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Abstract. Green building design emphasizes reduced energy consumption, minimized
environmental impact, and efficient resource use, with Building Information Modeling (BIM) emerging
as a transformative tool to achieve these goals. This paper examines the integration of BIM in three
key areas: energy optimization, life cycle management of green materials, and water resource
management. BIM enables precise energy simulations, real-time performance monitoring, and data-
driven decisions to optimize building orientation, lighting, and material selection, significantly
reducing energy use. It also incorporates life cycle assessment (LCA) to evaluate environmental
impacts, optimize material production and transportation, and plan for reuse and recycling, reducing
carbon footprints. Furthermore, BIM facilitates the modeling and optimization of rainwater harvesting
and wastewater systems, improving water-related energy efficiency. Despite challenges such as
high implementation costs and limited interdisciplinary collaboration, BIM offers significant potential
for advancing sustainability in construction. Future efforts should focus on integrating BIM with
Internet of Things (1oT) and Artificial Intelligence (Al), reducing costs, and standardizing frameworks
to promote its adoption and drive the development of resilient and eco-friendly buildings.
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1. Introduction

As global environmental challenges intensify, the construction industry faces increasing pressure
to adopt sustainable practices. Green building design, which aims to reduce energy consumption,
minimize environmental impact, and improve resource efficiency, has become a key solution. Central
to this evolution is BIM technology, which provides a comprehensive platform for integrating
sustainability principles throughout a building's life cycle.

BIM technology digitally represents a building's physical and functional characteristics, enabling
cross-disciplinary collaboration and precise decision-making from the design phase to operation and
maintenance. By facilitating energy simulation, material LCA, and water resource management, BIM
improves the efficiency and sustainability of construction projects. For example, it allows architects
and engineers to optimize building orientation, select environmentally friendly materials, and design
efficient water systems while reducing carbon emissions and operating costs [1, 2].

This paper explores the application of BIM technology in green building design, focusing on three
key areas: energy optimization, material life cycle management, and water resource management.
The discussion highlights how BIM can support sustainable development goals by improving design
accuracy, reducing resource waste, and enabling better performance monitoring. In addition,
challenges and future directions for applying BIM in green building practices are discussed, including
its integration with emerging technologies such as Al and the loT.

This paper aims to provide valuable insights for architects, engineers, and policymakers seeking
to leverage BIM technology for sustainable development. By leveraging BIM's potential, the
construction industry can play a key role in mitigating environmental challenges and achieving global
sustainable development goals.
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2. Green Building Energy Optimization

2.1. Key Methods for Building Energy Efficiency Assessment

Building energy efficiency assessment is an important step in achieving green building goals. It
provides a basis for energy-saving design through precise measurement and analysis. BIM technology
provides full life cycle support for building energy efficiency assessment. In the early stages of design,
the BIM platform can combine the building geometry model with the energy efficiency assessment
model to analyze the performance of the building form, materials, and energy systems. For example,
software such as Autodesk Revit and IES-VE help designers optimize the building's window-to-wall
ratio (WWR) through simulation analysis to achieve a balance between daylighting and insulation [2,
3]. Studies have shown that reducing WWR can reduce heat loss in winter while optimizing window
orientation can improve building daylighting efficiency, thereby reducing lighting and heating needs
[4]. In addition, BIM technology has gradually been integrated into green building assessment
systems such as Leadership in Energy and Environmental Design (LEED). Using BIM to analyze
building daylight and energy consumption can help building designers obtain the energy-saving
points required for certification and ensure that the building maintains the expected performance
during operation [2].

2.2. Energy Simulation and Energy-Saving Design Strategies

Energy simulation technology is an indispensable tool in green building design, providing data-
driven support for optimized design. By simulating a building's energy consumption, designers can
test the impact of different design options on energy efficiency to select the best option. BIM-based
energy simulation tools such as Green Building Studio and EnergyPlus enable real-time analysis of
the energy performance of building designs. For example, by simulating how a building will perform
under different climate conditions, designers can optimize a building's orientation, insulation, and
window design to reduce energy use [3]. Research shows that adjusting window orientation and
building form can improve lighting efficiency and significantly reduce cooling energy consumption
[2, 4]. Specific energy-saving strategies include optimized material selection, innovative lighting
design, and dynamic energy management. Choosing materials with high thermal inertia (such as
concrete and gypsum board) can store and release heat and reduce indoor temperature fluctuations
[4]. By optimizing building layout and window design, using natural light to provide indoor lighting,
this method is used in a certain L-shaped nearly 80% daylight coverage was achieved in the building
project [2, 5]. In addition, the combination of BIM and sensor integration can achieve dynamic
adjustment and efficient management of energy use, such as improving energy use efficiency by up
to 25% during the operation phase [1, 6].

2.3. The Role of Water Management in Energy Optimization

Energy simulation technology is an indispensable tool in green building design, providing data-
driven support for optimized design. Simulating water resource management is related to the
ecological benefits of buildings and directly affects energy efficiency. The design and optimization
of water supply and drainage systems play an essential role in reducing energy consumption
throughout the life cycle of buildings. BIM technology can integrate rainwater collection and
greywater reuse systems' design and operation data. For example, by simulating the building
rainwater recycling system with BIM, designers can estimate the energy and water-saving potential
of different recycling schemes [1]. At the same time, the BIM model can dynamically evaluate water
use patterns and optimize the relevant pipeline layout, thereby reducing the energy consumption of
water pumps. In a study, a water resource management solution combining BIM and LCA showed
that by optimizing the operation process of rainwater collection and greywater treatment systems,
water supply demand can be reduced by 15%, and energy consumption can be reduced by about 10%,
respectively [1, 3]. These measures enable buildings to effectively reduce carbon emissions related
to water supply and drainage during the operation phase while reducing operating costs.
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3. Green Material Life Cycle Management

3.1. Material Selection and Environmental Impact Assessment

Material selection plays a vital role in green building design, as the production, transportation, and
use of materials directly impact the carbon footprint of the entire building life cycle. The introduction
of BIM technology provides scientific support for material selection, allowing designers to make
decisions based on material life cycle data. For example, by incorporating LCA tools, BIM models
can simulate the environmental performance of different materials, including carbon emissions, initial
energy consumption, and recycling potential [1, 6]. Research shows that highly thermally inert
materials like concrete and bricks can reduce heating and cooling needs while improving a building’s
overall energy efficiency [7].

The application of recycled materials is also one of the important strategies for green buildings.
For example, in some projects, designers used BIM technology to optimize material selection and
increase the use of recyclable materials to 30%, significantly reducing raw material consumption and
greenhouse gas emissions [7]. In addition, BIM technology can also simulate the durability and
performance of materials, providing a basis for selecting materials with high durability and low
maintenance requirements. For example, durable materials reduce maintenance frequency and energy
use during long-term operation [1].

3.2. Optimization of Material Production and Transportation

The production and transportation of building materials are one of the primary sources of energy
consumption and carbon emissions in construction projects. The application of BIM technology in
this stage allows designers to effectively reduce environmental impact by optimizing production and
logistics processes. For example, integrating BIM with the Geographic Information System (GIS) can
simulate materials' source and transportation routes, thereby supporting the local material strategy.
This strategy reduces transportation distance and energy consumption and reduces the carbon
emissions associated with long-distance transportation [8]. In addition, through the simulation
function of BIM tools such as NavisWorks, designers can evaluate the material stacking and
transportation routes on the construction site and develop the optimal transportation plan. In one
project, the logistics solution optimized by BIM reduced transportation-related energy consumption
by 15% [1, 3]. This refined management based on BIM reduces energy consumption and improves
construction efficiency.

3.3. Use Phase and Reuse Strategy

The performance of building materials during the use phase plays an important role in a building's
energy efficiency and environmental impact. With BIM technology, designers and operators can
monitor material use in real-time and optimize maintenance strategies. For example, some high-
performance materials can provide excellent thermal insulation during the use phase, reducing the
energy demand for heating and cooling [6].

BIM can also record the use of each material and its life cycle properties to help plan the reuse and
recycling of building materials. For example, the BIM platform can track the source, use, and status
of each material in the building, providing data support for the deconstruction and recycling of the
building [1]. In one case, the deconstruction process of the building was planned using BIM
technology so that more than 90% of the building materials were successfully recycled or reused,
effectively reducing waste generation [3].

In the reuse strategy, BIM technology supports modular design and prefabricated components.
Considering materials' disassembly and reuse value in the design phase, a higher proportion of
materials can be recycled at the end of the building's life cycle. For example, studies have shown that
by optimizing modular design, the reuse rate of building materials has increased by more than 25%

[8].
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4. Conclusion

The development of green buildings is inseparable from the support of BIM technology. The
analysis in this paper shows that BIM technology is important in energy optimization, material life
cycle management, and water resources management of green buildings. It improves the efficiency
of building design and construction and significantly reduces energy consumption and carbon
emissions throughout the building's life cycle.

Regarding energy optimization, BIM technology provides data-driven design support and
maximizes building energy efficiency through simulation and real-time monitoring. BIM integrates
LCA tools in material life cycle management to provide a scientific basis for selecting, producing,
transporting, and reusing green materials, effectively reducing environmental burdens. BIM
technology significantly reduces energy consumption and carbon emissions related to water supply
and drainage in water resources management by simulating and optimizing water systems.

Although the application of BIM technology in green building design has achieved remarkable
results, there are still some challenges. For example, the implementation cost of BIM is relatively
high, and the popularity of technology applications needs to be further improved. In addition,
interdisciplinary collaboration and information-sharing mechanisms require more efficient platform
support. Future research directions should focus on the following points: First, the use threshold of
BIM technology should be further lowered, and its application penetration rate in small and medium-
sized projects should be increased. Second, it is necessary to promote the deep integration of BIM
with Al and 10T technology to achieve intelligent management of the whole life cycle of buildings.
Third, through policy guidance and industry standardization, BIM technology should be accelerated
to promote and apply, and provide more substantive technical support for the sustainable development
of green buildings.

In general, BIM technology plays an irreplaceable role in green building design. With the
continuous development of technology and innovation of application models, BIM is expected to
promote the realization of more green buildings in the future and make important contributions to the
sustainable development of the global construction industry.
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