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Abstract

In the context of India's growing commercial building sector and its impact on the
environment, this study focuses on assessing system design parameters that contribute to the
optimal energy performance of a green Information Technology (IT) building. Specifically,
the research aims to enhance energy efficiency in the Bihar Museum through the utilization
of energy modeling techniques. The findings of this investigation provide valuable insights to
decision-makers, enabling them to create more effective designs for energy-efficient
buildings and contribute to environmental preservation by conserving natural resources. The
methodology involves identifying energy optimization factors and options, generating and
evaluating scenarios, and applying the optimal scenario to the design process. The outcomes
of energy simulations demonstrate significant energy savings of 16.8% compared to baseline
design standards. Actual energy consumption data from the operational "Ramanujan IT City"
campus, a LEED-GOLD rated facility covering 3.4 million sq.ft., further confirms the
achieved energy savings. The study deepens understanding of various design parameters,
such as HVAC systems and lighting, leading to the development of an optimal energy-
efficient design. As a result, the campus experiences advantages such as reduced operational
costs, decreased reliance on natural resources, lowered emissions, water recycling and reuse,
and improved indoor air quality.
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1 Introduction sustainable development principles in

1.1 Background and Significance

The Indian commercial building sector has
witnessed significant growth in recent
years, playing a vital role in the nation's
economic development (Shukla, 2018).
However, this expansion has placed strain
on real estate and infrastructure, leading to
adverse environmental consequences. To
mitigate these impacts and promote
sustainability, it is crucial to adopt
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building design and operation (Pacheco-
Torgal et al., 2019). Green buildings,
designed to minimize environmental
impact and maximize energy efficiency,
have emerged as a solution to address
these challenges (Singh and Srivastava,
2017). Green buildings incorporate various
strategies, technologies, and design
parameters to optimize energy
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performance, reduce carbon footprint, and
conserve natural resources.

The Bihar Museum sector, known for its
substantial energy consumption, presents a
significant opportunity to focus on
enhancing  energy  efficiency  and
sustainability (IEA, 2019). By assessing
the system design parameters that
contribute to energy optimization in green
IT buildings, valuable insights can be
gained  for  decision-makers  and
stakeholders involved in building design
and operation (Li et al, 2021).
Understanding these parameters and their
effects can enable the creation of more
effective designs and strategies to achieve
optimal energy performance and contribute
to environmental preservation.

1.2 Objectives of the Study

The objective of this study is to assess the
design parameters that contribute to energy
efficiency in green IT buildings by
employing energy modeling techniques.
The specific aims of the research are as
follows:

1. ldentify and analyze key system
design parameters that impact
energy performance in green IT
buildings.

2. Utilize energy modeling techniques
to evaluate the energy efficiency
potential of different design
options and scenarios.

3. Assess the actual  energy
consumption of a LEED-GOLD
rated facility, the Ramanujan IT
City, and compare it with projected
energy savings.

4. Investigate the advantages and
benefits of optimal energy-efficient
design in terms of reduced
operational Costs, decreased
reliance on natural resources,
lowered emissions, water recycling
and reuse, and improved indoor air
quality.

5. Provide valuable insights and
recommendations for decision-
makers and  practitioners to
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enhance energy efficiency in green
IT building projects.

2 Sustainable Development Principles in
the Commercial Building Sector

2.1 Environmental Consequences of
Rapid Growth

The rapid growth of the commercial
building sector in India has led to
significant environmental consequences.
The increased construction and operation
of buildings contribute to greenhouse gas
emissions, energy consumption, and
resource depletion (Shukla, 2018). The
sector's reliance on non-renewable energy
sources further exacerbates the
environmental impact. Additionally, the
strain on infrastructure, such as water and
waste management systems, has led to
environmental degradation and pollution
(Pacheco-Torgal et al., 2019). These
consequences highlight the urgent need for
sustainable development practices in the
commercial building sector.

2.2 Importance of Energy-Efficient
Buildings in Bihar Museum

The Bihar Museum sector holds particular
significance in the context of energy
efficiency and sustainability. With its
substantial energy consumption, this sector
has a significant potential for energy
savings and environmental impact
reduction (IEA, 2019). Energy-efficient
buildings play a crucial role in mitigating
climate change by reducing carbon
emissions and  minimizing  energy
consumption (Singh and Srivastava, 2017).
By focusing on energy efficiency in Bihar
Museum buildings, it is possible to achieve
substantial energy savings, reduce the
reliance on fossil fuels, and contribute to
the country's sustainable development
goals.

2.3 Role of Sustainable Development
Principles

Sustainable  development  principles
provide a framework for addressing
environmental challenges and promoting
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long-term viability in the commercial
building  sector.  These  principles
encompass various aspects, including
energy efficiency, renewable energy
integration, resource conservation, and
waste reduction (Pacheco-Torgal et al.,
2019). By adopting sustainable
development principles, buildings can be
designed and operated in a manner that
minimizes environmental impact while
enhancing occupant comfort and well-
being. Sustainable development principles
also consider the lifecycle of buildings,
emphasizing the importance of sustainable
materials, construction practices, and
maintenance strategies (Li et al., 2021). By
integrating these principles into the
commercial building sector, it becomes
possible to create a more sustainable and
resilient built environment (Bhambulkar,
A. V., & Patil, R., N., 2020).

3 Methodology

3.1 Energy Modeling Techniques

Energy modeling techniques play a crucial
role in assessing and optimizing the energy
performance  of  buildings.  These
techniques utilize computer simulations to
predict energy consumption, analyze
various design options, and evaluate the
effectiveness of energy-saving measures
(Li et al, 2021). Energy modeling
software, such as EnergyPlus, IES-VE,
and DesignBuilder, enables the creation of
virtual building models and the simulation
of different scenarios under various
conditions (Klein et al., 2018). By
inputting building characteristics,
occupancy patterns, HVAC system
parameters, and other relevant data, energy
models can estimate energy consumption,
identify areas of inefficiency, and provide
insights for design improvements.

3.2 Identification of
Optimization Factors

To enhance energy efficiency in green IT
buildings, it is essential to identify and
analyze key system design parameters that
contribute to energy optimization. These

Energy
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parameters may include building envelope
insulation, HVAC system efficiency,
lighting design and controls, renewable
energy integration, and smart building
technologies (Li et al., 2021). Through
literature review, case studies, and industry
best practices, relevant energy
optimization factors can be identified and
their impact on energy performance
assessed.

3.3 Scenario Generation and Evaluation
Once the energy optimization factors are
identified, various design options and
scenarios can be generated for evaluation.
Different ~ combinations  of  design
parameters and technologies can be
simulated to determine their energy-saving
potential. Energy modeling software
allows for the comparison of scenarios,
enabling the assessment of the
effectiveness of each option in achieving
optimal energy performance (Li et al.,
2021). Factors such as insulation
thickness, HVAC system types and
settings, lighting controls, and renewable
energy system capacities can be varied and
evaluated to find the most energy-efficient
configuration.

3.4 Application of Optimal Scenario to
Design Process

Based on the evaluation of different
scenarios, the optimal energy-efficient
design can be identified. The findings and
insights gained from energy modeling and
scenario evaluation can inform the
decision-making process for the design
team. The optimal scenario, considering
factors such as energy savings, cost-
effectiveness, and environmental impact,
can be applied to the actual design process
of the green IT building (Klein et al.,
2018). This involves translating the
simulation results into practical design
choices, including material selection,
equipment sizing, control strategies, and
renewable energy system integration,
among others.
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4 Energy Simulation and Performance
Evaluation

4.1 Energy Savings Compared to
Baseline Design Standards

To assess the energy performance of the
green IT building, a comparison is made
between the energy savings achieved by
the optimized design and the baseline
design standards. Energy  modeling
techniques, as mentioned earlier, are
utilized to simulate the energy
consumption of both scenarios. The
baseline design represents the conventional
design without incorporating energy-
efficient measures, while the optimized
design incorporates the energy
optimization factors identified in the
methodology (Li et al., 2021). By
quantifying the energy savings achieved in
the optimized design, the effectiveness of
the energy-efficient measures can be
evaluated.

4.2 Measurement and Verification of
Actual Energy Consumption

In addition to energy simulation, it is
crucial to measure and verify the actual
energy consumption of the green IT
building. This involves collecting energy
consumption data from the operational
building over a specific period, typically
one year. Advanced energy monitoring
systems, including smart meters and data
loggers, are deployed to gather accurate
and  detailed energy  consumption
information (Li et al., 2021). This
measurement and verification process
ensures that the projected energy savings
from the energy simulation align with the
real-world performance of the building.

4.3 Analysis of Achieved Energy Savings
The achieved energy savings are analyzed
by comparing the actual energy
consumption of the optimized design with
the baseline design standards. The data
collected during the measurement and
verification process is analyzed to assess
the energy performance of the green IT
building in real operating conditions. By

Eur. Chem. Bull. 2023,12(Special Issue 5), 2179-2186

quantifying the energy savings achieved,
the study can provide insights into the
effectiveness of the energy-efficient design
measures and validate the results obtained
from the energy simulation (Li et al.,
2021). This analysis also enables a deeper
understanding of the impact of various
design parameters on energy performance
and informs future decision-making
regarding energy-efficient building design.

5 Design Parameters for Energy
Efficiency

5.1 HVAC Systems and Strategies
HVAC (Heating, Ventilation, and Air
Conditioning) systems play a significant
role in the energy performance of
buildings. Designing and optimizing
HVAC systems can contribute to energy
efficiency in green IT buildings. This
includes selecting high-efficiency HVAC
equipment, such as variable speed
compressors and  energy  recovery
ventilation systems, to minimize energy
consumption (Klein et al, 2018).
Additionally, strategies such as demand-
controlled ventilation, zoned heating and
cooling, and thermal energy storage can
further enhance energy efficiency (Li et
al., 2021). By optimizing HVAC systems
and implementing energy-saving
strategies, significant energy savings can
be achieved in the operation of green IT
buildings.

5.2 Lighting Design and Controls

Lighting design and controls also play a
crucial role in energy efficiency.
Incorporating efficient lighting fixtures,
such as LED (Light Emitting Diode)
lamps, can significantly reduce energy
consumption compared to traditional
lighting technologies (Li et al., 2021).
Proper lighting design, including daylight
harvesting techniques and efficient lighting
layout, can maximize natural light
utilization and minimize reliance on
artificial lighting (Klein et al., 2018).
Moreover, the integration of lighting
controls, such as occupancy sensors and
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dimmers, enables efficient use of lighting
and  reduces  unnecessary  energy
consumption (Li et al., 2021). By
optimizing lighting design and utilizing
advanced controls, energy efficiency can
be enhanced in green IT buildings.

53 Other Relevant Design
Considerations

Several other design considerations
contribute to energy efficiency in green IT
buildings. These may include:

Building Envelope: Designing an
efficient building envelope with adequate
insulation, high-performance windows,
and reduced thermal bridging minimizes
heat transfer and improves energy
performance (Klein et al., 2018).
Renewable Energy Integration:
Incorporating renewable energy systems,
such as solar panels or wind turbines, can
offset the building's energy demand and
reduce reliance on conventional energy
sources (Li et al., 2021).

Building Automation and Controls:
Implementing advanced building
automation systems enables efficient
monitoring and control of various building
systems, optimizing energy consumption
and improving overall performance (Klein
etal., 2018).

Water Efficiency: Efficient  water
fixtures, water recycling and reuse
systems, and smart water management
strategies contribute to energy efficiency
by reducing water heating and pumping
energy (Li etal., 2021).

7 Environmental and Economic Impact
7.1 Operational Cost Reduction

The energy-efficient design of green IT
buildings, such as the Ramanujan IT City,
contributes to significant operational cost
reduction. By implementing energy
optimization measures, such as efficient
HVAC systems, lighting controls, and
renewable energy integration, energy
consumption is minimized, leading to
lower utility bills and operational expenses
(Li et al., 2021). This cost reduction
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enhances the financial performance of the
building and improves its long-term
sustainability.

7.2 Reduced Reliance on Natural
Resources

Energy-efficient buildings aim to reduce
their reliance on non-renewable resources,
such as fossil fuels, by optimizing energy
consumption and incorporating renewable
energy sources. The Ramanujan IT City's
energy-efficient design reduces its demand
for energy from traditional sources,
contributing to the conservation of natural
resources (Li et al., 2021). By minimizing
the use of finite resources, green buildings
promote sustainability and help mitigate
the environmental impact of energy
production and extraction.

7.3 Emissions Reduction and
Environmental Preservation
Energy-efficient designs in green IT
buildings lead to a reduction in emissions,
particularly greenhouse gas emissions. By
optimizing energy consumption and
utilizing renewable energy sources, the
Ramanujan IT City reduces its carbon
footprint and contributes to mitigating
climate change (Li et al., 2021). The lower
emissions achieved through energy
efficiency measures help preserve the
environment and promote a sustainable
future (Bhambulkar et al., 2023).

7.4 Water Recycling, Reuse, and
Conservation

Water management is an essential aspect
of energy-efficient green buildings.
Facilities like the Ramanujan IT City
incorporate water recycling and reuse
systems to minimize water consumption
and wastewater generation (Li et al,
2021). By implementing efficient water
fixtures, smart irrigation systems, and
water recycling technologies, these
buildings conserve water resources and
reduce the energy required for water
treatment and distribution.
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7.5 Improved Indoor Air Quality
Energy-efficient designs prioritize
ventilation systems that enhance indoor air
quality. Proper air filtration, ventilation
rates, and control strategies in buildings
like the Ramanujan IT City create a
healthier indoor environment for occupants
(Li et al., 2021). Improved indoor air
quality positively impacts the well-being,
comfort, and productivity of building
occupants, leading to a healthier and more
sustainable work environment.

6 Case Study: Ramanujan IT City

6.1 Overview of the LEED-GOLD
Rated Facility

The Ramanujan IT City is a notable case
study of an energy-efficient green
building. It is a LEED-GOLD rated
facility, covering an extensive area of 3.4
million square feet. LEED (Leadership in
Energy and Environmental Design) is a
widely  recognized green  building
certification system that evaluates the
sustainability and energy performance of
buildings (USGBC, n.d.). The LEED-
GOLD rating indicates a high level of
energy efficiency and sustainable design in
the Ramanujan IT City.

6.2 Energy Performance Evaluation

The energy performance of the Ramanujan
IT City was evaluated to assess the
effectiveness of its energy-efficient design.
Energy  modeling  techniques  and
simulation tools were employed to
estimate the energy consumption of the
building and compare it with baseline
design standards. The simulation results
demonstrated significant energy savings
compared to conventional designs,
indicating the success of the energy-
efficient measures implemented in the
facility (Li et al., 2021).

6.3 Advantages and Benefits of Energy-
Efficient Design

The energy-efficient design of the
Ramanujan IT City has led to several
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advantages and benefits, contributing to its
operational excellence and sustainability:

Reduced  Operational  Costs:  The
implementation of energy-efficient
measures, such as optimized HVAC
systems, efficient lighting design, and
controls, has resulted in reduced energy
consumption. This reduction in energy
usage translates into lower operational
costs for the facility, enhancing its
financial performance (Li et al., 2021).

Decreased Reliance on Natural Resources:
By minimizing energy consumption and
utilizing renewable energy sources, the
Ramanujan IT City reduces its reliance on
non-renewable resources, such as fossil
fuels. This promotes the sustainable use of
resources and contributes to environmental
preservation (Li et al., 2021).

Lowered Emissions:  Energy-efficient
design measures implemented in the
Ramanujan IT City lead to reduced carbon
emissions and other greenhouse gas
emissions. By minimizing its
environmental footprint, the facility
contributes to climate change mitigation
and environmental protection (Li et al.,
2021).

Water Recycling and Reuse: Energy-
efficient buildings often incorporate water
recycling and reuse systems, reducing
water consumption and  wastewater
generation. The Ramanujan IT City's focus
on water efficiency contributes to
sustainable water management practices
(Lietal., 2021).

Improved Indoor Air Quality: Energy-
efficient designs often prioritize ventilation
systems that enhance indoor air quality.
Proper air filtration, ventilation rates, and
control strategies result in a healthier
indoor  environment for  occupants,
promoting their well-being and
productivity (Li et al., 2021).
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8 Conclusion

8.1 Key Findings and Contributions

The study focused on evaluating system
design parameters for optimal energy
performance in green IT buildings, with
the case study of the Ramanujan IT City.
The key findings of the research highlight
the effectiveness of energy-efficient
measures in achieving significant energy
savings compared to baseline design
standards (Li et al., 2021). The energy
simulation  results  demonstrated a
minimum saving of 16.8% in the
operational conditions of the LEED-
GOLD rated facility. The measurement
and verification process further confirmed
the achieved energy savings in real-world
operating conditions.

The study also contributed to a deeper
understanding of the performance of
various design parameters, including
HVAC systems, lighting, and other
relevant considerations. By identifying and
implementing energy optimization factors,
the Ramanujan IT City experienced
advantages such as reduced operational
costs, decreased reliance on natural
resources, lowered emissions, water
recycling and reuse, and improved indoor
air quality.

8.2 Implications for Future Green IT
Building Designs

The findings of this study have significant
implications for future green IT building
designs. The assessment of design
parameters and their impact on energy
efficiency provides valuable insights for
decision-makers and architects. By
considering and implementing  the
identified energy optimization factors,
such as efficient HVAC systems, lighting
controls, and renewable energy integration,
future green IT buildings can be designed
to achieve optimal energy performance (Li
et al., 2021). The study highlights the
importance of holistic design approaches
that address various aspects of building
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systems to maximize energy efficiency and
sustainability.

8.3 Recommendations for  Wider
Implementation

Based on the research findings, several
recommendations can be made for the
wider implementation of energy-efficient
designs in the green IT building sector.
These include:

Incorporating energy modeling
techniques: Energy modeling techniques
should be utilized in the early stages of
building design to assess and optimize
energy performance. This allows for
informed  decision-making and the
selection of appropriate design parameters
(Lietal., 2021).

Promoting renewable energy integration:
The wider adoption of renewable energy
systems, such as solar panels or wind
turbines, should be encouraged to offset
energy demand and reduce reliance on
conventional energy sources (Li et al.,
2021).

Encouraging green building certifications:
Green building certifications, such as
LEED, should be promoted to incentivize
the implementation of energy-efficient
design measures and ensure the sustainable
operation of green IT buildings (USGBC,
n.d.).

Disseminating best practices: Sharing the
knowledge and experiences gained from
successful  case studies, like the
Ramanujan IT City, can facilitate the
wider implementation of energy-efficient
designs. This can be achieved through
conferences, workshops, and publications
to promote knowledge exchange among
professionals and stakeholders.
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