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Abstract: With the increasing severity of global climate change, its negative impacts have become
increasingly prominent. Urban areas, as the main source of energy consumption and carbon emissions,
are facing unprecedented pressure to reduce emissions. In this context, it is particularly important and
urgent to explore the potential application of renewable energy in urban areas and its impact on
carbon emissions. This article focuses on this research, comprehensively analyzing various factors such
as energy consumption structure, renewable energy resource endowment, and existing technology
application in urban areas, and comprehensively evaluating the development potential of renewable
energy in urban areas. The research results show that renewable energy, with its clean and renewable
characteristics, has demonstrated significant effects in reducing the carbon footprint of urban areas.
The large-scale application of renewable energy, such as solar and wind energy, can effectively replace
traditional fossil fuels, reduce the carbon emission intensity during urban energy consumption, and
provide strong support for cities to achieve low-carbon development. However, the promotion and
application of renewable energy in urban areas have not been smooth sailing and still face many
challenges. For example, the high cost of technology, inadequate energy storage facilities, and
difficulties in connecting to the power grid have all to some extent constrained the large-scale
application of renewable energy. In the future, it is necessary for the government, enterprises, and all
sectors of society to work together and take effective measures to solve the problem, in order to
promote the widespread application of renewable energy in urban areas and help cities achieve
sustainable development goals.
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1. Introduction

In today's era, the global urbanization process is accelerating at an unprecedented speed, and the
proportion of urban population is showing a steady upward trend year by year. According to
authoritative statistical data, [!lthe proportion of global urban population has exceeded 55% in 2020,
and this proportion is still growing. It is expected to reach 68% by 2050. Urbanization, as an important
stage of human social development, undoubtedly brings many positive impacts. It promotes economic
prosperity, promotes comprehensive social progress, and makes people's lives more convenient and
rich.

However, while urbanization brings many benefits, it also triggers a series of serious problems.
Among them,” energy consumption and greenhouse gas emissions are particularly prominent issues.
With the continuous expansion of urban scale and the continuous gathering of population, the demand
for energy in urban areas has sharply increased, and a large amount of fossil fuels have been burned,
leading to a large amount of greenhouse gas emissions. Nowadays, urban areas have become one of the
main sources of global carbon emissions, which puts enormous pressure on the global climate and
environment. To address this challenge, Plreducing the carbon footprint of urban areas has become an
urgent task, and effective measures need to be taken urgently to improve this situation.

In this context, renewable energy, as a clean and low-carbon form of energy, has received
widespread attention worldwide in recent years. Renewable energy sources such as solar, wind, and
biomass have enormous potential for development. ¥IThey can not only meet the growing energy
demand in urban areas, but also significantly reduce carbon emissions in energy production and
consumption processes. For example, solar photovoltaic power generation systems can directly convert
solar energy into electrical energy, producing almost no greenhouse gas emissions during the process;
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Wind power generation uses wind energy to drive wind turbines to generate electricity, which is also a
clean energy utilization method.

However, the application of renewable energy is not always smooth sailing. Despite its many
advantages, it still faces many obstacles in the process of promotion and popularization. These
obstacles include high technological costs, Plincomplete energy storage and transmission technologies,
insufficient policy support, and low public awareness. Therefore, it is of great practical significance to
comprehensively and objectively evaluate the efficiency of renewable energy in reducing the carbon
footprint of urban areas.

This study aims to comprehensively explore the potential application of renewable energy in urban
areas and its impact on carbon emissions through a systematic literature review and in-depth data
analysis. By reviewing and analyzing relevant literature, as well as mining and researching actual data,
we hope to reveal the current status, existing problems, and future development trends of renewable
energy applications in urban areas. [®'The research results will provide scientific basis for policy makers
and relevant stakeholders, helping them to formulate more reasonable and effective policies, promote
the widespread application of renewable energy in urban areas, and achieve sustainable development
and carbon reduction goals in urban areas.

2. Current Status of Renewable Energy Applications in Urban Areas
2.1 Application of solar energy in urban areas

Solar energy, as a clean and renewable form of energy, has been increasingly used in urban areas in
recent years. The development of solar photovoltaic technology has significantly reduced the cost of
solar power generation, thereby promoting its large-scale application in urban construction,
transportation, and other fields. According to the International Energy Agency (IEA), the global
installed solar capacity reached 760GW in 2020, with China, the United States, and India being the
largest markets. In China, solar photovoltaic power generation has become an important component of
the newly installed electricity capacity, with a capacity of 48.2 GW added in 2020. In the United States,
California is a major hub for solar power generation, accounting for 19% of the state's total electricity
generation in 2020. In the field of urban construction, solar photovoltaic panels are widely used on
roofs, walls, and other parts to provide clean energy for buildings. For example, New York City's
"Million Roofs Plan" aims to install one million solar photovoltaic panels over the next decade to meet
some of the city's electricity needs. In addition, solar water heaters are widely used in urban households,
effectively reducing the consumption of natural gas and electricity. In the field of transportation, the
construction of solar charging stations provides convenient charging services for electric vehicles. For
example, Los Angeles International Airport has installed multiple solar charging stations to provide free
charging services for passengers' electric vehicles. In addition, some cities' buses also adopt solar
assisted power systems, further reducing the carbon emissions of public transportation. Despite
significant progress in the application of solar energy in urban areas, there are still some challenges.
Firstly, the initial investment cost is relatively high. Although the long-term operating cost is low, many
enterprises and residents still find it difficult to afford the high initial investment. Secondly, solar power
generation is greatly affected by weather factors, and its power generation efficiency is lower on rainy
or nighttime days, requiring complementary use with other forms of energy.

2.2 Application of Wind Energy in Urban Areas

Wind energy, as a clean and renewable form of energy, is gradually being applied in urban areas.
The development of wind power technology has led to a continuous decrease in the cost of wind power
generation, thereby promoting its widespread application in urban and coastal areas.

According to the Global Wind Energy Council (GWEC), the global installed wind power capacity
reached 743GW in 2020, with China, the United States, and Germany being the largest markets. In
China, wind power has become the third largest power source after thermal power and hydropower,
with an added installed capacity of 71.7GW in 2020. In the United States, Texas is a major hub for
wind power generation, accounting for 23% of the state's total electricity generation in 2020.

The construction of large wind farms in the surrounding areas of cities provides a stable supply of
clean energy for the city. For example, the Chongming Island wind farm in Shanghai is one of the
largest offshore wind farms in China, with an annual power generation of 140 million kilowatt hours,
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effectively reducing carbon emissions in Shanghai. In addition, some high-rise buildings in cities have
also installed small wind turbines to provide some of the building's electricity needs.

Despite significant progress in the application of wind energy in urban areas, there are still some
challenges. Firstly, wind power generation equipment occupies a large area and is difficult to promote
on a large scale in urban areas with scarce land resources. Secondly, wind power generation is greatly
affected by geographical location and climate conditions, resulting in lower power generation
efficiency when wind speeds are low or unstable. In addition, the noise and visual pollution generated
by wind turbines during operation may also cause inconvenience to surrounding residents.

2.3 Application of Biomass Energy in Urban Areas

Biomass energy, as a clean and renewable form of energy, is gradually being applied in urban areas.
The development of biomass power generation technology has led to a continuous decrease in the cost
of biomass power generation, thereby promoting its widespread application in urban waste treatment
and agricultural waste utilization. According to the International Biomass Association (GBA), the
global installed capacity of biomass energy reached 130GW in 2020, with China, the United States, and
Brazil being the largest markets. In China, biomass power generation has become one of the important
sources of electricity in rural areas, with an added installed capacity of 5.4 GW in 2020. In the United
States, biomass power generation is mainly concentrated in the Northeast and South regions,
accounting for 1.6% of the country's total power generation in 2020. In the field of urban waste
management, biomass energy generation technology is widely used in waste incineration power plants.
For example, Beijing Gao'antun Garbage Incineration Power Plant is one of the largest garbage
incineration power plants in China, with a daily waste processing capacity of up to 3000 tons and an
annual power generation capacity of 250 million kilowatt hours. In addition, some sewage treatment
plants in cities also use biomass energy generation technology to convert sludge into biogas for power
generation.

In the field of agricultural waste utilization, biomass energy generation technology is widely used
for the comprehensive utilization of agricultural waste such as straw and rice husk. For example,
Shouguang Straw Biomass Power Plant in Shandong Province is one of the largest straw biomass
power plants in China, with an annual processing capacity of 300000 tons of straw and an annual
power generation capacity of 200 million kilowatt hours. In addition, some livestock and poultry farms
in cities also use biomass energy generation technology to convert manure into biogas for power
generation. Despite significant progress in the application of biomass energy in urban areas, there are
still some challenges. Firstly, it is difficult to collect biomass energy raw materials, and it is difficult to
obtain sufficient raw material supply in urban areas. Secondly, biomass power generation equipment
occupies a large area and is difficult to promote on a large scale in urban areas with scarce land
resources. In addition, the waste gas and wastewater generated during biomass power generation may
also cause environmental pollution.

3. Efficiency Analysis of Renewable Energy in Reducing Carbon Footprints in Urban Areas
3.1 Data sources and research methods

In order to evaluate the efficiency of renewable energy in reducing the carbon footprint of urban
areas, this study used multiple data sources and research methods. The data mainly comes from
statistical data released by the International Energy Agency (IEA), Global Wind Energy Council
(GWEC), International Biomass Association (GBA), as well as governments and research institutions
of various countries. The research methods mainly include literature review, data analysis, and case
studies. In the literature review section, this study systematically reviewed the research results on the
application of renewable energy in urban areas in recent years, and summarized the advantages and
challenges of different types of renewable energy in reducing carbon emissions. In the data analysis
section, this study evaluated the actual emission reduction effect of renewable energy by comparing the
changes in carbon emissions before and after promoting renewable energy in different cities. In the case
study section, this study selected several typical cities and analyzed in detail their successful
experiences and difficulties in promoting renewable energy.
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3.2 Efficiency of solar energy in reducing carbon footprint in urban areas

According to the data analysis results, solar energy has shown significant efficiency in reducing
carbon footprint in urban areas. Taking New York City as an example, since 2010, the city has
vigorously promoted solar photovoltaic technology and installed over one million solar photovoltaic
panels. Data shows that in 2020, the solar power generation in New York City reached 1.5 TWh,
accounting for 5% of the city's total electricity consumption. Compared with traditional fossil fuel
power generation, solar power generation can reduce about 1 million tons of carbon dioxide emissions
annually. In addition, the widespread use of solar water heaters has also contributed to carbon reduction
in New York City. According to statistics, in 2020, over 100000 households in New York City installed
solar water heaters, which can save approximately 200 million kilowatt hours of electricity and natural
gas consumption annually, equivalent to reducing approximately 150000 tons of carbon dioxide
emissions. Although solar energy has performed well in reducing carbon footprint in urban areas, there
are still some limiting factors. Firstly, the initial investment cost is relatively high. Although the
long-term operating cost is low, many enterprises and residents still find it difficult to afford the high
initial investment. Secondly, solar power generation is greatly affected by weather factors, and its
power generation efficiency is lower on rainy or nighttime days, requiring complementary use with
other forms of energy.

3.3 Efficiency of wind energy in reducing carbon footprint in urban areas

According to the data analysis results, wind energy also shows significant efficiency in reducing
carbon footprint in urban areas. Taking Shanghai as an example, since 2010, the city has built multiple
large-scale wind farms on Chongming Island and other places. Data shows that in 2020, the installed
capacity of wind power in Shanghai reached 2.5GW, with an annual power generation of 6TWh,
accounting for 10% of the city's total electricity consumption. Compared to traditional fossil fuel power
generation, wind power can reduce approximately 4 million tons of carbon dioxide emissions annually.
In addition, some high-rise buildings in cities have also installed small wind turbines to provide some
of the building's electricity needs. For example, the Shanghai center Building has installed several
small wind turbines, which can generate about 1 million kilowatt hours of electricity every year,
equivalent to reducing about 750 tons of carbon dioxide emissions. Although wind energy has
performed well in reducing carbon footprint in urban areas, there are still some constraints. Firstly,
wind power generation equipment occupies a large area and is difficult to promote on a large scale in
urban areas with scarce land resources. Secondly, wind power generation is greatly affected by
geographical location and climate conditions, resulting in lower power generation efficiency when
wind speeds are low or unstable. In addition, the noise and visual pollution generated by wind turbines
during operation may also cause inconvenience to surrounding residents.

3.4 Efficiency of biomass energy in reducing carbon footprint in urban areas

According to the data analysis results, biomass energy has also shown significant efficiency in
reducing carbon footprint in urban areas. Taking Beijing as an example, since 2010, the city has built
multiple waste incineration power plants in places such as Gao'antun. Data shows that in 2020,
Beijing's waste incineration power generation reached 3TWh, accounting for 5% of the city's total
electricity consumption. Compared with traditional fossil fuel power generation, waste incineration
power generation can reduce about 2 million tons of carbon dioxide emissions annually. In addition,
some sewage treatment plants in cities also use biomass energy generation technology to convert
sludge into biogas for power generation. For example, the Qinghe Wastewater Treatment Plant in
Beijing can generate approximately 5 million kilowatt hours of electricity annually, which is equivalent
to reducing approximately 3750 tons of carbon dioxide emissions. Although biomass energy has
performed well in reducing carbon footprint in urban areas, there are still some constraints. Firstly, it is
difficult to collect biomass energy raw materials, and it is difficult to obtain sufficient raw material
supply in urban areas. Secondly, biomass power generation equipment occupies a large area and is
difficult to promote on a large scale in urban areas with scarce land resources. In addition, the waste gas
and wastewater generated during biomass power generation may also cause environmental pollution.
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4. Countermeasures and Suggestions for Promoting the Application of Renewable Energy in
Urban Areas

4.1 Policy Support and Incentive Mechanisms

In order to promote the widespread application of renewable energy in urban areas, policy support
and incentive mechanisms are crucial. The government should introduce a series of policy measures to
encourage enterprises and residents to invest in renewable energy projects. For example, the initial
investment cost of enterprises can be reduced by providing financial subsidies, tax incentives, and other
means; Solving the financing difficulties of enterprises through the implementation of green credit
policies and the establishment of special funds; By establishing a mandatory quota system and
conducting green electricity trading, the revenue level of enterprises can be improved.

In addition, the government should strengthen supervision and support for renewable energy
projects. For example, the reliability and safety of products can be improved by establishing technical
standards, conducting quality certifications, and other methods; By establishing monitoring platforms
and conducting performance evaluations, the transparency and credibility of the project can be
improved; By conducting science popularization campaigns, organizing training activities, and other
means, we aim to increase public awareness and participation.

4.2 Technological Innovation and Industrial Upgrading

In order to promote the widespread application of renewable energy in urban areas, technological
innovation and industrial upgrading are equally important. Research institutions and enterprises should
increase their R&D investment and break through key technological bottlenecks. For example, in the
field of solar energy, the conversion efficiency of solar cells can be improved by developing efficient
and low-cost photovoltaic materials, optimizing the design of photovoltaic modules, and other methods;
In the field of wind energy, the stability and economy of wind power generation can be improved by
developing wind turbines with strong adaptability to low wind speeds and optimizing the layout of
wind farms; In the field of biomass energy, the efficiency and environmental performance of biomass
power generation can be improved by developing efficient and low-cost fermentation processes,
optimizing the design of biomass power generation equipment, and other methods. In addition, research
institutions and enterprises should strengthen cooperation and collaboration in the upstream and
downstream of the industrial chain. For example, in the field of solar energy, a complete industrial
chain can be formed by integrating resources from upstream raw material suppliers, midstream
photovoltaic module manufacturers, downstream system integrators, and other parties; In the field of
wind energy, a complete industrial chain can be formed by integrating resources from upstream wind
turbine manufacturers, midstream wind farm operators, downstream power grid companies, and other
parties; In the field of biomass energy, a complete industrial chain can be formed by integrating
resources from upstream raw material suppliers, midstream biomass power plants, downstream power
users, and other parties.

5. Conclusion

By reviewing existing literature and analyzing data, this article explores the potential application of
different types of renewable energy in urban areas and their impact on carbon emissions. The research
results indicate that solar energy, wind energy, and biomass energy have significant effects in reducing
the carbon footprint of urban areas. However, in the process of promoting application, there are still
challenges such as high initial investment costs, susceptibility to weather and geographical conditions,
and difficulty in collecting raw materials. Future research should further explore how to overcome
these challenges and propose corresponding policy measures and technological solutions. At the same
time, it is necessary to strengthen the public's awareness and acceptance of renewable energy, and
promote the participation of all sectors of society in the application and promotion of renewable energy.

References

[1] Enemuo M ,Ogunmodimu O . Transitioning the mining sector: A review of renewable energy
integration and carbon footprint reduction strategies [J]. Applied Energy, 2025, 384 125484 .
[2] Juan Carlos Cobos Torres; Luis Holguer Idrovo Ortiz; Sandra Lucia Cobos Mora, et al. Renewable

Published by Francis Academic Press, UK
-74-



Academic Journal of Environment & Earth Science
ISSN 2616-5872 Vol.7, Issue 2: 70-75, DOI: 10.25236/AJEE.2025.070208

Energies and Biochar: A Green Alternative for Reducing Carbon Footprints Using Tree Species from
the Southern Andean Region of Ecuador [J]. Energies, 2025, 18 (5): 1027.

[3] Sethi L ,Pata K U ,Behera B, et al. Sustainable future orientation for BRICS+ nations: Green
growth, political stability, renewable energy and technology for ecological footprint mitigation [J].
Renewable Energy, 2025, 244:122701.

[4] Twum K A ,Zhang J ,Ding X , et al. Realizing Green Growth in Belt and Road Initiative Economies:
The Roles of Financial Support, Renewable Energy, and Eco-Footprint Dynamics [J]. Journal of the
Knowledge Economy, 2025, (prepublish): 1-36.

[5] Ozbek S ,Naimoglu M . The effectiveness of renewable energy technology under the EKC hypothesis
and the impact of fossil and nuclear energy investments on the UK's Ecological Footprint [J]. Energy,
2025, 322:135351.

[6] Romanus O ,Symphorien Z ,Hisham A J , et al. Renewable energy, carbon footprints, natural
resources depletion and economic growth in Africa [J]. International Journal of Energy Sector
Management, 2025, 19 (3): 667-690.

Published by Francis Academic Press, UK
-75-



