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1. Abstract

Energy efficiency in buildings is a growing concern in the context of global energy consumption and
environmental sustainability. The significant amount of energy that goes unutilized in buildings, such as waste
heat, mechanical vibrations, and untapped solar radiation, can potentially be converted into usable energy.
This research explores the mechanisms and technologies for transforming non-usable forms of energy into
usable energy. It also examines various case studies and technological solutions like thermoelectric generators,
piezoelectric energy harvesting, and heat recovery systems, which can be integrated into buildings. By doing
so, the study seeks to highlight the economic feasibility and environmental benefits of these technologies,

while also identifying the limitations and challenges associated with implementing these systems.
2. Background and Introduction
2.1 Background

The global demand for energy is rising rapidly, with buildings being one of the largest consumers. According
to the International Energy Agency (IEA), buildings account for nearly 40% of global energy consumption
and contribute significantly to greenhouse gas emissions. However, a substantial portion of energy within
buildings remains unused and dissipates as waste. This includes heat loss through windows and walls,
mechanical vibrations from foot traffic and equipment, and unutilized solar energy due to inefficient

harvesting.

Recent technological advancements have opened new avenues for converting this non-usable energy into
usable forms, thereby reducing energy consumption and improving overall building efficiency. By capturing
and converting waste energy within a building, the potential exists to not only lower energy bills but also

contribute to environmental sustainability.
2.2 Introduction

Energy conversion technologies have emerged as a promising solution to address the challenge of non-usable
energy in buildings. These technologies allow for the transformation of waste heat, mechanical energy, and

even untapped solar energy into electricity or other usable forms of energy. This report focuses on the key
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types of non-usable energy in buildings, the technologies available to convert these energy forms, and the

benefits, limitations, and future potential of such systems. It also

presents a case study of successful implementations in urban settings, demonstrating the practical applications

of these technologies.
3. Need for Research

There are several compelling reasons for conducting research into the conversion of non-usable energy in

buildings:

a) Energy Efficiency: As energy demand continues to grow, improving efficiency within buildings is critical.
Converting waste energy into usable energy could significantly reduce overall energy consumption.

b) Environmental Impact: Buildings are a major source of carbon emissions. Reducing energy demand
through the recovery and reuse of waste energy can lower emissions and support global sustainability goals.

¢) Economic Savings: Energy costs are increasing globally. By harnessing waste energy, building owners and
operators can reduce energy bills and improve long-term cost-effectiveness.

d) Technological Innovation: Advances in materials science and energy harvesting technologies present new

opportunities to capture and convert non-usable energy in more efficient and scalable ways.

Aim:

The aim of this research paper is to explore the technologies and methodologies available for converting non-

usable energy forms in buildings into usable energy. The objectives of the research are:

a) To identify the most common types of non-usable energy present in buildings.

b) To investigate the technologies capable of converting these non-usable energy forms into usable energy.
c¢) Toassess the feasibility, efficiency, and economic impact of these technologies.

d) To evaluate real-world applications and case studies of energy conversion in buildings.

e) To identify limitations and propose future research directions for improving these technologies.
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4. Literature Review

4.1 Thermoelectric Generators (TEGS)
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Fig 2 — Piezoelectric Device

Thermoelectric generators (TEGs) have emerged as a solution
for converting waste heat into electricity using the Seebeck
effect. According to studies, TEGs can be placed in areas with
large temperature gradients, such as windows, exterior walls,
and heating pipes, to capture heat and convert it into usable
energy. The conversion efficiency of current TEG systems,
however, is limited to around 5-10%, making them more
suitable for small-scale energy harvesting rather than large-

scale power generation.
4.2 Piezoelectric Devices

Piezoelectric  energy harvesting involves capturing

mechanical stress or vibrations and converting them into
electrical energy. These systems have been installed in floors,
stairs, and other high-traffic areas to generate electricity from
human movement. Research indicates that while the energy
generated from piezoelectric devices is small, it can still power
low-energy devices like sensors and lighting systems. Studies
also suggest that piezoelectric materials, while efficient in
certain applications, face challenges in terms of scalability for

larger energy needs.
4.3 Heat Recovery Ventilation (HRV) Systems

Heat recovery ventilation (HRV) systems are increasingly used
to recover waste heat from exhaust air in HVAC systems. HRV

systems allow for the preheating or precooling of incoming

fresh air using energy from outgoing stale air. Studies show that HRVs can recover up to 90% of the energy

in exhaust air, leading to significant savings in energy required for heating or cooling. HRV systems are most

effective in climates with significant heating or cooling demands.
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Solar Photovoltaic (PV) Systems

Photovoltaic (PV) systems are widely known for converting solar energy into electricity, but recent
advancements such as bifacial solar panels and building- integrated photovoltaics (BIPV) have improved the
efficiency of solar energy harvesting. Bifacial PV systems can capture sunlight from both sides, making them
effective even in shaded or reflective urban environments. Literature also highlights the use of PV windows,

which integrate solar cells into building glass surfaces, capturing solar energy without compromising
aesthetics.
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4.4 Phase Change Materials (PCMs) for Energy Storage

Phase change materials (PCMs) store and release thermal energy during phase transitions, such as from solid
to liquid. In buildings, PCMs can be integrated into walls, floors, or ceilings to absorb excess heat during the
day and release it during cooler periods. Studies suggest that PCMs can significantly reduce the need for
heating and cooling, making them an effective solution for stabilizing indoor temperatures and improving

energy efficiency.

5. Case Study

5.1 Piezoelectric Floors in Public Spaces
e  Shibuya Station

A piezoelectric mat was installed in this station to demonstrate the potential of clean energy initiatives. The
mat generates electricity when people step on it, and the power is stored in capacitors and used to power

displays.
e  Tokyo Station

A real-world experiment was conducted in the ticket gate area of Tokyo Station from January 19 to March 7,
2008. The experiment used piezoelectric material to generate about 10,000 W.s of power per day, which was

enough to run the automatic ticket gates and electronic displays

A notable case study comes from Tokyo, Japan, where piezoelectric floors were installed in a busy train station.
These floors capture the mechanical energy from foot traffic and convert it into electrical energy. The energy
generated powers LED lighting systems throughout the station. This system has shown success in providing a

sustainable, maintenance-free energy source while reducing reliance on external grid electricity.

Results: The system generates up to 1,500 kWh annually, enough to power a significant portion of the station's
lighting needs.
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Fig 6 - Power-Generating Floor " tiles at the

Kokuyo headquarters.

Fig 5 - Power-Generating Floor " tiles

being tested at Shibuya Station.

5.2 Thermoelectric Energy in Smart Buildings

In Sweden, a commercial building integrated thermoelectric generators into its window frames. These TEGs
capture heat from the external environment and convert it into electricity, which powers smart lighting systems
and sensors. The system was designed to reduce the building's overall energy consumption by utilizing ambient

temperature differences between indoors and outdoors.

. Results: Energy savings from this system amount to approximately 5% of the building's total

electricity consumption, contributing to lower operational costs.
7. Methodology

The methodology for this research involved:

7.1 Data Collection

Data was collected from academic journals, case studies, and industry reports on the implementation of energy

conversion technologies in buildings. Specific emphasis was placed on peer-reviewed studies detailing the
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effectiveness and efficiency of technologies such as thermoelectric generators, piezoelectric devices, and heat

recovery systems.
7.2 Literature review

The collected data was subjected to a comparative analysis to evaluate the performance, cost-effectiveness, and
practicality of each technology. Key performance indicators such as energy conversion efficiency, installation
costs, and maintenance requirements were used to assess the feasibility of integrating these systems into

various building types.
7.3 Case Study Analysis

Selected case studies of buildings that have successfully implemented energy conversion technologies were
analyzed to determine the real-world applicability of these systems. Factors such as geographical location,

building type, and operational requirements were considered in the analysis.
8. Limitations
8.1 Cost and Installation Barriers

The initial cost of installing energy conversion technologies, especially in older buildings, remains a significant
barrier. Retrofitting existing structures with piezoelectric systems, thermoelectric generators, or advanced heat
recovery systems can require substantial upfront investment. Moreover, installation may involve structural

modifications, which can disrupt building operations.
8.2 Efficiency Limitations

The efficiency of current energy conversion technologies, particularly thermoelectric and piezoelectric

systems, is relatively low.

For example, piezoelectric floors only generate small amounts of energy per footstep, limiting their utility to
low-power applications like lighting or sensors. Thermoelectric generators also face limitations, as their energy

output depends heavily on temperature differentials.
8.3 Integration with Existing Systems

In many older buildings, integrating energy conversion technologies with existing systems such as HVAC or
electrical systems can be challenging. This requires complex retrofitting processes and can lead to

compatibility issues, which may increase both cost and complexity.

PAGE NO: 263



OEIL RESEARCH JOURNAL (ISSN:0029-862X) VOLUME 23 ISSUE 5 2025

9. Conclusion

Converting non-usable forms of energy within buildings into usable forms represents a significant opportunity
for improving energy efficiency and sustainability. Technologies such as thermoelectric generators,
piezoelectric systems, and heat recovery ventilation offer practical solutions for harnessing waste energy. While
there are economic and technical challenges associated with implementing these systems, the long-term
benefits—reduced energy consumption, lower operational costs, and reduced greenhouse gas emissions—

make them an attractive option for future building design.

Continued research and technological innovation will be essential for overcoming existing limitations,
particularly in terms of improving the efficiency and scalability of these energy conversion systems. Incentives
from governments and stakeholders could accelerate the adoption of these technologies, fostering a shift

toward more energy-efficient buildings.
9.1 Relevance to the Indian Context

In the Indian context, this research is highly relevant due to the country's rapidly growing population,
urbanization, and increasing energy demands. India has a high reliance on fossil fuels, contributing to both
energy insecurity and environmental degradation. The integration of energy conversion technologies in Indian
architecture can play a crucial role in enhancing energy efficiency and sustainability, especially in urban areas
where energy consumption in buildings is significant. For example, implementing piezoelectric floors in high-
traffic public spaces such as train stations (as demonstrated in Tokyo) could reduce the load on the electricity
grid. Additionally, using thermoelectric generators in India's commercial and residential buildings could help

harness the country's abundant solar energy.

Moreover, given the emphasis on affordable housing in India, incorporating these technologies in low-cost
housing projects could reduce operational costs and make housing more sustainable. For instance, heat
recovery systems could be implemented in HVAC systems for better energy management, particularly in

India's diverse climates.
9.2 Role of Academics in Developing Architecture Curriculums

Academics play a critical role in shaping the architectural curriculum, and this research highlights an essential
area for inclusion—energy efficiency and sustainable building technologies. The knowledge gained from this
research could help architecture schools in India develop courses that focus on integrating energy conversion
technologies into building designs. Students could learn not only about conventional architectural principles

but also about emerging technologies that are reshaping the built environment.

For example, universities could offer specialized modules on energy harvesting systems, sustainability in

architecture, and the use of smart materials like phase change materials (PCMs) for energy storage.
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Furthermore, collaborations with industry experts and energy technology firms could provide students with
practical exposure to these innovative solutions, fostering a new generation of architects equipped to address

India's energy and environmental challenges.

By embedding this knowledge into the curriculum, future architects can contribute to designing buildings that
are not only aesthetically pleasing but also energy-efficient and environmentally sustainable. The curriculum
can emphasize real-world case studies, such as those analysed in this research, to provide students with
concrete examples of how these technologies are applied globally and how they can be adapted to the Indian

context.
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