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Abstract

In the context of global emission reduction, the low-carbon sustainable de-
velopment of the construction industry has become an important research
content. With the vigorous development of new industrial technologies, the
application of prefabrication technology to buildings had become a mainstream.
However, the research on the role of prefabricated technology in reducing
building carbon emissions was not yet comprehensive, and the research on
the relationship between prefabricated structure types and carbon emissions
in the construction stage was not yet thorough. Guided by life cycle assess-
ment (LCA), this paper used the scenario analysis method to set different
working conditions for five different structural systems, and used SimaPro
software to evaluate the carbon emissions of prefabricated buildings in order
to clarify the carbon emissions of prefabricated buildings under different
structural systems, and explore their impact mechanisms in depth. Finally,
take the existing buildings in China as an empirical study, the results showed
that: 1) The carbon emissions produced by the four common prefabricated
structural systems were almost the same. Different structures had different
requirements for the combination of components. The carbon emissions of
individual buildings would be superimposed according to the carbon emis-
sion characteristics of various individual components to form the final total
carbon emissions. 2) When the building structure system requires more com-
binations of components, the greater the amount of transportation invested
in the transportation process, the more carbon emissions would be caused. In
the calculation of all individual building construction stages, the carbon
emissions generated by tower cranes almost exceed the sum of the carbon
emissions of all mobile machinery. 3) Prefabricated shear wall structures and
prefabricated frame-shear wall structures require a large amount of hoisting
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of prefabricated shear walls, so the carbon emissions of their mechanical
equipment were also the highest.
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Prefabrication, Different Structural Forms, Carbon Emissions, Scenario
Analysis

1. Introduction

In recent years, problems such as global warming, extreme weather, sea level
rise, and ecosystem destruction have occurred frequently. The greenhouse effect
has seriously threatened the sustainability of the natural environment and hu-
man society. According to the first assessment report of the United Nations In-
tergovernmental Panel on Climate Change (IPCC), the main cause of global
warming is the excessive emission of greenhouse gases (GHG) such as CO, [1].
In order to reduce greenhouse gas emissions and control the acceleration of
global warming, countries have successively introduced measures and policies
for energy conservation and emission reduction. For example, the United States
officially re-joined the “Paris Agreement” in 2021, and re-launched a strategic
sustainable plan to deal with climate change to reduce its dependence on fossil
fuels in many ways. At the 75th session of the United Nations General Assembly,
it was announced that China would strive to achieve carbon peaking by 2030 and
achieve net-zero carbon emissions by 2060.

Achieving the “dual carbon” goal requires multi-industry and multi-level joint
efforts. The construction industry is one of the seven major industries that emit
GHG. According to the sixth assessment report released by the IPCC in 2021,
the construction industry consumes about 40% of the total energy consumption,
and the annual greenhouse gas emissions are as high as 29% [2]. In the “Re-
search Report on China’s Building Energy Consumption and Carbon Emissions”
released by the China Building Energy Conservation Association in December
2022, the total carbon emissions of the entire construction process in the country
accounted for 50.9% of the country’s carbon emissions in 2020, reaching 5.08
billion tons. From 2005 to 2020, the carbon emissions in the whole process of
construction in China increased by 2.3 times, with an average annual growth
rate of 5.8%. It can be seen that the greenhouse gas emission reduction measures
in the construction field have become an important research content for coun-
tries to achieve emission reduction goals and promote the low-carbon sustaina-
ble development of the construction industry; among the components of green-
house gases, CO, is the most important component of greenhouse gases More
people’s attention [3] [4] [5]. And further, it can be known that in the construc-
tion industry, housing construction accounts for a large part of the total carbon

emissions [6].
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For this reason, Japan, the United States, Germany and other countries have
successively requested the development of industrialized construction [7] [8].
Prefabrication technology is a technology that changes the traditional cast-in-place
production mode, which produces building components through off-site manu-
facturing facilities, and then completes the construction work through on-site
assembly [9] [10] [11]. Prefabricated buildings have the advantages of high pro-
duction efficiency, short construction period, and good product quality. Prefa-
brication is produced intensively in a controlled environment. In the process of
component manufacturing and production, due to the improvement of the pro-
duction workshop environment and manufacturing process, the material loss in
the processing process has been greatly reduced. At the same time, the large-scale
centralized production of components is conducive to the recycling and reuse of
waste materials. At the current level of technology utilization, the total waste
generation rate of prefabricated construction projects is 25.85% lower than that
of non-prefabricated projects, and prefabrication can effectively reduce most
types of construction waste [10]. This has very important practical significance
for reducing CO, emissions. From the perspective of macro performance, prefa-
bricated buildings reduce construction waste and human labor time, and seem to
have obvious potential for carbon emission reduction, but there is still insuffi-
cient research on the relationship between prefabricated buildings and carbon
emission reduction.

Therefore, testing the carbon emission reduction capability of prefabricated
buildings has become a topic that must be studied. Although some scholars have
studied the life cycle carbon emissions of prefabricated buildings, whether dif-
ferent structures have an impact on the carbon emissions of the building con-
struction stage, and what kind of impact relationship exists is not yet clear, so
the impact on prefabricated building structures and carbon emissions Mechanis-
tic studies are crucial. This research mainly includes the following contributions:
1) Established a carbon emission calculation model of prefabricated buildings
based on SimaPro software. 2) Based on the scenario analysis method, set up
different component combinations of different structural systems, and simulate
the impact of different structures on materials. 3) Based on the above theoretical
research, combined with typical cases to calculate carbon emissions, and analyze
the characteristics of carbon emissions at the life cycle level and mechanical

equipment level.

2. Literature Review
2.1. Prefabricated Building Carbon Emissions

The research on carbon emissions of prefabricated buildings can be generally di-
vided into two aspects: 1) The impact of prefabricated buildings on energy con-
sumption: Scholars have studied the ecological damage of prefabricated build-
ings, the generation of construction waste, and the constraints on the develop-

ment of the construction industry. In his research on prefabricated buildings,
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Ferdous pointed out that the construction process caused 32% of energy con-
sumption, 30% of carbon dioxide emissions and 30% - 40% of waste generation
[12]; there is an approximately linear correlation between the rate and the aver-
age incremental energy use [13]. 2) The impact of prefabricated buildings on
greenhouse gas emissions: the operation stage of buildings produces the vast
majority of greenhouse gas emissions [14], and many studies are dedicated to
proposing advanced emission reduction technologies, policies and measures to
reduce greenhouse gas emissions during the operation stage [15] [16]. Tavares
assessed the life cycle environmental impact, cost and waste of two different
construction systems (prefabrication and conventional) and different structural
materials, providing a comprehensive assessment showing that prefabrication
can reduce impact, material use, waste and production time to achieve similar
operating performance, leading the construction industry towards a more circu-
lar path [17]. Generally speaking, the research on carbon emissions under prefa-
bricated buildings mostly focuses on energy consumption and greenhouse gas
emissions, but there are few studies on the evaluation of prefabricated horizontal

systems and the impact of different structural systems on carbon emissions.

2.2. Carbon Emissions under Different Structural Systems

After the above analysis of the research status on carbon emissions of prefabri-
cated buildings, it can be known that although there have been more and more
researches on carbon emissions of prefabricated buildings, there are still few
studies that further explore the CO, emission reduction mechanism of prefabri-
cated buildings, especially through different structural systems. What factors af-
fect carbon emissions indirectly? There are indeed studies that have focused on
structural system aspects, for example [18] by showing that changes in structural
system characteristics, including the type of anti-side load system, material and
height of the structure, can have a significant impact on the carbon footprint of
the structure, as The carbon footprint of each individual design is estimated by
considering emissions during material extraction, transport, construction, oper-
ation and end-of-life stages.

However, there are generally two problems in the research: 1) The cases of
different structural systems exist in many different buildings, and few prefabri-
cated buildings are involved. Although the carbon emission calculation results
are accurate, they are not carried out in the same building, so the comparison
does not go deep into the system; 2) The actual situation is not considered: in
most cases, different structural systems have different working conditions, and
the components contained in them The combination and construction process
are also different. Buildings will change the number of components and the total
amount of materials with different structural systems. Consideration of varia-
tions in this mechanism of action is blank.

In summary, the existing research lacks exploration of changes in the rela-

tionship between component level, structural system and final carbon emission
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impact. This study solves this research gap from two aspects: firstly, it uses sce-
nario analysis to set up, and sets up different working conditions according to
the specific regulations that affect the number and types of components in the
structural system. Secondly, use software to calculate the carbon emissions of the
materialization stage of the same building, and observe the differences in carbon

emissions at various levels.

3. Method
3.1. Research Framework

In this study, the LCA method was used to calculate the carbon emissions of the
prefabricated building construction stage. LCA is a widely used method for as-
sessing the environmental performance of a product throughout its life cycle
[19] [20]. An accurate LCA method consists of the following four steps: (I) Ob-
jective and Scope Definition; (II) Life Cycle Inventory; (III) Impact Assessment
and (IV) Interpretation.

CO, emissions are the most common and the most common greenhouse gas
emissions. The LCIA method converts the rest of the greenhouse gases into CO,
equivalents through a conversion factor, which can be effectively used as a meas-
ure of greenhouse gas emissions [21]. The IPCC 2013 method is an update and
improvement based on the 2007 data of the Intergovernmental Panel on Climate
Change (IPCC). The method shows that different global warming potentials
(GWP) have a great impact on climate change. Prefabricated buildings usually
have a lifespan of 100 years, so it is most reasonable to choose GWP 100.

In this paper, the software tool SimaPro is used to assess the environmental
impact of the building system, and the IPCC 2013 GWP 100 assessment results
are used. For the setting of different structural system working conditions of the
building, the scenario analysis method is selected to realize. Scenario analysis is a
systematic method that describes and simulates various scenarios that will ap-
pear on the assumption that a certain phenomenon or trend will continue to de-
velop in the future [22]. This article uses the scenario analysis method to help
calculate carbon emissions under different structural system scenarios, so as to
compare the carbon emission reduction potential under each scenario. The basic
ideas for setting up different scenarios are as follows: 1) To analyze the factors
that have the greatest impact on the structural system. In this study, through the
investigation and actual case of the project, the human factors such as social en-
vironment are excluded, and the factors affecting the calculation of the physical
and chemical stage such as prefabricated building components, transportation
distance of components, and material loss rate are taken into account. 2) Using
Glodon and SimaPro software, multiple calculations were performed on single
buildings under different conditions under different scenarios, and the impact of
changes in various factors on carbon emissions in the materialization stage was
analyzed, and an attempt was made to find out the impact mechanism. This study

proposes a methodological framework based on the LCA theory, see Figure 1.
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Figure 1. Research framework.

3.2. Research Steps
3.2.1. Carbon Emission Model of Prefabricated Buildings Based on
SimaPro

1) Determine the goals and scope

According to the research purpose of the article, the research target of LCA is
prefabricated buildings. Compared with traditional buildings that transport raw
materials to the construction site for on-site pouring, prefabricated buildings
transport raw materials to the prefabrication factory, produce prefabricated
components in the prefabrication factory, and then transport the prefabricated
components to the construction site for installation. Therefore, the biggest dif-
ference between prefabricated buildings and traditional cast-in-place buildings is
the stage of materialization. Although the GHG emissions in the materialization
stage account for a small proportion in the entire life cycle, due to the existing
large number of energy-saving regulations or other policies, 80% - 90% of the
life-cycle GHG emissions that occur during operation will increase over time.
With the passage of time, it drops sharply [23].

At the same time, the period of the building transformation stage is very short
(compared to the total time of the operation stage). Studying the carbon emis-
sion mechanism of buildings in the physical and chemical stage and proposing
corresponding emission reduction measures can achieve better emission reduc-
tion effect in a very short time and complete the goal of carbon neutrality as
soon as possible. Therefore, the relative contribution of emissions and impacts
of the materialization stage becomes more important and dominant [24]. From

the perspective of reducing the amount of carbon emissions generated per unit
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time in the entire life cycle of a building, the research significance of the mate-
rialization stage is greater than that of the operation stage; from the perspective
of process emission reduction in building construction stage and component
material manufacturing production, the emission reduction capacity is greater
than that of raw material resource mining stage. The research goal of the article
is the building life cycle assessment under different structural system scenarios,
so the scope is the materialization stage of the building, that is, from the cradle-
to-site.

According to the goal of the material and product system from the cradle to
the field, the carbon emission assessment is divided into four stages: raw materi-
al mining and recycling (Stage I), component manufacturing (Stage II), material
transportation Stage (Stage III), on-site assembly and construction (Stage IV). A
schematic diagram of building construction activities is shown in Figure 2.

2) Life cycle inventory analysis

The main task of the life cycle inventory analysis stage is to collect and record
the data required for the assessment to meet the established objectives and scope
[19]. The inputs to the system in the prefabricated building stage are raw mate-
rials and various energy sources, and the outputs are greenhouse gases and

buildings.

3.2.2. Scenario Setting Based on Scenario Analysis

1) Selection of prefabricated structural system

From the component-oriented perspective, whether the vertical components
are prefabricated will affect the selection of the initial structural system and con-

struction technology of the prefabricated building, thereby affecting the carbon

| | |
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Figure 2. Phasing of carbon emission sources.
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emissions in the building construction stage. In order to carry out follow-up
calculations reasonably, the research sorted out the relevant theoretical basis and
engineering practice [25]. This study concludes that the precast concrete struc-
ture system is mainly divided into two systems according to whether the vertical
force members are prefabricated or not.

The selection of structures can start from a variety of emphases, and there are
completely different structural selection schemes. Different schemes need to be
formulated according to different construction formats and purposes. For com-
mercial residential projects with strict cost control, you can choose cast-in-place
external hanging structure or shear wall structure to improve the comfort of the
residence and control the cost. For projects such as low-income housing apart-
ments with economical and affordable considerations, due to the small indoor
area of the building, a frame structure or a frame-shear structure system can be
selected. For the high-evaluation projects in the prefabricated building evalua-
tion standards, it is necessary to consider the structure selection under the con-
dition of high prefabrication rate, so it is necessary to select the shear wall sys-
tem or frame-shear wall system with the most component combinations, and in
the envelope structure Use prefabricated elements such as cladding. This is also
the most used structure in the field of prefabricated buildings.

2) Combination of components under different structural systems

At the level of component selection and combination, the laminated slab
components with the highest degree of reusability should be considered first,
and non-structural components such as prefabricated stairs, prefabricated bal-
conies, cornices and prefabricated parapets that can meet the requirements of
the facade should be considered secondly. Finally, according to different Due to
the limitations of the prefabricated building structure system, configure struc-
tural stress components (prefabricated beams, prefabricated shear walls and
prefabricated columns). This study summarizes component scenarios under dif-

ferent structural systems, see Table 1.

4. Empirical Research on Different Structural Systems

4.1. Case Selection

In this study, strictly refer to the requirements of the “Technical Standards for
Precast Concrete Buildings” on the maximum applicable height, in order to meet
the setting of all common structural systems on the basic building, a bungalow
building with an overall height of less than 40 meters is selected. And because
the case is selected as a residential type, the variable load range in the application
process is small, and the bearing load is mainly the building’s own weight, so it is
very suitable as a comparative analysis of different structural systems.

The 4# building in Anhui Province was selected, and the completion date of
the building is October 2021. The basic architectural description of the case can
be found in Table 2. The standard floor plans and elevations of the case are

shown in Figure 3.
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Table 1. Component scenarios under different structural systems.

Prefabricated parts

Structural

System Prefabricated
Y Prefabricated Prefabricated Laminated Prefabricated Prefabricated Prefabricated reta %‘1ca € Prefabricated
balconies and

external wall ~ shear wall slabs beam column stairs parapet
overhangs

Classification

In-pouring and
external hanging [
system

Composite shear A
wall system

Prefabricated
Frame Structural [ ) o @) o ] o

System

Prefabricated
partial
frame-supported O [ O (] o o
shear wall
structure system

Prefabricated
Shear Wall [ ) [ ) O o o o

Structural System

Prefabricated
Frame-Shear Wall O o (@) (@) o o o

Structural System

@ indicates that under this structural system, prefabricated components have been used in the corresponding parts of the building;
O indicates that under this structural system, part of the corresponding parts of the building adopts prefabricated components; A
indicates that this part of prefabricated components is a prefabricated laminated wall, not a laminated slab.

Table 2. Basic information table of case building.

Content
Construction area 1952.1 m?
Building type Residential building
Floor height 6 floors, floor height 2.9 m
Total building height 232 m
Building structure Concrete-frame structure
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Figure 3. Elevation of the case.

The analysis process in this section is to analyze different scenarios by chang-
ing the structural system settings of the same single building. In actual construc-
tion, there are differences in component connection design, steel anchorage de-
sign, stirrup configuration, etc. of different structural systems. Through a large
number of structural design cases and literature analysis, this study concluded
that for residential buildings with a maximum building height of less than 30m,
structural reinforcement requirements can meet the structural performance in
general cases, in order to simplify software modeling and calculation workload.
In this study, the institutions that have no special provisions in the “Code” are
unified in accordance with the “Code for Design of Concrete Structures GB50010”

and adopt general structural reinforcement settings.

4.2. Result Analysis and Discussion

The material consumption and mechanical energy consumption used in the ba-
sic case and research scenarios of different structural systems are imported into
SimaPro, and the five different structural systems are compared horizontally.
The carbon emissions obtained in the construction stage of a single building are
shown in Figure 4.

Under the background of the basic case selected in this study, all buildings
using prefabricated technology have different degrees of carbon emission reduc-
tion compared with cast-in-place structures. Among them, the hanging wall
structure has the greatest potential to reduce carbon emissions, and its carbon
emissions in the materialization stage are only 88% of traditional buildings; the
prefabricated frame shear wall structure is the smallest of the four structures se-
lected, and its carbon reduction capacity is about 5% of that of traditional build-
ings. However, it can be seen from the lower bar chart 5.8 that buildings using

prefabricated technology reduce emissions by an average of 10% compared with
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Figure 4. Carbon emissions of different structural types.

cast-in-place buildings. This result proves that prefabricated buildings have good
performance in environmental emissions, which is also in line with the current
general research conclusions [26].

1) Comparison of prefabrication technology and cast-in-place technology

By exporting the construction process data of each structural system, the fol-
lowing conclusions can be drawn: the carbon emissions generated by building
material flow basically determine the fundamentals of carbon emissions in the
physical and chemical stage, that is, the carbon emissions generated by materials
still play a decisive role in the physical and chemical stage of building. As shown
in Figure 5, the carbon emission of material flow is the sum of Stage I and Stage
I, which accounts for 97% - 98% of the total carbon emissions in the building
construction stage. It can be seen that it is still important to start from the as-
pects of saving construction material resources and waste of materials in the
construction process. This is the most direct and most effective method of re-
ducing carbon emissions in the construction industry. Further analysis shows
that the carbon emissions of cast-in-place buildings and external wall panel
structures in Stage I account for 80% of the total. The reason is that the above
two structures are poured with cast-in-place concrete for the main structure, and
the amount of concrete and steel bars used in the main structure accounts for
most of the single structure. The latter three kinds of buildings that prefabricate
the main structure have a balanced proportion in terms of material carbon emis-
sions, and the materials used for production are averaged to I and II stages, and
the whereabouts of building materials are more even.

In addition, the carbon emission of construction machinery other than ma-

terial flow is also worthy of attention. The carbon emissions of construction
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Figure 5. Carbon emissions from material flows of different structural types.

machinery in the materialization stage can be understood as the carbon emis-
sions generated by all the machinery and equipment used for production and
construction on site.

Also according to the stage division analysis, the prefabricated shear wall
structure in the third stage produces the highest carbon emissions during the
component transportation stage, followed by the prefabricated frame-shear wall
structure. The specific values are shown in Table 3. The main transportation
content is the prefabricated shear wall, self-heavy and large in quantity, it re-
quires a larger load and more transportation layers. The carbon emission of
component transportation has obvious characteristics: the more component
combinations required by the building structure system, the greater the amount
of transportation invested in the transportation process, and the more carbon
emissions will be caused. Therefore, component manufacturers should pay at-
tention to the order in which components are shipped out of the warehouse,
reasonably arrange transportation vehicles and specifications, and avoid envi-
ronmental pollution and economic losses caused by large vehicles pulling small
goods. The general construction contractor selects local components and build-
ing materials as close as conditions permit, and reduces the carbon emissions of
Stage III by reducing the transportation distance.

Stage IV is mainly the carbon emissions of energy used by machinery and
equipment on the construction site. Compared with traditional cast-in-place
buildings, buildings using prefabricated technology have significantly reduced
carbon emissions from mechanical equipment. From the comparison in Figure
6 below, it can be seen that the prefabrication technology has shifted material

production in the on-site materialization stage to centralized manufacturing,
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Table 3. Carbon emissions of different structural members during transportation.

. . . Prefabricated Prefabricated
Cast-in-place  External hanging  Prefabricated

Type shear wall frame-shear
frame structure structural frame structural
structural wall structural
Component transportation, YWQ 0 2440.20 0 0 0
Component transportation, PCQ 0 0 0 8433.71 3808.60
Component transportation, PCB 0 0 5654.42 5175.60 5175.60
Component transportation, YLT 0 0 160.12 160.12 160.12
Component transportation, PCL 0 0 2070.98 434.33 2070.98
Component transportation 0.00 2440.20 7885.53 14203.77 11215.30
60000.00
50000.00
40000.00
30000.00
20000.00
10000.00 I . I
Stage IlI Stage IV
Cast-in-place frame structure = External hanging structural
u Prefabricated frame structural m Prefabricated shear wall structural

m Prefabricated frame-shear wall structural

Figure 6. Stage IIT and IV carbon emissions of different structures.

and its carbon emission characteristics have also changed from rough and unre-
strained emissions with strong construction industry attributes to fine design
and precise control of emissions with manufacturing attributes. It is also enough
to further illustrate that the attributes of the manufacturing industry have a great
influence on the substitution effect of the construction site.

2) Comparison between different structural systems of prefabricated buildings

Carbon emissions from four common structures using prefabrication tech-
niques are comparable. Therefore, it is difficult to analyze the characteristics in
detail on the “surface”, and it is necessary to further consider the carbon emis-
sions at the “point” level, that is, to compare the carbon emissions of the materi-
al flow and construction machinery of the four structures. The detailed values

are shown in Table 4.
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Table 4. Material flow and construction machinery carbon emission of four structures.

Prefabricated
External hanging Prefabricated frame  Prefabricated shear
Type frame-shear
structural structural wall structural
wall structural
Material Flow Carbon Emissions 3705865.30 3765017.12 3770135.89 3917257.33
Construction Machinery Carbon
33651.45 26101.91 44969.64 59511.12

Emissions

Under the carbon emission of construction machinery, the emission of prefa-
bricated frame building is only 44% of the emission of frame-shear wall. It has
very strong carbon emission reduction ability in the carbon emission generated
by mechanical equipment, so more in-depth analysis is needed.

Tower cranes are the most powerful fixed machinery in on-site construction.
According to the software calculation results shown in Figure 7, in the calcula-
tion of all single building construction stages, the carbon emissions generated by
tower cranes almost exceed the sum of carbon emissions of all mobile machi-
nery. As shown by the broken line in the figure below, the carbon emissions of
tower cranes with prefabricated frame-shear structures and shear wall structures
are 22,800 kg CO,-eq and 38,800 kg CO,-eq, respectively, accounting for 74.4%
and 80.6% of all construction machinery carbon emissions. The second largest
contributor to on-site mechanical carbon emissions is the construction well
crane, which is mainly used for the vertical transportation of small building ma-
terials such as blocks, gravel, doors and windows, and waterproof coatings. Under
prefabrication technology, the use of construction well cranes has not changed
significantly. The reason is that the integration of prefabricated building com-
ponents and modules is not considered in the various structural scenarios set up,
so materials such as doors and Windows still need to be transported by con-
struction well cranes. On the other hand, due to the requirements of the struc-
tural form, both of the above two buildings need tower cranes to hoist the prefa-
bricated shear walls, and the hoisting work of a component is completed after
the steel structure is anchored and fixed. The working hours of the tower cranes
increase accordingly, so is the corresponding construction. The use of well
cranes and other mechanical equipment has not been reduced, so this has further
contributed to the increase in overall mechanical equipment carbon emissions.

In this study, the mobile construction machinery is mainly classified into steel
bar processing and concrete pouring. The characteristic of this type of machi-
nery is that its power is small, the number of users is usually 1 - 2, and the use
time is relatively fragmented. The histograms in the figure below represent the
carbon emissions of different types of mobile machinery. The external wall
building has more demand for such machinery. The prefabrication of the exter-
nal wall does not involve the main structure, so the construction process is the

same as that of the traditional building. Various steel bar processing machines
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are used for on-site cutting and binding, and then the main structure is formed.
Rely on the concrete pump truck to pump the commercial concrete, and then
use manual vibration, compaction and other construction techniques to process
the concrete. After the main concrete curing reaches the design strength, the
prefabricated exterior wall will be hoisted. Its construction is still characterized
by traditional rough on-site manufacturing, so a large amount of carbon emis-
sions generated by on-site construction machinery comes from labor and small
machinery, and its construction speed largely depends on construction organi-
zation and management methods. Buildings involving the prefabrication of the
main structure eliminate the need for on-site formwork and concrete pumping
processes, so the use of small machinery is transferred to the component factory
in large quantities, and industrialized means are used for centralized construction.
Among the overall carbon emissions, the prefabricated frame shear structure
is the highest, producing 3.98 x 10° kg CO,-eq, while the external wall panel
structure is the lowest, producing 3.74 x 10° kg CO,-eq. Figure 8 demonstrates

that the carbon emissions of buildings adopting prefabricated technology are

nearly identical.
400.00 45000.00
350.00 40000.00
300.00 35000.00
30000.00
250.00
25000.00
200.00
20000.00
150.00
15000.00
100.00 10000.00
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0.00 ® 00
External hanging Prefabricated frame Prefabricated shear Prefabricated frame-shear
structural structural wall structural wall structural
Cutting machine, electric 11 kw, steel bar processing
=== Electroslag pressure welding machine, electric 30 kw, steel bar processing
=== Butt welding machine, electric 75 kw, steel bar processing
=== Steel bar cutting machine, electric 75 kw, steel bar processing
== Steel bar bending machine, electric 6.5 kw, steel bar processing
=== Concrete fixed pump, diesel 90 kw, concrete pouring
== F|at vibrator,gasoline 1.1 kw, concrete pouring
= Construction well crane, power 20 kw, vertical transportation
— Tower crane QTZ63, power 396 kw, vertical transportation
= Plug-in vibrator, gasoline 1.6 kw, concrete pouring
Figure 7. Comparison of carbon emissions of construction machinery and equipment.
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Figure 8. Comparison of carbon emissions of different structure types.

Due to its complex structure and high requirements for steel bar binding
technology, shear walls show high carbon emissions in the component factory
stage. Putting it into the single structure, in the process of hoisting the shear
wall, it is necessary to fully consider the anchorage and concrete pouring be-
tween the wall and the beam slab to achieve the lateral stiffness of the structural
nodes, and this complex process is reflected in the Among the carbon emissions
are the increase in the use of steel materials and the increase in the use of tower
cranes. Therefore, prefabricated shear wall structures and prefabricated frame-
shear wall structures that use a large number of shear wall components have in-
creased carbon emissions. For this reason, although the use of materials for these
two structures is less than that of traditional buildings, the amount of savings is
limited, and the use of on-site construction machinery that should be saved most
is still at a relatively high level, resulting in insignificant carbon emission reduc-
tion effects. However, because the prefabricated frame-shear structure still has
tower cranes for hoisting prefabricated beams and prefabricated columns, the
carbon emissions are even greater. The external hanging wall panel structure is
consistent with other structures in the scene setting, and has a relatively high
level of use of laminated plate components, so its carbon emission reduction part
mainly depends on the laminated plate, and part of it comes from the effect of
the prefabricated external wall on it, so it reflects to Carbon emissions are the
least. This further shows that the carbon emission reduction capability of com-
ponents is still well reflected in individual buildings.

Building construction using prefabrication technology has again been shown
to have a good carbon reduction potential, which is in line with most studies
[27] [28]. The impact of different structural systems on carbon emissions in the
stage of prefabricated materialization is not much different in the cases selected
in this study, and the difference in carbon emissions is concentrated within 4%.
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The carbon emissions generated by the materialization stages of different struc-
tural systems still take the carbon emissions generated by the material flow as the
general trend. Different structures have different requirements for the combina-
tion of components, and the carbon emissions of individual buildings will be
superimposed according to the carbon emission characteristics of various indi-
vidual components to form the final total carbon emissions. The possible reason
for this phenomenon is that because of the scenario calculation of different
structural systems in the same single building, a six-storey bungalow building
with a small size is selected, which makes the difference in prefabrication tech-

nology of each structure not reflected.

5. Conclusions

In this paper, the life cycle assessment theory is used to analyze and compare the
carbon emissions of different working conditions caused by different structural
systems of prefabricated buildings with similar building scales in China, so as to
observe the changes in the environmental impact of the overall building con-
struction stage. It fills the research gap for the changing law of the relationship
between the component level, the structural system and the final carbon emis-
sion impact.

The carbon emission simulation analysis under different structural system
scenarios shows that the carbon emissions generated by the materialization
stages of different structural systems are still based on the carbon emissions
generated by the material flow as the overall trend. Different structures have dif-
ferent requirements for the combination of components, and the carbon emis-
sions of individual buildings will be superimposed according to the carbon
emission characteristics of various individual components to form the final total
carbon emissions. Based on the cases in this section, the results obtained are that
buildings with different structural systems have different degrees of carbon
emission reduction capabilities, compared with 9% - 10% reduction in carbon
emissions. But the carbon emissions produced by the four common structures
are similar.

The carbon emission of component transportation has obvious characteristics:
the more component combinations required by the building structure system,
the greater the amount of transportation invested in the transportation process,
and the more carbon emissions will be caused. Therefore, component manufac-
turers should pay attention to the order of components out of the warehouse,
and arrange transportation vehicles and specifications reasonably. In the calcula-
tion of all individual building construction stages, the carbon emissions gener-
ated by tower cranes almost exceed the sum of the carbon emissions of all mo-
bile machinery.

The application of components is not single, and the realization of its building
products is the result of different types and quantities of various components.

Therefore, the impact of carbon emissions of different types of components and
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different construction machinery on carbon emissions in the materialization
stage is on the single building structure This is a signal to decision makers that
they do not need to consider too much the impact of the building’s structural
system when making program decisions from the perspective of carbon emission

reduction.
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