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Abstract - Energy Positive Buildings (EPBs) represent an
advanced approach to sustainable construction, where
buildings generate more energy than they consume during
their operational lifecycle. With the rapid growth of the
building sector and increasing energy demand, especially in
developing countries like India, the need for efficient and
sustainable construction practices has become critical. This
paper examines the role of project management in successfully
delivering Energy Positive Buildings within the constraints of
cost, time, and quality The study explores how modern project
management tools such as Building Information Modelling
(BIM), Integrated Project Delivery (IPD), and Lean
Construction contribute to improved coordination, risk
management, and resource optimization. It also identifies key
challenges such as high initial costs, lack of technical expertise,
and stakeholder coordination issues. Through literature
review and case study analysis, the paper highlights best
practices and proposes a structured framework for integrating
sustainability goals with project management strategies. The
findings indicate that effective project management is
essential to balance sustainability objectives with project
constraints, ensuring successful delivery of Energy Positive
Buildings.

Key Words: Energy Positive Buildings (EPB), Project
Management, BIM, Sustainability, Cost-Time-Quality,
Lean Construction.

1. INTRODUCTION

This The global construction industry is one of the largest
consumers of energy and a major contributor to greenhouse
gas emissions, making it a critical sector in addressing
climate change and sustainability challenges. Buildings alone
account for approximately 30-40% of total global energy
consumption and a significant portion of carbon dioxide
emissions. In rapidly developing countries such as India, the
demand for energy in the building sector is increasing at an
unprecedented rate due to urbanization, population growth,
and infrastructure development. This growing demand
places immense pressure on natural resources and energy
systems, highlighting the urgent need for innovative and
sustainable building solutions.

In response to these challenges, the concept of Energy
Positive Buildings (EPBs) has emerged as a progressive step
beyond conventional and net-zero energy buildings. Unlike
traditional buildings that rely entirely on external energy
sources, and net-zero buildings that balance energy
consumption with generation, EPBs are designed to generate
more energy than they consume over their operational
lifecycle. This is achieved through a combination of passive
design strategies such as building orientation, insulation,
natural ventilation, and day lighting and active systems
including renewable energy technologies like solar
photovoltaic panels and energy storage systems.

The adoption of EPBs represents a paradigm shift in the
construction industry, moving from energy efficiency toward
energy surplus and sustainability. However, achieving this
level of performance is not solely dependent on design and
technology. The successful delivery of EPBs requires
effective project management to ensure that sustainability
objectives are integrated with traditional project constraints,
namely cost, time, and quality. Construction projects are
inherently complex, involving multiple stakeholders,
interdisciplinary coordination, and dynamic processes.
Without proper management, even well-designed
sustainable buildings may fail to achieve their intended
performance.

Project management plays a pivotal role in aligning design
intent with execution by facilitating planning, scheduling,
cost control, quality assurance, and risk management. The
integration of modern tools such as Building Information
Modelling (BIM), digital twins, and integrated project

Delivery (IPD) has further enhanced the capability of project
managers to handle complex sustainable projects. These
tools enable better visualization, coordination, and real-time
monitoring, thereby improving project efficiency and
reducing uncertainties.

Despite the advantages, the implementation of Energy
Positive Buildings faces several challenges, including high
initial costs, lack of technical expertise, resistance to
adopting new technologies, and insufficient policy support.
Addressing these challenges requires a structured project
management approach that incorporates sustainability at
every stage of the project lifecycle from conceptual design to
operation and maintenance.
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This study aims to critically analyze the role of project
management in delivering Energy Positive Buildings within
cost, time, and quality constraints. By examining existing
literature, case studies, and practical approaches, the
research seeks to identify key success factors, challenges,
and best practices that can support the effective
implementation of EPBs. Ultimately, the study contributes to
the growing body of knowledge on sustainable construction
by emphasizing the importance of integrating project
management principles with advanced energy-efficient
building strategies.

Total Zero Energy Building Revenue by Product/Service (2016-2035)
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Chart -1: Zero Energy Building Revenue
2. METHODOLOGY
The research methodology adopted for this study includes:
1. Definition of Study Scope & Building Model

Selected a standard commercial building (1000 m?) as the
base model and defined two scenarios: Conventional Building
and Energy Positive Building (EPB) for controlled
comparison.

2. Establishment of Baseline Parameters (Conventional
Case) Adopted Energy Use Intensity (EUI), cost data, and
emission factors from standard building benchmarks to
calculate annual energy consumption, operational cost, and
carbon emissions.

3. Development of EPB Performance Model Modified
baseline using passive design improvements (reduced EUI)
and integration of solar PV systems to simulate energy
generation and net energy balance.

4. Quantitative Energy Performance Analysis Calculated
total energy demand, renewable generation, and net energy
surplus using standard energy equations to validate energy-
positive performance.

5.Economic Evaluation & Cost Modelling Compared initial
construction cost, operational cost, and annual savings to
determine lifecycle benefits and payback period.

6. Environmental Impact Assessment Estimated carbon
emissions for both models using emission factors (kg
C0,/kWh) and quantified reduction achieved by EPB.

7.Project Management Impact Correlation Analysed how

influence energy performance, cost savings, and project
outcomes.

8. Comparative Result Validation Consolidated results into
performance indicators (energy savings %, cost savings,
payback period, and emission reduction) to validate
feasibility of EPB over conventional buildings.

3. ENERGY POSITIVE BUILDINGS (EPB)

Energy Positive Buildings (EPBs) are an advanced form of
sustainable buildings that generate more energy than they
consume during their operational lifecycle. These buildings
achieve energy surplus through a combination of passive
design strategies and active renewable energy systems.
Passive techniques such as natural ventilation, daylighting,
insulation, and optimal building orientation help reduce
energy demand, while active systems like solar photovoltaic
panels and energy storage technologies increase energy
generation. EPBs play a significant role in reducing
dependence on conventional energy sources and minimizing
carbon emissions. They are particularly important in rapidly
developing countries like India, where energy demand

is continuously rising.

Sector-wise Energy Consumption in India
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Chart - 2: Sector-wise Energy Consumption

1. Generate surplus energy beyond consumption
2. Combine passive and active design strategies
3. Reduce carbon footprint and energy demand
4. Support sustainable urban development.

4. ROLE OF PROJECT MANAGEMENT IN EPB

Project management plays a crucial role in the successful
delivery of Energy Positive Buildings by ensuring that
sustainability goals are achieved within cost, time, and quality
constraints. EPB projects involve complex coordination
between multiple stakeholders, including architects,
engineers, contractors, and sustainability consultants.
Effective project management ensures proper planning,
scheduling, cost control, and quality assurance throughout
the project lifecycle. It also helps in risk identification and
mitigation, ensuring that delays, budget overruns, and
Technical challenges are minimized. By integrating
sustainability objectives into project workflows, project
management acts as a bridge between innovative design and
practical execution.

planning efficiency, cost control, and quality management
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1. Ensures balance between cost, time, and quality
2. Coordinates multiple stakeholders

3. Supports risk management and decision-making
4. Improves project efficiency and delivery.

5. MODERN PROJECT MANAGEMENT TOOLS

The implementation of modern project management tools
has significantly enhanced the delivery of Energy Positive
Buildings. Technologies such as Building Information
Modelling (BIM) allow for 3D visualization, clash detection,
and improved coordination among project teams. Integrated
Project Delivery (IPD) promotes collaboration by aligning
the interests of all stakeholders. Lean construction
techniques help reduce waste and improve productivity.
Additionally, advanced digital tools like IoT-based
monitoring systems, artificial intelligence, and digital twins
enable real-time performance tracking and optimization.
These tools collectively improve project planning, execution,
and monitoring, ensuring better outcomes in EPB projects.

1. BIM improves visualization and coordination

2. IPD enhances collaboration

3. Lean construction reduces waste

4. Digital tools enable real-time monitoring.

6. ADVANTAGES

Energy Positive Buildings (EPBs) offer significant advantages
in terms of environmental sustainability, economic
efficiency, and overall project performance. One of the most
important benefits is their ability to generate more energy
than they consume which reduces dependency on
conventional grid-based energy systems and contributes to
lowering greenhouse gas emissions. By integrating
renewable energy technologies such as solar photovoltaic
systems along with passive design strategies, EPBs
drastically minimize operational energy demand.

From a project management perspective, EPBs encourage
the adoption of integrated and advanced construction
practices, leading to improved coordination among
stakeholders. Tools such as Building Information Modelling
(BIM) and digital monitoring systems enable better
Visualization, planning, and execution of projects. This result
in reduced construction errors, minimized rework, and
improved decision-making.

Another major advantage is long-term economic benefit.
Although initial investment costs are relatively high, EPBs
provide substantial savings in operational costs over time
through reduced energy consumption and maintenance
requirements. Additionally, surplus energy generated can

be exported to the grid, creating potential financial returns.

EPBs also enhance occupant comfort and building
performance. Features such as improved indoor air quality,
natural lighting, and thermal comfort contribute to better
health and productivity of occupants. Furthermore, these

buildings support sustainable urban development goals by
reducing environmental impact and promoting energy
efficiency.

7. DISADVANTAGES / CHALLENGES

Despite their benefits, Energy Positive Buildings face several
challenges that hinder their widespread adoption. One of the
major issues is the high initial investment required for
Advanced technologies and renewable energy systems.
There is also a lack of skilled professionals who can manage
such complex projects. Resistance to adopting new
technologies and insufficient awareness among stakeholders
further complicate implementation. Additionally, regulatory
and policy gaps create obstacles in standardizing EPB
practices. Effective project management is essential to
overcome these challenges and ensure successful
Project delivery.

1. High initial cost

2. Lack of technical expertise

3. Resistance to change

4. Policy and regulatory barriers.

8. CASE STUDIES

Case studies play a crucial role in understanding the
practical implementation of Energy Positive Buildings
(EPBs) and the effectiveness of project management
strategies. The following case studies analyze different
projects to evaluate how sustainability goals are achieved
while maintaining cost, time, and quality constraints.

1. Bullitt Center - Seattle, USA,

2. Indira Paryavaran Bhawan - New Delhi, India,
3. Olympia Technology Park - Chennai, India,

4. Humanscapes Habitat - Auroville, India,

5. Bhawar Residence - Chennai, India.

8.1 BULLITT CENTER - SEATTLE, USA

The Bullitt Center is widely recognized as one of the greenest
commercial buildings in the world and serves as a
benchmark for Energy Positive Buildings. The project was
designed with a strong focus on sustainability, incorporating
advanced energy-efficient systems and renewable energy
technologies.

Fig -1: Bullitt Center
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The building utilizes a large rooftop solar photovoltaic
system that generates more electricity than the building
consumes annually. Passive design strategies such as natural
ventilation, daylight optimization, and high-performance
insulation significantly reduce energy demand. The Project
also incorporates rainwater harvesting and composting
systems, enhancing overall sustainability.

From a project management perspective, the success of the
Bullitt Center can be attributed to early-stage planning,
integrated design approaches, and strong stakeholder
collaboration. Advanced tools and simulation models were
used during the design phase to predict energy performance
and optimize building systems.

Predicted Energy Use: Conventional vs PARC (NZEB)
100

80
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Relative Energy Use (%)

Conventional Rec Center PARC (NZEB) Predicted Use
Chart - 3: Projected Energy Use
1. High initial investment but long-term energy
savings

2. Strong integration of passive and active systems
3. Effective use of simulation tools during design
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Fig -2: The Path to Net Zero Energy

The case study demonstrates that Energy Positive Buildings
are achievable when sustainability goals are integrated into
the project management process from the early stages.
Proper planning and stakeholder collaboration are essential
for success.

8.2 INDIRA PARYAVARAN BHAWAN - NEW DELHI, INDIA

Indira Paryavaran Bhawan is a government office building in
India that exemplifies sustainable construction and net-zero
energy performance. The building incorporates several
Energy-efficient technologies and renewable energy systems
to minimize energy consumption.

The project uses solar photovoltaic panels to generate
energy and incorporates passive design features such as
optimized building orientation, shading devices, and efficient
insulation. Advanced HVAC systems and energy-efficient
lighting further reduce energy demand. The building also
integrates water conservation techniques such as rainwater
harvesting and wastewater recycling.

Fig -3: Indira Paryavaran Bhawan

Project management played a key role in ensuring that
sustainability objectives were achieved

within budget and time constraints. The use of coordinated
planning and efficient execution

strategies helped in overcoming technical and financial
challenges.

Lifecycle Cost vs Operational Savings
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Chart - 4: Lifecycle vs Operational Savings

1. Successful implementation of renewable energy
systems

2. Significant reduction in energy consumption

3. Effective coordination between stakeholders

This case study highlights those sustainable buildings can be
successfully implemented in India with proper project
management practices. Government support and policy
frameworks further enhance feasibility.

8.3 OLYMPIA TECHNOLOGY PARK - CHENNA], INDIA

Olympia Technology Park is a commercial development in
Chennai that incorporates sustainable design principles and
energy-efficient systems. Although not fully energy-positive,
the project demonstrates the transition towards sustainable
commercial buildings in India.
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Fig -4: Olympia Technology Park

The building integrates energy-efficient lighting, HVAC
systems, and optimized building envelope design to reduce
energy consumption. Renewable energy systems such as
solar panels are also incorporated to supplement energy
demand. The project focuses on improving indoor
environmental quality and occupant comfort.

From a project management perspective, the project
emphasizes efficient planning, resource management, and
coordination among stakeholders. The adoption of modern
technologies and construction practices helped improve
project performance.

PASSIVE
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Chart - 5: Passive Design Flowchart

1. Partial integration of renewable energy systems

2. Improved energy efficiency through design
optimization

3. Focus on occupant comfort and performance

The case study shows that even partial adoption of
sustainable practices can significantly improve building
performance. It highlights the importance of gradual
transition towards Energy Positive Buildings.

8.4 HUMANSCAPES HABITAT - AUROVILLE

Humanscapes Habitat in Auroville is a residential
development that emphasizes sustainable living and
environmental harmony. The project focuses on low-energy
design strategies and the use of renewable resources.

Fig -5: Humanscapes Habitat

The buildings are designed using passive cooling techniques,
natural ventilation, and locally sourced materials to
minimize environmental impact. Solar energy systems are
used to generate electricity, reducing dependency on
conventional energy sources.

Project management in this project focused on community
participation, resource optimization, and sustainable
construction practices. The integration of traditional
knowledge with modern technologies played a key role in
the project’s success.

1. Strong focus on passive design strategies
2. Use of local materials and sustainable practices

3. Community-driven project execution

Comparison of Passive vs Active Strategies in Humanscapes Habitat
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Chart - 6: Passive vs Active Strategies

This case study highlights the importance of integrating local
context and sustainable practices in achieving energy-
efficient buildings. Project management plays a key role in
balancing traditional and modern approaches.

8.5 BHAWAR RESIDENCE - CHENNAI

Bhawar Residence is a small-scale residential project that
demonstrates the application of energy-efficient design
strategies at the individual building level. The project
incorporates passive design techniques and renewable
energy systems to reduce energy consumption.

© 2026,IRJET | ImpactFactor value: 8.315

ISO 9001:2008 Certified Journal | Page 1469



u, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 13 Issue: 05 | May 2026

www.irjet.net

p-ISSN: 23950072

Fig -6: Bhawar Residence

Solar panels are installed to generate electricity, and the
building design maximizes natural lighting and ventilation.
Efficient material selection and construction techniques
further enhance sustainability.

Project management in this case focused on cost control,
efficient scheduling, and resource management to ensure
that the project remained within budget while achieving
sustainability goals.

1. Cost-effective
strategies

2. Effective use of passive design techniques

3. Integration of renewable energy systems

implementation of sustainable

Bhawar Residence Energy (Cumulative)

Chart - 7: Bhawar Residence Energy (Cumulative)

The case study proves that Energy Positive Building
concepts can be applied even in small-scale residential
projects with proper planning and management.

9. OVERALL CASE STUDY INFERENCE

The analysis of various case studies indicates that the
successful implementation of Energy Positive Buildings
depends on a combination of design innovation and effective
project management. Key factors influencing success include
early-stage planning, stakeholder collaboration, integration
of renewable energy systems, and the use of advanced
technologies.
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Chart - 8: Inference Flow Chart

Itis evident that while large-scale projects demonstrate full
energy-positive performance, smaller and developing
projects show a gradual transition towards sustainability.
Effective project management ensures that these projects
are delivered within cost, time, and quality constraints while
achieving environmental goals.

10. CONVENTIONAL vs ENERGY POSITIVE BUILDING

10.1. ENERGY CONSUMPTION CALCULATION
Standard Energy Consumption:

- Conventional Building = 150 kWh/m?/year
- EPB (with passive design) = 90 kWh/m?/year

Formula:
Total Energy Consumption = Area x Energy Use Intensity
(EUD)

Calculation:
- Conventional = 1000 x 150 = 150,000 kWh/year
- EPB=1000x 90 =90,000 kWh/year

Result:
Energy demand reduced by 60,000 kWh/year (40%
reduction)

10.2. ENERGY GENERATION (EPB ONLY)
Assume:
Solar system generates = 120,000 kWh/year

Formula:
Net Energy = Energy Generated - Energy Consumed

Calculation:
Net Energy = 120,000 - 90,000
=+30,000 kWh/year

Result:

EPB produces surplus energy (Energy Positive)
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10.3. ELECTRICITY COST CALCULATION
Assume:
Electricity rate = @8 per kWh

Conventional Building Cost:
150,000 x 8 =[@12,00,000/year

EPB Cost:
- 90,000x8=017,20,000
- Generated energy value = 120,000 x 8 = @9,60,000

Net benefit = @9,60,000 - @7,20,000 = @2,40,000 profit

Result:
- Conventional — @12 Lakhs expense
- EPB — @2.4 Lakhs profit.

10.4. INITIAL COST VS SAVINGS

Assume:
- Conventional building cost = @5 Crores
- EPB cost=0[5.75 Crores (15% higher)
- Extrainvestment = @75 Lakhs

Annual Benefit:
Savings + profit =
@14,40,000/year

@12,00,000 + [@2,40,000 =

10.5. PAYBACK PERIOD
Formula:
Payback Period = Extra Investment / Annual Savings

Calculation:
Payback = 75,00,000 / 14,40,000 = ~5.2 years

Result:
Extra cost recovered in ~5 years

10.6. CARBON EMISSION REDUCTION
Assume:
1 kWh = 0.82 kg CO,

Calculation:
- Conventional = 150,000 x 0.82 = 123,000 kg CO,
- EPB=90,000 x 0.82 =73,800 kg CO,
- Reduction = 49,200 kg CO,/year

Result:
~40% emission reduction.

10.7. COMPARISON TABLE

Energy Use

150,000 kWh

90,000 KWh

Energy Generation

0

120,000 kwh

Net Energy

-150,000

30,000

Annual Cost

%12 Lakhs

Profit 2.4 Lakhs

Initial Cost

I5Cr

%5.75Cr

Payback

5 Years

CO; Emission

123 tons

73 tons

11. FINDINGS

The findings of this study highlight the critical role of project
management in ensuring the successful delivery of Energy
Positive Buildings (EPBs) within cost, time, and quality
constraints. Through the analysis of literature and case
studies, it is evident that early-stage planning and integrated
design approaches significantly influence project outcomes.
Projects that incorporated sustainability objectives during
the initial design phase demonstrated better cost control,
reduced delays, and improved overall performance.

The adoption of advanced technologies such as Building
Information Modelling (BIM), digital twins, and IoT-based
monitoring systems has proven to enhance coordination
among stakeholders and reduce construction errors. These
tools enable real-time tracking of project progress, resource
utilization, and energy performance, thereby improving
decision-making and minimizing risks.

The study also reveals that passive design strategies,
including natural ventilation, insulation, and daylight
optimization, can reduce building energy demand by
approximately 30-40%. When combined with renewable
energy systems such as solar photovoltaic panels, buildings
can achieve net-zero or even energy-positive performance.
However, achieving such outcomes requires efficient project
management practices to ensure proper integration and
execution.

Another key finding is the importance of stakeholder
collaboration. Projects with strong coordination between
architects, engineers, contractors, and project managers
were more successful in meeting sustainability goals.
Conversely, lack of communication and coordination often
resulted in delays, cost overruns, and performance gaps.

Furthermore, it was observed that while Energy Positive
Buildings offer long-term benefits, challenges such as high
initial costs, lack of expertise, and regulatory barriers can
hinder implementation. Effective project management
strategies, including risk management, cost optimization,
and resource planning, are essential to overcome these
challenges and ensure project success.
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12. CONCLUSION

Energy Positive Buildings represent a transformative
approach in the construction industry, addressing the
growing need for sustainable and energy-efficient
infrastructure. This study concludes that while technological
advancements and innovative design strategies are essential,
the success of EPBs largely depends on effective project
management practices.

Project management acts as a central framework that
integrates sustainability goals with practical execution. It
ensures that all project phases—from planning and design to
construction and operation—are aligned with energy
performance objectives while maintaining cost, time, and
quality constraints. The use of modern tools such as BIM,
Integrated Project Delivery (IPD), and lean construction
techniques has significantly improved project efficiency and
collaboration.

The findings also emphasize that achieving Energy Positive
Buildings is not solely a technical challenge but also a
managerial one. Proper coordination among stakeholders,
early decision-making, and continuous monitoring are
crucial for minimizing risks and ensuring successful
outcomes.

Moreover, the study highlights that although EPBs require
higher initial investments, they provide long-term economic
and environmental benefits, making them a viable solution
for future sustainable development. With increasing
awareness, technological advancements, and supportive
policies, Energy Positive Buildings have the potential to
become a standard practice in the construction industry.

In conclusion, effective project management serves as the
key enabler in bridging the gap between sustainable design
concepts and real-world implementation, ensuring that
Energy Positive Buildings are delivered successfully within
defined constraints.

13. RECOMMENDATIONS

Based on the findings of this study, several
recommendations are proposed to enhance the successful
implementation of Energy Positive Buildings. Firstly, it is
essential to integrate sustainability objectives into the
project planning phase itself. Early-stage decision-making
allows for better optimization of design, cost, and energy
performance.

The adoption of advanced project management tools such as
BIM, digital twins, and loT-based monitoring systems should
be encouraged across all construction projects. These
technologies improve coordination, enhance visualization,
and enable real-time performance tracking, leading to better
project outcomes.

Chart - 9: Conventional vs EPB Buildings

Another important recommendation is the need for capacity
building and skill development. Training programs should be
conducted for project managers, engineers, and construction
Professionals to equip them with the necessary knowledge
and skills required for EPB projects. This will help address
the current gap in technical expertise.

Government policies and regulatory frameworks also play a
crucial role in promoting sustainable construction. Providing
financial incentives, subsidies, and standardized guidelines
for Energy Positive Buildings can encourage developers and
stakeholders to adopt these practices.

Improving stakeholder collaboration is equally important.
Establishing clear communication channels and adopting
integrated project delivery methods can enhance
coordination and reduce conflicts among project teams.

Finally, continuous monitoring and performance evaluation
should be implemented to ensure that buildings achieve
their intended energy performance. Post-construction
evaluation and feedback mechanisms can help identify gaps
and improve future projects.
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