Volume 11, Issue 5, May — 2026
ISSN No:-2456-2165

International Journal of Innovative Science and Research Technology
https://doi.org/10.38124/ijisrt/26may360

Integrating Renewable Design Approaches to
Improve Energy Performances in High-Rise
Buildings

Michael Olusegun Adamolekun?
!Department of Architecture Ambrose Alli University, Ekpoma, Nigeria

Publication Date: 2026/05/25

Abstract: High-rise buildings have become a defining feature of modern urban development due to rapid population growth
and limited land availability in major cities. However, these structures are associated with significant energy consumption
resulting from intensive use of heating, cooling, lighting, and vertical transportation systems. In response to increasing
concerns about climate change, environmental sustainability, and resource efficiency, the integration of renewable design
approaches has emerged as a critical strategy for improving building energy performance. This study examines the role of
renewable energy systems and sustainable architectural strategies in reducing energy demand and enhancing overall
building efficiency. Key approaches identified include passive design strategies and active renewable energy systems. The
study further explores integrated design approaches that combine architectural planning with advanced energy
management systems to optimize performance. Findings indicate that effective integration of renewable design strategies
can significantly reduce energy consumption, lower carbon emissions, and improve environmental sustainability in high-
rise buildings. The study highlights the need for collaborative design processes, supportive policy frameworks, and

continuous technological innovation to enhance energy performance in rapidly urbanizing environments.

Keywords: Curtain Walls, Glazing, Vertical Greenery, Biophilia, Fenestration, Facades.

How to Cite: Michael Olusegun Adamolekun (2026) Integrating Renewable Design Approaches to Improve Energy Performances
in High-Rise Buildings. International Journal of Innovative Science and Research Technology, 11(5), 1499-1504.

https://doi.org/10.38124/ijisrt/26may360
. INTRODUCTION

Rapid urbanization is reshaping how and where people
live, work, and gain access to resources, (Bodo, 2019). More
than half of humanity lives in urban areas, with projections
indicating this figure will rise to approximately two-thirds by
the middle of the century, projecting across the world an
increasing demand for high-rise buildings, particularly in
densely populated cities where land availability is limited,
(Byulegenova, & Turemuratov, 2023). While sourcing
solutions for urban density and economic growth through
high-rise buildings, there is concern with significant energy
consumption and by-products. High-rise buildings require
large amounts of energy for heating, cooling, lighting, and
vertical transportation  systems.  Consequently, they
contribute considerably to global greenhouse gas emissions
and environmental degradation.

The increasing concerns regarding climate change and
fossil fuel depletion have driven many environmentalists
(architects, town planners etc.), to seek sustainable strategies
to enhance building energy performance, which brought
about a crucial aspect of sustainable architectural design to
integrate renewable energy, (Li, Zhou, Eom, Yu, & Asrar,
2019).
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Furthermore, this brings advanced challenges due to
structural, technological, and environmental factors, (Chen,
Huang, Yang, & Peng, 2019), (Chen, Yang, & Peng, 2019).
However, advancements in building technology and design
approaches have made it possible to incorporate renewable
energy systems into high-rise buildings effectively.

According to Oyediran, Akinradewo, Onososen, &
Koriko, (2025), high-rise buildings in Nigeria are
increasingly seen as a solution to population rapid growth and
urbanization, land scarcity, particularly in major cities like
Asaba, Lagos, Port-Harcourt and Abuja. Historically
characterized by low-rise developments, The shift towards
vertical expansion is driven by the need for efficient land
utilization and economic growth. Ochedi, & Taki, (2021),
opined the

Contemporary Nigerian high-rise buildings often adopt
design strategies from foreign nations which mostly have
temperate or desert climates, with approach like fully glazed
fagades being not all season suited for the hot, humid
conditions of cities like Lagos and Abuja. (Kalu, Ogunnaike,
& 0., E., 2025), thus, these designs lead to excessive solar
heat gain, causing thermal discomfort due to insufficient
shading and reliance on sealed envelopes that restrict airflow.
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Consequently, occupants depend heavily on control of the
immediate microclimate like air conditioning, increasing
energy consumption and operational costs in the built
environment, mostly due to inadequate supply of electricity
in Nigeria. This approach neglects principles of climate-
responsive architecture traditionally found in Nigerian
designs, (Ayodele, Ogunjuyigbe, & Nwakanma, 2021),
which utilized features to enhance natural ventilation and
minimize heat gain.

A more effective strategy would integrate passive
design elements and renewable systems, tailored to local
climatic conditions, for energy-efficient and comfortable
buildings. The purpose of this study is therefore to examine
renewable design approaches and evaluate how their
integration can enhance the energy performance of high-rise
buildings when energy challenges associated with high-rise
buildings is investigated, renewable design strategies
applicable to high-rise buildings are identified and
recommendations are provided.

1. HIGH-RISE BUILDINGS

High-rise  buildings are  building  structures
characterized by their considerable vertical height and
multiple floors. Although definitions vary among building
codes, a high-rise building is typically defined as a structure
exceeding 35 meters in height or containing more than 12
floors. The height requires special design, safety, and use
conditions compared with lower buildings, (Tamosaitiené, &
Gaudutis, 2013).

The energy performance in such buildings refers to how
much energy a building uses to provide services like heating,
cooling, lighting, hot water, and plug loads while maintaining
comfort and function. (Zhao, 2023).

1. RENEWABLE ENERGY IN
ARCHITECTURE

Renewable energy in architecture refers to the
incorporation of energy sources that are naturally
replenished, such as solar radiation, wind, and geothermal
heat, into building systems. These systems can either generate
electricity or provide heating and cooling.

It looks into common building-level indicators include
Energy Use Intensity (EUI), EnergyStar scores, and zero
Energy Performance Index (zEPI) to compare buildings and
track progress. (Geraldi, & Ghisi, 2020).

It is an essential part to a functional high rise building
as it also looks into sustainable designs that focuses on
minimizing environmental impact through efficient resource
use, reduced carbon emissions, and improved building
performances overtime.

(AVA PASSIVE AND ACTIVE DESIGN SYSTEMS

Passive design strategies are initial integration of
functionality of service of that a building itself offers through
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architectural elements such as the building orientation,
shading and shading device, and natural ventilation to reduce
energy demand. Active design systems, on the other hand,
involve technological systems that generate or manage
energy in and around building, such as photovoltaic panels or
wind turbines.

Several studies have emphasized that buildings account
for nearly 40% of global energy consumption. With high-rise
buildings particularly being energy-intensive due to their
complex systems and high occupant density, Researchers
have therefore explored various strategies to improve energy
efficiency in high-rise buildings.

Renewable systems such as solar photovoltaic panels,
wind turbines, and geothermal heating systems can
significantly reduce reliance on fossil fuels. Additionally,
passive design strategies such as optimized building
orientation and high-performance fagades can reduce energy
demand.

Sustainable building rating systems also plays an
important role in promoting renewable integration and energy
efficiency. These frameworks establish performance
standards and provide guidelines for environmentally
responsible building design. For instance, the Leadership in
Energy and Environmental Design (LEED) -certification
encourages energy efficiency through renewable energy
integration, efficient building envelopes, and sustainable site
planning. Similarly, the Building Research Establishment
Environmental Assessment Method assesses buildings based
on environmental performance, including energy use and
renewable technologies.

Previous studies indicate that combining passive and
active renewable systems yields the best results in improving
building energy performance (Zhao, 2023), with difference in
energy usage in traditional and high-rise building as shown in
Table 1. However, challenges such as high initial costs,
technological limitations, and design complexity still hinder
widespread implementation.

This study is grounded in the principles of sustainable
architecture and bioclimatic design. As the former focuses on
adapting buildings to their local climate conditions, through
utilizing natural elements such as sunlight, wind, and
temperature variations to reduce dependence on mechanical
systems, the latter emphasizes designing buildings that
minimize environmental impact while maximizing energy
efficiency and occupant comfort.
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Fig 1 Expected Outcome of Heat, Energy and Lighting
Energy in a Traditional and High-Rise Building.
Source: MDPI, 2016

(U
[ BE T

—_
o

Consumption Comparison (kWh/m?)

o r2 = (=20 s ]

V. RENEWABLE DESIGN STRATEGIES FOR
HIGH-RISE BUILDINGS

» Passive Design Strategies

¢ Building Orientation

Proper orientation allows buildings to maximize natural
daylight while minimizing unwanted heat gain. South-facing
facades can be optimized for solar energy collection, while
shading devices can reduce excessive solar heat.

¢ Natural Ventilation

Natural ventilation strategies such as courtyards,
operable windows and atriums can improve airflow and
reduce reliance on mechanical cooling systems.

o Double-Skin Fagades

A double-skin facade consists of two layers of glass
separated by an air cavity. This system enhances thermal
insulation and improves natural ventilation.

e Daylighting

Designing buildings to maximize natural daylight
reduces the need for artificial lighting and improves occupant
comfort. This approach can be through skylight, best choice
for building materials especially reflections (glass) and being
aware of glare.

e Green Roofs and Vertical Greenery

Vegetation integrated into buildings can improve
thermal insulation, reduce urban heat island effects, and
enhance air quality. Greenery, courtyard system, natural
plants etc., can be of great relevance in this scheme of work.

» Active Renewable Systems

o Solar Photovoltaic Systems

A very good example is the Edge in Amsterdam which
uses rooftop and facade PV to produce significant portion of
its energy demand, making it one of the most energy-efficient
office buildings globally.
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The Solar Photovoltaic (PV) Systems converts sunlight
directly into electricity using the Photovoltaic Effect or
Photovoltaic panels (PV Panels). When photons strike
semiconductor materials (typically silicon), they excite
electrons, generating a direct current (DC). Thus panels
convert solar radiation into electricity and can be integrated
into building facades or rooftops. Its key components are PV
panels as the modules, an inverter serving as conversion from
direct current to alternating current, Battery storage, rooftop
array, control, building-integrated photovoltaics (BIPV)
which could be facade glazing, shading devices, curtain
walls.

The performance factors here depend on shading losses,
efficiency of heat energy on the panel, panel orientation and
solar irradiance.
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Fig 2 Solar Photovoltaic System
Source: MDPI, 2016

e Solar Thermal Systems

It has higher efficiency than PV for heat generation.
These systems capture solar radiation as heat rather than
electricity, and transferred through a working fluid as water
or antifreeze solution, and used in space heating, domestic hot
water (DHW) in the home, absorption cooling in advanced
systems. Where solar collectors absorb heat, the collectors
gives free access of the fluid as heat exchanger transfers
energy to storage tank thus making hot water to be distributed
within the building. A good example is the Drake Landing
Solar Community in Canada that achieves over 90% of its
space heating through solar thermal energy stored
underground and giving a lower cost per unit of energy.

e Wind Energy Systems

Wind turbines integrated into high-rise structures can
generate electricity using wind currents at higher altitudes.
That is kinetic energy of moving air is converted into
electricity by using the turbines. The consistent airflow
rotates blades, driving a generator expressing power output as
directly proportional to the wind speed.
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This is achievable on high-rise building when small-
scale turbines mounted on rooftops or slabs, on vertical-axis
turbines for urban environments and integrated design to
channel wind. It comes with challenges on the building like
noise and vibration and also given to the fact of its high
structural integration complexity. The Bahrain World Trade
Center integrates three large wind turbines between its twin
towers, generating part of the electricity demand of the
building.

e Geothermal Energy

It operates on the heat transfer principle that is heat flow
from warmer to cooler regions making it have stable
performance regardless of weather. It utilizes the relatively
stable temperature of the ground for heating and cooling via
ground-source heat pumps (GSHPs), where in cooling mode,
heat is extracted from the high-rise building and transferred
into the ground, likewise heat being drawn from the ground
into the building in heating mode. This system can either be
a closed-loop system that is seen in vertical and horizontal
boreholes, or open-loop system derived through groundwater.
Studies shows the One Angel Square uses this system with
other renewables to achieve low operational energy use.
These systems are shown in the table below as;

Table 1 Comparative Insight on Active Renewable System
Conversion Partway

System | Energy Output Efficiency | Best

Source Form Range Use
Solar PV | Solar Electricity | 15-22% | General
radiation power
Solar Solar Heat 40-70% Heating
Thermal | radiation
Wind Kinetic Electncity | 20-45% Windy
Energy | wind sites
energy
Geother | Earth’s | Heating/ | COP3-3+ | HVAC
mal heart cooling
VI DESIGN INTEGRATION APPROACHES

Effective integration of renewable systems requires
careful planning and coordination between architectural and
engineering  design  processes.  Building-Integrated
Photovoltaics (BIPV) allow solar panels to function as part of
the building envelope, replacing conventional facade
materials. Renewable fagade systems can also incorporate
shading devices and energy-generating components. Hybrid
energy systems combine multiple renewable technologies,
such as solar and wind energy, to enhance overall efficiency.
Smart energy management systems further optimize energy
use by monitoring building performance and adjusting
systems automatically.

Several high-rise buildings around the world

demonstrate successful integration of renewable design
strategies.
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The Bahrain World Trade Center is one of the first
skyscrapers to incorporate wind turbines into its structure.
Three large turbines positioned between the towers generate
a portion of the electricity in the building.

Another example is the Pearl River Tower, which
integrates wind turbines, solar panels, and advanced
ventilation systems to significantly reduce energy
consumption.

Similarly, the Bosco Verticale integrates vegetation into
its facade, improving thermal insulation and air quality while
reducing energy demand.

The Shanghai Tower incorporates multiple sustainable
features including double-skin facades, wind turbines, and
rainwater harvesting systems.

These analysis reveals that integrating renewable
design strategies can significantly reduce energy
consumption in high-rise buildings. Where passive design
strategies play a crucial role in reducing initial energy
demand, and active renewable systems provide sustainable
energy generation.

However, several challenges remain. High initial
investment costs and technological complexity can
discourage developers from adopting renewable systems.
Additionally, climatic conditions and urban density may limit
the effectiveness of certain renewable technologies.

Despite these challenges, the long-term environmental
and economic benefits of renewable integration outweigh the
initial costs. As technology continues to advance, renewable
systems are expected to become more efficient and
affordable.

VILI. IMPLICATIONS FOR
ARCHITECTURAL PRACTICE

The vital implementation for practice includes the
prioritizing of renewable energy integration during the early
stages of building design by considering building orientation,
facade design, and energy systems simultaneously is
important by collaboration among architects, engineers, and
sustainability consultants to ensure effective integration of
renewable technologies. Policymakers should also provide
incentives and regulations that encourage sustainable
building practices.

VIIL. CONCLUSION

High-rise buildings play a significant role in modern
urban development but are also associated with high energy
consumption. Integrating renewable design approaches
provides an effective strategy for improving the energy
performance of these structures.

This study highlights the importance of combining
passive design strategies with active renewable technologies
to achieve sustainable high-rise buildings. Buildings looked
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into demonstrate that innovative architectural design and
advanced technologies can significantly reduce energy
consumption while maintaining functionality and aesthetic
quality.

Future research should explore emerging renewable
technologies and their potential applications in high-rise
architecture, particularly in rapidly developing urban regions.
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