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Abstract

As one of the fastest-growing urban centres in Sub-Saharan Africa, Nigeria is grappling with rapid
urbanization, inadequate infrastructure, and increasing demands for sustainable development. Smart
building technologies, which integrate advanced systems for energy efficiency, security, and automation,
offer a potential solution to these challenges by improving the quality of life, reducing operational costs,
and promoting environmental sustainability. This study investigates the challenges and opportunities in
the adoption of smart building technologies in Nigeria with a focus on Lagos state. Using a qualitative
research design with the use of literature reviews, and case study approach, the study examined seven (7)
LEED-certified buildings, representing different smart building types and uses in Lagos state, Nigeria.
LEED-certified buildings incorporate smart building technologies which are used to assess energy
efficiency and occupants’ comfort. The study is guided by the sustainable development framework, which
emphasizes resource efficiency, environmental responsibility, and economic viability in the built
environment. Findings revealed from the seven (7) LEED-certified buildings, that the major barriers to
smart building technologies are high initial costs, technical knowledge gaps and infrastructure issues
while the major opportunities include improvement in operational efficiency, reduction in costs and
alignment with global sustainability standards. The study proposes: reduction in the cost of smart
building technologies, prioritized technical know-how, infrastructural improvement, and increased
investment in smart building technologies. The insights from this study would inform government policies
in the adoption of smart building technologies in Nigeria.

Keywords: Energy efficiency, Environmental sustainability, Nigeria, Smart buildings, Sustainable
development

1. INTRODUCTION

The rapid evolution of technology has heralded a new age of innovation in the building and construction
industry, with smart building technologies leading this transformation. These technologies, which include
Internet of Things (IoT) devices, advanced sensors, automated systems, and data analytics, offer a
promise to revolutionize building design, operation, and management by optimizing energy consumption,
enhancing security, and improving resource management (Kumar et al., 2020; Al-Mulhem et al., 2021).
Smart buildings are buildings in which their systems, structure and function are optimized to provide a
productive and cost-effective environment that is adapted to the current and future needs of the occupants
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(Iwuagwu & Iwuagwu, 2014). Smart buildings also refer to buildings equipped with Information
Communication Technology (ICT) features that “essentially programs itself by monitoring the
environment, sensing actions performed by the inhabitants (e.g. turning lights on and off, adjusting the
thermostat, etc.), observing the occupancy and behaviour patterns of the inhabitants and learning to
predict future states of the house” (Batov, 2015). Studies on smart buildings like that of El-Motasem et
al. (2021) analysed the challenges facing smart building projects in Egypt. The study compared the
challenges of smart building projects in Egypt with the challenges of other developing countries which
were extracted from literature sources. From their study they discovered that there is a lack of experience
in the field of smart building projects in Egypt. They also noted that there is an absence of facility
management teams, there is also a lack of framework to establish smart building projects, and the
buildings have high lifecycle costs. They recommended that the challenges need further studies to
introduce approaches that can manage the buildings through their life cycle. Smart buildings are a
relatively recent introduction to the Nigerian construction industry. Currently, the most common use of
smart technology in Nigeria is the use of the sensor-controlled glass doors in many public buildings, the
use of closed-circuit television (CCTV) systems to monitor the interior and immediate exterior spaces
has also been available in buildings where high security is essential (Iwuagwu & Iwuagwu, 2014). The
adoption of smart building technologies in Nigeria presents both notable challenges and significant
opportunities. Some of the challenges include high initial costs, lack of technological infrastructure,
limited technical expertise etc. and some of the opportunities include the economic and environmental
benefits, growing urbanization, technological advancements, etc. These challenges not only impede the
progress of smart building technology adoption but also obscure the potential opportunities for economic
and environmental benefits. As Nigeria continues to urbanize rapidly, there is a growing need for
innovative solutions to address issues related to energy efficiency, resource management, and
sustainability (Chukwuma & Okoye, 2023). Understanding and addressing these challenges while
exploring the opportunities for adoption is crucial for advancing Nigeria’s building sector toward greater
efficiency and sustainability. This study aims to investigate the specific barriers to adoption and identify
potential strategies and opportunities to overcome these obstacles, facilitating the broader implementation
of smart building technologies in Nigeria.

This study focuses on identifying and analysing the barriers to and opportunities to the adoption of smart
building technologies in Nigeria with a focus on Lagos state as the state has the highest concentration of
smart buildings in Nigeria as stated by USGBC, 2024. 10 LEED certified buildings in Lagos state were
identified and surveyed because LEED certified buildings use smart building technologies to measure
and increase energy efficiency and improve occupant comfort. 4 of the identified buildings were
commercial buildings, 4 were residential, and the rest were educational and governmental buildings.
These buildings represented a broad cross section of the types of smart buildings in Lagos state. 7 of these
buildings were selected because access was granted while the remaining 3 of the residential buildings
were not accessible to the researcher. The study was able to highlight the potential of smart building
technologies to drive sustainable urban development in Nigeria by addressing challenges like high costs
and infrastructure gaps while unlocking opportunities for energy efficiency, economic growth, and
improved building performance.

The findings of this study have the potential to inform innovative, economically viable, and
technologically advanced approaches to building design and management in Lagos and similar cities
across Nigeria. As Nigeria grapples with the challenges of urbanization, the lessons learned from Lagos
will be critical in shaping the country’s construction industry toward smarter, more efficient, and
sustainable practices. By addressing the barriers and opportunities for smart building technology
adoption, this research seeks to promote cities that are not only technologically modern and functional
but also sustainable, resilient, and responsive to the needs of their growing populations.
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The study was conducted in Lagos, Nigeria. Economically, Lagos State is one of the fastest growing urban
areas in the world. It contains the most populous city in Nigeria and one of the most important states in
Nigeria and one of the most important states in the country, a major financial centre and has one of the
largest economies in Africa with a gross domestic product of $ 84 billion. Lagos state is located at
coordinates 6°35’N3°24°E. It is in the Southwestern Geopolitical zone of Nigeria. It has a land mass of
3,577km2 and a total population of 12,772,884 people (National bureau of statistics 2012).
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Figure 1: Image showing the map of Lagos state

2.0 LITERATURE REVIEW

Smart building technologies have dramatically transformed building management by enhancing
efficiency, sustainability, and occupant comfort. This evolution began in the 1960s with the introduction
of pneumatic control systems for Heating, Ventilation, and Air Conditioning (HVAC), which marked the
early automation in building management (Harris, 2000). In the 1970s, Building Management Systems
(BMS) emerged, consolidating control over various systems such as HVAC and lighting, leading to
centralized control solutions (Younes, 2006). The 1980s introduced microprocessors, facilitating the shift
from analogue to digital controls, and the development of Direct Digital Control (DDC) systems further
advanced automation by providing precise control (Ammar, 2009; Wang, 2010).

The 1990s and 2000s saw significant advancements with the integration of networked systems and
internet technologies. Building Automation Networks, supported by protocols like BACnet and
LonWorks, improved interoperability and control capabilities (Kim, 2001). The rise of web-based
interfaces further enabled remote management of building systems (Fanger, 2002). Early 2000s efforts
focused on integrating diverse building systems into comprehensive solutions, enhancing overall
efficiency and emphasizing energy sustainability (Baker, 2004; Cleveland, 2007).

In the 2010s, the adoption of the Internet of Things (IoT) led to the proliferation of smart devices, enabling
real-time data collection and advanced analytics for building management (Zhao, 2016). Sophisticated
building management platforms emerged, providing actionable insights and improved decision-making
(Rouse, 2018). The 2020s have seen a strong emphasis on sustainability through green technologies, such
as renewable energy sources and smart grids, alongside a focus on resilience and cybersecurity to address
new challenges (Schwartz, 2020; Smith, 2022). Smart building technology refers to the integration of
advanced systems and devices within a building to enhance its management, efficiency, and functionality
through automation and data-driven insights. This technology leverages digital tools, sensors, and
communication networks to monitor and control building systems, including heating, ventilation, air
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conditioning (HVAC), lighting, security, and energy management. The goal is to create buildings that are
more responsive, efficient, and comfortable for occupants while minimizing environmental impact. Smart
building technology integrates various advanced systems and components to enhance building
performance, efficiency, and user experience. These components work together to optimize energy use,
improve operational management, and ensure occupant comfort and safety. The core components of smart
building technology are:

e Building Management Systems (BMS): Building Management Systems (BMS) are centralized
platforms that oversee and control various building operations such as HVAC (Heating,
Ventilation, and Air Conditioning), lighting, and security systems. These systems integrate data
from different sources to improve efficiency and reduce operational costs (Deloitte, 2023).

o Internet of Things (IoT): The Internet of Things (IoT) refers to the network of connected devices
and sensors that collect and share data in real-time. IoT technology enables smart buildings to
monitor conditions like temperature, humidity, and occupancy, allowing for enhanced control and
efficiency (International Finance Corporation, 2022).

e Energy Management Systems (EMS): Energy Management Systems (EMS) focus on
optimizing energy use within a building. They provide tools for monitoring energy consumption,
analysing usage patterns, and implementing energy-saving strategies. EMS can also integrate
with smart grids and renewable energy sources to enhance overall energy efficiency (World Green
Building Council, 2023).

e Smart Lighting Systems: Smart lighting systems use sensors and automated controls to adjust
lighting based on occupancy, time of day, and natural light levels. This not only reduces energy
consumption but also enhances the building’s functionality and user experience (Building
Research Establishment, 2023).

e Smart HVAC Systems: Smart HVAC systems employ sensors and control algorithms to
optimize heating, cooling, and ventilation based on real-time data. This dynamic adjustment
improves indoor comfort and reduces energy use, aligning with sustainability goals (Energy
Commission of Nigeria, 2023).

e Security and Access Control Systems: Advanced security and access control systems
incorporate features such as surveillance cameras, motion detectors, and automated access
management. These systems help ensure the safety of both occupants and assets through real-
time monitoring and alerts (Cybersecurity & Infrastructure Security Agency, 2023).

e Building Analytics and Data Management: Building analytics utilize data collected from
various systems to analyse performance, identify trends, and make informed decisions. These
analytics tools can optimize building operations, predict maintenance needs, and enhance overall
efficiency (McKinsey & Company, 2024).

The adoption of smart building technologies in Nigeria involves navigating several challenges. These
challenges include infrastructural limitations, high initial costs, security and privacy concerns amongst
many others.

e Infrastructural Limitations: Nigeria's infrastructure often lacks the sophistication required to
support advanced smart building technologies. Power supply issues, inadequate internet
connectivity, and outdated construction practices can hinder the implementation of smart systems
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(Akinmoladun et al., 2021). The erratic power supply poses a significant barrier, as consistent
energy is critical for the reliable operation of smart systems (Ekanem et al., 2022).

High Initial Costs: The initial investment required for smart building technologies can be
prohibitive, particularly in a developing economy like Nigeria. Ojo et al., (2021) revealed that
the cost of acquiring and installing advanced systems, coupled with maintenance expenses, poses
a significant barrier for both private developers and public institutions The economic constraints
are exacerbated by fluctuating currency values and inflation, which impact the affordability of
imported technology (Adebiyi, 2020).

Lack of Awareness and Expertise: The successful implementation of smart building
technologies requires specialized skills and knowledge. In Nigeria, there is a shortage of trained
professionals in the fields of smart technology, data analytics, and systems integration (Ogunbiyi
et al., 2021). This skill gap can lead to challenges in designing, implementing, and maintaining
smart systems effectively.

Regulatory and Standardization Issues: The regulatory environment for smart buildings in
Nigeria is still evolving. There is a lack of comprehensive policies and standards specifically
tailored to smart building technologies (Okoro et al., 2022). This regulatory uncertainty can deter
investment and slow down the adoption of innovative technologies. Furthermore, there is a need
for more robust frameworks to address data privacy and security concerns related to smart
technologies (Adeoye & Akinmoladun, 2023).

Security and Privacy Concerns: Smart buildings are vulnerable to cyber-attacks, which can
compromise sensitive data and disrupt building operations. Ensuring robust cybersecurity
measures is crucial but challenging, given the evolving nature of cyber threats (Cybersecurity &
Infrastructure Security Agency, 2023). The data collected by smart systems would need adequate
management and protection to prevent misuse and ensure privacy (Data Protection Regulation
Authority, 2023).

The adoption of smart building technologies in Nigeria offers several compelling opportunities that align

with the country’s economic, environmental, and urban development goals. These opportunities are

poised to enhance the efficiency, sustainability, and overall quality of the built environment in Nigeria.

These opportunities include:

Enhanced Energy Efficiency and Sustainability: Smart building technologies enable advanced
energy management systems that optimize the use of heating, ventilation, and air conditioning
(HVAC) systems, lighting, and other energy-consuming devices. This can lead to substantial
reductions in energy consumption and operational costs. According to a report by the
International Energy Agency (IEA), smart technologies can play a crucial role in improving
energy efficiency as buildings are responsible for a significant portion of global energy use and
emissions (IEA, 2020). Implementing energy-efficient systems and green building practices also
aligns with Nigeria’s commitment to sustainability. The Nigerian government’s Nationally
Determined Contributions (NDCs) under the Paris Agreement highlight the need for sustainable
development and reduced carbon emissions (Federal Republic of Nigeria, 2021). Smart
technologies support these goals by promoting environmentally friendly construction and
operations.

Improved Building Management and Operational Efficiency: Smart building technologies
facilitate the automation of various systems, such as lighting and climate control, which enhances

https://ajer.org.ng/index.php/fescon-proceedings/ 56



Proceedings of FESCON Vol. 5 No. 1 - 2025 (pg. 52-76)

operational efficiency. The use of Building Management Systems (BMS) can streamline building
operations and reduce management costs (Rae, 2019). Smart buildings can employ predictive
maintenance strategies using sensors and data analytics. This approach helps in identifying and
addressing potential issues before they escalate, thereby reducing maintenance costs and
improving system reliability (Jones, 2021).

e Economic Growth and Investment Attraction: The integration of smart technologies can make
Nigerian real estate and infrastructure projects more appealing to international investors.
According to a report by JLL (2022), smart buildings are increasingly sought after by investors
due to their potential for high returns and operational efficiencies The implementation of smart
building technologies also fosters job creation in technology development, system installation,
and maintenance sectors. The World Economic Forum highlights that technology adoption in the
construction industry can create new employment opportunities and drive economic growth
(World Economic Forum, 2020).

e Enhanced Occupant Experience and Comfort: Smart technologies allow for personalized
climate control, lighting, and security settings, significantly improving occupant comfort. Studies
have shown that smart building features contribute to higher occupant satisfaction and well-being
(GSA, 2019). Advanced air quality monitoring systems in smart buildings can improve indoor
environmental quality, which is essential for occupant health. Research indicates that smart
technologies can enhance indoor air quality and contribute to better health outcomes (Zhang et
al., 2020).

e Supporting Urbanization and Smart City Development: As Nigeria continues to urbanize,
smart building technologies can contribute to more efficient urban planning and management.
The Smart Cities Council (2021) emphasize that smart technologies are crucial for managing
urban growth and improving city infrastructure. Smart technologies provide real-time data and
analytics that enhance the resilience of urban infrastructure. According to a report by McKinsey,
smart technologies can help cities adapt to challenges and improve overall infrastructure
management (McKinsey & Company, 2021).

e Enhanced Security and Safety: Smart buildings can integrate advanced security features such
as surveillance cameras and access control systems, enhancing safety and security. The
integration of these technologies helps in creating safer environments for building occupants
(Santos et al., 2021). Automated systems in smart buildings can improve responses to
emergencies and natural disasters. Research indicates that smart technologies contribute to more
effective disaster management and evacuation procedures (UN-Habitat, 2020).

e Innovation and Technological Leadership: The adoption of smart building technologies
encourages local innovation. Nigerian tech startups and companies can develop and deploy
solutions tailored to local needs, contributing to technological advancement and leadership
(TechCrunch, 2022). Embracing smart technologies enhances Nigeria’s competitiveness in the
global real estate and construction markets. The World Economic Forum notes that countries
adopting advanced technologies can better compete on an international scale (World Economic
Forum, 2021).
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LEED BUILDINGS

A LEED-certified building is a building that has met specific sustainability and efficiency standards set
by the U.S. Green Building Council (USGBC) under the Leadership in Energy and Environmental Design
(LEED) rating system. LEED certification is one of the most widely recognized and respected green
building certification systems globally, aimed at encouraging sustainable design, construction, and
operation practices that reduce environmental impact (USGBC, 2024).

Key Features of LEED Certification:
LEED evaluates buildings across several categories:

1. Sustainable Sites — Encouraging the use of environmentally responsible sites, limiting
environmental impact.

2. Water Efficiency — Reducing water consumption through efficient systems and strategies.

3. Energy and Atmosphere — Reducing energy use and promoting clean energy use and efficient
management.

4. Materials and Resources — Encouraging the use of sustainable, recycled, and low-impact
materials.

5. Indoor Environmental Quality — Enhancing indoor air quality, lighting, and other aspects that
affect occupants' health and comfort.

LEED Certification Levels:
LEED certification has four levels based on points earned in each category:

o Certified (4049 points)
o Silver (50-59 points)

e Gold (60-79 points)

e Platinum (80+ points)

Types of LEED Certifications:
LEED offers specific certification systems for various building types and phases:

e LEED BD+C (Building Design and Construction): For new constructions or major
renovations.

e LEED O+M (Operations and Maintenance): For existing buildings.

e LEED ID+C (Interior Design and Construction): For interior fit outs.

e LEED ND (Neighbourhood Development): For neighbourhood and community-scale
projects.

LEED-certified buildings are designed to be energy-efficient, resource-efficient, and healthier for their
occupants, while also contributing positively to the environment (USGBC, 2024).

CORRELATION BETWEEN SMART BUILDINGS AND LEED BUILDINGS

Smart buildings and LEED-certified buildings are both focused on sustainability, energy efficiency, and
enhancing occupant comfort, but they achieve these goals in different ways. LEED Certification focuses
on environmental sustainability, energy and water efficiency, and reducing the building’s environmental
impact through design, construction, and operations while Smart buildings use advanced technologies
like Building Management Systems (BMS), [oT, and automation to optimize energy and resource use.
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Smart building technologies monitor and adjust building systems such as lighting, HVAC, and security
in real-time to improve operational efficiency, reduce waste, and enhance occupant comfort (Green
Building Council, 2021).

3.0 RESEARCH METHODOLOGY
3.1 Research Design

The study employed a qualitative research design with a focus on survey, case studies and literature
review. This approach was chosen for its ability to provide insight into the various types of smart building
technologies and Smart buildings in Lagos state. Specifically, the research focused on LEED certified
buildings in Lagos. Since there is no official smart building certification in Nigeria, LEED certified
buildings with smart building technologies were used as the case studies because LEED buildings use
smart building technologies to measure and increase energy efficiency. The study employed a purposive
sampling technique to select case study buildings. This non-probability sampling method was chosen
because it allowed for the deliberate selection of buildings that represent the diversity of smart buildings
in the study area. The selection criteria include: (a) the presence of LEED certification (representing the
use of smart technologies for energy efficiency in buildings), (b) types of buildings (showing multiple
building uses) and (c) presence of smart building technologies (highlighting various technological
features in use in the buildings). A total of 10 case studies were selected, ensuring representation of
different building types: 4 of the identified buildings were commercial buildings, 4 were residential, and
the rest were educational and governmental buildings. 7 of the selected buildings were studied by the
researcher because access was granted while 3 of the residential buildings were not accessible to the
researcher.

LIST OF LEED BUILDINGS WITH SMART BUILDING TECHNOLOGIES IN LAGOS STATE

The table below lists the various LEED certified buildings in Lagos state and their various smart building
technologies in use.
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Table 1: Identified LEED buildings in Lagos state, Nigeria

S/N  NAME OF BUILDING SMART BUILDING TECHNOLOGIES

BUILDING INTERNET ENERGY SMART SMART  SECURITY
MANAG. OF THINGS MANAG. LIGHTING HVAC AND ACCESS

SYSTEM SYSTEMS SYSTEMS SYSTEM CONTROL
SYSTEMS

1 Nestoil Tower, Lagos, Nigeria YES YES YES YES

2 Microsoft, Kingsway Tower - YES YES YES YES
35 Alfred Rewane Rd, Ikoyi,
Lagos

3 Heritage Place. Kingsway YES YES YES YES YES
Road, Lagos,

4 MISA, 47a Glover YES YES YES YES YES YES
Road, Ikoyi

5 No4-Bourdilon Street, YES YES YES YES YES YES
Ikoyi, Lagos

6 U.S. Consulate General Lagos. YES YES YES YES YES
Plot AV-C-28, Northern
Boulevard, Victoria Island,
Lagos.

7 Abba's Heart Montessori YES YES YES
School, Joyce Ogiemwonyi
Drive, Off Oxley Street, Lagos

8 Prime City, F26, 501 YES YES YES
Close, Lagos

9 Mr Emeka Ndu Residence. YES YES YES

Block 4, Plot 3, Off Rock
Drive, Lekki Phase 1 Central
Business District

10 Olarewaju Bello Residence YES YES YES
12, lagos, Nigeria

Source: USGBC (2024); Research survey (2024)

3.2 Data Collection Methods

For each selected building, detailed case studies were conducted, involving several steps. First, a thorough
visual inspection of the exterior and interior (where accessible) was carried out to assess the technological
features, smart building systems, challenges and opportunities in the adoption of smart building
technologies in the buildings. Comprehensive photographic documentation captured overall views,
architectural details, and specific areas of interest or concern. A variety of tools and instruments were
utilized to collect data for the case studies. A high-resolution digital camera was used for comprehensive
photographic documentation. Sketch pads and pencils were employed for on-site sketches and notes.
Finally, Google earth maps was used for accurate location recording of each case study building.

33 Data Analysis

Data from building assessments, observations, and documents were coded to identify key themes and
patterns related to building type and the smart building technologies in use. These codes were then
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grouped into broader themes to understand the main factors influencing the adoption of smart building
technologies in Nigeria. Comparative analysis of the case studies highlighted the challenges,
opportunities and potential best practices in the adoption of smart building technologies in Nigeria.
Photographic data was systematically analysed to support and illustrate findings from the observational
analysis. Maps were created to visualize the spatial distribution of case study buildings and their
characteristics across the study area, aiding in the understanding of their geographical context.

3.4 Ethical considerations and limitations

The study prioritized ethical standards, including privacy and consent, cultural sensitivity, and data
protection. Privacy was respected for current occupants, and permission was sought for close inspections
or interior access to privately owned buildings. The research respected local cultural norms, especially
when dealing with historically or culturally significant structures. The study's limitations included a
sample size of 7 case studies, which may not fully represent all building types and conditions in Lagos.
Access restrictions may limit interior assessments, affecting the comprehensiveness of some evaluations.
Additionally, the study captured a snapshot of building conditions at a specific time, not accounting for
long-term deterioration or improvement trends.

4. RESULTS
Case Study 1: Nestoil Tower, Victoria Island, Lagos

Overview

Nestoil Tower is an 18-story office building located in the heart of Victoria Island, Lagos. It stands out
for its design and the use of cutting-edge building technology aimed at improving energy efficiency,
operational performance, and occupant comfort. The tower, completed in 2015, is an iconic example of
contemporary high-rise architecture in Nigeria and one of the first in the region to integrate sustainable
and smart technologies.

Technological Features and Smart Building Systems

o Facade Optimization: The building has a double-glazed curtain wall system that enhances
thermal efficiency by minimizing heat gain, a vital feature for Nigeria's tropical climate. This
facade also contributes to energy savings by reducing the need for intensive cooling.

e Rainwater Harvesting and Water Recycling: Nestoil Tower includes an advanced water
management system that captures rainwater, recycles greywater, and reduces overall water
consumption. This is crucial for sustainable practices in an environment where water resources
can be inconsistent.

e Automated Lighting and HVAC System: Nestoil’s intelligent lighting systems adjust lighting
levels based on occupancy and natural light availability, while automated HVAC systems ensure
that cooling is optimized only for occupied spaces.
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Challenges and Opportunities

The implementation of these smart technologies in Nestoil Tower highlights both the opportunities and
obstacles in Nigeria:

e Challenges: High construction costs, complex maintenance requirements, and a need for skilled
labor to manage advanced systems have limited the widespread adoption of similar technologies.

e Opportunities: Nestoil Tower demonstrates the potential for sustainable energy solutions in
Nigeria's climate. If policies supported such technology integration with financial incentives, it
could encourage more developers to adopt similar approaches.
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Figure 2: Site Location of Case study 1

Source (-Bing Maps)

Figure 3: Case study 1 building

Source (-Google)

Case Study 2: Heritage Place, Ikoyi, Lagos

Overview
Heritage Place, completed in 2016, is Nigeria's first LEED-certified commercial office building and a
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landmark of sustainable construction. Situated in Ikoyi, Lagos, this 14-story building exemplifies how
smart technologies can be integrated with sustainability principles to achieve both ecological and
economic benefits.

Technological Features and Smart Building Systems

e Solar Shading and Insulation: The design includes external shading devices and high-
performance double-glazing to minimize heat ingress, reduce the need for air conditioning, and
enhance energy efficiency.

¢ Energy Management System: A comprehensive energy management system monitors energy
consumption in real time, allowing for better control and reducing unnecessary energy use.

e Automated Systems for Lighting and Ventilation: The building is equipped with motion
sensors and daylight-responsive lighting systems. HVAC systems adjust based on occupancy and
ambient conditions, improving energy efficiency.
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Figure 4: Site Location of Case study 2
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Figure 5: Case study 2 building

Source (-Google)

Challenges and Opportunities

Heritage Place highlights critical aspects of the adoption of smart technologies in Nigeria:

https://ajer.org.ng/index.php/fescon-proceedings/ 63



Proceedings of FESCON Vol. 5 No. 1 - 2025 (pg. 52-76)

Challenges: The high initial investment needed to achieve LEED certification and install
advanced technologies can deter other developers. There’s also a notable lack of local expertise

in maintaining such complex systems.

Opportunities: As Nigeria’s first LEED-certified building, Heritage Place serves as a model for
sustainable construction, proving that efficient energy use is achievable in high-end
developments. Promoting awareness of energy-saving benefits and the importance of green
certifications could drive more adoption of these practices in commercial projects.

Case Study 3: Kingsway Tower, Lagos

Overview
Kingsway Tower is a mixed-use commercial and residential high-rise development in Lagos, designed

with sustainability in mind. Its location in Lagos places it in a fast-developing commercial hub, where
smart technologies are becoming increasingly important in improving operational efficiency and

enhancing building value.

Technological Features and Smart Building Systems

https://ajer.org.ng/index.php/fescon-proceedings/

Rainwater Harvesting: Kingsway Tower includes a rainwater collection and storage system to
supply water for non-potable uses. This is especially relevant given Lagos’s rainy season and the

need for sustainable water practices.

Smart Energy Management: An energy management system controls and monitors energy use,
optimizing consumption based on demand and occupancy patterns.

High-Performance Glazing: The building features glazing optimized to reduce solar heat gain,

lowering the demand on air conditioning systems.
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Figure 6: Site Location of Case study 3
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Figure 7: Case study 3 building

Source (-Google)

Challenges and Opportunities

e Challenges: Despite the presence of smart features, Kingsway Tower faces challenges such as
the need for a skilled workforce to operate and maintain smart systems effectively. Additionally,
the costs associated with installing high-performance glazing and smart energy systems are
barriers to replication in other buildings.

e Opportunities: This tower represents how smart design can improve operational efficiency,
reduce costs in the long run, and align with global sustainability standards. Adopting similar
designs in other projects could position Lagos as a leader in sustainable construction in West
Africa, encouraging international investment and local expertise development.

Case Study 4: MISA building, Ikoyi

Overview

The MISA Building, located in Ikoyi, Lagos, Nigeria, is a state-of-the-art mixed-use development that
exemplifies modern architecture and smart building technology. Positioned in one of Lagos' prime
business districts, this iconic structure reflects the integration of cutting-edge design with sustainability
principles, catering to both commercial and residential uses. The building has become a benchmark for
high-end development in Nigeria, featuring premium finishes, environmentally conscious construction,
and advanced technological systems. MISA's emphasis on aesthetics, functionality, and green building
practices has established it as a model for future projects in the region.

Technological Features and Smart Building Systems

The MISA Building incorporates several technological advancements to enhance its efficiency, comfort,
and sustainability:
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Energy-Efficient Systems: The building integrates LED lighting, energy-efficient HVAC
systems, and high-performance glass to minimize energy consumption. Solar panels and backup
renewable energy systems contribute to its sustainability.

Smart Monitoring Systems: The facility employs advanced Building Management Systems
(BMS) that enable centralized monitoring of energy usage, water consumption, and indoor
environmental quality. loT-enabled sensors monitor temperature, humidity, and occupancy to
optimize resource use.

Automation: Smart elevators with predictive algorithms reduce wait times and optimize energy
usage. Automated lighting and climate control adjust settings based on occupancy patterns.

Security Systems: Biometric access control and surveillance systems ensure the safety of
occupants. Remote monitoring capabilities allow building management to oversee security
operations in real time.

Sustainability-Oriented Design: Rainwater harvesting systems and water recycling facilities
reduce water wastage. Construction materials were carefully selected to align with green building

standards.
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Challenges and Opportunities

¢ Challenges: MISA faces challenges such as the the costs associated with installing high-
performance glazing and smart energy systems are barriers to replication in other buildings. There
is also need for a skilled workforce to operate and maintain smart systems effectively.

e Opportunities: MISA shows that smart building technologies help in the reduction of cost in the
day to day activities of a commercial building using the energy efficient lighting and HVAC
systems. The cost savings makes organizations more likely to adopt smart building technologies
in their buildings.

Case Study 5: United States Consulate, Victoria Island

Overview

The U.S. Consulate in Victoria Island, Lagos, serves as a vital diplomatic mission for the United States
in Nigeria. Located in one of Lagos' key business and commercial hubs, the consulate facilitates visa
services, trade relations, cultural exchanges, and collaboration on critical issues such as education, health,
and security.

While strategically positioned, the current facility operates within a limited space, making it increasingly
challenging to meet the growing demands of consular services and modern diplomatic functions. This
underscores the need for the newer, larger, and technologically advanced consulate currently under
construction in Eko Atlantic City.

Technological Features and Smart Building Systems

The existing U.S. Consulate incorporates essential technologies to ensure functionality, safety, and
efficiency:

e Security Infrastructure: Advanced surveillance systems, including closed-circuit cameras and
biometric access control, are in place to ensure safety. Secure communication networks enable
reliable and confidential diplomatic correspondence.

e Energy Systems: Diesel-powered generators support continuous operations in response to
Nigeria’s unreliable electricity supply. Basic energy-efficient lighting and HVAC systems reduce
operational energy consumption, though they do not meet modern green building standards.

e Communication Technology: High-speed, secure internet systems support diplomatic, consular,
and administrative operations.

e Resilience Features: The consulate incorporates flood protection measures and structural
resilience appropriate for Lagos’ environmental conditions.

e Automated Access Control: Biometric and RFID-based systems streamline and secure entry to
sensitive areas.

e Backup Power Management: Power systems ensure continuous operation during outages.
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e Surveillance and Monitoring: Integrated monitoring systems maintain high-security standards.
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Figure 11: Case study 5 building

Source (-Google)

Challenges and Opportunities

e Challenges: The adoption of smart building technologies in the U.S. Consulate and similar
facilities is hindered by infrastructure constraints, such as the aging design of existing buildings
and limited space for upgrades. High costs of retrofitting and the unreliable power supply in
Nigeria further complicate integration. Additionally, there is a local skills gap in implementing
and maintaining these advanced systems.

e Opportunities: The construction of the new U.S. Consulate in Eko Atlantic demonstrates the
potential for modernization and serves as a benchmark for future government projects.
Furthermore, Nigeria’s urban development and international partnerships create momentum for
the widespread adoption of smart buildings.
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Case Study 6: 4 Bourdillon, Ikoyi

Overview

4 Bourdillon is a luxury residential high-rise located on Bourdillon Road in Ikoyi, Lagos, Nigeria.
Developed by Kaizen Properties, this 25-story tower is known for its modern architectural design,
spacious apartments, and premium amenities tailored to high-net-worth individuals.

Situated in one of Lagos’ most prestigious neighbourhoods, 4 Bourdillon offers panoramic views of the
city and sets a benchmark for luxury living in Nigeria. Its emphasis on exclusivity and innovation makes
it a landmark development, reflecting the growing demand for upscale urban residences.

Technological Features and Smart Building Systems
4 Bourdillon incorporates advanced technologies to enhance sustainability, security, and luxury:

o Energy Efficiency: The building features energy-efficient lighting systems and high-
performance insulation. Diesel generators provide backup power to ensure uninterrupted
electricity supply.

e Home Automation: Smart home systems allow residents to control lighting, air conditioning,
and security remotely via mobile apps or voice commands.

e Security Technologies: Biometric access controls, 24/7 surveillance cameras, and advanced
monitoring systems ensure resident safety.

e Water Management: On-site water treatment systems ensure a reliable supply of potable water,
with automated systems to monitor and optimize usage.

e Luxury Amenities: Smart elevators with personalized access and energy-efficient features
enhance convenience and reduce energy consumption.

¢ Building Management System (BMS): A centralized system oversees lighting, HVAC, and
energy management to ensure operational efficiency.

e 0T Integration: Sensors monitor temperature, humidity, and occupancy, optimizing energy and
user comfort.
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Figure 13: Case study 6 building

Source (-Google)

Challenges and Opportunities

e Challenges: The high capital cost of implementing advanced smart building technologies,
combined with Nigeria’s unreliable electricity and internet infrastructure, creates obstacles for
full adoption. Limited local expertise for system maintenance and the complexity of managing
such systems further complicate integration.

e Opportunities: High-profile developments like 4 Bourdillon set benchmarks for future smart
building projects in Nigeria as the growing demand for luxury housing among high-net-worth
individuals in Lagos drives the adoption of smart technologies. Additionally, sustainability trends
align with global efforts to reduce environmental impact, increasing the value of green and smart
buildings.

Case Study 7: Abba's Heart Montessori School, Lagos

Overview

Abba's Heart Montessori School, located in Lagos, Nigeria is dedicated to delivering quality education
through the Montessori method. The school emphasizes a child-centred approach, fostering
independence, creativity, and holistic development within a nurturing and interactive environment.

The school integrates modern teaching tools with traditional values to create an engaging and supportive
learning atmosphere. Its facilities were designed to prioritize safety and inspiration while gradually
adopting contemporary technological advancements to enhance the overall learning experience and
operational efficiency.
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Technological Features and Smart Building Systems

Abba's Heart Montessori School incorporates several technological features to improve its infrastructure
and support its mission:

o Interactive Learning Technologies: Classrooms are equipped with smart boards, tablets, and e-
learning platforms to deliver an engaging and dynamic curriculum.

e Security Systems: The school uses advanced security measures such as CCTV cameras,
biometric access control, and automated gates to ensure the safety of students and staff.

o Energy Management: Energy-efficient lighting and solar panels reduce operational costs and
dependence on the unstable national power grid.

e 0T Integration: Smart sensors monitor environmental factors such as temperature, air quality,
and lighting in classrooms to ensure an optimal learning environment.

e Building Management System (BMS): A centralized system controls lighting, HVAC, and
energy usage, ensuring efficiency and cost-effectiveness.

e Water Management: Rainwater harvesting systems and filtration units provide clean water for
daily school activities.

e Backup Power Systems: The school relies on solar inverters and generators to maintain
uninterrupted operations during power outages.

Oba Adeyinka Estate
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Figure 14: Site Location of Case study 7
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Figure 15: Case study 7 building

Source (-Google)

Challenges

The adoption of smart building technologies at Abba's Heart Montessori School faces challenges such as
high infrastructure costs, unreliable power supply, and a local skills gap for maintaining advanced
systems. Additionally, there may be resistance to change from traditional educational stakeholders,
requiring extensive orientation and training to embrace modern technologies.

Opportunities

The use of smart building technologies in this school enhances the learning environment and improves
operational efficiency. They also improve safety and security, increasing trust among parents.
Furthermore, adopting these technologies positions the school as a leader in modern education, potentially
inspiring other institutions to follow suit.

5.0 DISCUSSIONS
Technological features and smart building systems

The case studies highlighted a range of technological features and smart building systems among the
buildings reflecting the various forms of smart building technologies. For instance, Case Study-1,
featuring the Nestoil tower, Victoria Island showed the use of facade optimization technology in the form
of a double-glazed curtain wall system that contributes to energy savings by reducing the need for
intensive cooling. It also features the use of a advanced water management system and the use of
automated lighting and HVAC system. Case Study-2, featuring the Heritage place, Ikoyi showed the use
of automated systems for lighting and ventilation and an energy management system. These systems
enhance energy efficiency and operational effectiveness, aligning with Afolabi et al. (2021), who
emphasized the importance of real-time monitoring and energy management in Nigerian buildings.
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Challenges in the adoption of smart building technologies

The various case studies noted that the challenges that affect the adoption of smart building technologies
in Nigeria are high construction costs, high initial investment required for features like smart energy
systems and high-performance glazing, complex maintenance, and the need for skilled professionals to
operate and maintain smart systems, this is as noted by Ogunbiyi et al. (2021).

Opportunities in the adoption of smart building technologies

The case studies noted that the opportunities in the adoption of smart building technologies include the
potential for smart design to improve operational efficiency and reduce long-term costs while aligning
with global sustainability standards. By promoting energy-saving benefits and supporting policies with
financial incentives, these technologies could become more widespread in commercial projects, as
highlighted by Ilesanmi (2023).

Through a proper examination of the challenges and opportunities for the adoption of smart building
technologies in Nigeria, the conclusion emphasized that reducing initial costs, increasing technical
knowledge, improving government policies, and developing adequate infrastructure are crucial to
enhancing adoption of smart building technologies in the country.

In summary, these discussions build upon the qualitative findings presented in the research, highlighting
the barriers to and opportunities to the adoption of smart building technologies in Nigeria. The
combination of the objectives, literature, and results contributes to a comprehensive understanding of the
challenges and opportunities encountered in adopting smart building technologies in Lagos, Nigeria.

6.0 CONCLUSION

This research sheds light on the challenges to and the opportunities encountered in the adoption of smart
building technologies in Lagos state, Nigeria to effectively overcome these obstacles, facilitating the
broader implementation of smart building technologies in Nigeria. From the analysis and findings, the
major barriers to the adoption of Smart Building Technologies are: High initial costs, technical knowledge
gaps, infrastructure issues while the major opportunities are: improvement in operational efficiency,
reduction in costs and alignment with global sustainability standards. The findings underscore the urgent
need for targeted interventions and support systems by the government and private smart technology
firms tailored to address the specific needs of the various stakeholders.

7.0 RECOMMENDATIONS

Based on the study's findings and drawing from international best practices, several recommendations
can be made:

e Investment in Smart Building Technologies such as the setting up of smart technology
manufacturing centres in the country should be prioritized by the Government and private
investors as this would reduce the need for importation and reduce the cost of adoption of the
smart building technologies.
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e Government and Private investors should organize training on smart building technologies to
improve technical know-how in order to enable more technicians within the country learn how
to install and repair smart technologies.

e Infrastructure such as the electricity grid should be improved by the Government to enhance the
adoption of smart buildings as the technology is powered by electricity.
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