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Abstract  
The adoption of sustainable hospital design remains largely embryonic in the developing 

nations, including Nigeria. Public hospitals continue to reflect outdated design paradigms 

that ignore environmental and human-centred considerations, leading to inefficient 

energy use, poor ventilation, and compromised patient privacy. This issue is compounded 

by rapid urbanisation, increasing patient loads, and infrastructural decay, which 

collectively strain healthcare delivery. While global discourse advocates for climate-

resilient and adaptable hospital environments, the Nigerian reality still contends with the 

dual pressures of limited funding and inadequate design regulation. The problem, 

therefore, lies in the insufficient integration of sustainability principles into hospital 

design practice, despite mounting evidence of their theoretical and practical benefits. 

Addressing this gap is critical not only for improving operational efficiency but also for 

enhancing patient outcomes and environmental responsibility. Investigating the 

theoretical and practical implications of sustainable modern approaches to hospital design 

thus becomes imperative. A structured literature review was adopted as the 

methodological approach for this study. It allows for a systematic, transparent, and 

replicable process for identifying, evaluating, and synthesising existing research evidence 

on sustainable hospital design and operations. Relevant studies were assessed based on 

their quality and insights drawn to reveal emerging patterns, research gaps, and directions 

for application in the design of a model sustainable hospital design. It detailed theoretical 

and practical considerations to inform real-world architectural practice, balancing 

ecological, economic, and human health objectives within the evolving healthcare 

landscape. 
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Introduction 
Sustainable design has emerged as a central 

theme in contemporary architectural 

discourse, particularly within healthcare 

infrastructure, where environmental 

stewardship intersects with patient well-

being. According to Dolcini et al. (2025), 

hospital environments profoundly influence 

recovery rates, staff performance, and 

operational efficiency, showing the necessity 

of integrating sustainability principles into 

modern healthcare facilities. The global trend 

towards sustainable architecture has been 

reinforced by the pressing need to mitigate 

the environmental footprint of healthcare, as 

hospitals account for substantial energy 

consumption and waste generation (Singh, 

Verma and Kumar, 2025). Scholars such as 

Phuria (2024) argue that sustainable hospital 

design offers not only environmental but also 

long-term economic benefits through 

reduced operational costs and improved 

patient recovery times. This paradigm 

reflects a shift from traditional, resource-

intensive models towards a holistic approach 

where sustainability, technology, and human-

centred design converge. 

Building on this global understanding, Wang 

and Wang (2017) have noted that the drive 

toward sustainability in hospital design 

transcends environmental concerns; it 

embodies a holistic framework that aligns 

architecture with human psychology, social 

well-being, and operational continuity. 

Within developed economies, particularly in 

Europe and North America, the adoption of 

sustainable hospital design principles has 

become mainstream. Studies reveal that 

healthcare institutions now integrate 

renewable energy systems, passive 

ventilation, and biophilic design features to 

foster healing environments (Turki et al., 

2023; Bayır, 2024). However, the practical 

translation of these concepts in developing 

contexts remains inconsistent. The adaptation 

gap arises from financial limitations, 

insufficient regulatory frameworks, and 

limited awareness of sustainability benefits 

(Sholanke, Senkoro and Olukanni, 2024). 

These disparities show the theoretical debate 

on how modern sustainable design principles, 

often developed in Western contexts, can be 

effectively contextualised in low- and 

middle-income countries where 

infrastructural challenges differ significantly. 

In the context of developing nations, 

including Nigeria, the adoption of sustainable 

hospital design remains largely embryonic. 

Gurieff et al. (2020) argue that many public 

hospitals continue to reflect outdated design 

paradigms that ignore environmental and 

human-centred considerations, leading to 

inefficient energy use, poor ventilation, and 

compromised patient privacy. This issue is 

compounded by rapid urbanisation, 

increasing patient loads, and infrastructural 

decay, which collectively strain healthcare



264  africanscholarpublications@gmail.com                                                                               

 NOVEMBER, 2025 

 

delivery. While global discourse advocates for climate-resilient and adaptable hospital 

environments, the Nigerian reality still contends with the dual pressures of limited funding 

and inadequate design regulation (Umana et al., 2024). 

The problem, therefore, lies in the insufficient integration of sustainability principles into 

hospital design practice, despite mounting evidence of their theoretical and practical benefits. 

Addressing this gap is critical not only for improving operational efficiency but also for 

enhancing patient outcomes and environmental responsibility. Investigating the theoretical 

and practical implications of sustainable modern approaches to hospital design thus becomes 

imperative. It enables a detailed understanding of how sustainability transcends theoretical 

rhetoric to inform real-world architectural practice, balancing ecological, economic, and 

human health objectives within the evolving healthcare landscape. 

 

METHODOLOGY 

Research Approach 

A structured literature review was adopted as the methodological approach for this study. This 

approach provides a systematic, transparent, and replicable process for identifying, evaluating, 

and synthesising existing research evidence on a specific topic (Garcia and Corcoran, 2024). 

It allows the researcher to gather relevant studies, assess their quality, and draw insights that 

reveal emerging patterns, research gaps, and directions for future investigation (Elda, 2024). 

 

 

Figure 1: Literature Search Strategy. Source: MakroCare, 2025. 

 

According to Lawless and Foster (2020), a structured review also promotes a comprehensive 

understanding of the research topic by using an organised search strategy across reputable 

databases and scholarly sources. By synthesising the findings of previous studies, the review 

established a foundation for evidence-based recommendations to guide hospital designers, 

policymakers, and health system managers toward sustainable infrastructure development.  
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The quality and completeness of a literature review depend largely on the selection of reliable 

and diverse information sources (Ebidor and Ikhide, 2024). To achieve this, several academic 

databases and online libraries were systematically searched, including Scopus, PubMed, 

ScienceDirect, Architectural & Built-Environment Databases, and Web of Science. Each 

database was chosen for its specific contribution to the research scope. To ensure a broad and 

accurate search, Boolean operators (AND, OR, NOT) were employed to combine key search 

terms. The main search phrases included: “sustainable hospital design,” “green building 

materials,” “energy-efficient hospitals,” “biophilic design,” “hospital operational efficiency,” 

and “environmental impact in healthcare architecture.” These terms were refined iteratively to 

include relevant synonyms and ensure that the search captured both theoretical and practical 

studies (See figures 2 and 3 below showing the PRISMA Style flow diagram for systematic 

reviews which included searches of databases and registers adopted for this study). 

 

Inclusion and Exclusion Criteria 

Defining inclusion and exclusion criteria ensured that only studies directly relevant to the 

objectives of the review were analysed. This step maintained focus and improved the validity 

of the synthesis. 

 

Figure 2: Selection criteria in the literature search. Source: McCartan, (2025). 

 

Inclusion Criteria 

Studies published between 2016 and 2025 were considered, ensuring that only recent and 

relevant evidence was considered. Peer-reviewed journal articles, conference papers, and 

official reports focusing on sustainable hospital design and its theoretical or practical 

implications. Studies examining sustainability interventions such as energy efficiency, 

biophilic design, green building materials, and environmental performance in healthcare 

settings. Research written in English to maintain consistency in interpretation and analysis. 

Studies employing quantitative, qualitative, or mixed methods that provide empirical or 

conceptual insights into sustainable hospital design. 

 

Exclusion Criteria 

Articles not focused on hospital design or those discussing sustainability in unrelated contexts. 

Non-peer-reviewed materials such as blogs, news articles, or opinion essays. Studies published 
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before 2016 or after 2025, to maintain contemporary relevance. Non-English publications that 

could introduce interpretation bias through translation. Studies with poor methodological 

quality or insufficient data to support analytical synthesis. 

 

Data Collection and Screening Process 

A comprehensive search yielded records from the selected databases. After removing 

duplicates, titles and abstracts were screened based on their relevance to the topic. From these, 

studies were excluded for not aligning with the research objectives. The remaining full-text 

articles were assessed for eligibility based on the inclusion and exclusion criteria. Following 

a detailed evaluation, studies met the final inclusion standards and were included in the review. 

The selected studies represented a wide range of research designs. Geographically, the studies 

covered both developed and developing nations, with significant contributions from different 

countries reflecting diverse architectural, climatic, and healthcare contexts. All retrieved 

references were managed using Mendeley Reference Manager, which facilitated organisation, 

deduplication, and referencing. Manual verification was performed to ensure that duplicates 

were accurately removed and that all included studies matched the review objectives. 

 

Data Extraction and Synthesis 

Data extraction was performed systematically using a predesigned Microsoft Excel template. 

The extracted variables included. Reported outcomes such as energy savings, patient 

satisfaction, staff wellbeing, and environmental benefits. The data were categorised into major 

themes, including theoretical frameworks of sustainability, practical implementation 

challenges, operational efficiency, environmental benefits, and psychological impacts on 

hospital users. The thematic analysis approach enabled the identification of recurring patterns 

and contrasting findings across studies. Comparative synthesis was used to highlight the extent 

of alignment between theoretical perspectives and practical outcomes in hospital design. 

 

Quality Assessment 

To ensure methodological integrity, the included studies were critically appraised using the 

Joanna Briggs Institute (JBI) Critical Appraisal Tools. These tools facilitated systematic 

evaluation of study quality, focusing on research design, data collection techniques, analytical 

rigour, and the clarity of findings (Barker et al., 2024). Each study was assessed for its 

relevance, credibility, and reliability, with priority given to those demonstrating strong 

methodological coherence. This critical appraisal process ensured that only robust, high-

quality evidence informed the synthesis. By maintaining methodological rigour, the review 

provided credible insights into both the theoretical underpinnings and practical applications of 

sustainable modern hospital design. The findings are thus grounded in reliable evidence, 

forming a solid basis for recommendations that can inform policy, architectural practice, and 

future research in sustainable healthcare infrastructure. 

 



267  africanscholarpublications@gmail.com                                                                               

 NOVEMBER, 2025 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: PRISMA Style flow diagram for updated systematic reviews which included 

searches of databases and registers. Source: Adapted from Page, et al. 2021.  

 

Reasons for exclusion: Reason1: Focus on general sustainable construction without specific 

hospital application. Reason 2: Lack of empirical data or theoretical depth regarding the 

Nigerian context. 
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Theoretical Foundations of Sustainable Hospital Design 

Liu and Yeo (2025) highlight that sustainable hospital design is framed increasingly as the 

integration of environmental, social and economic goals with established healthcare design 

theories such as evidence-based design (EBD), healing environments and environmental 

psychology. This review identifies a salient shift: hospitals are no longer simply seen as 

buildings that mitigate ecological impact, but as complex socio-clinical systems whose 

physical form influences patient recovery, staff wellbeing and operational resilience (Patil, 

2025; Odeyale, 2015; 2023). A key critique here is that many studies still treat sustainability 

and human health outcomes as parallel domains rather than interwoven; therefore, this study 

calls for systems view in which design choices link ecological performance to clinical and 

organisational outcomes. 

 

DISCUSSIUON OF FINDINGS 

 

Figure 4: Environmental and human-centred considerations in a technology-driven and 

integrated hospital. Source: Slater, Guillot and Diamond, (2024). 

 

Similarly, Bulakh et al. (2021) argue that hospital architecture must “care for both patients 

and the planet”. The absence of a universally accepted framework for “sustainable hospital” 

is repeatedly noted, meaning that many individual studies remain context-bound or descriptive 

rather than generalisable (Ullah et al., 2020; Alsawaf and Albadry, 2022).  
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Figure 5: Energy-efficient and biophilic design for hospitals. Source: Horizon Hospital 

Design, Slater, Guillot and Diamond, (2024). 

 

For example, while EBD often focuses on stress reduction or patient satisfaction, fewer studies 

integrate long-term sustainability metrics (Read & Meath, 2024). This theoretical gap presents 

a vulnerability in the literature without consistent conceptualisation, practical prescriptions 

risk being fragmented and hard to benchmark. 

 

Sustainable Design Principles and Practical Measures 

Awarding primacy to design strategies, some authors focus on naturally ventilated hospital 

wards in tropical climates, indicating that thermal comfort and energy performance are critical 

but often insufficiently studied in those settings (Al-Absi et al., 2022; Uzuegbunam et al., 

2023; Chaloeytoy et al., 2024). Their studies draw attention to hybrid systems as promising 

but under-tested solutions. Such work emphasises the mismatch between ideal sustainable 

measures and contextual realities that include tropical climate, infrastructure limitations (see 

figure 4). 

Furthermore, Kumari and Kumar (2020) argue that sustainable hospitals should reduce 

resource consumption and enhance occupant wellbeing while adapting to the built 

environment’s constraints. They demonstrate this via case studies from Abuja showing how 

particulate matter and ventilation issues compromise both sustainability and patient health 

outcomes (Agmada and Ismaila, 2025).  
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Figure 6: A technology. Source: Brambilla and Capolongo (2019). 

 

Across the literature, a coherent set of design principles emerges: energy-efficient HVAC 

systems; high-performance building envelopes; renewable energy integration; optimised 

daylighting and ventilation; water conservation; and use of low-impact, durable materials. Yet 

the critique is that many such strategies are described descriptively, with limited empirical 

data detailing how they perform in hospital-specific contexts (e.g., infection control, 24/7 

operations). In addition, context matters; the effectiveness of passive measures in a temperate 

zone differs significantly from humid tropical climates, which calls into question the 

transferability of some “best practice” guidelines (Chung-Camargo et al., 2023). 

 

Patient-Centred and Healing Design Features 

In recent years, the literature reveals a growing convergence of patient-centred design and 

sustainability objectives. For instance, Magyar (2020) identifies overlap between EBD and 

sustainability in the domains of indoor environmental quality and wellbeing, and 

energy/atmosphere. Another study indicates that biophilic elements (views to nature, gardens, 

indoor planting) and spatial layouts prioritising privacy, noise control and comfort are flagged 

as delivering therapeutic benefits, which in turn bolster the argument for sustainable design 

not only for environmental reasons but for human health outcomes (Maghlakelidze et al., 

2024). 

Nevertheless, there is critical commentary; many hospital design studies emphasise daylight 

and access to nature without sufficiently interrogating how these features interact with 

sustainability constraints e.g., increased glazing may raise thermal loads in hot climates 

(Besbas et al., 2022). In tropical wards, Uzuegbunam et al. (2023) report that naturally 
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ventilated spaces intended to save energy may compromise thermal comfort and infection 

control, thereby undermining patient well-being. This suggests a trade-off rather than a simple 

win-win; sustainability measures must be carefully balanced with clinical and user 

requirements (see figures 5, 6 and 7). 

 

Figure 7: A technology-driven and integrated hospital design. Source: Hospital Design Hub, 

Hussein, (2022). 

 

Technological Integration and “Smart” Hospital Solutions 

The literature on digital and smart technologies in hospital design (e.g., Building Information 

Modelling (BIM) + Lean, smart sensors/controls) has grown rapidly. Koskela et al. (2023) 

provide a systematic overview of how the combination of Building Information Modelling 

(BIM) and Lean principles enhances hospital planning, design and resource efficiency. They 

argue that by integrating BIM’s spatial visualisation and Lean’s waste-reduction processes, 

hospitals can better deliver sustainability outcomes. 

Likewise, Shahsavar (2025) proposes an integrated paradigm synthesising sustainable design 

principles, smart building systems and certification frameworks (e.g., LEED). The argument 

is compelling as smart systems that monitor occupancy, indoor air quality, energy use, and 

dynamically adjust ventilation, lighting and HVAC can deliver both sustainable performance 

and improve user experience (Bawa et al., 2024; Chauhan, 2025). Many studies remain 

theoretical, rely on case studies in high-income contexts, and overlook long-term maintenance, 

user training and system interoperability. As studies note that technology alone does not 

guarantee sustainability, successful deployment requires staff capacity, maintenance planning 

and alignment with clinical workflows (Jaana et al., 2024; Mahendrakar, 2025). Thus, smart 

solutions are promising but conditional; implementing them in resource-constrained settings 

remains a challenge. 
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Figure 8: Components of smart and sustainable hospital design. Source: Anitabims, 2024. 

 

THEORETICAL AND PRACTICAL IMPLICATIONS 

This study asserts that theoretical frameworks such as Evidence-Based Design (EBD) and 

environmental psychology provide a sound basis for designing hospitals that are both 

sustainable and patient-centred. However, the critique is that many studies remain descriptive 

and fail to quantify outcomes (e.g., length of stay, staff retention, energy savings) in diverse 

settings. This undermines the evidence base and leaves practitioners with guidelines rather 

than strong, context-validated evidence. 

Layered intervention approaches, i.e., combining passive design, efficient systems, renewable 

energy and smart controls, are consistently recommended. Studies show these produce better 

outcomes than single interventions (Rao and Periyasamy, 2025; Shi, 2025). Nonetheless, the 

challenge is implementation: how to finance, maintain and adapt these systems over their 

lifecycle, particularly in low-resource settings. Context adaptation emerges as non-negotiable. 

What works in temperate climates cannot simply be transferred to tropical contexts without 

modification, yet many design guidance documents gloss over this nuance. For example, 

glazing may optimise daylight in Scandinavia but exacerbate heat gain in Nigeria; natural 

ventilation may save energy but compromise infection control or thermal comfort in tropical 

regions (see figures 8 and 9). Hence, one implication is that hospital design must be locally 

grounded, climate-responsive and resource-aware. 
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Figure 9: Proposed Sustainable Hospital design by the authors. Source: Author’s Fieldwork, 

2025 

 

Institutional capacity, governance and policy frameworks matter at least as much as design. 

Without procurement aligned to sustainability, maintenance regimes and trained personnel, 

design innovations may fail to deliver their promised benefits. This is a common fault line in 

the literature: impressive designs on paper falter in operations due to governance or financial 

collapse. Finally, the research-practice gap remains significant. Studies repeatedly note the 

need for longitudinal studies, economic evaluations, and work on social sustainability 

indicators. For the practical goal of sustainable hospital design, this means that architects, 

facility managers and policy-makers must not only adopt design recommendations but also 

evaluate outcomes and feed back into standard-setting and guideline development.  

 

Differences in Sustainability Practices between High-Income and Low-Income 

Countries—Adaptive Lessons  

Sustainable hospital design in 2025 emphasizes that while high-income countries (HICs) focus 

on advanced technological integration, low-income countries (LICs) like Nigeria are 

increasingly leveraging vernacular wisdom and biophilic design to achieve similar health 

outcomes with lower resource intensity. 
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Comparative Global Perspectives (2025) 

Feature  High-Income Countries (HICs) Low-Income Countries (LICs)  

Primary 

Driver 

Net-zero targets and operational carbon 

reduction. 

Resilience to infrastructure gaps (e.g., 

power/water). 

Energy 

Strategy 

Smart building management systems 

(BMS) and mechanical heat recovery 

(MVHR). 

Passive cooling, natural ventilation, 

and solar-ready decentralized systems. 

Material 

Use 

High-performance synthetic composites 

and recycled industrial glass. 

Low-carbon vernacular materials and 

"revived low-tech" local techniques. 

Technology Digital twins and AI-driven real-time 

energy optimization. 

Mobile-first digital tools for 

operational efficiency and equipment 

tracking. 

Source: UN Global Status Report for Buildings and Construction 2024/2025 

 

Adaptive Lessons for Nigeria 

• Healing Architecture and Biophilia: Global evidence confirms that integrating 

nature reduces patient recovery times and energy costs. In Nigeria, this can be 

achieved affordably by incorporating indoor-outdoor flow and community-centered 

green spaces. 

• Prioritize "Fabric-First" and Passive Energy Design: Instead of relying on 

expensive mechanical cooling, Nigerian hospitals should adapt HIC building 

standards by focusing on high-thermal-mass materials and passive air movement. In 

Lagos, studies show natural ventilation and light are already highly rated by patients 

for their therapeutic effects. 

• Decoupling from Centralized Grids: Global trends is the transition to on-site 

renewable energy. For Nigeria, this means designing hospitals to be "solar-native" 

from the start to avoid the high costs of retrofitting later. 

• Adopt "Inclusive Procurement": LICs often face an "equipment graveyard" due to 

unsustainable procurement. Adaptive lessons from HICs suggest shifting from 

"buying equipment" to "buying a service/lifespan," ensuring international donor 

projects include 2025-standard maintenance and training. 

• Adopting Successsful Policy and Training: International success shows that 

sustainability is only "assimilated" when backed by mandatory regulatory 

frameworks. Nigeria can adapt by implementing the mandatory GHG inventory plans 

currently becoming standard in other developing nations by 2025. 

 

CONCLUSIONS 

The review of literature on the theoretical and practical implications of sustainable modern 

approaches to hospital design reveals that sustainability in healthcare architecture is not merely 

an environmental concern but a multidimensional framework encompassing human health, 

operational efficiency, and patient-centred outcomes. Findings indicate that sustainable 
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hospital design enhances patient recovery rates, reduces operational costs, and improves staff 

performance through biophilic principles, daylight optimisation, and energy-efficient systems. 

The integration of green building materials and renewable energy technologies also 

contributes to long-term cost-effectiveness and environmental stewardship. However, critical 

gaps persist in balancing technological innovation with the emotional and psychological needs 

of patients, especially in contexts where cultural and social expectations influence design 

outcomes. Moreover, the evidence suggests that while high-income countries have effectively 

embedded sustainability into hospital infrastructure, developing nations often face barriers 

related to funding, policy implementation, and technical expertise. Therefore, it is 

recommended that future hospital projects adopt a holistic sustainability model that merges 

environmental performance with human-centred design principles. Collaboration between 

architects, healthcare professionals, and policymakers is essential to ensure that design 

frameworks are adaptable, culturally relevant, and responsive to emerging health crises. 

Additionally, local capacity building and policy incentives should be prioritised to promote 

sustainable hospital design practices in resource-limited settings. Ultimately, sustainability 

should be viewed as a continuous process that evolves with advancements in technology and 

medical care, ensuring that hospital environments remain safe, efficient, and supportive of 

patient well-being across diverse contexts. 
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