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CONCEPTUALIZING A SMART MAINTENANCE MATURITY MODEL FOR COMMERCIAL FACILITIES IN EMERGING MARKETS

ABSTRACT
Maintenance management in commercial buildings has evolved from a repair after failure approach to a proactive, tech-enabled strategy. Yet in emerging markets, practices often stay stuck in reactive mode, hampered by an infrastructure gap and institutional hurdles. This study bridges that divide by introducing the Smart Maintenance Maturity Model (SMMM), custom-built for commercial facilities in developing economies.
Using a design science approach, maintenance literature was considered, smart technology like Internet of Things (IoT), Artificial Intelligence (AI), and Building Information Modelling (BIM), plus established maturity models. Thematic analysis uncovers core capability areas such as technology adoption, data and analytics capability, human capital and skills, process integration, strategic alignment, and governance and risk management, which were organised into clear maturity stages, from a basic reactive approach to advanced predictive and prescriptive strategies.
Tailored to real-world challenges in emerging economies like power instability, infrastructural deficiencies, and skill shortages, the SMMM model is practical and ready to scale. It advances theory by adapting maturity models to emerging-market facility management and hands practitioners a roadmap to evaluate, compare, and upgrade their operations toward smarter, more sustainable maintenance.
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1.0	INTRODUCTION                                                                                                       
In developing countries, maintenance of built assets has long occupied a critical but often undervalued position within the lifecycle management of commercial facilities. This has, over time causes quick deterioration of buildings and even building collapse. Facility maintenance has traditionally been conceived as a reactive, cost-driven activity; maintenance management has progressively evolved into a strategic organizational function, one that directly influences operational continuity, occupant safety, energy efficiency, asset longevity, and organizational competitiveness (Al-Sehrawy, Kumar & Watson, 2023). This evolutionary trajectory has been accelerated in the twenty-first century by the emergence and proliferation of smart technologies including the Internet of Things (IoT), Artificial Intelligence (AI), Digital Twins (DT), Building Information Modelling (BIM), Building management System, and cloud/data analytics collectively transforming what was once a labour-intensive, inspection-based discipline into a data-driven, predictive, and increasingly autonomous operational paradigm (Skibniewski, 2025; Fortune Business Insights, 2024).
Globally, the smart building sector has emerged as a high-growth domain at the intersection of real estate, technology, and sustainability. In 2024, the worldwide smart building market was worth $117.4 billion. By 2032, it is expected to be worth $548.5 billion, rising at a compound annual growth rate (CAGR) of 21.2% (Fortune Business Insights, 2024). Commercial facilities make up the largest part of this market, bringing in 60.4% of global smart building revenues in 2024. This is because commercial property operators value intelligent systems that can optimise energy use, improve safety, and cut costs (Mordor Intelligence, 2025). Within the broader commercial facility management ecosystem, maintenance is recognised not as a redundant and budget-draining activity but as a value-generating function that, when intelligently implement/executed, extends asset life, reduces equipment downtime, and supports sustainable operations.
Given the global momentum of smart maintenance with its potential to boost asset productivity, its benefits are distributed unevenly due to the infrastructure gaps, high initial costs, data accuracy issues and skill shortages. In emerging market economies, especially in sub-Saharan Africa, the maintenance of commercial facilities is still characterised by reactive, ad hoc practices, fragmented governance, institutional deficiencies, and limited access to enabling technologies (Ejidike & Mewomo, 2023; Aribi & Anouche, 2025). Nigeria, as Africa's largest economy and most populous nation, exemplifies this paradox most acutely. On one hand, Nigeria is experiencing rapid urbanization and expanding commercial real estate development; on the other, its built environment is beset by chronic maintenance failures, deteriorating commercial building stock, frequent structural collapses, and an absence of systematic frameworks to guide maintenance decision-making at scale (Siddiq & Xianyi, 2022; Quadri et al., 2024).
The contrast between the global necessity for intelligent, data-informed maintenance management and the specific circumstances of Nigeria's commercial facility sector represents the core issue our research aims to address. The study seeks to develop a Smart Maintenance Maturity Model (SMMM) for commercial facilities in emerging countries, with Nigeria serving as the principal empirical reference. This model, rooted in the contextual realities of an emerging market economy and informed by global best practices in smart facility management and maturity modelling theory, constitutes a significant contribution to the body of knowledge and serves as a practical tool for property owners, facility managers, policymakers, and professional organisations.
1.1	Background of The Problem
In the last few decades, the worldwide commercial real estate and facilities management industry has changed a lot. This is because more people are moving to cities, technology is getting better, and organisations want to be more efficient. The global facility management market was worth $1.6 trillion in 2023, and it is expected to grow at a compound annual growth rate (CAGR) of more than 10% through 2032. This is mostly because companies are putting more money into making their built assets work better (Global Market Insights, 2024). In this growing field, maintenance management has become a key functional pillar. The preventive maintenance segment alone made up about 45% of the commercial facility maintenance market in 2024, thanks to the cost-effectiveness of pre-emptive measures over reactive repair strategies (Emergen Research, 2025). Nevertheless, notwithstanding these global progressions, a significant and well-documented disparity endures between maintenance management theory and practice, especially in emerging market economies like Nigeria, where the intersection of swift urbanisation, infrastructure deficiencies, and restricted smart technology integration engenders a complex and inadequately researched problem domain.
A major issue for Nigeria's commercial facility industry is that there is a strong culture of reactive, ad hoc maintenance and no planned, proactive maintenance plans. Research on the upkeep of public and residential buildings in Nigeria has consistently revealed systemic shortcomings, including inadequate record-keeping, an absence of preventive maintenance strategies, and widespread policy neglect. Indicators of structural deterioration documented in surveyed facilities include 100% biological deterioration, 52.9% wall cracks, 52.9% roof leaks, and 61.8% plumbing failures (Quadri et al., 2024). These results illustrate what experts and academics have characterised as a national 'poor maintenance culture,' wherein property owners emphasise purchase of building over long-term stewardship of assets. The repercussions transcend mere physical degradation, implicating wider public safety concerns: statistics from the Nigerian Building and Road Research Institute indicated that more than 54 instances of building collapses occurred in Nigeria in 2017, with multi-storey commercial structures representing a substantial percentage of these failures (Siddiq & Xianyi, 2022). These results are directly caused by the lack of formal maintenance management frameworks based on evidence.
Against this backdrop, the global built environment industry has increasingly turned toward smart technology as a transformative solution to maintenance management challenges. Technologies such as Internet of Things (IoT), Artificial Intelligence (AI), Building Management System (BMS), Digital Twins, and blockchain have been introduced to support facilities management, enhance decision-making, and improve the operational performance of commercial buildings (Al-Sehrawy et al., 2023). In 2022, the predictive maintenance market was worth USD 5.5 billion, and it is expected to rise by 17% per year until 2028. This shows that many businesses see data-driven maintenance as a strategic priority (Buildings, 2023). Digital twin technology has become a major driver of growth, with the industry expected to grow from USD 24.5 billion in 2025 to USD 259.3 billion by 2032 (IBM, 2025). Professionals and researchers call these technologies "smart facility management." This is a big change where proactive and predictive maintenance and data-informed interventions take the role of time-based or reactive maintenance schedules.
Despite the global proliferation of smart maintenance technologies, their adoption within Nigeria's commercial building sector remains nascent and fraught with barriers. Research on smart building technology adoption in Nigeria identifies a constellation of challenges: infrastructural limitations, prohibitively high initial costs for sensors and IoT devices, absence of comprehensive policies and standards specifically tailored to smart building technologies, and a critical skills gap among architects, engineers, and construction professionals who are insufficiently familiar with smart systems deployment (Ilesanmi et al., 2024; Ihueze et al., 2022). A study focused on Lagos State found that regulatory uncertainty continues to deter investment and slow technological adoption, while the lack of robust data privacy and security frameworks further compounds organisational reluctance (Akinmoladun et al., 2025). These challenges are not unique to Nigeria but are characteristic of a broader class of emerging market economies across sub-Saharan Africa (DataInsightsMarket, 2024).

Maturity models provide a structured diagnostic and prescriptive framework through which organisations can assess current capability levels and chart progressive developmental trajectories toward higher performance states. In the context of facility and maintenance management, maturity models serve as critical instruments for benchmarking organisational readiness, identifying systemic gaps, and guiding technology adoption decisions. However, existing maturity models in the smart manufacturing, facility management, and digital transformation literature have been predominantly conceptualised within advanced economy contexts, and there is growing scholarly consensus that general maturity models are inadequate as they fail to address the unique needs of different sectors, organisation sizes, and contextual environments (Aribi & Anouche, 2025). In the built environment specifically, the absence of a smart maintenance maturity model calibrated to the operational realities of commercial facilities in emerging markets represents a significant theoretical and practical gap.
2.0	LITERATURE REVIEW
This article presents an important and systematic review of existing literature that is relevant to the study of smart maintenance maturity models for commercial facilities, with particular emphasis on emerging markets and the Nigerian context. The review is structured to progressively build a conceptual and theoretical foundation for the study, starting with the fundamental concepts of facilities management and maintenance, advancing through maturity modelling frameworks, smart technologies in maintenance, and arriving at a contextual analysis of the Nigerian commercial real estate and facilities management landscape. The chapter draws on peer-reviewed journal articles, conference proceedings, technical reports, and policy documents, ensuring the currency and relevance of the discourse. By synthesising existing knowledge, identifying convergences, and highlighting critical gaps.
2.1	Conceptual Overview of Facilities Management
Facilities management (FM) has evolved considerably over the past decades, transitioning from a purely operational and reactive function to a strategically significant discipline which supports organisational performance and aids business continuity. The International Organisation for Standardisation, through ISO 41001:2018, defines facilities management as an organisational function that integrates people, place, and process within the built environment with the purpose of improving the quality of life for people and the productivity of the core business (ISO, 2021). This definition underscores the multi-dimensional nature of Facility management, which encompasses physical asset management, space optimisation, health and safety compliance, sustainability, and service delivery.
Scholars have further broadened this conceptualisation to reflect contemporary realities. Abubakar and Musa (2022) contend that facilities management in the 21st century must be understood not merely as a support service but as a value-generating function that directly influences organisational competitiveness, occupant satisfaction, and long-term asset value. This perspective aligns with the growing recognition that poorly managed facilities impose high indirect costs through lost productivity, regulatory non-compliance, and accelerated asset deterioration.
In facility management, maintenance management occupies a central and indispensable position. Chotipanich and Nutt (2021) describe maintenance management as the systematic process of sustaining built assets in a condition that enables them to perform their intended function over their designed lifecycle, at optimum cost and safety standards. The linkage between effective maintenance and overall facility management performance is well-established in the literature, and increasingly, researchers are arguing that the quality of maintenance practices is among the most reliable indicators of facility management maturity within an organisation (Arogundade et al., 2023).
2.2	Maintenance Management: Definitions, Typologies and Evolving Paradigms
2.2.1	Definitions and Scope
Maintenance, in the context of the built environment, refers to the combination of all technical and administrative actions intended to retain or restore an item to a state in which it can perform a required function (BS EN 13306:2017, as cited in Adewunmi et al., 2022). This definition captures both the corrective and preventive dimensions of maintenance, highlighting that the goal of maintenance is not simply to fix what is broken but to proactively prevent failure.
Olanrewaju and Razak (2021) identify four principal objectives of maintenance management in commercial facilities: preserving asset functionality, ensuring regulatory compliance, optimising lifecycle costs, and sustaining occupant satisfaction. These objectives are not mutually exclusive; rather, they are interdependent, and the failure to achieve any one of them typically cascades into deficiencies across the others. For instance, deferred maintenance, the practice of postponing maintenance activities due to budget constraints, may reduce short-term operational costs but invariably results in accelerated asset degradation, higher lifecycle costs, and reduced tenant satisfaction over time (Ojo and Gbadebo, 2022).
2.2.2	Typologies of Maintenance
The literature consistently identifies several distinct maintenance typologies, each with different cost implications, risk profiles, and technological requirements. These are broadly categorised into reactive (corrective), preventive (planned), predictive, and condition-based maintenance.
Reactive maintenance is initiated only after a failure or fault has occurred. While it requires minimal upfront planning, it is widely regarded as the most costly and disruptive maintenance strategy over time, particularly in commercial facilities where unplanned downtime directly translates to financial losses and reputational damage (Duffuaa and Raouf, 2021). Despite its known disadvantages, reactive maintenance remains the dominant practice in many developing economies, including Nigeria, largely due to budgetary constraints, low technical capacity, and inadequate maintenance planning culture (Adabre et al., 2022).
Preventive maintenance involves scheduled maintenance activities performed at predetermined intervals regardless of the condition of the asset. It reduces the likelihood of unexpected failures but may result in unnecessary maintenance of assets that are still in good condition, thereby wasting resources (Muchiri et al., 2021). Preventive maintenance represents a more mature approach than reactive maintenance and is commonly found in organisations with formalised maintenance management systems.
Predictive maintenance leverages real-time data and diagnostic technologies, such as vibration analysis, thermal imaging, oil analysis, and ultrasonic testing, to detect early signs of equipment degradation and schedule maintenance only when it is actually needed. This approach optimises maintenance costs and minimises downtime by addressing problems before they escalate into failures (Carvalho et al., 2021). Predictive maintenance is increasingly enabled by the Internet of Things (IoT), artificial intelligence (AI), and machine learning algorithms, which collectively constitute the technological backbone of smart maintenance.
Condition-based maintenance (CBM) is a closely related approach in which maintenance decisions are driven by the actual condition of assets as monitored through continuous or periodic assessment (Zonta et al., 2022). CBM is considered a sophisticated and data-intensive strategy that requires investment in sensor technology, data analytics infrastructure, and skilled personnel, prerequisites that are still developing in many emerging market contexts.
2.2.3	The Shift Towards Smart Maintenance
The concept of smart maintenance has gained substantial academic and industry traction in recent years, driven by the rapid advancement of digital technologies and the growing recognition that traditional maintenance methods are insufficient for managing the complexity of modern commercial facilities. Smart maintenance is broadly defined as an integrated approach to asset care that leverages digital technologies, including internet of things (IoT), artificial intelligence (AI), building information modelling (BIM), building management system (BMS), cloud computing, and data analytics, to achieve real-time asset visibility, predictive fault detection, automated work order generation, and data-driven maintenance decision-making (Bokrantz et al., 2021).
Amirat and Benbouzid (2022) characterise smart maintenance as a cyber-physical system in which the physical state of assets is continuously mirrored in a digital environment, enabling maintenance professionals to monitor, diagnose, and intervene with unprecedented precision and timeliness. This digitalisation of the maintenance function represents a paradigm shift from the largely manual, paper-based, and experience-driven processes that characterise conventional facility management practice, especially in developing regions.
The transition to smart maintenance is not, however, a binary switch but a progressive journey that requires building capability across multiple dimensions — technological infrastructure, human capital, organisational culture, governance frameworks, and data management systems. This progression is best understood and managed through the lens of maturity modelling.
2.3	Maturity Models: Conceptual Foundations and Theoretical Framework
2.3.1	Origins and General Principles
Maturity models are structured frameworks that describe the progressive development of an organisation's capabilities in a particular domain, typically represented as a series of discrete stages or levels ranging from initial or ad hoc practices to fully optimised or transformative performance (De Bruin et al., 2021). The foundational premise of maturity modelling is that organisations do not achieve excellence instantaneously; rather, they pass through identifiable developmental stages, each characterised by distinct capabilities, practices, and outcomes, each building on the achievements of the preceding stage.
The concept of maturity modelling has its intellectual roots in the Capability Maturity Model (CMM) developed by the Software Engineering Institute (SEI) at Carnegie Mellon University in the late 1980s, which was subsequently evolved into the Capability Maturity Model Integration (CMMI) (Paulk et al., as cited in Lasrado and Kassicieh, 2021). While the CMM was originally developed for software development processes, its logic and architecture have since been adapted to a wide range of domains, including project management, knowledge management, IT governance, supply chain management, and, increasingly, asset and facilities management.
2.3.2	Structure and Components of Maturity Models
A well-constructed maturity model typically comprises three core components: maturity levels, key process areas (or capability dimensions), and performance indicators (Wendler, 2021). The maturity levels define the stages of organisational progression, while the key process areas identify the specific domains of practice that must be developed to achieve each level, and the performance indicators provide measurable criteria for assessing current positioning and guiding improvement efforts.
Most maturity models adopt a five-level architecture, following the precedent set by the CMM, with levels typically labelled as: Level 1 — Initial/Ad Hoc; Level 2 — Managed/Reactive; Level 3 — Defined/Preventive; Level 4 — Quantitatively Managed/Predictive; and Level 5 — Optimising/Smart (Lasrado and Kassicieh, 2021; Proença and Borbinha, 2021). This five-level structure provides sufficient granularity to meaningfully differentiate organisational capabilities without becoming unwieldy, and it maps well onto the observed spectrum of maintenance practices in the facilities management domain.
2.3.3	Maturity Models in Asset and Facilities Management
The application of maturity models to asset and facilities management is a relatively recent but rapidly growing area of scholarly inquiry. Several maturity frameworks have been proposed specifically for maintenance management, including the Maintenance Management Maturity Model (MMMM), the Asset Management Maturity Scale (AMMS), and various proprietary frameworks developed by industry bodies such as the Institute of Asset Management (IAM) and the Global FM network.
Parida et al. (2021) propose a maintenance maturity framework that evaluates organisations across six capability dimensions: maintenance strategy, work management, technical capability, technology enablement, performance measurement, and continuous improvement. Their empirical study of industrial facilities in Sweden found a strong positive correlation between maintenance maturity and asset availability, with organisations at higher maturity levels achieving significantly lower rates of unplanned downtime and maintenance cost overruns.
Alaswad and Xiang (2021) similarly developed a maturity assessment tool for infrastructure maintenance that identifies five developmental stages and evaluates organisations across dimensions, including planning formalisation, data utilisation, technology adoption, and stakeholder engagement. Their model is notable for its explicit recognition that maturity is not a uniform construct; organisations may exhibit advanced capabilities in some dimensions while remaining underdeveloped in others, a phenomenon they describe as "maturity imbalance," which has significant implications for the design of improvement interventions.
In the context of commercial buildings and real estate, Arroyo et al. (2022) developed a Building Maintenance Maturity Model (BM3) that specifically addresses the facility management needs of office buildings, retail facilities, and mixed-use commercial properties. Their model incorporates dimensions pertaining to planned maintenance coverage, computerised maintenance management system (CMMS) adoption, energy management integration, and compliance monitoring, reflecting the multi-dimensional nature of commercial facility management. The BM3 has been validated in several Latin American cities and offers a useful comparative reference for the development of a model tailored to the Nigerian context, though it does not specifically address smart technology integration or the constraints of emerging markets.
2.4	Smart Maintenance Technologies in Commercial Facilities
2.4.1	Internet of Things (IoT) and Sensor-Based Monitoring
The Internet of Things (IoT) represents perhaps the most transformative technological enabler of smart maintenance in commercial facilities. Internet of Things (IoT) refers to the network of physical devices embedded with sensors, software, and connectivity capabilities that enable them to collect, transmit, and exchange real-time data (Atzori et al., as cited in Papadopoulos et al., 2022). In the context of facility maintenance, Internet of Things (IoT) devices can monitor a vast array of building systems, including HVAC, electrical infrastructure, plumbing, lifts, fire suppression systems, and structural elements continuously, without human intervention, and with a level of precision unattainable through manual inspection.
Papadopoulos et al. (2022) conducted a systematic review of Internet of Things (IoT) applications in building maintenance and found that IoT-enabled monitoring reduces unplanned equipment failures by an average of 35% compared to conventional preventive maintenance regimes, while simultaneously reducing maintenance costs by 15–20%. These findings underscore the economic case for Internet of Things (IoT) adoption in commercial facility management, even accounting for the upfront costs of sensor installation and connectivity infrastructure.
Akanbi and Olawale (2023) examined Internet of Things (IoT) deployment in commercial buildings in Sub-Saharan Africa and found that while awareness of IoT-based maintenance solutions is growing, actual adoption remains constrained by high initial investment costs, unreliable internet connectivity, limited technical expertise, and inadequate vendor support in local markets.
2.4.2	Artificial Intelligence and Machine Learning in Predictive Maintenance
Artificial intelligence (AI) and machine learning (ML) algorithms have emerged as critical tools for extracting actionable maintenance insights from the large volumes of data which are generated by Internet of Things (IoT) sensors and building management systems (BMS). AI-driven predictive maintenance systems analyse historical and real-time asset performance data to detect anomalies, predict failure probabilities, and recommend optimal maintenance timing with a degree of accuracy that far exceeds traditional rule-based approaches (Carvalho et al., 2021).
Xia et al. (2021) demonstrated the application of deep learning models to the predictive maintenance of HVAC systems in commercial buildings, achieving fault detection accuracy rates exceeding 92% and enabling maintenance interventions an average of 11 days before failure would have occurred under conventional monitoring. Such lead times are invaluable in commercial facilities where HVAC failure can render entire floors uninhabitable, triggering lease disputes and revenue losses.
The integration of AI into maintenance management is not, however, totally without challenges. Data quality, model interpretability, and the availability of labelled training datasets are well-documented barriers to AI adoption in facility management, particularly in environments where digital data collection practices are growing (Zonta et al., 2022). Furthermore, Adewale and Nwosu (2023) noted that the "black box" nature of many AI algorithms creates a trust deficit among maintenance professionals, who may be reluctant to act on AI-generated recommendations without a clear understanding of the underlying logic. This is a challenge that is compounded in cultures where experiential knowledge is highly valued.
2.4.3	Building Information Modelling (BIM) for Maintenance Management
Building Information Modelling (BIM) is a digital representation technology that creates and manages multidimensional data models of physical and functional characteristics of built assets. Originally developed as a design and construction tool, BIM has increasingly been recognised as a powerful platform for lifecycle asset management and maintenance planning (Volk et al., as cited in Farghaly et al., 2021).
BIM-enabled maintenance management, often referred to as BIM-FM integration, allows facility managers to access rich geometric, spatial, and systems data about building components directly from a centralised model, enabling more informed maintenance scheduling, spare parts management, and failure impact analysis (Farghaly et al., 2021). The integration of IoT sensor data with BIM models, sometimes described as "digital twin" technology, creates a dynamic, real-time representation of a building's operational state that is increasingly considered the gold standard of smart maintenance infrastructure (Grieves, as cited in Lu et al., 2022).
Despite its considerable potential, BIM adoption for maintenance purposes remains limited in the African context. Abubakar et al. (2022) found that while BIM usage in the Nigerian construction sector is growing, its application in the post-occupancy maintenance phase is minimal, largely because existing building stock was not originally designed with BIM, and retroactive BIM modelling is perceived as costly and technically complex. This gap represents a significant impediment to the realisation of smart maintenance in existing commercial facilities and must be explicitly addressed in any maturity model designed for the Nigerian market.
2.4.4	Computerised Maintenance Management Systems (CMMS)
The Computerised Maintenance Management System (CMMS) is a foundational digital tool in maintenance management that centralises and automates the recording, scheduling, tracking, and reporting of maintenance activities. A CMMS enables facilities teams to manage work orders, track asset histories, schedule preventive maintenance, manage inventory, and generate performance reports from a single integrated platform (Duffuaa and Raouf, 2021).
In the context of a maturity model, CMMS adoption is widely regarded as a transitional milestone, which represents the shift from ad hoc, paper-based maintenance management to a redefined, data-informed operational framework (Muchiri et al., 2021). Organisations without a functioning CMMS are typically classified at Level 1 or Level 2 of most maintenance maturity frameworks, as the absence of systematic data recording precludes meaningful performance measurement and continuous improvement.
Oluyemi and Adeyemi (2022) surveyed 47 commercial property management firms in Lagos, Nigeria, and found that only 31% had deployed a CMMS, and of those, less than half were using the system to its full capacity. The majority of respondents relied on spreadsheet-based or entirely manual systems, highlighting a critical infrastructural gap in the Nigerian facility management sector that any maturity model must account for and seek to address progressively.
2.5	Commercial Facilities Management in Emerging Markets
2.5.1	Defining Emerging Markets in the Facility Management (FM) Context
The term "emerging market" broadly describes economies that are undergoing rapid industrialisation and urbanisation, are characterised by growing middle classes and expanding private sectors, and are progressively integrating into global trade and financial systems, while still facing institutional, infrastructural, and governance challenges that distinguish them from fully developed economies (World Bank, 2022). In the context of FM, emerging markets present a distinctive operational environment shaped by factors including infrastructural deficits, energy insecurity, regulatory gaps, skills shortages, and informal procurement practices (Ikediashi et al., 2022).
Commercial facilities in emerging markets, encompassing office buildings, shopping malls, hotels, banks, hospitals, and mixed-use developments, are experiencing rapid growth driven by urbanisation, foreign direct investment, and the expansion of formal retail and financial services sectors. However, the management of these facilities frequently lags behind the pace of physical development, resulting in premature asset deterioration, high operational costs, and poor occupant experiences (Adabre et al., 2022).
2.5.2	Key Challenges of Facility Management (FM) in Emerging Markets
Several studies have systematically identified the principal challenges confronting commercial FM in emerging markets. Ikediashi et al. (2022) conducted a comparative study of FM challenges in Nigeria, Ghana, and Kenya and identified six recurring themes: inadequate FM education and professional training, weak regulatory frameworks for building maintenance standards, chronic energy supply unreliability, high cost and limited availability of quality maintenance materials and equipment, fragmented FM industry structure dominated by informal providers, and low client awareness of FM value.
Osei-Kyei et al. (2021) similarly highlight the challenge of "maintenance culture deficit" in Sub-Saharan Africa, characterising it as a systemic tendency to prioritise new construction over the maintenance of existing assets, a pattern that is reinforced by procurement systems that reward capital expenditure over operational excellence and by a cultural orientation towards novelty over longevity. This maintenance culture deficit has profound implications for the adoption of maturity-based improvement frameworks, as it suggests that organisational change in the FM sector must be accompanied by broader cultural and institutional transformation.
Energy infrastructure unreliability deserves particular emphasis as an FM challenge in the Nigerian context. The widespread dependence of commercial facilities on self-generated power through diesel generators significantly increases operational costs, complicates building services maintenance, and imposes additional asset management burdens on FM teams (Ojo and Gbadebo, 2022). Anyanwu and Chukwu (2023) estimate that energy costs account for between 35% and 50% of total facilities operating expenditure in Nigerian commercial buildings, which is nearly double the proportion observed in comparable facilities in Europe and North America, underscoring the urgency of energy-efficient, smart building technologies and maintenance strategies.
2.6	Smart Maintenance Maturity Models: A Review of Existing Frameworks
2.6.1	Overview of Existing Models
While the literature on maintenance maturity models and smart maintenance is individually well-developed, integrated frameworks that specifically address smart maintenance maturity, particularly in the context of commercial facilities and emerging markets, remain scarce. Most existing maturity models either address industrial manufacturing environments (Bokrantz et al., 2021; Carvalho et al., 2021) or focus on digitally advanced economies where the technological and institutional prerequisites for smart maintenance are largely already in place (Arroyo et al., 2022).
Bokrantz et al. (2021) proposed the Smart Maintenance Maturity Model (SMMM) for manufacturing plants, structured around five maturity levels and four capability dimensions: technology integration, data management, organisational alignment, and continuous improvement. While their model is pioneering in its explicit integration of smart technology dimensions, its industrial focus and assumptions of advanced digital infrastructure limit its direct applicability to commercial facilities in emerging markets.
Müller and Däschle (2021) developed a Digital Maintenance Maturity Model (DM3) for the construction and real estate sector in Germany, incorporating dimensions of BIM utilisation, IoT deployment, AI-assisted decision-making, and digital twin implementation. Their model provides a useful template for the commercial facilities context; however, it is calibrated for a high-income, digitally mature operating environment and does not adequately account for the resource constraints, infrastructural deficits, and institutional barriers characteristic of emerging markets.
2.6.2	Identified Gaps in Existing Maturity Models
A critical analysis of the existing smart maintenance maturity literature reveals several significant gaps that the present study seeks to address:
First, no existing maturity model has been specifically designed for or validated in Sub-Saharan African commercial facilities. The unique operational challenges of this context, including energy infrastructure instability, materials supply chain fragility, informality in service delivery, and weak regulatory enforcement, are not captured in any existing framework (Adabre et al., 2022; Ikediashi et al., 2022).
Second, existing models tend to treat technology adoption as a largely linear, resource-dependent progression, without adequately accounting for the possibility of "leapfrogging"- the phenomenon whereby developing economies bypass intermediate technological stages and adopt advanced technologies directly, as has been observed in mobile telecommunications and digital payments (Aker and Mbiti, as cited in Okafor and Eze, 2022). A contextually appropriate Smart Maintenance Maturity Model (SMMM) for Nigeria must be designed to accommodate this possibility.
Third, most existing models focus predominantly on technological dimensions of maturity, giving insufficient attention to the institutional, cultural, and governance dimensions that are particularly critical in emerging markets in facility management contexts (Parida et al., 2021; Proença and Borbinha, 2021). A comprehensive model for Nigeria must assign equal weight to these non-technological enablers of maintenance maturity.
3.0	RESEARCH METHODOLOGY
This article explains the creation of a Smart Maintenance Maturity Model (SMMM) designed for commercial buildings in places like Nigeria. A conceptual study is employed, focusing on synthesising recent research, systematically integrating theories, and structuring the maturity model rather than collecting new data. It covers the research design, step-by-step model development, adaptations for emerging markets, and plans for future testing.​
3.1	Research Design
A conceptual approach is used, suitable for developing new models by integrating existing knowledge from operations and facilities management (Saunila et al., 2019). This aligns with design science principles to produce practical tools for real-world challenges (Goulielmakis et al., 2021).​
The model draws from smart maintenance technologies such as IoT, AI, BIM, and CMMS; recent maturity frameworks; and facilities management issues in emerging markets like Nigeria.​
3.2	Model Development Steps
The model is built through four structured stages.​
Stage 1: Literature Review
Recent journals, reports, and standards on smart buildings in developing regions are reviewed. Maintenance types, smart technologies like IoT and AI, and contemporary models are examined to identify effective structures.​
Stage 2: Thematic Analysis
Recurring themes are extracted, forming key areas such as technology adoption, data management, staff skills, governance, and strategic alignment, which evolve into six core dimensions.​ These dimensions show both technical and organisational aspects of maintenance maturity.
Stage 3: Theoretical Grounding
Modern theories on technological adaptation, socio-technical balance, and resource development underpin the model's maturity progression.​ These theories provide a good foundation for understanding maturity progression as a combination of organisational capability enhancement and technology advancement.
Stage 4: Model Structure
The model features five levels—from reactive maintenance (Level 1) to prescriptive maintenance (Level 5)—across six dimensions: technology infrastructure, data and analytics capability, human capital and skills, process integration, strategic alignment, and governance and risk management.​
3.3	Emerging Market Adaptations
The model incorporates Nigeria-specific challenges like power instability, infrastructural deficiencies, regulatory gaps, and skills shortages, promoting practical solutions such as battery-backed IoT and phased capacity building.​
This contextual adaptation ensures that the maturity model reflects the operational realities of commercial facilities in emerging economies, thereby enhancing its practical relevance and applicability.
4.0	RESULTS AND DISCUSSION
4.1 Overview of the Smart Maintenance Maturity Model (SMMM)
The outcome of this study is the development of the Smart Maintenance Maturity Model (SMMM), a well-structured framework which is designed to assess, measure, and guide the transformation of maintenance practices from basic, reactive approaches to an advanced, data-driven, and smart/intelligent maintenance system for commercial facilities in emerging markets. The model integrates the six core dimensions across the five progressive maintenance maturity levels, which provide a strategic pathway from reactive maintenance to smart maintenance systems.
4.2	Maturity Levels
The smart maintenance maturity model identifies five levels of maturity, with each level reflecting an increasing level of organisational technology capability.
At the basic stage, Level 1 - Reactive Maintenance - This level of maintenance is also considered run-to-failure; repairs only happen after failure, resulting in increased downtime. This approach is commonly observed in many commercial facilities in emerging markets like Nigeria, which is broadly driven by constraints in resources and a lack of planning frameworks. At this level, there is no digital/technology support and minimal documentation.  
Transition to Level 2 - Preventive Maintenance: This maintenance is a planned/scheduled maintenance and sometimes could be based on equipment usage; this form of maintenance aims at reducing emergency breakdowns/repairs. This form of maintenance marks the introduction of structured maintenance planning, where maintenance is scheduled based on time intervals. This level of maintenance makes use of a computerised maintenance management system (CMMS). Preventive maintenance is a periodic or time-based maintenance to ensure the reliability of any machine to run at its original capacity, and to focus primarily on maintaining the machine based on its known condition (Neeraj et al., 2010).
At Level 3 - Condition-Based Maintenance: This level of maintenance monitors equipment health via sensors and real-time data; the Internet of Things (IoT) is used to achieve this purpose. This level of maintenance allows the organisation to carry out maintenance interventions by responding to actual equipment conditions rather than scheduled interventions.  Condition-Based Maintenance is a strategy that considers information about the equipment condition to recommend appropriate maintenance actions. In order to obtain meaningful information for maintenance decision-making, relevant data must be collected and properly analysed (Teixeira et al., 2020)
Advancing to Level 4 - Predictive Maintenance: Breakdowns are being predicted with the use of machine learning, data analysis, and artificial intelligence (AI) before they occur. This level of maintenance allows the organisation to plan maintenance activities with greater precision. Predictive maintenance procedures are concerned with the ability to predict when the equipment will fail and then develop schedules to implement timely repairs (Mobley, 2001).
The highest level, Level 5 – Prescriptive Maintenance: Maintenance at this level uses advanced analytics, a digital twin, recommend optimal actions. This is the highest maturity level with automated decision-making within an integrated smart building ecosystem. Prescriptive maintenance is a proactive approach to maintenance in which data, analytics, and technology are used to predict when equipment or machinery is likely to fail and prescribe specific actions to control when the failure should happen (Idriss, 2026). However, achieving this level 5 in emerging markets stands challenging as a result of poor digital infrastructure and technical expertise.
Progression across these levels of maintenance demonstrates that maintenance maturity is not only dependent on technology adoption/acceptance but also requires organisational transformation, strategic alignment, and capability building. 

                 
Fig 1: Maintenance Maturity Model
4.3	Core Dimension of Maintenance Maturity Model
The core dimension of a maintenance maturity model provides a general context for which organisations can assess and improve their maintenance practices, to determine their level of efficiency and reliability. These dimensions provide a defined framework for transitioning from reactive to proactive, data-driven, and optimised maintenance practice.
Technology Infrastructure: These highlight the tools such as the Computerised Maintenance Management Systems (CMMS), Internet of Things (IoT) sensors, and data storage capabilities supporting maintenance. The technology infrastructure includes hardware and software components to support the applications and information management requirements of the business (Gupta et al., 2003). 
Data and Analytics Capability: The ability for an organisation to collect, analyse, and interpret large amounts of data which are generated from the IoT devices to improve building operations. Many organisations in emerging markets struggle with poor data quality and limited professional data analysts.
Human Capital and Skills: Human capital encompasses the knowledge, expertise, experience, and competencies of employees (Zubairu et al., 2026). The ability to use digital tools and perform root cause analysis (RCA) to improve an organisation’s built environment requires professionals with technical expertise in data analytics and IoT systems. Addressing the human capital and skill shortage in emerging markets is essential for achieving higher levels of maturity.  
Process Integration: In this case, it refers to the blending of people, places, and processes to ensure that maintenance workflows are standardised. Maintenance activities are expected to be standardised and coordinated across the organisation; this ensures consistency and efficiency in maintenance operations. Process integration in emerging markets is hindered when there is a fragmented organisational structure.
Strategic Alignment: Ensuring that the overall maintenance is designed and managed to align with the wider organisation's goals. Achieving strategic alignment in organisational operations facilitates the flow of accurate and sound information to decision-makers and helps to improve decisions while improving the harmonisation of processes. This alignment should serve the achievement of the organisation’s strategic objectives. (Ghonim et al., 2020)
Governance and Risk Management: This enables organisations to identify risks associated with their operations and manage them to comply with industry guidelines and regulations (Claire, 2023). When there are strong governance structures, it enforces compliance, accountability, and risk mitigation, but weak regulatory enforcement and a lack of potent policy for smart building technologies in emerging markets give room for barriers to effective maintenance. 
These six dimensions are interdependent on each other, and progress in one area often depends on improvements in others. For example, if there are advancements in technology in an organisation, it must be accompanied by growth in human capital and skills in order to achieve meaningful outcomes. 
4.4	Discussion
The findings in this study present that maintenance maturity in emerging markets is shaped by an interplay of technology, organisational, and environmental factors. The adoption of smart maintenance in emerging markets such as Nigeria is usually constrained by infrastructural challenges, poor or limited access to technology, financial limitations, and, in some cases, a shortage of skilled professionals. 
Maturity models (MMs) serve as strategic tools for assessing and improving specific attributes of an organisation over time. They show a dual nature, functioning both as assessment tools and frameworks for continuous improvement (Ferraro et al., 2023). It is worth noting that, according to the smart maintenance maturity model (SMMM), the maturity progression is not strictly linear but context-dependent.
An organisation can experience maturity imbalance, whereby different elements or components in an organisation, such as process, people, and technology, are at different levels of development. For instance, an organisation may possess new CMMS (technology infrastructure) but lack skilled personnel to make use of the system (Human capital and skills).
However, the implementation of the smart maintenance maturity model (SMMM) comes with its own challenges, especially in emerging markets. Financial constraints, infrastructural limitations, and push back to organisational change, all of this may hinder the adoption of the model. Fixing these challenges requires a coordinated involvement of stakeholders across the public and private sectors. 
5.0	CONCLUSION
This study contributes to the body of knowledge by integrating insights from smart building, maintenance management, and maturity modelling into a unified workable framework.
The smart maintenance maturity model (SMMM) is operationalised as a medium in which each of the core dimensions is assessed across the five maturity levels. This structure allows organisations to identify their current maintenance maturity level and design an improvement strategy. The SMMM shows that emerging markets can adopt a phased smart maintenance approach.
The maturity model framework allows Facility Managers to assess current maintenance practices and develop improvement plans, allows Property Owners to justify investments in smart maintenance technology, and allows Policymakers to come up with standard policies that promote smart facility management.
5.1	Limitations 
The study is conceptual in nature and has not been empirically validated. Additionally, while Nigeria and other African countries serve as the primary contextual point of reference, the model may require further adaptation for other regions with emerging markets.
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