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Abstract

The building sector is one of the largest consumers of energy and contributes significantly to global greenhouse
gas emissions. With increasing emphasis on sustainable development, energy-efficient building design has
become a critical aspect of modern construction practices. This study focuses on the energy performance
evaluation of a commercial building using eQUEST energy simulation software and compares the results with the
energy efficiency requirements of the Indian Green Building Council (IGBC) standards.

A detailed building energy model was developed by incorporating architectural features, occupancy schedules,
lighting systems, equipment loads, and HVAC parameters. The simulation was carried out for both a baseline
building and a proposed energy-efficient building model. Various energy conservation measures, including
improved building envelope characteristics, high-efficiency HVAC systems, energy-efficient lighting, and
optimized operational schedules, were implemented and analyzed. The simulation results demonstrated a
considerable reduction in annual energy consumption, peak cooling loads, and operational energy costs in the
proposed model compared to the baseline model.

The findings indicate that the adoption of IGBC-recommended strategies can significantly improve building
energy performance while enhancing sustainability and reducing environmental impact. The study highlights the
importance of energy simulation during the design stage as an effective decision-making tool for achieving
energy-efficient and green-certified commercial buildings.

Keywords: Energy Simulation, Energy Efficiency, Green Buildings, Sustainable Construction, Indian Green
Building Council (IGBC), Building Energy Performance.

1. INTRODUCTION

Buildings account for a substantial portion of global energy consumption and greenhouse gas emissions. Rapid
urbanization and increasing energy demands have emphasized the need for sustainable building design practices.
Green building rating systems such as the Indian Green Building Council (IGBC) provide guidelines for
improving energy efficiency and environmental performance.

Building energy simulation tools have become important in evaluating the energy performance of buildings before
construction. Among these tools, eQUEST is widely used because of its accuracy, user-friendly interface, and
capability to analyze various building systems.

This study focuses on developing an energy model of a commercial building using eQUEST software and
comparing its performance against IGBC energy efficiency requirements. The research evaluates energy-saving
opportunities and quantifies the benefits of implementing sustainable building design strategies.
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2. OBJECTIVES OF THE STUDY

The primary objectives of this study are:

To develop an energy simulation model of a commercial building using eQUEST software.

To establish a baseline energy model according to standard building practices.

To evaluate the energy performance of the proposed building design.

To analyze the impact of various energy conservation measures on building energy consumption.
To compare the simulated results with IGBC standards and requirements.

To determine annual energy savings and reduction in operating costs.

To recommend energy-efficient strategies for sustainable commercial building design.

3. SCOPE OF THE STUDY

The scope of this study includes:

Modeling a commercial building in eQUEST software.

Defining architectural, lighting, occupancy, and HVAC parameters.
Developing baseline and proposed energy models.

Evaluating annual electricity consumption.

Assessing building performance according to IGBC guidelines.
Analyzing the effect of building envelope improvements.

Studying HVAC efficiency improvements.

Investigating lighting power density optimization.

Estimating energy cost savings.

Providing recommendations for sustainable building operation.

4. NEED FOR THIS STUDY

This study is necessary to:

Evaluate the energy performance of a commercial building using a reliable simulation tool.

Identify areas of excessive energy consumption within the building.

Assess the effectiveness of various energy conservation measures.

Compare building performance with IGBC energy efficiency requirements.

Quantify potential energy and cost savings achieved through sustainable design strategies.

Support decision-making during the building design phase through simulation-based analysis.

Promote the adoption of green building concepts and energy-efficient technologies in the construction
industry.

Contribute to reducing environmental impacts and achieving sustainable development goals.

5. TOOLS USED IN THIS STUDY

AutoCAD
eQuest
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6. METHODOLOGY

The methodology adopted in this study consists of the following steps:
Step 1: Building Data Collection

Building geometry

Floor area

Occupancy details

Operating schedules

Lighting specifications

HVAC system characteristics

Construction materials

Fig 6.1 Elevation Drawing Fig 6.2 Architectural Floor plan

Step 2: Development of Baseline Model

A baseline model was developed in eQUEST according to conventional building design practices and standard
energy code requirements.

Step 3: Development of Proposed Model
The proposed model incorporated energy-efficient features such as:

e High-performance glazing

e Improved insulation

e Efficient HVAC systems

e Reduced lighting power density
e  Optimized operating schedules

41 R.G.Nauman Khan et al 39-45



Journal of Computational Analysis and Applications

Step 4: Energy Simulation

Both models were simulated using eQUEST software to estimate:

e Annual energy consumption
e Peak demand

e  Energy use intensity (EUI)
e  Operating cost

Step 5: Comparison with IGBC Standards
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10.48047/jocaaa.2026.35.07.04

Simulation outputs were compared against IGBC energy efficiency criteria to determine compliance and energy

savings potential.

Step 6: Analysis of Results

The energy performance of the baseline and proposed models was analysed to identify improvements and quantify

benefits.
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Energy Consumption of Proposed Building Model
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Fig 6.3 Methodology Flowchart

7. ENERGY CONSERVATION MEASURES CONSIDERED
The following energy conservation measures were analyzed

» Building Envelope Improvements
e High-performance glass

e Wall insulation

e Roof insulation

e Reduced solar heat gain

» HVAC Optimization

e High-efficiency chillers

e  Variable speed drives

e Improved air distribution systems
e  Better temperature control

» Lighting Efficiency
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e LED lighting systems

¢ Occupancy sensors

e Daylight utilization

e Reduced lighting power density

» Operational Improvements

e  Optimized occupancy schedules
e Equipment load management
e  Energy monitoring practices

8. RESULTS AND DISCUSSION
Baseline Building Performance

The baseline building simulation showed relatively higher annual energy consumption due to conventional
HVAC systems, standard lighting loads, and less efficient building envelope characteristics.

Proposed Building Performance

The proposed model demonstrated significant improvements through the implementation of energy-efficient
technologies and design modifications.

Key Findings: -

e Reduction in annual energy consumption.

e Reduction in peak cooling loads.

e Improved HVAC efficiency.

e Lower lighting energy demand.

e Improved overall building performance index.

e Enhanced compliance with IGBC energy requirements.

Discussion

The results indicate that HVAC systems contribute the largest share of energy consumption in commercial
buildings. Therefore, HVAC optimization provides the greatest opportunity for energy savings.

The use of energy-efficient lighting and improved building envelope characteristics further reduces cooling
loads and overall electricity demand.

The simulation demonstrates that integrating green building strategies during the design stage can significantly
improve building performance and support IGBC certification objectives.

9. Conclusion

This study successfully evaluated the energy performance of a commercial building using eQUEST simulation
software and compared the results with IGBC standards.

The findings demonstrate that:

e Energy simulation is an effective tool for predicting building performance.

e Implementation of energy conservation measures significantly reduces annual energy consumption.

e HVAC optimization contributes the highest energy savings.

e Improved lighting systems and building envelope enhancements further improve efficiency.

e The proposed building design achieves better compliance with IGBC requirements than the baseline
model.
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Sustainable building design practices can reduce operating costs while improving environmental
performance.

The study concludes that energy simulation should be integrated during the early stages of building design to
maximize energy efficiency and support green building certification.
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