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Abstract: The construction industry stands at a critical juncture in the 21st century, facing unprecedented
challenges related to environmental sustainability, resource efficiency, and climate change mitigation. The
building industry has a heavy burden in resolving these worldwide issues since it is a major user of energy
and raw materials and a major source of greenhouse gas emissions. In light of these issues, "green
building"” has been proposed as a viable strategy to lessen the negative effects of construction on the
environment without sacrificing the quality of life for building occupants or the efficiency of the structure
itself.
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I. INTRODUCTION
A broad variety of cutting-edge methods, materials, and systems are incorporated into green building technologies with
the goal of reducing the environmental impact of buildings at every stage of their lifespan. Among other things, these
technologies try to maximise things like water conservation, indoor environmental quality, energy utilisation, and waste
reduction. The construction industry stands at a critical juncture in the 21st century, facing unprecedented challenges
related to environmental sustainability, resource efficiency, and climate change mitigation. The building industry has a
heavy burden in resolving these worldwide issues since it is a major user of energy and raw materials and a major
source of greenhouse gas emissions. In light of these issues, "green building" has been proposed as a viable strategy to
lessen the negative effects of construction on the environment without sacrificing the quality of life for building
occupants or the efficiency of the structure itself. The demand for thorough performance evaluation approaches to
measure the efficacy and influence of green building technology in actual construction projects is growing in tandem
with the global trend towards green building practices. The motivation for this study stems from several key factors:
e Environmental Urgency: All industries, including construction, must act immediately to combat climate
change and environmental deterioration.
e Economic Considerations: An interest in performance evaluation to justify expenditures is driven by the
possibility for long-term cost savings and enhanced property values linked to green buildings.
e Regulatory Landscape: Growing governmental regulations and incentives promoting sustainable construction
practices necessitate robust evaluation frameworks.
e Technological Advancements: Rapid innovations in green building technologies require ongoing assessment
to determine their efficacy and guide future developments.
e Stakeholder Expectations: Increasing awareness and demand from building owners, occupants, and investors
for sustainable and high-performance buildings.
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II. GREEN BUILDING TECHNOLOGIES: AN OVERVIEW

A broad variety of cutting-edge approaches, materials, and systems are incorporated into green building technologies
with the goal of reducing the environmental footprint of buildings at every stage of their existence. Improvements in
energy efficiency, water conservation, indoor environmental quality, and waste reduction are just a few of the many
goals of these technological advancements in the construction sector. In this review, we will take a look at the main
types of green building technology and how they might affect the efficiency and longevity of a structure.
(i) Energy Efficiency Technologies:

e High-performance building envelopes with advanced insulation and glazing
Energy-efficient HVAC systems, including heat recovery ventilation
LED lighting and smart lighting control systems

[ )
o
e  Solar photovoltaic panels and building-integrated solar technologies
e  Geothermal heating and cooling systems
e  Smart building management systems for optimized energy use

(ii) Water Conservation Technologies:

Low-flow and water-efficient fixtures

Greywater recycling systems

Rainwater harvesting and storage systems
Drought-resistant landscaping and smart irrigation systems

(iii) Indoor Environmental Quality Technologies:

Low-VOC materials and finishes

Advanced air filtration and purification systems

Daylighting design and automated shading systems

Acoustic design for noise reduction

Biophilic design elements incorporating natural materials and vegetation

(iv) Sustainable Materials and Waste Reduction:

Recycled and rapidly renewable building materials
Modular & prefabricated construction techniques
On-site waste sorting and recycling facilities
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e  Use of materials with high recyclability and low embodied energy
These technologies work synergistically to create buildings that are not only environmentally responsible but also
healthier, more comfortable, and more cost-effective to operate. The integration of green building technologies can lead
while improving occupant wellbeing and productivity. As the field of green building continues to evolve, emerging
technologies such as Internet of Things (IoT) sensors, artificial intelligence for building optimization, and advanced
energy storage systems are further enhancing the capabilities and performance of sustainable buildings.

III. ENERGY EFFICIENCY TECHNOLOGIES
Green building design is centred on energy efficiency, which tries to lower total energy consumption and the emissions
of greenhouse gases that go along with it. The building industry is responsible for almost 40% of the world's energy
usage, hence improving energy efficiency in buildings is crucial. Reducing environmental effect and saving money
throughout the building's lifetime are two outcomes of improving energy efficiency.
Key technologies in the domain of energy efficiency include:
High-performance building envelopes: An important function of the building envelope—which includes the roof, walls,
windows, and doors—is to control the amount of heat that may be transferred from the inside to the outside. Reduce
heating and cooling loads dramatically with advanced envelope technologies like reflective roofs, low-emissivity
windows, and high-performance insulation materials.
Smart lighting and controls: A considerable amount of a building's energy use is due to lighting. Intelligent control
systems and light-emitting diode (LED) fixtures can significantly enhance lighting quality while decreasing energy use.
Renewable energy integration: Green buildings typically feature on-site renewable energy generating. A building's
dependence on grid power can be substantially reduced with the help of solar thermal collectors, small-scale wind
turbines, and photovoltaic systems.
Energy storage systems: Energy storage technologies are vital for controlling generation spikes and optimising power
consumption in an era of increasing renewable energy usage.
These developments are mutually supportive in their goals of lowering energy consumption and raising the adoption of
renewable energy sources. Buildings that use a mix of these methods can reduce their energy use by as much as 50%
compared to traditional buildings. The possible energy savings from several energy efficiency methods are summarised
in the following table:

Technology Potential Energy Savings Implementation
Considerations

High-performance 20-30% of heating/cooling energy | Initial cost, space

insulation requirements

Low-E windows 10-20%0 of heating/cooling encergy | Climatic suitability,
orientation

LED lighting 50-T0% of lighting energy Initial cost, color rendering

Smart HVAC controls 20-30% of HVAC energy System  complexity., user
traijfing

Solar PV systems 20-100%% of electricity | Roof space. local regulations

CconsuTption
Encrgy storage Naries (improwves renewable | Initial cost, space
- integration) requirements

Table 1- The potential energy savings from various energy efficiency/té

by
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Figure 2- Energy Consumption Breakdown in Buildings

IV. WATER CONSERVATION STRATEGIES
Because water shortage is becoming an increasingly pressing issue on a worldwide scale, eco-friendly building
practices must prioritise water conservation. Water scarcity might affect as much as two-thirds of the global population
by 2025, according to the UN. In this context, green building technologies that focus on reducing water consumption
and promoting water reuse are becoming increasingly important.
Technologies and strategies in the area of water conservation include:
Low-flow fixtures and appliances: Installing water-saving plumbing and appliances is a simple way to reduce water
usage. You may cut down on water use without sacrificing performance by installing low-flow fixtures in your
bathroom, such as faucets, showerheads and toilets. When compared to regular toilets, those with the WaterSense logo
use 20% less water, which may add up to thousands of gallons saved year for the average family. Similarly, compared
to standard models, water-efficient dishwashers and washing machines can save water use by 30-50%.
Rainwater harvesting systems: Collecting, storing, and reusing rainwater for non-drinking uses including irrigation,
flushing toilets, and making up liquid for cooling towers is known as rainwater harvesting. Standard components of
such systems include rooftops, gutters, storage tanks, and filtration devices for collecting runoff. Rainwater collection
has a huge potential for water savings, especially in areas that get enough rain. For example, one Australian research
indicated that homes may cut their mains water use by as much as 60% by installing rainwater collection systems.
Greywater recycling: When wastewater from non-potable sources such sinks, showers, and washing machines is treated
and reused, the resulting water is called greywater. Greywater recycling systems range from simple diversion methods
for landscape irrigation to more complex treatment systems that allow for indoor reuse. The potential water savings
from greywater recycling can be significant, with some studies reporting reductions in potable water use of up to 30%
in residential settings.
Smart irrigation systems: Advanced irrigation technologies use sensors, weather data, and predictive algorithms to
optimize watering schedules and amounts. These systems can adjust irrigation based on soil moisture levels,
evapotranspiration rates, and weather forecasts.
The effectiveness of these strategies can be substantial. A research in Singapore implementing comprehensive water
conservation measures reported a 35% reduction in overall water consumption. The following figure illustrates the
potential water savings from various conservation technologies: Amongst other things, these technologies try to
maximise things like water conservation, indoor environmental quality, energy efficiency, and waste reduction. Here
we'll take a look at the main types of green building technology and how they might affect the efficiency and longevity
of a structure.
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V. SUSTAINABLE MATERIALS AND WASTE MANAGEMENT
To lessen the toll that building projects have for the effects that it's crucial to choose eco-friendly materials and put
effective waste management plans in place. Much of the world's resource depletion and trash production is due to the
built environment. Nearly 40% of all raw materials are consumed by the construction industry worldwide, as reported
by the UN Environment Programme. Moreover, construction and demolition waste constitute a large portion of the total
waste stream in many countries. In this context, green building technologies that focus on sustainable materials and
waste management are essential for mitigating environmental impacts and promoting circular economy principles.
Key approaches in sustainable materials and waste management include:
Use of recycled and reclaimed materials: Construction projects may greatly decrease the demand for virgin resources
and maximise waste reduction by incorporating recycled and repurposed materials. Steel, wood, and concrete mixes
that contain recycled materials are common examples. One example is the significant reduction in energy
consumption—up to 75%—when using recycled steel instead of raw materials to produce steel. In addition to
preserving the embodied carbon in existing structures, reusing wood decreases the requirement for new lumber. New
concrete mixes that incorporate recycled concrete aggregates (RCA) lessen the ecological footprint of concrete
manufacturing without sacrificing structural performance.
Locally sourced materials: Prioritizing locally sourced materials can significantly reduce transportation emissions and
support local economies. This approach, often referred to as "regional materials" in green building rating systems,
typically considers materials sourced within a certain radius of the construction site. The use of local materials can
reduce the carbon footprint associated with transportation by up to 40% compared to materials sourced from distant
locations. Additionally, local sourcing often promotes the use of indigenous materials that are well-suited to the local
climate and architectural vernacular.
Low-emitting materials: The selection of low-emitting materials is crucial for improving indoor air quality and reducing
the health impacts of buildings on occupants. Products with minimal emissions of volatile organic compounds (VOCs)
include flooring materials, paints, adhesives, sealants, and composite wood. Using low-emitting materials can improve
occupant health, comfort, and productivity by reducing indoor air pollutants by up to 90%, according to studies. The
development of bio-based materials, such as mycelium insulation or algae-based bioplastics, represents an emerging
trend in this area, offering potential for both low emissions and carbon sequestration.
Modular and prefabricated construction techniques: Reducing material waste, improving quality control, and shortening
building deadlines are all possible using modular and prefabricated construction technologies. By producing building
components in controlled conditions rather than on-site, these procedures can reduce on-site waste by as much as 90%
compared to conventional construction processes. Additionally, modular construction can reduce overall project
timelines by up to 50%, leading to reduced energy consumption and emissions during the construction phase.
On-site waste sorting and recycling programs: Implementing comprehensive waste management strategies during
construction and throughout the building's lifecycle is essential for minimizing landfill waste. On-site waste sorting
facilities enable the separation of recyclable materials, reducing the volume of waste sent to landfills. Advanced waste
management technologies, such as on-site crushing and reuse of concrete waste, can further reduce the environmental
impact of construction activities. Some projects have achieved waste diversion rates of over 95% through rigorous on-
site waste management practices.

VI. CONCLUSION
The performance evaluation of green building technologies in construction projects represents a critical area of research
with far-reaching implications for environmental sustainability, economic efficiency, and human well-being.
Ultimately, we need a decision-making framework that can assess green building technology's efficacy across a range
of parameters. The objective is to identify and quantify the green building technology components most critical to a
project's success. Several green construction technologies will be ordered to ascertain their long-term financial and
ecological impacts. This research delves into the complex issues surrounding the evaluation and enhancement of these
technologies' performance in different environments. The purpose of this project is to advance sustainable building
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building technology innovation, policy development, and evidence-based decision-making in construction projects
should all benefit from this study's conclusions.
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