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Abstract

The building sector is a significant contributor to global energy consumption and carbon emissions, particularly
in developing countries like Pakistan. This study presents a comprehensive energy audit of a multi-story hostel
building, identifying inefficiencies and proposing sustainable retrofitting solutions to reduce energy consumption.
Using simulation tools such as Ecotect, the energy performance of appliances and building components was assessed
before and after retrofitting measures. The analysis revealed that replacing traditional appliances with energy-efficient
alternatives, optimizing insulation, and implementing passive cooling techniques significantly reduced the building’s
energy consumption from 10,150.69 kWh to 6,466.93 kWh per month. The study also evaluates the economic
impact of these retrofitting measures, with a payback period of 5.3 years, emphasizing their long-term financial
and environmental benefits. The findings underscore the importance of data-driven energy audits and sustainable
retrofitting practices to address Pakistan’s energy challenges, offering practical recommendations for policymakers,
building managers, and energy professionals to improve building efficiency and reduce operational costs.
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1 Introduction

The rapid increase in global energy demand, cou-
pled with the depletion of non-renewable re-

sources and escalating climate change concerns, un-
derscores the critical need for energy-efficient build-
ing designs and retrofitting solutions. Globally, the
building sector contributes significantly to energy con-
sumption, accounting for approximately 30–40% of
total energy use and 28% of energy-related carbon
dioxide emissions annually. A significant portion of
this energy is used for heating, cooling, and lighting,
making buildings a key target for reducing emissions
and promoting sustainability [1].

In developing countries like Pakistan, where en-
ergy shortages frequently disrupt daily life, inefficient
energy utilization exacerbates the problem. Buildings
in Pakistan consume around 60% of the nation’s
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electricity, with much of this energy wasted due to
poor thermal performance and outdated equipment.
In the context of effective utilization of various energy
resources, the Demand Side Management tool provides
the best strategic energy model for overcoming all
national energy crises’ solution through effective cost
analysis [2], [3].

Retrofitting existing buildings with energy-efficient
technologies and practices can mitigate these chal-
lenges by reducing operational energy demands, align-
ing with sustainability goals, and minimizing construc-
tion waste [4], [5], [6]. Retrofitting measures, includ-
ing improved insulation, advanced glazing systems,
and energy-efficient appliances, have proven to sig-
nificantly reduce energy consumption. For example,
double-glazed windows and insulated walls can cut
energy losses by up to 50%, while passive cooling
techniques, such as natural ventilation and shading,
can lower cooling energy requirements by 30–40% [7],
[8], [9].

Simulation tools, such as Ecotect, Energy Plus,
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and Design Builder, have revolutionized the assess-
ment of retrofitting strategies by providing detailed
insights into their potential impacts on energy effi-
ciency. For instance, studies demonstrate that optimiz-
ing window-to-wall ratios, using advanced insulation
materials, and integrating natural ventilation systems
can significantly reduce cooling loads by up to 40% in
tropical climates. Similarly, daylighting integration in
office spaces has been shown to achieve annual energy
savings of 20%–30% while enhancing indoor comfort
levels [1], [10], [11], [12].

The objectives of this paper were investigated using
Ecotect software to answer the following questions:

• What is the current energy performance of each
piece of equipment in the selected building, and
how does this contribute to overall energy con-
sumption?

• What are the potential benefits of implement-
ing passive cooling techniques, and how can
BIM tools be used to identify the most effective
retrofitting strategies?

• How can building energy efficiency be improved
through retrofitting, and what is the economic
trade-off between the initial investment and long-
term energy savings?

To analyze the research landscape surrounding
”Energy Conservation Management within Buildings”
and ”Energy Audit”, we conducted a bibliometric
study using Open-Alex APIs due to restricted access
to prominent databases such as Scopus and Web of
Science. A total of 2,611 articles were retrieved and an-
alyzed through VOS-viewer, focusing on keyword co-
occurrence to identify thematic clusters and research
trends. The analysis revealed three major clusters
representing interdisciplinary connections (as shown in
Figure 1).

Energy systems and engineering disciplines are
highlighting research on energy-efficient technolo-
gies, conservation strategies, and engineering solutions
within buildings, environmental economics and policy,
emphasizing the role of economic frameworks and
sustainable policies in promoting energy audits and
conservation, and materials science and thermal en-
ergy management are focusing on advanced materials
and energy storage technologies relevant to building
efficiency. The centrality of terms like ”energy conser-
vation,” ”engineering,” and ”environmental science”
underscores the integration of engineering innovation
with environmental concerns. The study further high-
lighted growing research interest in renewable energy
integration, sustainable building practices, and ad-
vanced auditing techniques to optimize energy usage
in built environments. The visualization underscores

strong interdisciplinary collaboration between fields
such as mechanical engineering, computer science,
and architectural engineering. Additionally, the co-
occurrence of ”energy engineering” and ”environmen-
tal science” suggests a shared focus on developing
sustainable energy technologies. Despite limitations
in data accessibility, the analysis provides a compre-
hensive overview of interdisciplinary efforts address-
ing energy challenges in buildings, offering valuable
insights for future research. A country-wise collabo-
ration network was generated using VOSviewer based
on data retrieved via OpenAlex APIs, encompassing
2,611 articles as shown in Figure 2.

The visualization reveals strong international re-
search collaboration patterns, with prominent con-
tributions from countries such as China, the United
States, Germany, and the United Kingdom. These na-
tions are central nodes in the network, reflecting their
leadership roles in energy conservation management
and energy audit research. China exhibits extensive
links with the United States, Germany, and several Eu-
ropean and Asian countries, indicating robust global
research partnerships.
The network also highlights regional clusters, such as
collaborations among Middle Eastern countries like
Saudi Arabia and Turkey, and European countries
including Switzerland, Italy, and Sweden. Emerging
contributions from countries like Pakistan, Brazil, and
South Africa indicate growing interest and partici-
pation from developing regions in addressing energy
challenges. This analysis underscores the critical role
of international collaboration in advancing research on
energy efficiency and conservation practices, paving
the way for cross-disciplinary solutions to global en-
ergy concerns. Figure 3 highlights the collaboration
network among researchers in the domain of energy
conservation and management within buildings, as
well as energy auditing. The study focuses on this
niche due to its critical importance in addressing
global energy efficiency and sustainability goals. By
leveraging renowned academic databases via APIs, we
ensured access to high-quality, peer-reviewed publica-
tions while maintaining a comprehensive and system-
atic approach to data acquisition.

Figure 4 shows the flowchart that outlines the
process of an energy efficiency assessment, starting
with an initial assessment that involves data collec-
tion (building specifications, energy consumption, and
electricity bills) and site surveys to inspect the build-
ing. Next, the energy performance evaluation analyzes
energy usage patterns and economic factors, such as
electricity costs and potential savings. Based on these
insights, retrofitting decisions are made, including
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Fig. 1: Keywords network

Fig. 2: Network analysis of countries
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Fig. 3: Network analysis of authors

appliance upgrades, efficient lighting, and structural
improvements like insulation and window upgrades.
Finally, the implementation Outcomes assess the sus-
tainability impact of the changes and establish guide-
lines for replicating similar improvements elsewhere.

2 Methodology
Figure 5 shows the methodology of this paper involv-
ing a systematic approach to assessing and improving
the energy performance of a hostel building. This
paper presents a comprehensive energy audit and per-
formance analysis conducted on a multi-story hostel
building in Pakistan. The study assesses energy usage
patterns, cost implications, and potential areas for
efficiency improvement. We quantify potential savings
by evaluating current consumption against energy-
efficient alternatives and propose targeted solutions
to reduce energy usage. Our findings underscore the
importance of data-driven energy audits in enabling
better decision-making around retrofits and equipment
upgrades, which could ultimately contribute to lower-
ing operational costs and carbon emissions.

Passive heat gains play a vital role in sustain-
able building design by utilizing natural warmth to
reduce heating costs and improve energy efficiency.
Key contributors include solar radiation through win-
dows, which is influenced by glazing type and building

orientation, particularly south-facing in the northern
hemisphere. Heat conduction through walls, roofs, and
floors depends on insulation properties, with low U-
value materials providing effective thermal resistance.
Internal heat from occupants, lighting, and appliances
also enhances indoor warmth, particularly in well-
insulated spaces. Together, these factors optimize pas-
sive heating, minimizing reliance on active heating
systems and supporting energy-efficient design.

Energy assessments offer valuable insights for
policy-makers, building managers, and energy profes-
sionals in Pakistan, supporting the drive towards a
more energy-efficient and sustainable future. Buildings
globally consume substantial energy, with Pakistani
buildings accounting for nearly two-thirds of the na-
tion’s total consumption, much of it used inefficiently
for heating, cooling, and lighting. Given Pakistan’s
energy deficit, which averages around 5000 MWh, opti-
mizing energy usage in existing structures has become
essential to reduce costs and mitigate environmental
impact.

This study presents an energy audit and perfor-
mance analysis of a three-story hostel building, as-
sessing its daily energy consumption of 338.97 kWh
and monthly consumption of approximately 10,150.69
kWh. By comparing existing appliances with energy-
efficient alternatives, potential monthly savings were
identified, reducing the estimated consumption from




