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ABSTRACT

The growing urgency to mitigate climate change and
reduce energy demand has led to the emergence of
zero-energy buildings (ZEBs) as a sustainable
solution in the construction industry. This study
focuses on modeling and simulating energy
consumption in ZEBs to evaluate their performance
and optimize their design. A zeroenergy building is
defined as a structure that balances its energy
consumption with onsite renewable energy
generation over a defined period, achieving net-zero
energy usage.The increasing global demand for
energy-efficient and sustainable construction
practices has positioned Zero-Energy Buildings
(ZEBs) as a vital component of the effort to combat
climate change and reduce energy consumption. A
Zero-Energy Building is designed to achieve a
balance between its annual energy consumption and
on-site renewable energy generation, resulting in
net-zero energy usage. This study delves into the
modeling and simulation of energy consumption in
ZEBs, aiming to analyze their performance, optimize
energy efficiency, and provide insights for practical
implementation.

The study emphasizes the importance of passive
design strategies, such as optimal site orientation,
natural ventilation, day lighting, and the use of
thermal mass, in significantly reducing baseline
energy demand. Active measures, including
highefficiency HVAC systems, smart energy
management systems, and the adoption of intelligent
building automation technologies, are evaluated for
their role in bridging the energy consumption gap.
Furthermore, the research addresses challenges
related to intermittency in renewable energy
generation, peak load demands, and occupant
comfort, proposing innovative solutions such as
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hybrid energy systems and advanced control
algorithms. The simulation incorporates varying
climatic conditions, occupant behavior, and energy
use profiles to ensure comprehensive analysis and
practical applicability. The insights gained can assist
architects, engineers, and policymakers in making
informed decisions to enhance energy efficiency,
reduce greenhouse gas emissions, and support the
transition to sustainable built environments. By
addressing technical, environmental, and economic
aspects, this work underscores the feasibility and
necessity of Zero- Energy Buildings in shaping a
resilient and energy-conscious future.
KEYWORDS: Zero Energy Building (ZEB),Net
Zero Energy, Nearly Zero Energy Building
(new),Energy-efficient building, On-site energy
generation, Smart grid, Energy storage, Battery
systems,HVAC efficiency, Heat recovery ventilation
(HRV),Energy-efficient lighting, Demand- side
management, Building automation ,Smart building
technologies, Net metering, Life cycle cost analysis,
Energy star appliances, Low embodied energy
materials, Water-efficient fixtures, Rainwater
harvesting, Green roofs / cool roofs, Building
performance monitoring.

I. INTRODUCTION
1.1 Background
The rapid growth of urbanization and
industrialization has led to a significant increase
in energy demand across the world. Buildings are
one of the largest consumers of energy,
accounting for a major share of global energy
consumption and greenhouse gas emissions.
Conventional buildings rely heavily on non-
renewable energy sources such as fossil fuels,
which contribute to environmental degradation,
climate change, and depletion of natural
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resources. In response to these challenges, the
concept of energy-efficient and sustainable
buildings has gained considerable importance in
recent years.
Zero Energy Buildings (ZEBs) have emerged as
an innovative solution to reduce energy
consumption and promote sustainability in the
construction sector. A Zero Energy Building is
defined as a building that produces as much
energy as it consumes over a given period,
typically through the integration of energy-
efficient design strategies and renewable energy
systems such as solar panels and wind energy.
The primary objective of ZEBs is to minimize
energy demand while maximizing energy
generation from renewable sources.
1.2 Problem Statement
Despite advancements in building technologies,
most conventional buildings are still designed
without proper consideration of energy
efficiency, leading to excessive energy
consumption. Inefficient building envelopes,
poor insulation, and lack of optimized systems
result in higher energy demand for heating,
cooling, lighting, and ventilation. Additionally,
the absence of proper energy analysis during the
design stage makes it difficult to predict and
control building performance. Therefore, there is
a need to analyze and simulate energy
consumption in buildings to develop effective
strategies for achieving zero energy performance.
1.3 Objectives
The main objectives of this study are:
o To analyze energy consumption patterns
in buildings
o To study the concept and principles of
Zero Energy Buildings
o To simulate building energy performance
using appropriate tools
» To evaluate the effectiveness of energy-
efficient design strategies
» To propose methods for achieving zero
energy consumption
1.4 Scope of Study
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This study focuses on the analysis and simulation
of energy consumption in buildings with the aim
of achieving Zero Energy Building performance.
The research includes evaluation of building
parameters such as insulation, orientation,
glazing, and HVAC systems, along with the
integration of renewable energy sources. The
study is limited to simulation-based analysis and
does mnot include full-scale construction
implementation.

II. LITERATURE REVIEW
Energy consumption in buildings has been
widely studied due to its significant impact on
global energy demand and environmental
sustainability. Researchers across the world
have explored various techniques to reduce
energy consumption and improve building
performance  through  simulation  and
optimization methods.
Torcellini, Pless, and Deru (2006) introduced
the concept of Zero Energy Buildings (ZEB)
and defined it as a building that produces as
much energy as it consumes on an annual basis.
Their work emphasized the importance of
integrating renewable energy systems such as
solar photovoltaic panels with energy-efficient
building design strategies.
Marszal et al. (2011) provided a comprehensive
review of Zero Energy Building definitions and
highlighted the variations in terminology such
as Net Zero Site Energy, Net Zero Source
Energy, and Net Zero Energy Cost. The study
stressed the need for standardized definitions
and methodologies for evaluating building
performance.
Sartori, Napolitano, and Voss (2012) analyzed
different categories of Zero Energy Buildings
and proposed a consistent framework for
classification. They emphasized that achieving
zero energy status requires a balance between
energy demand reduction and renewable energy
generation.
Kolokotsa et al. (2011) studied advanced
control strategies for energy-efficient buildings
and demonstrated that intelligent energy
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management systems can significantly reduce
energy  consumption.  Their  research
highlighted the role of automation and smart
technologies in achieving ZEB performance.
Attia, Beltran, De Herde, and Hensen (2012)
focused on simulation-based design for nearly
Zero Energy Buildings (nZEB). They
emphasized the importance of -early-stage
energy simulation in optimizing building
performance and reducing energy demand.
Crawley et al. (2001) compared various
building energy simulation tools such as
EnergyPlus, DOE-2, and BLAST. Their study
provided insights into the capabilities of these
tools and their application in predicting
building energy performance.

Kumar, Aggarwal, and Sharma (2014)
investigated the role of building orientation,
insulation, and glazing in reducing energy
consumption. The study concluded that proper
design considerations can significantly reduce
heating and cooling loads.

Zhu, Lin, and Huang (2015) studied the impact
of building envelope design on energy
efficiency and found that improved insulation
and advanced glazing systems can reduce
energy consumption by a considerable margin.
Ascione et al. (2016) conducted energy
simulations for residential buildings and
highlighted that optimization of HVAC systems
and building materials can lead to substantial
energy savings.

D’Agostino and Mazzarella (2019) analyzed
the implementation of nearly Zero Energy
Buildings in Europe and emphasized the
importance of policy frameworks and
regulations in promoting energy-efficient
construction practices.

Fumo (2014) reviewed building energy
modeling techniques and emphasized that
simulation tools play a critical role in predicting
energy consumption and optimizing building
design.

III. DATA COLLECTION

3.1 Overview
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Data collection is a crucial step in the analysis
and simulation of energy consumption for Zero
Energy Buildings (ZEB). The accuracy of
simulation results largely depends on the
quality and reliability of the input data used. In
this study, both primary and secondary data are
collected to evaluate the energy performance of
the building and to simulate its behaviour under
different operating conditions. The collected
data includes information related to building
characteristics, environmental conditions,
occupancy patterns, and energy consumption
parameters.

3.2 Primary Data Collection

Primary data is collected directly from building
specifications and field observations. This
includes details such as building dimensions,
orientation, construction materials, insulation
properties, window-to-wall ratio, and glazing
type. Information regarding  heating,
ventilation, and air conditioning (HVAC)
systems, lighting systems, and electrical
appliances is also gathered. In addition,
occupancy schedules, internal heat gains, and
operational patterns are recorded to accurately
represent real-life building usage. These
parameters are essential for developing a
realistic simulation model.

3.3 Secondary Data Collection

Secondary data is obtained from published
literature, research papers, building codes, and
standard guidelines. Climatic data such as
temperature, humidity, solar radiation, and
wind speed is collected from meteorological
databases and standard weather files. Energy
consumption  benchmarks and material
properties are also obtained from reference
sources. This data helps in validating the
simulation model and ensuring that the
assumptions made in the study are consistent
with established standards.

3.4 Simulation Input Data

The collected data is used as input for building
energy simulation software such as EnergyPlus
or DesignBuilder. Key input parameters include
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building geometry, thermal properties of
materials, HVAC system specifications,
lighting loads, and renewable energy systems
such as solar photovoltaic panels. Weather data
files are incorporated to simulate real
environmental conditions. The accuracy of
these input parameters directly influences the
reliability of the simulation results.

3.5 Data Processing and Validation

The collected data is carefully processed and
validated before being used in simulation.
Inconsistent or missing data is corrected using
standard assumptions and reference values. The
data is organized systematically to ensure
compatibility with simulation tools. Validation
is carried out by comparing the input
parameters with standard guidelines and
previous studies to ensure accuracy and
reliability.

IV.  RESULTS

Load Calculation of Building Project
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Residential Project HYD

ELECTRICAL LOAD CALCULATION-SUMMARY
Connected Load in kW Max.Demand in kW Max,Demand in kVA

1 |Apartments 7,866 3,146 3,496

|2 |common Areas | 7,312 | 1,194 | 1,327

TOTAL LOAD 15,177.62 4,340.49 4,822.76
1 [Total Connected Load For The Project : 15,178/kw
2 |Total Max,Demand For The Project : 4,380/kW
3 |Total Max,Demand For The Project : 4,823 kVA
4 |Considering 90% Transformer Loading: 5,359 kVA
5 [Transformer Sizing: 4x1000kVA + 3x630kVA
6 |DG Sizing: 2x750kVA
[ [5% Renewable Energy To Meet EC I 217jkw

Electrical load calculation overall building
ELECTRICAL LOAD DETAILS & NET
ZERO ENERGY RESULT

[ Residential Project HYD

ELECTRICAL LOAD SUMMARY &NET ZERO ENERGY RESULT
Connected Load in kW Max.Demand in kW Max.Demand in kVA

1 |Apartments 7,866 3,146 3,49

|2 |Common Areas I 7,312 I 1194 i 1327

TOTAL LOAD 15,177.62 4,34049 4822.76
1 [Total Connected Load For The Project: 15,178]kW
2 |Total Max.Demand For The Project: 3,380 KW
3 [Total Max.Demand For The Project : 4,823 KVA
4 90% Loading: 5,353 KA
5 Sizing: 4x1000kVA + 3x630kVA
6 |DG Suing: 2X750kVA
5% Renewable Energy To Meet EC Requirement I 2A7W
1 [Total Max.Demand For The Project: 4,380[kW
2 [Total Max.Energy Required for this project|C: Bhrs Average) 34,728 Kh/Day
3 |Total Max.Energy Required for this project{Ct hrs Average) 1,26,74,220|Kywh/Year
4 |Total Max,Green energy Generation at site[As per IGBC 5% of max 1,302 Kwh/Oay
P ;:nl M.,&sugu ‘energy Generation at site(As per IGBC 5% of max a7 ’”’I Kh/Year
6 |Required Balance Green Energy to be Procured from DISCOM 1,21,98,937|Rs/year
7__|Costof Balance Green Energy to be Procured from DISCOM 7,31,93,620|Rs/year
5 |Purchased Green Cost (Energy to be Procured from DISCOM)] 36,59,68,101/Kwh
D

Per unit Caban foot prints emitted by coal based plant{Gram/Unit) 820/Grams/unit

10 |Annual Savings of carban foot print Per Year Tons/Year

NET ZERO energy result and electrical load
summary

a. Significant reduction in greenhouse gas
emissions, contributing to climate
change mitigation

b. Renewable energy systems like solar or
wind, operational energy costs are
significantly reduced or eliminated.

c. Reduces reliance on external energy
providers, insulating occupants from
energy price fluctuations

d. Enhanced resilience to power outages
through on-site renewable energy
generation.

e. Energy-efficient designs reduce the
strain on existing infrastructure

f. Demonstrates the potential for
renewable energy solutions to be scaled
across communities and industries.

g. Integrated energy systems with load
calculation results as shown in figure 5
and 6.
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h. Electrical load summary with net zero
energy result of residential building as
shown in figure

V.  CONCLUSIONS

The present study on energy consumption
analysis and simulation for Zero Energy
Buildings (ZEB) highlights the importance of
sustainable design strategies in reducing overall
energy demand in the building sector. The
investigation demonstrates that buildings are
major contributors to energy consumption, and
therefore optimizing their performance is
essential for achieving energy efficiency and
environmental sustainability.

The analysis shows that significant reduction in
energy consumption can be achieved through
proper building design, including orientation,
insulation, glazing, and efficient HVAC
systems. The use of simulation tools plays a
crucial role in predicting building performance
and identifying energy-saving opportunities at
the design stage. By accurately modelling real-
time conditions, simulation helps in optimizing
building parameters and minimizing energy
demand.

The integration of renewable energy sources
such as solar photovoltaic systems further
contributes to achieving zero energy status. The
study confirms that a balance between energy
consumption and on-site energy generation is
essential for Zero Energy Buildings. Although
initial costs may be higher, the long-term
benefits in terms of energy savings, reduced
carbon  emissions, and  environmental
protection make ZEBs a viable and sustainable
solution.

Overall, the study concludes that Zero Energy
Buildings are an effective approach to address
the challenges of increasing energy demand and
environmental degradation. With  proper
planning, advanced simulation techniques, and
adoption of renewable energy systems, it is
possible to achieve energy-efficient and
sustainable building designs. The findings of
this study contribute to the development of

Received: 06-03-2026 | Accepted: 14-04-2026 | Published: 20-04-2026

strategies for implementing Zero Energy
Buildings in future construction practices.
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