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Abstract

In an era where efficiency, sustainability, and tenant satisfaction are paramount, the real
estate industry stands on the cusp of a technological revolution powered by the Internet of
Things (IoT). This study aims to bridge the gap between potential and practice by designing
and implementing an integrated software solution that leverages IoT to redefine real estate
management. This journal article focuses on the development of a cutting-edge software
solution designed to integrate Internet of Things (IoT) technologies into real estate
management, with a special emphasis on sustainability and efficiency. This paper presents
the development of a software solution for smart real estate, focusing on sustainable
property management through the integration of Internet of Things (IoT) technologies. By
harnessing the capabilities of HTML, CSS, JavaScript, PHP, and MySQL, the proposed
system offers a robust platform that combines user-friendly interfaces with powerful
backend processing for efficient data management. The core of this research lies in the
seamless integration of IoT devices and sensors with the software, enabling real-time
monitoring, control, and analysis of property-related metrics. This integration not only
enhances operational efficiency and sustainability but also provides a foundation for
predictive maintenance, energy management, and improved tenant experiences. Through
the development and implementation of this loT-integrated software solution, the study
aims to demonstrate the potential of smart technologies in transforming real estate

management into a more sustainable, efficient, and user-centric domain.

Keywords: Real Estate Management, Internet of Things, Sustainability, Property

Management

Introduction
The real estate sector has traditionally been characterized by manual processes and

fragmented systems, leading to inefficiencies in property management, tenant relations, and
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energy utilization. With the advent of the Internet of Things (IoT), there's a transformative
opportunity to enhance these aspects significantly. The integration of Internet of Things
(IoT) technologies in real estate management is redefining the paradigms of energy efficiency
and sustainability in buildings. Traditional property management systems often fall short in
optimizing energy usage, leading to unnecessary waste and increased operational costs. The
burgeoning field of [oT presents a promising solution to these challenges, facilitating real-
time monitoring and control of building systems to significantly enhance energy efficiency
(Albino, Berardi, & Dangelico, 2015). Furthermore, IoT applications in real estate promise
not only to reduce the carbon footprint of buildings but also to improve the overall quality
of life for occupants by maintaining optimal living and working environments (Desai, Patel,
& Patel, 2019).

The potential of IoT technologies to transform real estate management into a more
sustainable practice is grounded in their ability to provide detailed insights into energy
consumption patterns and to enable predictive maintenance of building infrastructure. This
shift towards smarter buildings is essential for addressing the pressing global challenges of
environmental sustainability and resource conservation (Pérez-Lombard, Ortiz, & Pout,
2008; Ray, 2021). However, the implementation of IoT in real estate is not without its
challenges, including issues related to data security, privacy, and the interoperability of
different IoT systems and devices (Perera, Qin, Estrella, Reiff-Marganiec, & Vasilakos,
2017). By navigating these challenges, the real estate industry can leverage IoT technologies
to achieve significant improvements in energy efficiency and sustainability.

This study addresses the integration of Internet of Things (IoT) technologies in real estate
management, focusing on overcoming challenges such as interoperability issues, data privacy
and security concerns, high deployment costs, and the need for greater technical expertise
among real estate professionals. The objectives include developing an integrated software
solution to simplify IoT deployment and ensure device compatibility, establishing data
protection protocols, demonstrating the economic benefits of IoT for property
management, and enhancing professional training in [oT technologies. The aim is to facilitate
wider adoption of IoT in the real estate sector, leading to smarter, more sustainable

buildings .

Literature Review

The integration of Internet of Things (IoT) technologies into real estate management has
been a growing area of research, focusing on improving operational efficiency, sustainability,
and tenant experience. The convergence of IoT with real estate management has the
potential to transform traditional practices, offering unprecedented control and monitoring

of building systems which can lead to significant energy savings and enhanced building
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performance (Atzori, lera, & Morabito, 2010; Alaa, Zaidan, Zaidan, Talal, & Kiah, 2017).
Similarly, IoT technologies have been increasingly incorporated into Building Management
Systems (BMS) to enhance the automation and efficiency of energy systems in buildings.
Studies by Jin, Gubbi, Marusic, and Palaniswami (2014) have shown that loT-enabled BMS
can significantly reduce energy consumption through intelligent control and optimization of
heating, ventilation, and air conditioning (HVAC) systems. Furthermore, research by
Luckritz Marquis et al. (2020) highlights the role of IoT in improving building sustainability
by enabling real-time energy monitoring and predictive maintenance.

Moreover, a significant challenge in the integration of IoT into real estate management is
the issue of interoperability among different IoT devices and systems. As noted by Ray
(2016), the lack of standardized communication protocols and architectures can hinder the
seamless operation of IoT solutions. Efforts to address these challenges have been
documented by Datta, Bonnet, and Haerri (2019), who advocate for the development of
open standards and frameworks to ensure interoperability and compatibility across IoT
ecosystems. In addition, the adoption of IoT technologies in real estate also raises concerns
regarding data privacy and security. The comprehensive data collection capabilities of IoT
devices necessitate robust security measures to protect sensitive information. Studies by
Weber (2010) and Sicari, Rizzardi, Grieco, and Coen-Porisini (2015) emphasize the
importance of implementing advanced encryption techniques and secure data storage
solutions to mitigate these risks.

Finally, the software development employs a robust combination of HTML, CSS, and
JavaScript for the frontend to ensure a responsive and user-friendly interface, while PHP
and MySQL database are utilized on the backend for efficient data processing and storage,

facilitating seamless integration with IoT devices for real-time property management.

Integrating IoT for Sustainable Real Estate Management

The theoretical framework for integrating Internet of Things (IoT) technologies into real
estate for sustainable property management draws upon concepts from systems theory,
sustainability, and technology adoption models. This framework supports the exploration of
how IoT can enhance operational efficiencies, sustainability practices, and decision-making
in property management through advanced data collection and analysis. IoT technology's
role in sustainable property management is increasingly recognized for its potential to
significantly reduce energy usage, optimize resource allocation, and enhance building
maintenance. As noted by Ray et al. (2018), IoT devices can monitor and manage building
systems to improve energy efficiency and reduce operational costs, directly contributing to

sustainability objectives.

228 IJARSS: E-ISSN 3027-2599 P-ISSN 3027-0529



International Journal of African Reseaarch and Sustainability Studies Vol. 3 No. 2
Published by Cambridge Research and Publications March, 2024

Similarly, integrating IoT into real estate management software is essential for maximizing
the technology's benefits. Such integration allows for centralized control and analysis of data
from IoT devices, facilitating informed decision-making and strategic planning for
sustainability. As argued by Lueth (2018), the convergence of loT with real estate software
solutions enables property managers to leverage real-time data for predictive maintenance,

energy management, and overall operational efficiency, aligning with sustainability goals.

Strategic Benefits of IoT Integration in Real Estate

The application of Internet of Things (IoT) technology in the real estate sector has recently
become a focal point for achieving enhanced operational efficiency, sustainability, and tenant
satisfaction. This strategic integration is not only optimizing resource utilization but also
setting new standards for property management practices (Al-Fuqaha et al., 2015; Ray,
2018). Operational efficiency benefits from IoT applications are vast, encompassing
advanced monitoring and automated control of building systems which lead to substantial
energy savings and operational cost reductions. For example, loT-enabled HVAC systems
can adapt to real-time environmental changes, ensuring optimal energy use without
compromising comfort (Ray, 2018). Security enhancements through IoT, such as advanced
access control systems, provide not only higher safety levels but also data for improving
building management practices (Desai et al., 2019).

The sustainability angle is another critical advantage of [oT in real estate. By leveraging smart
sensors and analytics, property managers can achieve significant reductions in energy
consumption and water use, contributing to environmental conservation efforts. The data
collected via IoT devices supports the adoption of green building standards and promotes
the development of sustainable urban habitats (Khan et al., 2020). Finally, the advent of [oT
in real estate has profoundly impacted decision-making processes. Real-time data analytics
enable property managers and investors to make informed decisions regarding property
maintenance, investment, and development, ensuring enhanced asset performance and

tenant satisfaction (Yigitcanlar & Kankanamge, 2019).

Methodology

The methodology of this study revolves around a mixed-methods approach, combining
qualitative and quantitative research paradigms to develop and evaluate an IoT-integrated
software solution for sustainable property management. The framework is structured into
several phases, each designed to address specific research objectives and hypotheses. HTML,
CSS, PhP and JavaScript are chosen for their flexibility, support for loT integrations, and
wide range of libraries for web development, data analysis, and system automation. When

designing and implementing an integrated software solution for real estate management

229 IJARSS: E-ISSN 3027-2599 P-ISSN 3027-0529



International Journal of African Reseaarch and Sustainability Studies Vol. 3 No. 2
Published by Cambridge Research and Publications March, 2024

utilizing IoT, choosing the right programming languages and technologies is crucial for
building a robust, scalable, and user-friendly system. HTML, CSS, PHP, and JavaScript each
play distinct roles in the development process, offering a combination of frontend and
backend capabilities suitable for such a platform. Leveraging HTML, CSS, and JavaScript,
the software development process creates an engaging and visually appealing user interface,
with PHP and MySQL at the core to guarantee robust data handling and dynamic web
features. Then, integrate [oT devices with the software through APIs, focusing on scalability

and security to facilitate real-time monitoring and control of property parameters.

Design and Implementation of the System

The system's design focuses on creating a user-centric, efficient, and scalable solution that
leverages loT technology for enhanced real estate management. The system is designed to
generate various outputs crucial for property management, including real-time dashboards,
reports on energy consumption, maintenance schedules, financial statements, and alerts for
critical incidents. The output interface prioritizes clarity and accessibility, ensuring that
users can easily interpret and act on the information provided. Input design facilitates the
easy and error-free entry of data into the system. This includes interfaces for entering tenant
details, property information, maintenance requests, and IoT sensor data. The system
employs forms, and automated data capture from IoT devices to simplify data entry

processes. The following are the input interface:
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Lanre Hassan & CO
Real Estate Assets Management

[
= Username

[ Show Password

3 Lanre Hassan & CO Valuer, llorin, All rights Reserved.

Figure 1: Login Interface

After Successful login, the home page in figure 2 is displayed;

Lanre Hassan & Company

Dashboard
Number of Portfolios. ESV. Hassan Olanrewaju Abdul

U U
114 m Administrator

More info ©

Feb 24,2024
03 Basic Sett

05:45:19am
]

Manage Tenants
Manage Tenants Inbox Messages My Portfolios Manage Landlords

i Most Recent Activities

SNo. Activity Date and Time Browser Used System IP

1 You Logged in Chrome 196.196.200.90
2 You Logged in Chrome 102.88.50.112
3 You Logged in Chrome 172.232.158.121

Figure 2: Home page

[ N I J
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Manage Apartment Types &+ Add New Type

Show 25 % entries Search:

Excel

1. 2 Bedroom Flat

2. 3 Bedroom Flat

3. 4 Bedroom Flat

4. 5 Bedroom Flat

5. Room and Parlor

6. Room and Parlor Self Contain
T. ARoom

8. A Room Self Contain

9. Shop

Figure 3: Manage Apartment Type

Lanre Hassan & Company A Dashboard

Manage Portfolios Records & Download Portfolios Details @ Update Percetage/Remarks & Add New Portfolio

Property Portfolio
S/No Owner Location Manager

1. 001 M. Nuhu Taiwo Road, 3 Bedroom Flat [ 1 unitis) [ n ESV. Yakub
beside Asmau B./Mr.
Building, llorin Imam
2. 002 Alh.Y. 0. Basin Road, 3 Bedroom Flat [ 2 unicis) L] “ Mr. [ @ eait [ Woeiete |
Ahmed llorin Muhammed
Olayinka
3. 003 Alh. Abdullahi Osere, Saw mill 3 Bedroom Flat [ 2 unit(s) [>] n ESV. Yakub [ o |
Na-allah Area, llorin B./Mr.
Imam
a. 004 Arc. Alege Igs IGS, Deeper Life Shop [ 2 unit(s) L] “ M. [ = ot [ Woctete |
area, Saw Mill, Muhammed
llorin Olayinka

Figure 4: Manage Portfolio Records

2es
%2% Manage Landlord Records I Update Rent Remitance  X® Repairs/Maintenance Brief [ View Rent Remitance Analysis

Show| 25 & |entries Search:
Copy €SV Excel PDF Column
Sl m L) s e m
M. Nuhu 08038365449 Taiwo Road, beside Asmau & 3 Bedroom Flat m
01-Jan-1960 momonurasagl@gmail.com Building, llorin
2. Alh. Y. 0. Ahmed 08035981327 Basin Road, llorin 3 Bedroom Flat [ 2 unitcs) ]
a
3. Alh. AbdullahiNa-  © Osere, Saw mill Area, llorin 3 Bedroom Flat [ 2 unitis) | m
allah a
4. Arc. Alege lgs 08037253503 IGS, Deeper Life area, Saw Shop 2 unieie) B ot e
a Mill, llorin
s. Alh. La'aro 08062620836 Agbooba Area, llorin 3 Bedroom Flat [2unis) IR o coe |
01-Jan-1970 adamaeletuTl@gmail.mm
6. Peter 0 GRA Road, llorin 32 Bedroom Flat < unite) B of e |
Oluwanishola a 2 Bedroom Flat [ 2 uniis) ]

Figure 5: Manage Landlord and Properties
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Tenant Apartments Records =B Assigned Apartment

Show 25 &  entries Search:

Copy CSV  Excel PDF P

Rent
No + Apartment Location Rate
1

. Mr Sulyman Shop Mandate/Apalara Area, llorin 48,000.00 | & eoie | W pelete |

Abdulladir
File No: 009

2. Ibrahim Shop Challenge Road, Ilorin 200,000.00 =3
 apartment |

File No: 030

3. Anthony Ogbonaya Shop Challenge Road, Ilorin 200,000.00 | & eoit | W pelete |

File No: 030

4. Mrs. Lateef Musa Shop Challenge Road, llorin 200,000.00 Rented ==

File No: 030

5. Olomola Esther A Room Self Contain Tanke Jalala, llorin 100,000.00 Rented | & eoit | W pelete |
FETEEVTTN

Figure 6: Manage Tenants Apartment Records

Lanre Hassan & Company

Folders - Select Recipient ”

& Inbox
£ sent o

B Drafts

Subject

Y Junk

@ Trash

Q Important
Promations

O Social

Copyright © 2023 LHC @ Lanre Hassan & CO Valuer, Ilorin. All rights reserved

Figure 7: Manage Compose Messages

@ SEND SPECIAL MESSAGES SETTINGS

Show| 25 &  entries Search:

Copy CSV Excel PDF Print Column visibility ~

Message Message

S/No ™ | Type Message Contents Due Date

i, Merry May the Christmas bring happiness and joy to you and your family. May 25-Dec-2023 [ sent | ivate.
Christmas you receive the most special of God's blessings during this amazing

Christmas season! Regards LHC Management.

2. Happy New Happy New Year! We know that this past year has been full of challenges,  01-Jan-2024 [ sent ]
Year and we pray that the coming year brings brighter days. Happy New Year!!!
LHC Management.

29 Begin Sending wishes of a joyous and prosperous Ramadan to you and your 11-Mar-2024 [ new |
Ramadan family. May Allah bless you and those you love this holy month. Wishing
you a happy, healthy and meaningful holy month. LHC Management.

4. Eid Fitri May the memories of this joyous Eid carry you through your trials and 10-Apr-2024 [ ew |
Mubarak tribulations later. Sending you love and light this Eid. May Allah bless you
and your family. Eid Mubarak! LHC Management

5. Happy Celebrating the miracle of Easter, the beauty of God’s creation and the 31-Mar2024 )

Easter blessing of having you in my life. In this season of rebirth, may you feel -
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Figure 8: Manage Special/Schedule Messages
1 Downloadable Materials X Upload New Material

Show 25 & entries

Copy CSV Excel PDF Print Column visibility ~
- SEERRBSERon mm

Search:

Biodata Form (Commercial)
2. Biodata Form (Residential) [ Active |
3. Biodata Form (Students) =
4. Offer Letter (Letting) [ Active |
5. Offer Letter (Sales) =1
6. Power of Attorney (Sales) =3
7. Power of Attorney (To manage landed property) [ Active |
8. Property Management Procedure =3
o Coolaad..l L Ciea dr i 1 r_ . (= |

Figure 9: Manage Important Downloads

Database Design

The database is structured to efficiently store and manage data from diverse sources,
including tenant records, lease agreements, financial transactions, and loT device readings.
It utilizes a relational database management system (RDBMS) for structured data and
MySQL databases for unstructured data from IoT devices, ensuring scalability and flexibility.

The database structure is given below:

[ N I J
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tenant_assign
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Jo 205 year_records. iont id: int[11)
=i @ id 2 int(11) _no : varchar(25)
@ id - in £ y=ar_name : varchar(50) ~ pperty_id zint{11)
& aparf @ year_status : enum('active’,inactive’} qrimant - varchar(256) ===
@ aparf @ created_at : timestamp 1t_date : varchar(20) o) iz repairs_brief
m creai @ updated_at : timestamp ,4 hew_date : varchar(25) id - int{11) -
Ly [+] :"e ;e’n;nt_l)aj'ments LE-EiEizna file_na : varchar(25)
g id :in id s int(11) ) : property_id : int{11)
SR § tenant_jd - int(11) varcnar(Z5) repair_brief ; text
= r®9_" & file_no : varchar(25) nesl;amp repair_date : varchar{50)
PSS & property_id - int{11] 8 & lan ZP:E:::l_payrnents-keep: L 'cr‘ar[255].
SBN3 5 rant_date : varchar(20) 13 ©y=ai_woue : varchar(50)
’ gen.di = amount_payable : varchar(25) (255 b # port_manager_id : int{11}
» pasity amount_paid : varchar(25) ! » status : enum('New'.'Approved', Rejected".'In Progress''Completed’)
# posit amount_paid_in_word - fext folios d & remark - varchar(266)
= ac:drF @ cutstanding_balance : varchar(50) " | m created_at : timestamp
= email & duration : varchar(50) ariZs) m updated_at : timestamp
:::: g sun_"nonth.: va'cr'arr-:EOJ pription : fext T Em——
E & end_month : varchar{30) nt(11)
# can_| o payment_method : varchar(255) me : varchar(255)
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. t[];‘- = =t_ & month_code : varchar(25) mestamp
‘-‘] ::Ie.s:lr pt :::n ttext : 3::3; e T
- ! i & due_menth_code : varchar(25) e e -y
@ location : \rar-:ﬁar[.éﬁiljl | & due_year_code : varchar(25) 1) £ TOTELAENE - vATenETly ;:propel‘ly d - int(11)
é :::Lutzu b= e tate mo| © ﬂpiﬂ_slal;-ls;\rlarc:?ar[25]ﬂ — :uu’ E '_;1:1_1? mess3 & amount_payable : varchar{255)
B updat] ® 9 int{11) a repayment_status : enum{'ongoing'.'paid'} # sender_id : int[11) @ Zmount_paie - varenari28)

# reminder_status - int{11) e

ed |  recipient_id : int(11)

brel E reci!}ient_name : varch

\pg B Subject - vanchar{255)
o message : text

= month_code : varch
& month_name : varcl &
created_at: timesta @ receipt_no : varchar(255)
updated_at : timest; B created_at : imestamp

o activity_time | @ updated_at : imestamp

@ browser : varchar{20 @ created_at : timestamp

3 userip - binary(16) | @ updated at : timestamp

&1 date_paid : varchar{50}

@ payment_method : varchar(100)
£ evidence : varchar(255)

# balance : int{11}

= & remark : varchar{265)
CEtE_SE nt : timestamp

message : text

ENE]

& year_code : varchar{50)
@ created_at : imestamp
B updated_at : imestamp

created_at : timestamp
updated_at : fimestam

EOEE

Figure 9: Database Structural design

Result Discussion and Evaluation

The deployed solution significantly improved the efficiency of property management
operations. The integration of IoT devices enabled real-time monitoring and control of
various property aspects, such as energy usage, environmental conditions, and security
systems. This real-time capability allowed for immediate responses to any issues, reducing
energy waste and enhancing security measures. The user interface, developed with HTML,
CSS, and JavaScript, was praised for its intuitiveness and ease of use. Users reported a
smooth interaction with the system, attributing this to the responsive design and
straightforward navigation. The ability to access real-time data and receive alerts on their
devices empowered users with immediate oversight and control over property management
tasks.

Similarly, the back-end infrastructure, powered by PHP and MySQL, effectively managed
the vast data generated by IoT devices. The system's ability to process and analyze this data
in real-time provided valuable insights into property usage patterns, contributing to more
informed decision-making. Lastly, the integration of IoT devices proved to be a cornerstone
for achieving sustainable property management. The continuous stream of data from these
devices facilitated a proactive approach to maintenance, energy management, and security.
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This not only improved operational efficiency but also enhanced the sustainability of

properties, aligning with environmental goals.

Conclusion

The development of an loT-integrated software solution for sustainable property
management highlights the crucial role of software development in enhancing real estate
operations. Utilizing a combination of HTML, CSS, JavaScript, PHP, and MySQL, the
project successfully integrated IoT technologies into a comprehensive system, addressing
challenges such as device compatibility, data security, and scalability. This endeavor not only
improved property management practices but also paved the way for future innovations in
smart real estate, emphasizing the importance of continuous technological advancement and
sustainability in the industry.

The implementation of an loT-integrated software solution has demonstrated significant
benefits for sustainable property management. Through improved efficiency, enhanced user
experience, and effective data management, the solution has set a new standard for
integrating technology into real estate practices, paving the way for more sustainable and
intelligent property management in the future. Future enhancements could focus on
expanding IoT device capabilities, integrating advanced analytics for predictive
maintenance, and exploring machine learning algorithms for smarter property management
solutions. Additionally, further efforts to enhance data security and user privacy are

paramount to sustaining user trust and system integrity.
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