energy challenges but also a demonstration of how urban institutions can
leverage renewable energy technologies effectively. The university’s rooftop solar
photovoltaic (PV) system has a substantial capacity of 1.5 megawatts (MW), which
contributes around 25% of the campus's total electricity requirements (BRAC
University, 2024). The panels are strategically positioned on the rooftops to ensure
maximum sunlight exposure, optimizing their energy generation capacity. This
strategic placement enhances energy output while aligning with the university’s
broader goals of reducing reliance on non-renewable energy sources (BRAC
University, 2024). One of the standout features of the rooftop solar installation is its
dual-purpose design. Beyond generating electricity, the panels function as a “tropical
umbrella,” providing shade to the rooftop areas, and reducing heat absorption by
the building. This shading effect plays a crucial role in passive cooling strategies,
lowering the overall temperature inside the building, and reducing the need for
artificial air conditioning. The design of the solar installation exemplifies how
renewable energy systems can be integrated seamlessly into architectural elements,

serving both functional, and aesthetic purposes (Dhakatribune, 2024). By mitigating

heat gain, and enhancing thermal comfort, the rooftop panels contribute indirectly

Figure 14 BRAC University Rooftop Solar Panel

The rooftop solar system has significantly reduced Brac University’s dependency on
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conventional energy sources, which are often derived from fossil fuels. By meeting a
guarter of the campus's electricity needs, the installation helps to lower greenhouse
gas emissions, and operational energy costs. In addition to providing clean energy,
the system exemplifies how renewable energy installations can drive energy
efficiency in urban educational institutions. The success of this initiative underscores
the potential for solar energy to address the growing energy demands of densely
populated areas like Dhaka. The solar PV system at Brac University comprises high-
efficiency panels designed to perform optimally in the local climate. The choice of
technology ensures durability, and reliable energy output, even under challenging
environmental conditions such as high humidity, and temperature fluctuations .
Advanced inverters are employed to convert the direct current (DC) generated by
the panels into alternating current (AC), which is used for the university’s various
energy needs. The system is also equipped with monitoring tools that provide real-
time data on energy generation, and usage, enabling effective management, and

maintenance.

6.2 BUET’s Rooftop Solar Panel System
Bangladesh University of Engineering, and Technology (BUET) has undertaken a

significant initiative to harness renewable energy by installing rooftop solar panels
across its campus. This project, known as the BUET Rooftop Solar Project (BRSP),
involves the installation of solar panels on the rooftops of 19 buildings within the
university. The initiative aims to generate up to 3.5 megawatts (MW) of electricity
during peak hours, which is expected to meet approximately 10% of BUET's daily
energy requirements (Correspondent, 2024). The BRSP was initiated on November
10, 2022, and has been implemented under an Operational Expenditure (OPEX)
model, meaning it was executed without any upfront cost to the university
(Mohammed, 2024). The project received technical support from a consortium
comprising Genex Infrastructure Ltd, PSL Environment, and Green Energy Ltd, and
Pacific Solar, and Renewable Energy Ltd. Financing was provided by the

Infrastructure Development Company Limited (IDCOL).
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Figure 15 BUET Rooftop Solar Panel

Over the next 25 years, BUET anticipates significant financial savings from this
project. The university expects to save approximately Tk12 crore in electricity costs
during this period (TBS Report, 2024). If BUET manages the project with its own
personnel after taking full ownership in 25 years, the savings could increase to Tk25
crore. Additionally, the project is expected to reduce BUET's carbon footprint by an
estimated 56,507 tonnes, contributing to environmental sustainability (TBS Report,
2024). The official inauguration of the BRSP took place on June 13, 2024, at BUET's
Mechanical Engineering Building. The event was attended by notable figures,
including Education Minister Dr. Dipu Moni, BUET Vice Chancellor Professor Dr. Satya
Prasad Majumder, and representatives from the partnering organizations. During the
inauguration, it was highlighted that BUET is the first educational institution in
Bangladesh to install solar panels across all its rooftops, setting a precedent for other
institutions in the country (BSS, 2025).

This initiative not only underscores BUET's commitment to sustainable energy
solutions but also serves as a model for integrating renewable energy into
educational institutions, promoting both environmental stewardship, and economic

efficiency.

6.3 OPEX Model

The Operational Expenditure (OPEX) model offers organizations a cost-effective

pathway to adopt solar energy solutions without the need for substantial upfront
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investments. In this arrangement, a third-party entity, often referred to as a
Renewable Energy Service Company (RESCO), assumes responsibility for the
ownership, installation, and maintenance of the solar power system on the client's
property. The client, in turn, commits to purchasing the generated electricity at a
predetermined rate through a Power Purchase Agreement (PPA), which typically
extends over a period of 15 to 25 years (ISR, 2021).

A significant advantage of the OPEX model is the elimination of initial capital
expenditures for the client. The RESCO covers all costs associated with the solar
system's deployment, enabling clients to benefit from renewable energy without
financial strain. Additionally, clients enjoy predictable energy expenses, as they pay a
fixed or slightly escalating tariff for the electricity produced, facilitating stable
budgeting over the agreement's duration. The responsibility for the system's
operation, and maintenance lies with the RESCO, ensuring optimal performance, and
relieving the client from technical oversight. Furthermore, performance guarantees
are often included, ensuring the system meets specified energy production levels. If
the system underperforms, the RESCO typically compensates the client, thereby
mitigating performance-related risks (trueimpactdigital, 2024).

However, there are considerations to keep in mind. Clients must commit to long-
term PPAs, which may be restrictive if energy requirements change or if they wish to
explore alternative energy solutions. While there is no initial investment, the
cumulative payments over the contract's life may exceed the cost of owning a
system outright. Additionally, clients do not own the solar assets, and, therefore, do
not benefit from potential residual value at the end of the contract term
(trueimpactdigital, 2024).

The OPEX model is particularly advantageous for businesses, and institutions that
prefer to avoid the complexities, and costs associated with owning, and maintaining
solar infrastructure. It offers a practical pathway to sustainable energy consumption,
aligning with environmental goals while providing financial predictability. By
leveraging this model, organizations can transition to renewable energy sources
efficiently, contributing to environmental sustainability without the burden of

significant capital expenditures.
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6.4 OPEX Model in Bangladesh

In Bangladesh, the Operational Expenditure (OPEX) model has emerged as a viable,
and increasingly popular approach for adopting solar energy solutions, particularly in
the industrial, and commercial sectors. This model allows organizations to benefit
from solar power without the need for substantial upfront capital investments.
Instead, a third-party investor, often referred to as a Renewable Energy Service
Company (RESCO), finances, installs, owns, and maintains the solar power system on
the client's premises. The client then purchases the generated electricity at a
predetermined rate through a Power Purchase Agreement (PPA), typically spanning
15 to 20 years (rmg-finance, 2017).

A notable example of the OPEX model in action is the 3.2 MWp rooftop solar power
plant installed by Joules Power Ltd. (JPL) on multiple buildings owned by Robintex
Group, a German-Bangladeshi knitwear company located south of Dhaka (Islam,
2022). This project, inaugurated in April 2022, stands as Bangladesh's largest rooftop
solar array under the OPEX model. The factory owner benefits from purchasing
electricity at a rate of $0.077 per kilowatt-hour, which is at least 20% cheaper than
the grid power prices. This arrangement not only provides cost savings but also

contributes to the company's sustainability goals (Islam, 2022).

The OPEX model offers several advantages for Bangladeshi industries. Primarily, it
eliminates the need for significant capital expenditure, making solar adoption more
accessible. Additionally, the RESCO assumes responsibility for the system's
operation, and maintenance, ensuring optimal performance, and allowing the client
to focus on core business activities (rmg-finance, 2017). The fixed or slightly
escalating tariff structure provides predictable energy costs, aiding in financial
planning. Furthermore, the tariff rates in the OPEX model are generally lower than
the grid electricity tariff, offering immediate cost savings.

However, there are considerations to keep in mind. Clients must commit to long-
term PPAs, which may be restrictive if energy requirements change or if they wish to
explore alternative energy solutions (rmg-finance, 2017). While there is no initial
investment, the cumulative payments over the contract's life may exceed the cost of

owning a system outright. Additionally, clients do not own the solar assets, and,
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therefore, do not benefit from potential residual value at the end of the contract
term (rmg-finance, 2017).

In Bangladesh, the OPEX model is gaining traction among industries seeking
sustainable energy solutions without the burden of upfront costs. Companies like
Solaric, and JARCON Technology Ltd. are actively offering OPEX-based solar
solutions, enabling businesses to transition to renewable energy seamlessly (Jarcon,
2015).

As Bangladesh aims to generate 40% of its electricity from renewable sources by
2041, the OPEX model is poised to play a crucial role in achieving this target by
facilitating the widespread adoption of rooftop solar installations across various

sectors (Islam, 2022).
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Chapter 7 Policy Related Findings
7.1 Gaps in Bangladesh’s Rooftop Solar Regulation

Bangladesh has significant potential for rooftop solar energy but has lagged behind
in harnessing it effectively. As of 2024, the country's total solar energy output is
1,084.55 MW, which includes 258 non-net-metered rooftop solar systems generating
88.451 MW, and 2,476 net-metered rooftop solar systems producing 111.732 MW
(Abbas, 2024). In stark contrast, neighboring Vietnam, which has embraced rooftop
solar energy, produces 9,300 MW out of a total solar capacity of 16,500 MW, making
it the leader in Southeast Asia (Sarwar, 2024). While Bangladesh introduced a policy
in 2012 requiring new buildings to install solar panels for utility connections, it has
been widely criticized as a failed initiative (Abbas, 2024). Experts, including
Khondaker Golam Moazzem from the Centre for Policy Dialogue, argue that the
policy was politically motivated, and led to the installation of low-quality solar panels
that are now mostly non-operational. Many users have confessed that they installed
rooftop solar systems merely to meet the utility connection requirement, with some
systems, like that of Arif Mollah from Bailey Road, having fallen into disuse, as they

are reliant on backup generators during power outages (Abbas, 2024).

7.1.1 Capacity Limitations, and Net Metering Policy
The latest directive, issued on 23rd October 2023 by the Ministry of Power, Energy,

and Mineral Resources of Bangladesh, introduces important guidelines for the
installation of rooftop solar systems with net metering in new electricity
connections. This regulation, which is the latest update, aims to promote sustainable
energy practices by requiring residential, industrial, commercial, educational, and
charitable consumers to install solar panels as part of their electricity supply
agreements. While the intentions of the directive are commendable, there are
notable gaps, and inconsistencies that could potentially hinder the effectiveness of
this policy. For residential consumers, the regulation stipulates that those with a
Single Phase (Cizel) connection can install a rooftop solar system if they choose.
However, the main concern arises for Three Phase consumers. These consumers

who are allocated a load of 10 kilowatts or more, are mandated to install at least 1
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kilowatt (1000 watts) of solar capacity. This condition, while encouraging the use of
renewable energy, leaves much room for interpretation, and does not seem to
promote substantial solar generation in relation to the load allocation. For instance,
a consumer with an allocated load of 100 kilowatts can still meet the regulation’s
requirement by installing just 1 kilowatt of solar capacity. This creates a significant
discrepancy, as the solar system’s capacity would be grossly inadequate in terms of
offsetting the high load demand (Powerdivision, 2021).

Essentially, the regulation only requires a minimal contribution from large
consumers, offering them an easy route to comply without making a meaningful
impact on their energy consumption or the national grid. This issue extends to the
industrial, and commercial sectors as well. These consumers are required to install
solar systems equivalent to 10% of their authorized load, based on the latest version
of the Net Metering Guidelines-2018. Similar to the residential regulation, this rule
does not demand a significant proportion of energy to be generated by solar. A
consumer with a load allocation of 100 kilowatts could install just 10 kilowatts of
solar, which is relatively small compared to the total energy consumption. While it is
better than no solar generation at all, this requirement does not encourage the kind
of large-scale renewable energy adoption that could make a substantial difference in
reducing dependency on non-renewable sources (Powerdivision, 2021).

Moreover, the flexibility in the regulation allows for solar system installations of 1
kilowatt, which again, is disproportionately low compared to the allocated load,
especially for consumers with much higher energy needs. The policy also includes
educational institutions, hospitals, and charitable organizations, where consumers
with Three Phase connections, and an allocated load of 10 kilowatts or more are
required to install at least 1 kilowatt of net metering solar capacity. While the
inclusion of these sectors is a positive step, the same issue persists. The small
capacity required for installation does not seem aligned with the growing need for
substantial renewable energy contributions, particularly in institutions like hospitals
that have high, and continuous energy demands (Powerdivision, 2021).

Additionally, the provision for consumers who have already received electricity
connections, and wish to increase their allocated load requires them to install solar

systems based on the increased load. However, this system does not offer a clear
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framework for encouraging consumers to go beyond minimal requirements, and
invest in larger, more impactful solar systems that would contribute meaningfully to
reducing the overall energy demand from non-renewable sources. The most critical
flaw in the regulations is the lack of a proportionality clause that ensures the solar
system installed corresponds more closely with the consumer’s actual energy
consumption. While the net metering system provides a mechanism for consumers
to generate their own electricity, and feed excess power back into the grid, the
current regulations do not mandate a substantial reduction in the reliance on the
grid by large consumers. The minimal installation requirements create a situation
where large-scale consumers can fulfill the regulation without making a real impact

on the environment or the energy infrastructure (Powerdivision, 2021).

7.1.2 High Import Duties on Solar Equipment

The rooftop solar sector in Bangladesh faces significant challenges due to high
import duties on solar panels, and related equipment. For example, the total tax
incidence on imported solar panels can reach 11.2% due to additional taxes applied
on the initial customs duty. Similarly, other components like inverters, and mounting
structures are subject to import duties ranging from 15.25% to 58.6% (Alam, 2024).
These high import duties increase the overall cost of solar installations, making them

less affordable for consumers, and hindering the growth of the rooftop solar market.

7.1.3 Lack of Clear Guidelines, and Complex Approval Processes

The net metering policy in Bangladesh is underdeveloped, with unclear
compensation mechanisms, and capacity limitations on individual systems. This lack
of clarity can make investments in rooftop solar less attractive to consumers, and
investors. Additionally, the approval processes for installing rooftop solar systems
are often complex, and time-consuming, deterring potential adopters (Sarwar,
2024). Streamlining these processes, and providing clear guidelines could encourage

more widespread adoption of rooftop solar technologies.

7.1.4 Inadequate Financial Incentives, and Support

The financial returns from rooftop solar installations in Bangladesh are limited,
primarily due to the underdeveloped net metering policy, and high import duties.
Without attractive financial incentives, consumers may be reluctant to invest in solar

technologies. Providing subsidies, tax exemptions, or favorable financing options
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could make rooftop solar installations more appealing, and accelerate their adoption

(Sarwar, 2024).

7.1.5 Insufficient Awareness, and Technical Capacity

There is a significant lack of awareness among consumers regarding the benefits, and
maintenance of rooftop solar systems. Many systems remain unused or non-
operational due to poor maintenance, stemming from a lack of user knowledge
(Sarwar, 2024). Additionally, the renewable energy sector lacks skilled human
resources for installation, and maintenance, eroding the confidence of industries or
building owners, particularly in small projects. Enhancing public awareness, and
developing technical capacity are crucial for the successful implementation of

rooftop solar initiatives.

7.1.6 Political Will, and Policy Support

A lack of political will, and inadequate policy support have been identified as
significant barriers to the expansion of rooftop solar in Bangladesh. A clear, and
consistent policy framework, backed by political will, is essential to drive the growth

of the rooftop solar sector (Sarwar, 2024).

7.1.7 Regulatory Constraints on System Capacity

Regulations currently limit the maximum installed capacity of a rooftop solar system
to 70% of the sanctioned load of a building. While this measure aims to prevent
buildings from becoming net electricity exporters, it may not be suitable for all
buildings. Some buildings may have the capacity to install more solar power without
adversely affecting the grid, and limiting installations to 70% could result in
underutilization of available rooftop space (Alam, 2024). Revising this regulation to
allow for greater flexibility could enhance the effectiveness of rooftop solar

installations.
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Chapter 8 Overall Findings

The analysis of Dhaka Power Distribution Company Limited (DPDC), and Dhaka
Electric Supply Company Limited (DESCO) reveals significant progress in renewable
energy adoption, particularly in rooftop solar systems, and net-metering
infrastructure, aligning with Bangladesh’s sustainability goals. Both entities have
demonstrated a commitment to modernizing energy distribution networks,
integrating solar power, and addressing urban energy demands. Their efforts reflect
a proactive approach to reducing reliance on fossil fuels, and promoting cleaner
energy solutions in Dhaka, a city with growing energy needs.

DPDC has made notable contributions in the adoption of rooftop solar systems,
having installed 55,478 units with a total capacity of 36,516.17 KWp. This widespread
adoption spans residential, commercial, and industrial sectors, showcasing the
public’s increasing interest in solar energy. Net-metering adoption is also significant,
with 388 systems (5,224.22 KWp) installed as of 2024, predominantly driven by the
private sector, which accounts for 364 of these installations. Key projects such as the
750 KW grid-tied solar project across substations, and the 20 KW solar charging
station in Siddhirgonj highlight DPDC’s focus on decentralized solar infrastructure.
However, the government sector lags behind, with only 24 installations (708 KWp),

indicating untapped potential for public-sector solar adoption.

DESCO, on the other hand, has surpassed DPDC in net-metering installations,
deploying 774 systems with a capacity of 7.5 MWp. Additionally, DESCO has achieved
62,196 KWp of rooftop solar capacity through 46,355 consumer installations. The
company has also integrated innovative approaches such as the OPEX model, with
17.34 KWp installed, and EV charging stations, exemplified by the Sumatra Filling
Station project. Despite these advancements, DESCO faces operational challenges, as
its solar battery charging stations, with a capacity of 32 KWp, remain non-functional.
DESCO'’s institutional solar installations, totaling 269.68 KWp, further underscore its
leadership in adopting renewable energy solutions.

A comparative analysis between DPDC, and DESCO reveals distinct trends, and

challenges. DESCO leads in net-metering capacity with 7.5 MWp, while DPDC has a
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higher number of rooftop installations at 55,000 compared to DESCO’s 46,000. Both
companies demonstrate private-sector dominance in solar adoption, attributed to
financial incentives, and sustainability goals. However, government-sector
participation remains low, signaling a need for policy reforms to encourage broader
adoption. Technological integration also differs, with DPDC emphasizing smart grids,
and decentralized projects, while DESCO explores hybrid models like OPEX, and EV
infrastructure. Challenges such as grid stability, high upfront costs, and uneven
sectoral participation hinder broader adoption, with DESCQO’s non-functional battery

stations highlighting maintenance, and operational gaps.

Key trends in the sector include rising solar capacity, driven by declining technology
costs, and policy incentives such as net metering. Urban-rural dynamics are also
evident, with DESCO’s off-grid installations (13,901 KWp) addressing underserved
areas, while DPDC focuses on urban grid-tied systems. Together, their solar projects
contribute significantly to reducing Dhaka’s carbon footprint, collectively offsetting
approximately 15,000 tons of CO2 annually. These efforts align with Bangladesh’s
broader sustainability goals, and demonstrate the potential for scalable renewable
energy adoption in urban centers.

To further advance solar energy adoption, several recommendations can be made.
Policy enhancements are crucial, including strengthening incentives for government-
sector participation, and streamlining net-metering approvals. Infrastructure
upgrades are also necessary, particularly in grid modernization to handle the
intermittency of renewable energy, and the expansion of storage solutions.
Additionally, public awareness campaigns targeting residential, and SME consumers
can promote the benefits of solar energy, fostering greater participation, and

adoption.

Bangladesh’s rooftop solar sector remains underdeveloped despite its potential, with
only 111.732 MW generated from net-metered systems as of 2024. In contrast,
regional leaders like Vietnam produce 9,300 MW from rooftop solar. Key challenges
include inadequate policies, high costs, and poor implementation. The 2012

mandate requiring solar installations for utility connections failed due to weak
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enforcement, leading to non-operational, low-quality systems installed merely for

compliance.

The October 2023 net metering policy mandates minimal solar capacity, such as 1
kW for consumers with a 100 kW load, which is insufficient to offset energy
demands. Industrial, and commercial sectors face similar issues, with installations
capped at 10% of authorized load, limiting meaningful renewable energy adoption.
High import duties on solar equipment (11.2% to 58.6%) further increase costs,
making installations less affordable.

Complex approval processes, unclear guidelines, and underdeveloped net metering
policies deter investment, while inadequate financial incentives, such as the lack of
subsidies or tax exemptions, reduce project viability. Public awareness, and technical
capacity are also lacking, leading to poorly maintained or abandoned systems. A

shortage of skilled professionals further hampers small-scale projects.

Weak political will, and inconsistent policy support exacerbate these issues. The
2012 mandate, though well-intentioned, lacked enforcement, and was politically
motivated. Additionally, regulations capping solar installations at 70% of a building’s

sanctioned load restrict rooftop space utilization, limiting potential growth.

BRAC University’s 1.5 MW rooftop solar system meets 25% of its energy needs,
demonstrating how urban institutions can integrate solar power effectively. The
system’s dual-purpose design, providing both energy, and shade, underscores its
innovative approach to sustainability. Similarly, BUET’s Rooftop Solar Project (BRSP)
aims to generate 3.5 MW, covering 10% of its energy demand. Implemented under
the OPEX model, the project is expected to save Tk12 crore in electricity costs over
25 years, and reduce carbon emissions by 56,507 tonnes, setting a benchmark for

other institutions.

The OPEX model, which eliminates upfront costs by involving third-party investors, is
gaining traction in Bangladesh. Examples like the 3.2 MW rooftop solar plant at

Robintex Group highlight its benefits, including cost savings, predictable energy
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expenses, and reduced reliance on grid power. However, long-term Power Purchase
Agreements (PPAs), and the lack of asset ownership remain challenges. Despite
these limitations, the model is proving effective in promoting solar adoption,

particularly in the industrial, and commercial sectors.

The analysis of DPDC, and DESCO highlights significant progress in renewable energy
adoption, particularly in rooftop solar systems, and net-metering infrastructure,
aligning with Bangladesh’s sustainability goals. DPDC has installed 55,478 rooftop
solar systems (36,516.17 KWp), and 388 net-metering systems (5,224.22 KWp),
driven largely by the private sector. DESCO, on the other hand, leads in net-metering
capacity with 774 systems (7.5 MWp), and 46,355 rooftop installations (62,196
KWp), including innovative projects like EV charging stations, and OPEX model
implementations. However, both entities face challenges such as low government-
sector participation, grid stability issues, and operational gaps, exemplified by
DESCO’s non-functional solar battery charging stations. Bangladesh’s rooftop solar
sector remains underdeveloped, with only 111.732 MW generated from net-
metered systems, far behind regional leaders like Vietham. Key barriers include
inadequate policies, high import duties (11.2%-58.6%), complex approval processes,
and insufficient financial incentives. The 2012 solar mandate failed due to weak
enforcement, leading to non-operational systems, while the 2023 net metering
policy mandates minimal solar capacity, limiting meaningful adoption. Case studies
like Brac University’s 1.5 MW system, and BUET’s 3.5 MW project demonstrate the
potential of rooftop solar in urban institutions, with BUET’s OPEX model expected to
save Tk12 crore over 25 years. The OPEX model, though effective in reducing upfront
costs, faces challenges like long-term PPAs, and lack of asset ownership. To advance
solar adoption, policy enhancements, infrastructure upgrades, and public awareness
campaigns are essential. Addressing these challenges can unlock Bangladesh’s
renewable energy potential, contributing to sustainability, and reducing reliance on

fossil fuels.
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8.1 Alignment with Study Objectives

Winter's Integrated Implementation Model aligns perfectly with these objectives by
providing astructured framework for analyzing policy design, stakeholder
engagement, and contextual factors.

The Winter's Integrated Implementation Modelwas chosen for its hybrid
approach, emphasis on feedback mechanisms, and contextual adaptability, making it
highly relevant for analyzing rooftop solar adoption in Dhaka. By combining top-down
policy analysis with bottom-up stakeholder engagement, the model provides
a comprehensive, and practical framework for understanding the complexities of
renewable energy implementation. This approach ensures that the study’s findings,
and recommendations are both theoretically grounded, and practically actionable,

contributing to the broader goal of promoting sustainable energy solutions in Dhaka.
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Chapter 9 Analysis Based on the Analytical Framework

This chapter applies the Winter's Integrated Implementation Model to analyze the
implementation of rooftop solar systems in Dhaka City. The framework combines
top-down policy analysis, bottom-up stakeholder engagement, and contextual
factors to provide a comprehensive understanding of the challenges, and
opportunities in rooftop solar adoption. The analysis is structured around four key
dimensions: Policy Design, and Objectives, Local-Level Dynamics, and Stakeholder
Engagement, Interplay Between Policy, and Practice, and Contextual Factors. Each
dimension is explored in detail, drawing on primary, and secondary data to evaluate

the effectiveness of rooftop solar implementation in Dhaka.

9.1 Policy Design, and Objectives (Top-Down Perspective)
1. Policy Analysis

The national policy framework for rooftop solar in Bangladesh includes the 2012 solar
mandate, and the 2023 net metering guidelines. While these policies aim to promote
renewable energy adoption, their implementation has been hindered by several gaps:

o Weak Enforcement: The 2012 mandate required new buildings to install solar
panels for utility connections, but weak enforcement led to widespread non-
compliance. Many installations were of low quality, and are now non-
operational.

o Inadequate Capacity Requirements: The 2023 net metering guidelines
mandate minimal solar capacity (e.g., 1 kW for a 100 kW load), which is
insufficient to offset energy demands or contribute meaningfully to the grid.

o lLack of Proportionality: Policies do not ensure that solar installations align
with actual energy consumption, reducing their impact on reducing grid
dependency.

2. Resource Allocation

o Financial Resources: Limited subsidies, and high import duties (11.2%-58.6%)
on solar equipment increase costs, making rooftop solar less affordable for
consumers.

o Technical Resources: Insufficient technical support, and training for local
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implementers (e.g., DPDC, DESCO) hinder effective policy execution.

o Human Resources: A shortage of skilled professionals for installation, and
maintenance further limits adoption.

3. Regulatory Framework

o Complex Approval Processes: Lengthy, and bureaucratic procedures for net
metering, and system approvals deter potential adopters.

o Capacity Limitations: Regulations capping solar installations at 70% of a
building’s sanctioned load restrict rooftop space utilization, limiting potential

growth.

9.2 Local-Level Dynamics, and Stakeholder Engagement (Bottom-Up Perspective)

1. Street-Level Bureaucrats

o Role of DPDC, and DESCO: These distribution companies play a critical role in
implementing rooftop solar policies. However, operational challenges, such as
non-functional solar battery charging stations, highlight gaps in local capacity,
and resource allocation.

o Motivation, and Challenges: Local officials face challenges such as lack of
training, inadequate funding, and conflicting priorities, which affect their
ability to drive adoption.

2. Target Groups

o Residential Consumers: High upfront costs, and lack of awareness deter many
households from adopting rooftop solar. However, successful examples like
Brac University demonstrate the potential for urban institutions to lead
adoption.

o Commercial, and Industrial Consumers: While the private sector dominates
rooftop solar adoption, financial constraints, and regulatory barriers limit
broader participation.

3. Community Networks

o NGOs, and Private Installers: Organizations like IDCOL, and private RESCOs
(e.g., Joules Power Ltd.) play a key role in promoting rooftop solar through
financing, and technical support.

o Public Awareness Campaigns: Limited efforts to educate consumers about the

benefits of rooftop solar, and available incentives hinder adoption.
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9.3

Interplay Between Policy, and Practice (Hybrid Perspective)

1. Forward Mapping

(e]

Policy Flow: National policies are often poorly communicated to local
implementers, and end-users, leading to misaligned incentives, and
implementation gaps.

Friction Points: High import duties, complex approval processes, and

inadequate financial incentives create barriers to adoption.

2. Backward Mapping

(e]

Local Success Stories: Case studies like Brac University, and BUET highlight the
potential for rooftop solar in urban institutions. These projects demonstrate
the importance of clear policies, financial incentives, and stakeholder
collaboration.

Lessons Learned: Successful projects emphasize the need for streamlined

approval processes, technical training, and public awareness campaigns.

3. Feedback Mechanisms

o

(e]

9.4

Policy Refinement: Effective feedback loops between policymakers,
implementers, and end-users are critical for refining policies, and addressing
implementation challenges.

Stakeholder Collaboration: Public-private partnerships (PPPs), and community
engagement can enhance policy outcomes by leveraging local expertise, and

resources.

Contextual Factors

1. Urban Challenges

o

o

High Population Density: Limited rooftop space, and high energy demand in
Dhaka create unique challenges for rooftop solar adoption.
Energy Demand Fluctuations: Seasonal variations in energy consumption, and

grid instability affect the feasibility of rooftop solar systems.

2. Economic, and Social Barriers

(e]

High Upfront Costs: Financial constraints deter many consumers from
adopting rooftop solar, despite long-term savings.
Lack of Awareness: Limited understanding of rooftop solar benefits and

maintenance requirements reduces adoption rates.

107



3. Environmental and Climate Factors
o Climate Conditions: Dhaka’s high humidity, monsoons, and temperature
fluctuations affect the performance and durability of rooftop solar systems.
o Environmental Benefits: Rooftop solar systems reduce greenhouse gas

emissions and improve air quality in Dhaka.

The analysis based on Winter's Integrated Implementation Model reveals significant
gaps in the policy design, local implementation, and stakeholder engagement for
rooftop solar adoption in Dhaka. While national policies provide a foundation for
renewable energy adoption, weak enforcement, inadequate capacity requirements,
and high costs hinder their effectiveness. Local-level dynamics, including the role of
street-level bureaucrats and community networks, play a critical role in shaping
implementation outcomes. However, challenges such as lack of awareness, technical
capacity gaps, and urban constraints limit broader adoption.
A hybrid approach that integratestop-down policy reforms with bottom-up
stakeholder engagementis essential to address these challenges. Key
recommendations include:

¢ Strengthening policy enforcement and capacity requirements.

e Reducing import duties and providing financial incentives.

e Streamlining approval processes and improving technical training.

¢ Launching public awareness campaigns and fostering stakeholder collaboration.
By addressing these gaps, Dhaka can unlock the full potential of rooftop solar
systems, contributing to Bangladesh’s renewable energy goals and sustainable

development.

9.5 Conclusion

This chapter applied Winter's Integrated Implementation Model to analyze the
implementation of rooftop solar policies in Dhaka City, highlighting key challenges
and opportunities. The findings reveal that while national policies provide a strong
foundation for promoting rooftop solar adoption, weak enforcement, inadequate
capacity requirements, and financial barriers hinder their effectiveness. Local-level
dynamics, including the role of distribution companies, residential and commercial

consumers, and community networks, significantly influence implementation
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outcomes. However, bureaucratic complexities, lack of awareness, and technical
limitations hinder broader adoption.

The interplay between policy and practice underscores the need for improved
communication, streamlined approval processes, and enhanced stakeholder
collaboration. Additionally, contextual factors such as urban density, economic
barriers, and environmental conditions further shape the feasibility of rooftop solar
systems in Dhaka. A hybrid approach that strengthens policy enforcement enhances
financial incentives, simplifies regulatory procedures, and fosters public awareness is
essential to overcome these challenges. By addressing these gaps, Dhaka can
maximize rooftop solar energy's potential, support Bangladesh’s renewable energy

goals, and contribute to a more sustainable urban future.
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Chapter 10 Conclusion, and Recommendations

The transition to renewable energy is critical in achieving sustainability and energy
security, particularly in rapidly urbanizing cities like Dhaka. Rooftop solar systems
present a viable solution to address growing electricity demands while reducing
reliance on fossil fuels. However, effective implementation depends on well-aligned
policies, robust local execution, and active stakeholder engagement. This study
examines the challenges and opportunities associated with rooftop solar adoption in
Dhaka City, providing insights into the effectiveness of current policies and identifying
areas for improvement.
The study aims to:
e Analyze the alignment of national policies with local implementation goals.
e |dentify barriers and opportunities for rooftop solar adoption.
e Provide actionable recommendations for policymakers, implementers, and end-
users.
In conclusion, this research into rooftop solar adoption in Dhaka City has delved into
the complexities of policy implementation and stakeholder perspectives surrounding
renewable energy initiatives. Through a qualitative approach employing in-depth
interviews and case studies, the study has captured nuanced insights from
policymakers, industry experts, local businesses, and residents. These perspectives
have illuminated the challenges and opportunities in implementing rooftop solar
policies in an urban setting like Dhaka. The findings underscore the multifaceted
nature of policy implementation, influenced by technical, economic, social, and
political factors. Key barriers identified include financial constraints, regulatory
complexities, and varying levels of awareness among stakeholders. Conversely, the
research has highlighted the potential for rooftop solar to address energy needs
sustainably and reduce environmental impact, given adequate support and strategic
planning. The methodology combines qualitative methods such as thematic analysis
and case studies, which have proven effective in uncovering the contextual dynamics
shaping policy outcomes. It has provided a comprehensive understanding of how

stakeholders perceive and engage with rooftop solar initiatives, offering valuable
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insights for policymakers, advocacy groups, and practitioners seeking to enhance
adoption rates. Addressing these findings requires a collaborative approach involving
government agencies, private sector stakeholders, and civil society. Strategies should
optimize incentives, improve regulatory frameworks, and enhance public awareness
to foster a conducive environment for rooftop solar adoption in Dhaka City. By
integrating these insights into future policy planning and implementation efforts,
there is potential to advance sustainable energy transitions and contribute to broader
climate mitigation goals.

This chapter synthesizes the findings from the analysis based on Winter's Integrated
Implementation Model and provides actionable recommendations to enhance
rooftop solar adoption in Dhaka City. The framework, which combines top-down
policy analysis, bottom-up stakeholder engagement, and contextual factors, has
revealed critical insights into the challenges and opportunities in implementing
rooftop solar systems. The conclusions drawn from this analysis are structured around
the key dimensions of the framework, followed by targeted recommendations to

address the identified gaps.

10.1 Summary of Findings

The analysis highlights several key findings across the dimensions of the framework.
From atop-down perspective, national policies such as the 2012 solar mandate
and 2023 net metering guidelines provide a foundation for rooftop solar adoption
but suffer from weak enforcement, inadequate capacity requirements, and high
import duties. These factors increase costs and deter potential adopters.
Additionally, limited financial incentives and technical resources hinder effective
policy implementation.

From a bottom-up perspective, local implementers like DPDC and DESCO face
operational challenges, including non-functional solar battery charging stations and
insufficient technical capacity. High upfront costs, lack of awareness, and regulatory
barriers deter residential, commercial, and industrial consumers. Community
networks, NGOs, and private installers play a crucial role in promoting rooftop solar
but require more substantial support and collaboration.

The interplay between policy and practice reveals a misalignment between national

policy objectives and local implementation efforts, creating friction points such as
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inadequate communication and resource allocation. Successful case studies, such as
Brac University and BUET, demonstrate the potential of rooftop solar in urban
institutions but highlight the need for streamlined processes and stakeholder
collaboration. Effective feedback mechanisms are lacking, limiting policy refinement
opportunities and addressing implementation challenges.

Finally, contextual factors such as Dhaka’s high population density, limited rooftop
space, and energy demand fluctuations pose unique challenges for rooftop solar
adoption. Economic and social barriers, including high upfront costs and lack of
awareness, further limit adoption rates. Environmental and climate factors, such as
high humidity and monsoons, affect the performance and durability of rooftop solar

systems.

10.2  Conclusions Based on Winter's Integrated Implementation Model

The analysis underscores the importance of a hybrid approach that integrates top-
down policy reforms with bottom-up stakeholder engagement to drive rooftop solar
adoption in Dhaka. Key conclusions include the need for policy reforms to strengthen
enforcement, revise capacity requirements, and reduce financial barriers. Local
implementation capacity must be enhanced through technical training and resource
allocation, while stakeholder collaborationis essential to engage community
networks, private installers, and end-users. Additionally, policies and
implementation strategies must account for Dhaka’s unique urban, economic, and

environmental challenges to ensure feasibility and sustainability.

10.3 Recommendations

To address the identified gaps, the following recommendations are proposed:

1. Strengthen Policy Frameworks: Revise capacity requirements to mandate
proportional solar installations (e.g., 20-30% of sanctioned load) and reduce import
duties on solar equipment to make rooftop solar systems more affordable. Streamline
approval processes to reduce bureaucratic delays.

2. Enhance Financial Incentives: Introduce subsidies and tax exemptions to reduce
upfront costs and improve affordability for residential and commercial consumers.
Expand the OPEX model to eliminate upfront costs and encourage adoption among
SMEs and households.

3. Build Local Implementation Capacity: To ensure effective system deployment,
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provide technical training programs for local implementers, installers, and
maintenance personnel. Allocate adequate financial and technical resources to
support DPDC, DESCO, and other local stakeholders.

Foster Stakeholder Collaboration: Launch nationwide public awareness campaigns to
educate consumers about the benefits of rooftop solar and available incentives.
Encourage public-private partnerships to scale rooftop solar adoption through
collaboration between government agencies, private RESCOs, and NGOs.

Address Contextual Challenges: Integrate rooftop solar into urban development plans
to optimize rooftop space utilization. Promote using durable, high-efficiency solar
panels designed for Dhaka’s climate conditions.

Establish Feedback Mechanisms: Create platforms for regular feedback from local
implementers and end-users to refine policies and address implementation
challenges. Develop metrics to track the performance of rooftop solar systems and

assess the impact of policy interventions.

104 Final Thoughts

The findings and recommendations presented in this chapter highlight the potential
of rooftop solar systems to transform Dhaka’s energy landscape and contribute to
Bangladesh’s renewable energy goals. By adopting ahybrid implementation
approach that integrates top-down policy reforms with bottom-up stakeholder
engagement, Dhaka can overcome the barriers to rooftop solar adoption and unlock
its full potential. This requires a concerted effort from policymakers, local
implementers, private sector players, and consumers to create an enabling
environment for sustainable energy solutions.

Rooftop solar is a technological innovation and a pathway to Dhaka's cleaner, more
resilient, and energy-secure future. By addressing the gaps identified in this study
and implementing the recommended strategies, Bangladesh can take a significant
step toward achieving its vision of generating 40% of its electricity from renewable

sources by 2041.
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Annexure 1: Interview Questionnaire

Contribution of Rooftop Solar Panels in Energy Security of Dhaka City

Dear Participant, [ am a Master's student in the South Asian Policy and Governance at the

North South University in Bangladesh. This data is used to fulfill my dissertation titled

Contribution of Rooftop Solar Panels in Energy Security of Dhaka City. I will be asking you

the questions about Solar panel policy, current status, generation, contribution etc. All data will

be remained anonymous and confidential. The success of this study depends on your responses

therefore, if you have any clarification in this regard, please feel free to share me.

Can you describe your role and involvement in the implementation or promotion of rooftop
solar energy policies in Dhaka City?

What are the main regulatory and policy challenges you have encountered in promoting
the adoption of rooftop solar panels in Dhaka?

How effective do you find the current financial incentives and support mechanisms in
encouraging households and businesses to install rooftop solar systems?

In vour experience, how well do different government agencies and private sector
stakeholders coordinate in the implementation of rooftop solar initiatives?

What technical or infrastructural barriers exist that hinder the widespread adoption of
rooftop solar systems in Dhaka City?

How would you assess the level of public awareness and societal acceptance regarding
rooftop solar energy in Dhaka? What measures could improve these aspects?

To what extent do rooftop solar panels contribute to enhancing energy security in Dhaka,
and what metrics do you use to evaluate this impact?

What resources (financial, technical, human) are currently allocated to rooftop solar
projects, and do you believe they are sufficient to meet the adoption targets?

Can you provide examples of successful rooftop solar implementations in Dhaka City and

the factors that contributed to their success?

. What recommendations would you make to improve the policy framework and

implementation processes to facilitate greater adoption of rooftop solar energy in Dhaka?
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Annexure 4: Approval of Research Protocol, Page 1

NORTH SOUTH UNIVERSITY ADM 625, Plot: 15, Black: B,

Institutional Review Board/ Ethics Review Committee Bashiindidizn; Dhita~1 225,

Bangladesh.

(IRB/ERC) PABX;: 188-02-55668200, Ext: 64635
Memorandum

2024/0OR-NSU/IRB/1009

Date: 23 October 2024
To: Zahidul Karim Khondker
Student

Department of SIPG

Dr. Rizwan Khair [Supervisor]
Associate Professor
Department of SIPG

From: Dy, Dipak Kumar Mitra
Chairman Chairman

NSLU Institutional Review Board/ Lthies Review Committee ETEESi;::l”:g::mﬁ;::;ngj?ﬂrg

Subject: Approval of Research Protocol #2024/0R-NSU/IRB/1009

Dear Zahidul Karim Khondker,

Thank you for your application requesting for approval of your research protocol #2024/0R-
NSU/ARB/1009, titled *Contribution of Rooftop Solar Panels in Energy Sccurity of Dhaka City”. | am
glad to inform you that the commitice has approved your research protocol. You will be required to
observe the following terms and conditions in implementing the research protocol:

1. As principal investigator. the ultimate responsibility for scientific and ethical conduct including the
protection of the rights and welfare of study participants vest upon you. You shall also be
responsible for ensuring competence, integrity, and ethical conduct of other investigators and staff
directly involved in the research protocol.

2. Youshall conduct the activity in accordance with the IRB-approved protocol and shall fully comply
with any subsequent determinations by IRB.

3. You shall obtain prior approval from the IRB for any modification in the approved research protocol
and/or approved consent form(s). except in case of emergency to safeguard/eliminate apparent
immediate hazards to study participants. Such changes must immediately be reported to the IRB
Chairman.

4. You shall recruit/enroll participants for the study strictly adhering to the criteria mentioned in the
approved rescarch protocol.

5. You shall obtain legally effective informed consent (i.e. consent should be free from coercion or
undue influence) from the selected study participants or their legally responsible representative, as
approved in the protocol, using the approved consent forms prior to their enrollment in the study.
Before obtaining consenl, all prospective study participants must be adequately informed about the
purpose(s) of the study, its methods and procedures, and also what would be done if they agree and
also if they do not agree to participate in the study. They must be informed that their participation
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NORTH SOUTH UNIVERSITY ADM 623, Plot: 13, Block: B,

Institutional Review Board/ Ethics Review Committee Bisinitidiaray Tihakds o d;
3 Bangladesh.
(IRB/ERC) PARX: +R8-02-55668200, Ext: 6465

in the study is voluntary and that they can withdraw their participation any time without prejudice.
Used consent form should be preserved for a period of at least three years following official
termination of the study.

6. You shall promptly report the occurrence of any Adverse Event or Serious Adverse Event or
unanticipated problems of potential risk to the study participants or others to the ERC in writing
within 24 hours of such occurrences.

7. Any significant new findings, developing during the course of this study that might affect the risks
and benefits and thus influence either participation in the study or continuation of participation
should be reported in writing to the participants and the IRB.

8. Data and/or samples should be collected, as specified in the IRB-approved protocol, and
confidentiality must be maintained. Data/samples must be protected by reasonable security,
safeguarding against risks as their loss or unauthorized access, destruction, used by others, and
modification or disclosure of data. Data/samples should not be disclosed, made available to or use
for purposes other than those specified in the protocol, and shall be preserved for a period, as
specified under NSU policy/practices.

9. You shall promptly and fully comply with the decision of IRB to suspend or withdraw its approval
for the research protocol.

10. You shail report progress of research to the IRB on annual basis.

I wish you success in running the above-mentioned study.

cc: 1. Recording Sceretary, NSU IRB/ERC
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