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Abstract

This paper explores the development of smart and sustainable parking solutions in urban
environments. It examines case studies, cutting-edge technologies, and sustainable practices,
providing an overview of the state-of-the-art in parking management. The paper highlights
the challenges and urban dynamics that have fuelled the need for transformative parking
solutions. It explores smart parking systems that use real-time data, loT, and advanced
analytics to optimise parking space utilisation, reduce congestion, and enhance the urban
experience. The paper also highlights the importance of sustainability in modern parking
strategies, highlighting green parking structures, electric vehicle charging infrastructure, and
renewable energy sources. The paper evaluates the social and economic implications of these
practices, including reduced carbon emissions, improved air quality, and economic growth. It
also addresses challenges and potential barriers to widespread adoption, along with policy
considerations. The paper concludes by exploring the evolving landscape of smart and
sustainable parking solutions in smart cities, aiming for improved urban mobility, sensors,
big data analytics, and mobile apps for real-time information, reduced environmental impact,
and a more liveable future.

Key words: Smart Cities, Smart parking, Technologies, Parking management, modern
parking

|. Introduction

Smart and sustainable parking solutions are being developed to address the growing issue of
parking in smart cities. These solutions use sensors and data analytics to guide drivers in real-
time, reducing the time spent searching for parking. They can manage parking demand using
demand-based pricing to ensure efficient use of spaces and prevent overpaying. They can
promote sustainable transportation modes like public transit, walking, and biking by offering
discounts near public transit stations or short parking periods in figure 1. Renewable energy
can be used to power facilities and implement sustainable design and construction practices.
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Figure 1 Representation of Intelligent Routing, Electric Vehicle Infrastructure, Smart Parking Systems

Smart parking apps provide real-time information on parking availability, while systems can
adjust rates to discourage parking in congested areas. Pollution can be reduced by promoting
sustainable transportation modes and reducing vehicle idle time in search of parking. Remote
parking payments and pre-booking options can also reduce frustration. Common solutions
include real-time parking information, demand-based pricing, parking reservations, and
sustainable parking infrastructure. Incorporating features like solar-powered metres, electric
vehicle charging stations and green roofs can reduce the environmental impact of parking and
promote sustainable transportation in figure 2.

Figure 2 Representations of Sensors Smart Parking, Autonomous Vehicles, Integrated Navigation Apps
I1.Benefits of Smart and Sustainable Parking Solutions

Smart and sustainable parking solutions offer numerous benefits to cities and residents,
including reduced congestion, pollution, an improved driver experience, increased revenue,
and environmental sustainability. These solutions reduce the time drivers spend searching for
parking, promote sustainable transportation modes, and make it easier for drivers to find and
pay for parking. They also increase revenue through improved parking management
efficiency and demand-based pricing. Despite challenges like high installation costs and
public acceptance of new technologies, smart and sustainable parking is a growing field with
significant potential. As cities grow and urbanise, these solutions will become increasingly
important in managing parking and creating more liveable and sustainable cities. Congestion
can be reduced by directing drivers to available parking spots, optimising parking
infrastructure, providing real-time information on availability, promoting sustainable
transportation modes, and making it easier for drivers to find and pay for parking through
remote payment and pre-booking options [1].

Smart and sustainable parking solutions are being implemented in cities worldwide. These
include smart parking apps, which offer real-time information on parking availability, rates,
and restrictions, and smart parking sensors, which detect vehicle entry or exit, providing real-
time information and optimising parking infrastructure. Smart parking metres allow drivers to
pay for parking using various payment methods, including credit cards, debit cards, and
mobile wallets, and can implement demand-based pricing. Sustainable parking garages use
renewable energy sources like solar and wind power to generate electricity and may feature
sustainable design elements like green roofs and rainwater harvesting systems. These
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solutions aim to address parking challenges in growing cities, reduce congestion, pollution,
and frustration for drivers, promote sustainable transportation, and improve the quality of life
in cities [2].

Smart parking solutions are being increasingly used in smart cities worldwide to address
parking challenges. Los Angeles, California, uses real-time parking availability data to
provide drivers with information on parking locations and optimise infrastructure use. This
data is used to implement demand-based pricing, resulting in higher parking rates in high-
demand areas. Barcelona, Spain, uses smart parking apps to make it easier for drivers to find
and pay for parking, providing real-time information on availability, rates, and restrictions.
The app also allows drivers to pay remotely and reserve parking spots in advance. Singapore
uses smart parking technology to reduce traffic congestion and pollution by detecting when
vehicles enter or exit parking spaces. This data is used to optimise parking infrastructure use,
implement demand-based pricing, and promote sustainable transportation modes. San
Francisco, California, uses smart parking technology to improve residents' quality of life by
collecting real-time parking availability data. As these technologies continue to develop,
more innovative and effective ways to manage parking in cities will be expected [3].

San Francisco, California, has implemented smart parking solutions, including a real-time
app and demand-based pricing, to discourage parking in congested areas. Barcelona, Spain,
has implemented sustainable parking practices, including public transit promotion and
renewable energy power, and a parking strategy to reduce the number of cars in the city
centre. Singapore has also implemented smart parking solutions, including sensors to detect
parking availability and a carbon tax to encourage driving less [5].

v" Smart parking technologies include smart parking apps, sensors, metres, and V2I
communication. These apps provide real-time information on parking availability,
rates, and restrictions, enabling drivers to find, pay for, and reserve parking spots in
advance. Sensors detect when a vehicle enters or exits a parking space, optimising the
use of parking infrastructure. Metres allow drivers to pay for parking using various
payment methods, including credit cards, debit cards, and mobile wallets [6].

v Vehicle-to-infrastructure (\V2I) communication allows vehicles to communicate with
parking infrastructure, providing real-time information on parking availability and
guiding them to available spots. Artificial intelligence (Al) is being used to develop
new smart parking solutions, such as algorithms that predict parking demand and
optimise the use of parking infrastructure [7].

v Smart cities are promoting sustainable transportation modes to reduce the number of
vehicles on the road and the need for parking. Renewable energy, such as solar and
wind power, is being used to power parking facilities. Sustainable design and
construction practices, such as recycled concrete and green roofs, are also being
implemented [8].

I11.Methodology

UGC CARE Group-1, 293



Industrial Engineering Journal
ISSN: 0970-2555
Volume : 52, Issue 11, November : 2023

Smart and sustainable parking solutions are a growing trend in urban areas, utilising various
technologies and approaches to addressing parking challenges. These include data collection
and analysis using sensors, cameras, and other devices to gather information on parking
availability and demand, which is then analysed using big data analytics and machine
learning to identify patterns and trends. This information can be used to guide drivers to
available parking spots, optimise parking infrastructure, and implement demand-based
pricing.

Smart parking solutions enable drivers to find, pay for, and reserve parking spots in advance
by providing real-time information and guidance. Demand-based pricing can discourage
drivers from parking in congested areas and encourage sustainable transportation modes.
Sustainable design and construction can also be used to reduce environmental impact, with
sustainable parking garages using renewable energy sources like solar and wind power [9].

Some key technologies and approaches used in implementing smart and sustainable parking
solutions include smart parking sensors, smart parking cameras, artificial intelligence (Al),
big data analytics, and block chain. Sensors detect when vehicles enter or exit a parking
space, providing real-time information on parking availability and optimising parking
infrastructure in figure 2. Cameras monitor parking areas, identify illegally parked vehicles,
and collect data on occupancy. Al can also predict future parking needs and develop
personalised parking apps. Big data analytics analyses large datasets of parking data to
identify patterns and trends, improving the efficiency of smart parking systems and
developing new solutions. Block chain is used to develop secure and transparent smart
parking systems, store and manage parking data, process payments, and implement smart
parking contracts in figure 3.

Figure 3 Smart parking solutions City X Parking Garage, Town Y Mobile App, Autonomous Valet

Approaches to smart parking solutions include integrating them with other transportation
systems, encouraging public engagement in their development and implementation, and
ensuring equity. The integrated approach ensures that smart parking solutions are effective
and do not create unintended consequences. Public engagement is crucial for the acceptance
and use of the solutions [10].

V. Case studies on Smart and Sustainable Navigating Smart Cities Parking Challenges
in India in table 1
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Case Study City Technology Software App Analysis
The smart parking solution in Pune
Smart arkin has helped to reduce congestion
Smart Parking in ParkiNg| g ot parkingland improve the efficiency of
Pune sensors,  mobile . .
Pune a management system |parking management. The mobile
PP app has also made it easier for
drivers to find and pay for parking.
Smart parking| Smart parking The smart parking solution in Syrat
A has helped to reduce congestion,
Smart Parking in sensors, cameras,|management system, |. L .
Surat e - improve the efficiency of parking
Surat artificial parking enforcement h
intelligence system management, and reduce_ the
number of illegally parked vehicles.
The smart parking solution in Delhi
has helped to reduce congestion
L Smart parking . Jand improve the efficiency of
Smar.t Parking in Delhi sensors,  mobile Smart parking parking management. The mobile
Delhi management system . .
app app has also made it easier for
drivers to find and book parking
Spots.
The smart parking solution in
Smart parking|Smart parking Jaipur has helped to reduce
Smart Parking in| ,_. sensors, cameras, | management system, |congestion, improve the efficiency
: Jaipur g - -
Jaipur artificial parking enforcement|of parking management, and reduce
intelligence system the number of illegally parked
\vehicles.
The smart parking solution in
\/Ahmedabad has helped to reduce
. Smart parking . _lcongestion and improve the
Smart Parking in Ahmedabad  |sensors,  mobile Smart parking efficiency of parking management.
Ahmedabad management system . .
app The mobile app has also made it

easier for drivers to find and pay

for parking.

Case Study 1: Smart Parking in Surat, Gujarat [11]

Table 1 representation of case studies

Technology and software apps developed: smart parking sensors, smart parking metres, mobile app

Challenges addressed: congestion and pollution

Solution: The city of Surat installed smart parking sensors in over 100,000 parking spaces. The
sensors collect data on parking availability, which is then transmitted to a central server. This data is
used to power a mobile app that provides drivers with real-time information on parking availability.
The app also allows drivers to pay for parking remotely.

Results: The smart parking system in Surat has helped to reduce congestion and pollution by making
it easier for drivers to find and pay for parking. The system has also increased the efficiency of
parking enforcement.

Case Study 2: Intelligent Parking Management System in Pune, Maharashtra [12]
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Technology and software apps developed: smart parking sensors, smart parking metres, artificial
intelligence (Al), and mobile app

The challenge addressed: congestion and frustration

Solution: The city of Pune has deployed an intelligent parking management system that uses Al to
optimise the use of parking infrastructure. The system uses smart parking sensors to collect data on
parking availability. Then, Al algorithms analyse this data to find trends and patterns. The system
uses this information to adjust parking rates and direct drivers to available parking spaces.

Results: The intelligent parking management system in Pune has helped to reduce congestion and
frustration by making it easier for drivers to find parking. The system has also increased the revenue
generated from parking.

Case Study 3: Smart Parking in Jaipur, Rajasthan [13]
Technology and software apps developed: smart parking sensors, smart parking metres, mobile app
Challenge addressed: Congestion and frustration

Solution: The city of Jaipur has deployed a smart parking system that uses smart parking sensors and
a mobile app to provide drivers with real-time information on parking availability and to allow them
to pay for parking remotely. The system also includes a reservation system that allows drivers to
reserve parking spots in advance.

Results: The smart parking system in Jaipur has helped to reduce congestion and frustration by
making it easier for drivers to find and pay for parking. The system has also increased the revenue
generated from parking.

Case Study 4: Smart Parking in Ahmedabad, Gujarat [14]
Technology and software apps developed: smart parking sensors, smart parking metres, mobile app
Challenge addressed: congestion and pollution

Solution: The city of Ahmedabad has deployed a smart parking system that uses smart parking
sensors and a mobile app to provide drivers with real-time information on parking availability and to
allow them to pay for parking remotely. The system also includes a dynamic pricing system that
adjusts parking rates based on demand.

Results: The smart parking system in Ahmedabad has helped to reduce congestion and pollution by
making it easier for drivers to find and pay for parking. The system has also increased the revenue
generated from parking.

Case Study 5: Integrated Smart Parking System in Bangalore, Karnataka [15]

Technology and software apps developed: smart parking sensors, smart parking metres, Al, mobile
app

Challenge addressed: congestion, pollution, and frustration
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Solution: The city of Bangalore has deployed an integrated smart parking system that uses smart
parking sensors, Al, and a mobile app to provide drivers with real-time information on parking
availability and to allow them to pay for parking remotely. The system also uses Al to optimise the
use of parking infrastructure and to identify and address illegal parking.

Results: The integrated smart parking system in Bangalore has helped to reduce congestion, pollution,
and frustration by making it easier for drivers to find and pay for parking. The system has also
increased the revenue generated from parking and improved the efficiency of parking enforcement.

V. Conclusion

Smart and sustainable parking solutions can help address parking challenges in growing cities by
collecting and analysing data on availability and demand. These solutions can reduce congestion,
pollution, and frustration for drivers, promote sustainable transportation, and improve city quality of
life. As the field evolves, it's crucial to develop cost-effective, efficient technologies, overcome public
acceptance barriers, and develop innovative ways to promote sustainable transportation. By
addressing these challenges, smart and sustainable parking solutions can contribute to creating more
liveable and sustainable cities in the future.

V1. Future Work

Smart and sustainable parking is a rapidly evolving field that requires further research to reduce
implementation costs, overcome public acceptance barriers, promote sustainable transportation
modes, and evaluate their long-term impact on congestion, pollution, and quality of life. The focus is
on developing new technologies, through education and outreach programmes, and creating user-
friendly, affordable solutions. Innovative ways to promote sustainable transportation can be developed
through incentives or by making it easier for drivers to switch to sustainable modes. Future research
could also focus on tailoring solutions to specific cities and communities, such as historic city centres,
dense urban neighbourhoods, and rural areas.
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