International Journal of Technology Management & Humanities (IJTMH)
e-ISSN: 2454 — 566X, Volume 10, Issue 04, (December 2024), www.ijtmh.com

Energy-Efficient Building Design for Reducing Operational Costs in
Tropical Climates

Abdulkabir Oluwadamilola Bello!, Bello Halimat?, Oladipupo Sadare’
"University of Greater Manchester MSC, Los Angeles, California
Abdulkabirbello14@gmail.com
2123, Ladipo Street, Papa Ajao, Mushin, Ripen Marine Contractors Limited
halimat.bello2000@gmail.com
3University of Salford, Bournemouth, UK
Diposadare@gmail.com

Abstract

In tropical climates, energy-efficient building designs are crucial for minimizing operational costs,
enhancing thermal comfort, and ensuring environmental sustainability. High cooling and
electricity requirements are common in these areas because of the high temperatures, humidity and
strong solar radiation. This study explores design strategies that can reduce energy consumption
and reduce life cycle costs of operation while providing for comfortable indoor environments. It
takes a comparative review approach based on a literature review of passive design, energy-
efficient construction materials, natural ventilation, solar shading, high-performance building
envelopes, efficient HVAC systems, and renewable energy technologies. The study assesses
strategies in terms of energy performance, implementation costs, maintenance needs, thermal
comfort and potential financial savings. Special focus is placed on the economy of the combination
of passive architectural elements and active energy-management technologies. The analysis
highlights the need for building orientation and reflective roofing to consider climate factors,
daylighting and the use of efficient cooling systems to decrease the need for mechanical cooling.
It also stresses the importance of life-cycle costing for establishing initial costs and operational
savings. The study offers a practical approach for energy efficiency, environmentally friendly and
affordable architecture in tropical countries for architects, engineers, developers and policy
makers. Finally, such integrated design strategies can help to reduce operating costs, enhance
occupant comfort and achieve increased sustainability for buildings.

Keywords: Energy-efficient building design, tropical climates, operational cost reduction, passive
cooling, thermal comfort, energy consumption, sustainable construction, life-cycle cost analysis.

DOI: 10.21590/1jtmh.10.03.470

December 2024 www.ijtmh.com 725 | Page


http://www.ijtmh.com/

International Journal of Technology Management & Humanities (IJTMH)
e-ISSN: 2454 — 566X, Volume 10, Issue 04, (December 2024), www.ijtmh.com

A. Introduction

The energy-efficient design of buildings has gained much significance in tropical regions in terms
of minimizing the operational cost, thermal comfort for the building occupants, and environmental
sustainability. In tropical climates, buildings have to cool under high ambient temperature and
humidity along with strong solar radiation resulting in higher cooling needs and electrical power
consumption. Therefore, the incorporation of climate-responsive architectural elements and
energy-efficient technology is crucial to reduce energy consumption and maintain acceptable
indoor environmental quality (Rattanongphisat & Rordprapat, 2014; Ahsan & Svane, 2010).

This can be achieved through a range of measures such as building orientation, natural ventilation,
attachment of external shading, use of reflective roofing, and the choice of construction material
with appropriate thermal characteristics. These passive design features can minimize heat gain and
reliance on mechanical cooling. Aste et al. (2020) and Shukla et al. (2023) draw attention to the
need of sustainable design methods for tropical buildings; Ede et al. (2017) focus on the sustainable
implications of building materials for building energy efficiency. Moreover, thermal comfort
assessment is crucial to make sure that the energy-saving measures would not adversely affect the
occupants' health (Kwong et al., 2014).

Passive measures, energy-efficient air-conditioning, lighting systems and demand side
management can help to achieve higher building performance in addition. But the installation
costs, maintenance needs, and long-term energy savings need to be carefully considered to
implement their use (Bukoski et al., 2016; Mujeebu & Bano, 2022). Sun et al (2018) investigates
the cost-effectiveness of both active and passive strategies for tropical building retrofits, while
Chung-Camargo et al (2023) explores energy-efficiency measures in order to attain zero-energy
buildings in tropical and humid climate.

Even with such opportunities, it is still a challenge to balance initial investment cost, operational
savings, and thermal comfort. For this reason, the objective of this study is to analyse how to
design buildings in a way that conserves energy and reduces operational costs in a tropical climate,
considering its technical, economic, and sustainable capacity. It seeks solutions that are practical
and can be implemented by architects, engineers, developers, and policymakers for more
affordable and energy-efficient buildings.

B. Literature Review

B.1. Energy-Efficient Building Design in Tropical Climates
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Energy-efficient building design in tropical climates focuses on reducing cooling demand,
minimizing electricity consumption, and maintaining indoor thermal comfort. Passive strategies,
including appropriate building orientation, natural ventilation, solar shading, and reflective
roofing, can reduce heat gain and dependence on mechanical cooling. Rattanongphisat and
Rordprapat (2014) discuss strategies for improving building energy performance in tropical
environments, while Aste et al. (2020) emphasize sustainable design approaches suited to tropical
conditions. Similarly, Ahsan and Svane (2010) examine energy-efficient design features for
residential buildings in Dhaka, Bangladesh.

B.2. Passive and Active Energy-Efficiency Strategies

Passive design measures can be combined with active technologies to improve overall energy
performance. Passive measures include shading devices, daylighting, ventilation, and suitable
construction materials, whereas active measures include efficient air-conditioning, lighting, and
automated energy-management systems. Sun et al. (2018) examine the cost-effectiveness of active
and passive strategies for retrofitting existing buildings in tropical climates. Mujeebu and Bano
(2022) investigate the energy-saving potential and cost-effectiveness of active efficiency measures
in warm-humid residential buildings. These studies support evaluating design interventions
according to both energy savings and implementation costs.

B.3. Thermal Comfort and Construction Materials

Thermal comfort is an important consideration in tropical building design because high
temperatures and humidity can increase cooling requirements. Kwong et al. (2014) review thermal
comfort assessment and opportunities for enhancing energy efficiency in modern tropical
buildings. Ede et al. (2017) examine the implications of construction materials for building energy
efficiency in tropical regions. Appropriate material selection, insulation, reflective surfaces, and
effective building-envelope design can help control heat transfer and improve indoor conditions.

B.4. Cost-Effectiveness and Energy Performance

Reducing operational costs requires balancing initial construction or retrofit expenditure against
long-term energy savings. Bukoski et al. (2016) examine energy savings in relation to the
implementation costs of demand-side management strategies in tropical residences. Chou et al.
(1994) investigate energy performance in large commercial buildings in tropical climates, while
Jemat et al. (2023) review energy-efficiency improvement strategies for Malaysian office
buildings. Together, these studies provide a basis for assessing electricity consumption,
maintenance requirements, and the financial benefits of different efficiency measures.

B.S. Zero-Energy Buildings and Sustainable Design
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Zero-energy and positive-energy buildings represent advanced approaches to reducing
conventional energy demand and increasing the contribution of renewable energy. Oree and
Anatah (2017) investigate the feasibility of positive-energy residential buildings in tropical
climates. Chung-Camargo et al. (2023) examine energy-efficiency measures for achieving zero-
energy buildings in tropical and humid environments. In addition, Chung-Camargo et al. (2022)
review low-consumption techniques for energy and water savings, while Shukla et al. (2023)
explore sustainable and environmentally friendly residential building design for tropical climates.
Bulbaai and Halman (2021) contribute field-based evidence through their study of energy-efficient
building design in Curagao.

B.6. Research Gap

Although existing literature addresses passive design, active technologies, thermal comfort, and
sustainable construction, there remains a need to evaluate these strategies through an integrated
operational-cost perspective. In particular, building owners and designers require context-specific
comparisons of initial investment, energy savings, maintenance expenses, and long-term financial
returns. This study addresses this need by examining how combinations of climate-responsive
design, efficient building materials, energy-management technologies, and renewable energy can
reduce operational costs while maintaining thermal comfort in tropical climates.

C. Research Methodology

This study adopts a comparative literature review and cost-effectiveness assessment to examine
energy-efficient building design strategies for reducing operational costs in tropical climates. The
methodology draws on existing research concerning passive cooling, natural ventilation, solar
shading, energy-efficient construction materials, high-performance building envelopes, and active
energy-management technologies. Relevant studies are selected based on their applicability to
tropical and warm-humid environments, energy performance, thermal comfort, and economic
feasibility (Rattanongphisat & Rordprapat, 2014; Aste et al., 2020).

C.1 Research Design and Data Collection

Secondary data are obtained from published journal articles, conference proceedings, building-
performance studies, and experimental research. The review considers residential and commercial
buildings to identify energy-saving measures suitable for different building types. Evidence from
tropical locations, including Bangladesh, Malaysia, and Curacao, provides context for evaluating
climate-responsive design strategies (Ahsan & Svane, 2010; Jemat et al., 2023; Bulbaai & Halman,
2021).
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C.2 Data Analysis and Evaluation Criteria

The collected evidence is analyzed comparatively using energy consumption, operational
expenditure, initial implementation costs, maintenance requirements, thermal comfort, and

potential payback periods as evaluation criteria. Passive and active design strategies are assessed
individually and in combination to determine their relative advantages. Particular attention is given
to balancing energy savings against implementation costs and identifying measures that offer long-
term economic benefits (Sun et al., 2018; Bukoski et al., 2016; Mujeebu & Bano, 2022).

Table 1. Research Methodology and Evaluation Framework

Methodological | Data or indicators examined Purpose

component

Literature Published studies on tropical | Identify established energy-efficiency
review building design strategies

Passive design | Building orientation, shading, | Evaluate reductions in solar heat gain
assessment ventilation, and roofing and cooling demand

Material Thermal properties of construction | Examine the influence of materials on
performance materials indoor temperatures and energy use
assessment (Ede et al., 2017)

Active HVAC efficiency, lighting, and | Evaluate electricity-saving
technology energy-management systems opportunities (Chung-Camargo et al.,
assessment 2023)

Cost- Installation costs, operating | Compare economic feasibility (Sun et
effectiveness expenses, maintenance, and | al., 2018; Bukoski et al., 2016)
analysis payback

Thermal comfort
assessment

Indoor temperature, humidity, and
occupant comfort

Determine whether energy savings
maintain acceptable indoor conditions
(Kwong et al., 2014)
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Integrated Combined energy-saving measures | Examine pathways toward zero-
performance and renewable energy potential energy or positive-energy buildings
assessment (Oree & Anatah, 2017)

Source: Developed from the cited literature on energy-efficient building design in tropical
climates.

C.3 Reliability and Scope

To improve the reliability of the analysis, findings are compared across studies while accounting
for differences in climate, building type, occupancy, energy prices, and assessment methods.
Evidence on low-consumption techniques and sustainable residential design is used to identify
practical approaches and implementation limitations (Chung-Camargo et al., 2022; Shukla et al.,
2023). The study relies on published evidence rather than claiming new experimental
measurements. Consequently, its conclusions are intended to guide design decisions and identify
cost-effective strategies, while recognizing that actual savings depend on local climatic conditions,
building characteristics, and occupant behavior.

D. Results, Discussion, and Proposed Design Framework

D.1. Energy Performance of Design Strategies

Energy-efficient building design in tropical climates requires an integrated approach that combines
passive cooling, appropriate construction materials, natural ventilation, external shading, and
efficient air-conditioning systems. Passive strategies can reduce solar heat gain and cooling
demand, while active technologies improve energy performance when mechanical cooling and
lighting are necessary (Rattanongphisat & Rordprapat, 2014; Aste et al., 2020). Research on
tropical building retrofits also emphasizes evaluating passive and active measures according to
their energy-saving potential and cost-effectiveness (Sun et al., 2018).

D.2. Operational Cost Reduction and Cost-Effectiveness

Operational cost savings depend on the relationship between initial investment, energy
consumption, maintenance expenses, and long-term performance. Efficient HVAC systems,
demand-side management, and energy monitoring can reduce electricity expenditure, particularly
in buildings with substantial cooling loads (Bukoski et al., 2016; Mujeebu & Bano, 2022).
However, the most suitable strategy varies according to building type, climate conditions,
occupancy patterns, and local electricity tariffs. Life-cycle cost analysis should therefore guide
investment decisions rather than relying exclusively on initial construction costs.
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Table 2. Comparative Assessment of Energy-Efficient Building Strategies

Design strategy Expected energy benefit Cost consideration

Natural ventilation | Reduces mechanical cooling demand | Low to moderate installation

when outdoor conditions permit cost
External shading Limits solar heat gain through windows | Low to moderate initial cost
Reflective roofing | Reduces unwanted heat transfer Moderate installation or
and suitable retrofit cost

insulation

Efficient = HVAC | Reduces electricity consumption for | Moderate to high initial

systems cooling investment

Smart controls and | Minimizes  unnecessary  equipment | Depends on system
demand-side operation complexity

management

Solar photovoltaic | Offsets electricity purchased from the grid | Higher initial investment and
systems ongoing maintenance

Source: Synthesized from Sun et al. (2018), Rattanongphisat and Rordprapat (2014), Bukoski et
al. (2016), and Mujeebu and Bano (2022). Actual savings depend on local conditions and system
performance.

D.3. Thermal Comfort and Sustainable Building Materials

Thermal comfort is an essential performance criterion because reducing electricity consumption
should not compromise occupant well-being. Building orientation, shading, ventilation, roof
design, and appropriate material selection can improve indoor conditions and reduce excessive
dependence on air-conditioning (Kwong et al., 2014; Ahsan & Svane, 2010). Furthermore,
construction materials influence heat transfer and overall building energy performance, making
material selection particularly important in tropical regions (Ede et al., 2017). Field-based evidence
from Curagao and reviews of tropical office buildings provide additional context for assessing
climate-responsive design in different building settings (Bulbaai & Halman, 2021; Jemat et al.,
2023).
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D.4. Proposed Energy-Efficient Building Design Framework

The proposed framework integrates climate-responsive architecture, energy-efficient building

systems, economic evaluation, and continuous performance monitoring. It begins with assessing

local temperature, humidity, solar exposure, occupancy, and energy demand. Passive design
measures are then prioritized, followed by efficient HVAC equipment, lighting controls, and

renewable energy technologies where feasible. This approach aligns with research examining low-

consumption techniques and pathways toward zero-energy and positive-energy buildings in
tropical and humid climates (Chung-Camargo et al., 2022; Chung-Camargo et al., 2023; Oree &

Anatah, 2017).

Table 3. Proposed Framework for Energy-Efficient Tropical Buildings

Framework stage

Key actions

Performance indicators

Climate and energy | Evaluate solar exposure, humidity, | Baseline energy-use
assessment occupancy, and baseline consumption intensity

Passive design | Improve orientation, shading, ventilation, | Cooling  demand and
optimization and roofing indoor comfort

Active system | Install efficient HVAC, LED lighting, and | Electricity consumption
optimization automated controls

Renewable  energy | Assess solar generation and on-site | Grid electricity reduction
integration energy utilization

Economic evaluation | Compare installation, operating, and | Life-cycle cost and
maintenance costs payback period

Monitoring and | Track energy use and occupant feedback | Annual  savings  and

improvement comfort performance

Source: Proposed synthesis based on Sun et al. (2018), Aste et al. (2020), Shukla et al. (2023), and
Chung-Camargo et al. (2023).
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Fig 1: The graph presents illustrative simulated energy-use values before and after building
efficiency improvements. The values are hypothetical and do not represent measured empirical
results.

Adaptive Passive House Achieves Lowest Lifecycle Cost (25 Years)

back through operal
'

Fig 2: The graph presents simulated cumulative life-cycle costs over a 20-year evaluation period,
including initial investment and annual operating costs. Discounting, inflation, replacement
costs, and residual value are excluded.

D.6. Evaluation Indicators and Implementation Challenges

The proposed framework should be evaluated using energy-use intensity, annual electricity
expenditure, percentage energy reduction, indoor thermal comfort, maintenance costs, and
investment payback period. These indicators enable comparisons across residential and
commercial buildings while supporting decisions about economically viable energy-efficiency
measures. Studies on sustainable tropical residences and commercial buildings further demonstrate
the importance of considering building type and local operating conditions when interpreting
energy performance (Chou et al., 1994; Shukla et al., 2023).
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Table 4. Evaluation Indicators for the Proposed Framework

Indicator Measurement approach Evaluation purpose
Energy-use Annual energy use per square metre | Assess overall energy
intensity (kWh/m?/year) performance

Operational cost

Annual electricity and energy-related expenditure

Quantify financial savings

Energy reduction | Percentage change from the baseline Compare intervention
effectiveness
Thermal comfort | Indoor temperature, humidity, and occupant | Verify  acceptable indoor
feedback conditions

Payback period

Time required for cumulative savings to recover
investment

Assess financial feasibility

Carbon emissions

Annual operational emissions

equivalent)

(kg CO»-

Evaluate environmental

benefits

Source: Proposed indicators informed by Kwong et al. (2014), Bukoski et al. (2016), and Oree and

Anatah (2017).

Payback Times: Existing Buildings

Median Payback Time = 0.7 years
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Fig 3: The graph presents simulated cumulative life-cycle costs over a 20-year evaluation period,
including initial investment and annual operating costs. Discounting, inflation, replacement
costs, and residual value are excluded.
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The proposed framework emphasizes that reducing operational costs in tropical buildings requires
coordinated decisions about architectural design, building materials, mechanical systems, and
long-term financial performance. Combining passive and active measures with life-cycle cost
analysis can help identify practical solutions that balance energy savings, affordability, and
occupant comfort (Sun et al., 2018; Mujeebu & Bano, 2022).

E. Conclusion

Energy-efficient building design is an essential approach to reducing operational costs, improving
indoor thermal comfort, and promoting environmental sustainability in tropical climates. High
temperatures, humidity, and intense solar radiation increase cooling requirements and electricity
consumption, making climate-responsive architectural design particularly important. Integrating
passive strategies, such as natural ventilation, building orientation, external shading, reflective
roofing, and appropriate construction materials, can reduce heat gain and dependence on
mechanical cooling systems (Rattanongphisat & Rordprapat, 2014; Ahsan & Svane, 2010).
Furthermore, selecting construction materials with suitable thermal properties can improve
building energy performance while supporting occupant comfort (Ede et al., 2017).

The findings from the reviewed literature indicate that combining passive design strategies with
active technologies, including energy-efficient air-conditioning, lighting, and intelligent energy-
management systems, offers opportunities for reducing electricity consumption and long-term
operational expenditure. Sun et al. (2018) examined the cost-effectiveness of active and passive
design strategies for existing building retrofits in a tropical climate, demonstrating the relevance
of evaluating energy performance alongside implementation costs. Similarly, Mujeebu and Bano
(2022) investigated the energy-saving potential and cost-effectiveness of active energy-efficiency
measures for residential buildings in warm-humid climates. These studies reinforce the importance
of assessing both initial investment and long-term savings when selecting building improvement
measures.

Thermal comfort must also remain a central consideration because energy reduction should not
compromise indoor environmental quality. Kwong et al. (2014) reviewed thermal comfort
assessment and opportunities for energy-efficiency enhancement in modern tropical buildings,
while Jemat et al. (2023) examined energy-efficiency improvement strategies for Malaysian office
buildings. In addition, research on low-consumption techniques highlights opportunities to
integrate energy and water conservation into building design (Chung-Camargo et al., 2022). The
potential for zero-energy and positive-energy buildings further demonstrates the importance of
combining efficient building envelopes, optimized energy systems, and renewable energy
technologies where technically and economically feasible (Oree & Anatah, 2017; Chung-Camargo
et al., 2023).
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Overall, energy-efficient building design should be treated as a long-term investment rather than
an additional construction expense. A balanced approach that considers climate conditions,

construction costs, energy consumption, maintenance requirements, and occupant needs can
support more affordable, comfortable, and sustainable buildings across tropical regions (Aste et
al., 2020; Bulbaai & Halman, 2021).
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