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Abstract: The development of low-carbon buildings relies on the data integration advantages of BIM
technology. On the basis of reading relevant literature, this article reviews the research progress and
application status of low-carbon buildings based on BIM in recent years. The summary of research can
be divided into three aspects: measurement and evaluation of carbon emissions, identification of
abnormal carbon emissions, and active control of carbon emissions. Combined with the four dimensions
of "low-carbon", "BIM", "performance evaluation”, and "full life cycle", this paper finally elaborates on
the application framework of low-carbon building based on BIM and provides research prospects.
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1. Introduction

The concept of "low carbon building" was first proposed in the British white paper in 2003[!In
summary, low-carbon buildings aim to improve energy structures and enhance energy efficiency
throughout their entire lifecycle, from design and construction to operation and demolition, thereby
reducing carbon dioxide emissions and meeting the requirements for sustainable human society
development. Analyzing the core concept of low-carbon buildings, they can be described as architectural
spaces constructed using clean energy, with low energy consumption and low CO2 emissions, throughout
the projects life cycle. These buildings will promote more effective and comfortable building ecosystems
based on actual energy-saving and emission-reduction practices in construction materials and other
aspects of the project. Green buildings, eco-friendly buildings, and sustainable buildings are all forms of
low-carbon buildings. Developing low-carbon buildings has become an important aspect of addressing
environmental degradation, improving resource scarcity, and achieving sustainable human society
development both domestically and internationally!?In terms of the total carbon emissions and energy
consumption, the construction industry accounts for 39% of greenhouse gas emissions and 36% of energy
consumption, which shows that the construction industry needs to play an important role in achieving
the goal of energy conservation and carbon reduction.

Building Information Modeling (BIM) technology is a massive integration of information databases,
lifecycle management, and multi-dimensional entity models, featuring four major characteristics:
information completeness, overall goal parameterized modeling, three-dimensional visualization of
entity models, and diversified conclusions derivation. It achieves this through digital modeling and data
management, supported by computer-aided technology. By collecting data information, it realizes data
input and multi-dimensional modeling, integrating all relevant information of construction projects into
a visual 3D model. This model is used to coordinate the design, construction, and operational
management of various parties throughout the projects entire lifecycle. The data integration capability of
BIM can seamlessly communicate structural, material, and process information, as well as integrate
various parameters for carbon emission measurement’®, Support dynamic measurement of carbon
emissions, automatic optimization, real-time decision analysis and other types of functional modules.

In general, due to the complex structure and long life cycle of buildings, it is difficult to collect data
for carbon emission calculation. BIM, as the information carrier of buildings, is an important tool for
data integration, simulation and functional analysis throughout the life cycle of buildings, which can
provide strong data support for carbon emission measurement', Integrating it into the research of carbon
emissions in the whole life cycle of buildings is a trend of industry development, and has the potential to
provide a foundation for the research and implementation of low-carbon building technologies.
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2. History of BIM Technology Development

Eastmanl®'The concept of BIM was first introduced in 1999. In 2003, the United States released its
National BIM Guidelines, marking the true emergence of BIM on the historical stage. BIM technology
was then introduced to China and widely applied in various engineering projects. In 2011, the countrys
"12th Five-Year Plan" explicitly stated that BIM should be a key goal for the development of the
construction industry. Prior to this, BIM was merely used as a modeling tool for simple tasks such as 3D
model design or collision detection, with its data value not yet fully realized.

In 2014, Building Carbon Emission Measurement Standard (CECS 374:2014)!The standard was
officially implemented, which combined BIM model and building carbon emission calculation for the
first time. Since then, more and more scholars began to study the specific application of BIM technology
in the field of carbon emission calculation, such as the measurement method of carbon emission in the
physical and chemical stage of building products based on BIM and bill of quantities!”, A BIM-based
carbon emission measurement platform for the whole life cycle of buildings, etc., to gradually promote
the quantification and automation of carbon emission accounting.

In 2015, Green Building Evaluation Standard (GB/T 50378-2014)®lIncorporating the calculation of
building carbon emissions and their footprint analysis into the innovative scoring system for green
building evaluation provides a new entry point for BIM applications in carbon emission calculations.
Relevant studies, based on the "Evaluation Standards," have established a dynamic integration
mechanism that combines BIM technology with low-carbon green building evaluation indicators to assist
in the planning and implementation of low-carbon green buildings” At this stage, BIM technology is
mainly used in the calculation of carbon emissions during the building design phase, and its application
in the operation and demolition phases has not been widely promoted.

In 2020, China clearly set the goals of achieving peak carbon emissions by 2030 and carbon neutrality
by 2060, elevating the concept of low-carbon development to the national strategic level. The application
of BIM technology in carbon emission calculations has also been accelerated. Besides measuring
building carbon emissions during the design phase, many studies have focused on applying BIM
technology to building renovation projects. For example, using BIM energy simulation technology to
investigate how building performance parameters affect energy consumption and carbon emissions,
thereby summarizing optimization methods for building renovations guided by low-carbon objectives!!?l.

In the international arena, the UK can be considered one of the most mature and standardized
countries in the use of BIM. The UKs BIM standards and requirements have been incorporated into ISO
BIM requirements. As early as 2011, the UK government included the application and development of
BIM in its national construction strategy, covering the periods from 2011 to 2015 and from 2016 to 2020.

In China, Beijing Lizheng Software Co., Ltd. is one of the earliest enterprises engaged in BIM
research and application in China. Its Revit series software has a high market share in the domestic market
and provides users with comprehensive BIM solutions.

3. Review of Research Process and Status Quo

Kam class!''"The BIM 4D system was developed to realize 4D (3D + time dimension) visualization
of construction process simulation. Fu et al'?!Study 5D BIM model, which integrates building
performance, schedule, cost and other information, and expands the application of BIM. Wang Beibei et
al'3ICombined with the characteristics of BIM technology, this paper analyzes the application methods
of BIM technology in each stage of the project, and puts forward the possible problems and solutions in
the application process; Li Xuemei et all'*Taking a residential project in Xinxiang city as an example,
the emission coefficient method is used to calculate the carbon emission of buildings, and the bill of
quantities data of construction projects is obtained by combining BIM technology. The bill of quantities
data is imported into the carbon emission calculation model, and the carbon emission in the production
stage and operation stage of building materials accounts for the largest proportion; Yang Yong et al'>IThe
emission coefficient method and BIM technology are comprehensively considered to calculate the carbon
emission of buildings, and GBS software and GIS technology are combined to provide a more convenient
and reliable calculation method for the carbon emission of buildings; Li Chunli et al''By analyzing the
interaction between BIM software and the regional impact of the building environment, a building carbon
emission database was established, and the carbon emissions of each stage of the building project were
calculated and analyzed with the help of Guanglianda pricing software; Hua Shan et all'’IBased on the
calculation of carbon emissions in the construction stage of buildings by BIM technology, it is found that
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concrete, cement mortar, steel bars and wall materials account for more than 83% of the carbon emissions
in the construction stage, which is the focus of carbon reduction work in the construction stage.

Research on BIM technology both domestically and internationally mainly focuses on BIM concepts
(building information modeling), information integration, software development, standard issuance, BIM
modeling, and the promotion of engineering applications, as shown in Figure 1. From Figure 1, it can be
seen that due to the demand for informatization in the construction industry, nD BIM information
integration technology has emerged; nD BIM information integration technology requires support from
relevant software and standards; BIM-related software models building activities; ultimately, the BIM
model provides support for the informatization needs of the construction industry (promotion of
engineering applications). They form a sequential, interconnected closed loop, which is the industrial
value chain of BIM technology. Each cycle represents an advancement, driving the development of BIM
technology.
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Figure 1: BIM technology industry value chain.

4. Application Process and Framework
4.1. Measurement and Assessment of Carbon Emissions

Estimating carbon emissions is the first step to achieving low-carbon buildings!!®'The carbon
emission measurement based on BIM mainly uses BIM technology to integrate the model with carbon
emission related data (such as material consumption, energy consumption, carbon emission factor, etc.)
to realize the carbon emission measurement and evaluation of the whole life cycle of buildings!!*'Based
on the literature survey, the carbon emission measurement stage, sources and corresponding carbon
emission factors are summarized as shown in Figure 2.
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Figure 2: Carbon emission stages, sources and factors

Carbon emissions are generated by the consumption of building materials and mechanical energy in
the production stage, construction stage, operation and maintenance stage and demolition and recycling
stage. It can be seen that carbon emissions are generated over a long period of time and have complex
sources?lIt is difficult to calculate. Therefore, experts and scholars have carried out research on the
carbon emission measurement system and method based on BIM.

4.4.1 Staged Measurement

To build a carbon emission estimation framework for each stage of a buildings service life, leveraging
the data integration capabilities of BIM to achieve carbon emission monitoring. The phased carbon
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emission estimates based on BIM do not fully represent a buildings total carbon emissions; therefore,
combining BIM with lifecycle assessment to estimate carbon emissions has become a hot research areal?!J,

4.1.2 Life Cycle Assessment

Life cycle assessment is to evaluate the impact of products on the environment in their life cycle. The
combination of BIM and life cycle assessment can be used to calculate carbon emissions, which can
assess and correct scheme errors in the early design stage and improve the economic and environmental
benefits of buildings??!) Life cycle assessment method is a relatively static evaluation method, which is
more suitable for estimating the carbon emission of buildings in the early stage, but cannot realize the
dynamic tracking of carbon emission in the process. Therefore, developing a dynamic method for
measuring the carbon emission of buildings in the life cycle is a difficult problem to be solved in current
research.

4.2 Abnormal Identification of Carbon Emissions

Carbon emission anomaly recognition technology based on BIM identifies abnormal results of carbon
emissions, promptly detecting unreasonable energy use in construction and operation processes,
providing a foundation for proactive low-carbon building management. By leveraging the characteristics
of BIM to integrate static and dynamic data of buildings, it can perform data-driven anomaly recognition
of energy consumption during the buildings operation and maintenance period. When the predicted value
of energy consumption deviates significantly from the actual value, an anomaly occurs, requiring certain
corrective measures!?,

In general, there are several shortcomings in the research on abnormal carbon emission identification
based on BIM:

1) The existing research extracts energy consumption data from BIM model and conducts data mining,
but lacks effective correlation between energy consumption data and building space entity or construction
process, which is not conducive to the identification of carbon emission anomalies from spatial
dimension and time dimension;

2) The current research identifies carbon emission anomalies as a whole, but lacks the fine-grained
scenario division of carbon emission anomalies, and cannot trace back to which process, room or system
has abnormal carbon emissions according to the results of anomaly identification.

4.3 Active Control of Carbon Emissions

Carbon emission active control based on BIM includes one basis, one target, four stages and multiple
scenarios, that is, with BIM as the data basis, to achieve the goals of increasing carbon sink, reducing
carbon emission, reducing energy consumption and optimizing energy structure in each scenario of the
whole life cycle of the building®*'The concept diagram of carbon emission active control based on BIM
is shown in Figure 3.
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Figure 3: Concept diagram of active carbon emission control based on BIM
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In the architectural design stage, BIM is used to simulate the ventilation and lighting of buildings,
and artificial intelligence methods are combined to design building schemes that make full use of
renewable energy and reduce energy consumption!However, the existing research on active carbon
emission control focuses more on the pre-proposal comparison and evaluation, but lacks the dynamic
control of carbon emission in each process of the project. Therefore, the development of a dynamic
carbon emission control system based on BIM is the focus of current research.

4.4 Application Framework

Based on the four dimensions of "low carbon", "full life cycle", "performance evaluation" and "BIM",
the application layout diagram of low carbon building based on BIM is proposed, as shown in Figure 4.
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Figure 4: Framework for low-carbon building applications based on BIM

The low carbon dimension includes the traceability of the carbon footprint®®Carbon emission
analysis and energy consumption measurement?’JFunctionality, the full life cycle dimension includes the
design phase, construction phase, operation and maintenance phase, and demolition phase. Performance
evaluation dimensions assess buildings from the perspectives of water conservation, material saving,
energy efficiency, land use, and environmental impact. The BIM dimension enables functions such as
visualization, analysis and simulation, file management, and data integration. These four aspects intersect
to form specialized applications. Full life cycle low-carbon and low-carbon BIM aim to use BIM
technology to analyze the carbon emissions over the entire life cycle of a building, optimize its energy
structure, and reduce carbon emissions. Full life cycle assessment and BIM assessment primarily rely on
a clear low-carbon building evaluation system, employing BIM technology to quantitatively assess the
low-carbon effects achieved by buildingsf?®.

5. Prospects

As society deepens its commitment to low-carbon and environmental protection concepts, BIM
technology, with its powerful information integration and visualization capabilities, provides strong
support for the design, construction, and operation of low-carbon buildings. Through BIM technology,
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designers can accurately simulate building energy consumption, optimize energy-saving designs, and
reduce carbon emissions throughout the buildings lifecycle. At the same time, BIM technology helps
construction personnel manage materials precisely, reduce waste, and improve construction efficiency.
During the operational phase, BIM technology also offers precise data support to help buildings achieve
maximum energy efficiency. In the future, as technology continues to advance and application scenarios
expand, BIM technology will play an even more significant role in the field of low-carbon buildings,
driving the construction industry toward a greener and more sustainable direction.

6. Conclusions

Low-carbon buildings are not a casual definition but should embody the core concept of sustainable
development in low-carbon power projects that align with the characteristics of the construction industry.
With the promotion of "zero-carbon buildings" and "zero-carbon communities" abroad, the low-carbon
development of Chinas construction industry has become an urgent necessity. Supported by BIM
technology, low-carbon buildings will achieve significant expected goals. A crucial step is energy
conservation and emission reduction, which involves reducing carbon emissions and energy consumption
at various stages, from innovative technologies for energy conservation and emission reduction to
technological innovations in low-carbon industrial production of buildings. Although research on BIM-
based low-carbon building fields is still insufficient, it still holds promising application prospects in
multiple subfields and has the potential to continuously improve the quality of construction projects.
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