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Abstract 
Based on the theory of building life cycle, the emission coefficient method is selected to 
construct the carbon footprint calculation model of the shock absorption building stage, 
and the carbon footprint factor is determined. The carbon footprint of the shock 
absorption structure and the traditional structure of the building is calculated in the 
material production stage, transportation stage and construction stage by adopting the 
methods and steps specified in the ' building carbon emission measurement standard ', 
and the carbon emission difference value of the two structures is analyzed. The 
calculation results show that compared with the traditional structure, the total carbon 
emissions of the damping structure are reduced by 26.51 %, and the carbon emissions 
generated in the material production stage are the highest. 

Keywords 
Damping Structure; Carbon Footprint; Carbon Footprint Factor; Life Cycle Theory. 

 

1. Introduction 

Global warming, greenhouse effect has been the focus of attention of the international community, 
and this year the continuous emergence of extreme climate, let more people intuitively feel the threat 
of climate change to people[1]. The fifth IPCC assessment report points out that if indirect emissions 
are considered, the proportion of construction industry in global GHG emissions is as high as 19%[2].  
China is the world 's largest CO2 emission country, mainly from fossil energy consumption, the 
current energy consumption of CO2 emissions accounted for about 88 % of China 's total CO2 
emissions[3]. Accordingly, China has proposed efforts to reach the carbon peak by 2030 and achieve 
carbon neutrality by 2060. At the same time, China also indicates that China will achieve carbon 
neutralization from the peak of carbon emissions in the shortest time. However, China is currently in 
the stage of rapid urbanization, construction carbon emissions accounted for 19.5% of the national 
energy carbon emissions[4-5]. Therefore, for China, reducing construction energy consumption and 
carbon emissions is the key means to achieve China ' s target value.  

There are also many discussions on building carbon footprint in China. Firstly, the carbon footprint 
factor database is constructed, and then the carbon footprint factor of the building stage is studied 
from various angles[6]. The second is to establish the model, put forward the building life cycle of 
each stage of carbon footprint calculation method[7]; the third is the measurement of carbon 
emissions of public buildings through BIM interface technology[8]. 

In recent years, damping technology has been widely used in engineering examples, because it can 
not only improve the seismic capacity of buildings, but also under the same reliability, the cost of 
using damping structure is lower than that of traditional structure. The main reason is material saving, 
so the research and application of shock absorption technology is also an important way to achieve 
the goal of carbon neutralization. 
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In this paper, based on the physical and chemical stage, taking the damping structure in the traditional 
structure as the research object, the carbon footprint of buildings under the two structures is quantified, 
and the difference between the two results is analyzed and compared. Therefore, this paper uses the 
construction quota and construction machinery shift consumption, as well as energy and material 
carbon footprint factors to establish the carbon footprint calculation framework of shock absorption 
buildings. Combined with the actual project, the established calculation model is used to calculate the 
physical and chemical carbon footprint of the case building. 

2. Carbon Footprint Measurement Framework 

2.1 Basic Definition 

2.1.1 Materialization Stage 

The whole life cycle of a building refers to the whole process from the production of materials and 
components to the final dismantling and processing of a building. According to BSEN 15804 
international standard, the building life cycle can be divided into four stages : product, construction, 
use and end of the cycle. Since this paper studies the difference in carbon emissions between 
traditional and damping structures, the scope of this paper is set at the building stage, including the 
production and processing of materials and the construction stage. 

2.1.2 Carbon Footprint 

Carbon footprint comes from the concept of ecological footprint. Calculate the carbon emissions of a 
product in the whole life cycle, including not only the product itself, but also the related range of 
carbon emissions. There are four calculation methods of carbon footprint, namely, life cycle 
assessment ( LCA ), energy fossil fuel emissions calculation ( IPCC ), input-output method ( IO ) and 
KAYA carbon emission identity. The most accurate calculation is the life cycle assessment 
method[9] , so this paper uses the LCA method to calculate the carbon footprint of buildings. 

2.2 Establishment of Carbon Footprint Mode 

2.2.1 Determination of Carbon Footprint Factor 

At present, the most recognized way to calculate carbon emissions is to use carbon footprint factor to 
quantify projects or activities, so the accuracy of carbon footprint factor directly determines the 
accuracy of carbon emissions accounting results. The carbon footprint factor of this paper comes from 
LCA software Ecoinvent v2.0 and“CECS 374 : 2014 Building Carbon Emission Measurement 
Standard”. The average carbon dioxide emission factor of Yunnan provincial power grid is 0.0921 kg 
CO2 / kWh. The carbon footprint factors of various materials, energy and resources are shown in 
Table 1and Table 2. 

 

Table 1. Carbon footprint factors of various materials 

Material name  Unit Carbon footprint factor 

C30 concrete  kgCO2/m3 295 

Ordinary steel kgCO2/t 2365 

Aerated concrete blocks kgCO2/m3 336 

BRB kgCO2/t 2050 

 

Table 2. Energy, resource carbon footprint factor 

Types  Emission factor Unit 

Diesel fuel 74.1 kgCO2/GJ 

Electricity  0.0921 kgCO2/kwh 

Water 0.91 0.91kgCO2/t 
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2.2.2 Carbon Footprint Calculation Model 

In this paper, the source of building carbon footprint is divided into three stages : material, 
transportation and construction. Therefore, the calculation model formula is as follows: 

 

C=CM+CC+CT 

 

where C is the total carbon emissions generated in the building stage, CM is the carbon emissions 
caused by the production of the main raw materials required in the construction process, CT is the 
carbon emissions in the transportation of building materials, and CC is the carbon emissions generated 
in the construction process of the project. 

1) Carbon footprint CM produced by main materials: 

 

  C M F
n

m i i
i 

 
1

                            (1) 

Mi represents the consumption of the i-th main building material ; fi is the carbon emission factor of 
the b-th main building material ; 

2) Carbon footprint CT of main materials transportation 

Carbon emissions in the process of material transportation are determined by transportation material 
consumption, transportation distance, unit energy consumption and other factors, so its calculation 
formula is as follows : 
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                         (2) 

 

CT represents carbon emissions ( kgCO2 ) during building materials transportation ; Mi represents 
the consumption of the first major building material ; Ti is the first major building material transport 
carbon emission factor ; Di is the transport distance of the first major building material ; 

3) Construction carbon footprint CC 

The building carbon emissions in the construction stage are calculated according to the following 
equation: 

 

          C A D E F A D E F A D E F
n n n

C D i D Y i Y S H i S H
i i i  

       
1 1 1

        (3) 

Form : CC-construction phase construction carbon emissions (tCO2) ; ADD -power consumption 
(kWh) of a unit in the construction stage ; EFD-power carbon emission factor (tCO2/kWh) ; ADY-
oil consumption (t) in the process of a unit in the construction stage ; EFY-fuel carbon emission factor 
(tCO2/t);ADSH-water consumption (t) in the construction stage of a unit ; EFSH-water carbon 
emission factor (tCO2 / t) ; i -type of unit process. 

3. Case Study 

3.1 Introduction of Project 

This paper selects a middle school teaching building in Yunnan Province as a case building, which is 
a five-story frame building with a construction area of 2348.7 m2. The damping structure adopted is 
buckling restrained brace. 
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3.2 Physicochemical Carbon Footprints of Different Structures 

In the calculation of carbon footprint, the data value of engineering material consumption under the 
two structures of the object is obtained by PKPM, and the engineering quantity is determined 
according to the engineering quantity calculation rules. Secondly, the transportation energy 
consumption is determined. Finally, combined with the carbon emissions of construction projects 
determined by construction quota and energy consumption, the carbon footprint of the building stage 
can be obtained by summary calculation. 

During the material production phase, the carbon footprints of the main materials of the two structures 
are shown in tables 3 and 4 , and the contrast difference of carbon footprints is shown in figure 1. 

 

Table 3. Carbon footprint of main materials of damping structure 

Material name  Unit Actual 
consumption 

Carbon emission 
factor 

Carbon 
emission ( kg )  

Carbon 
footprint ( t ) 

C30 concrete  m3 249.16 295kgco2e/m3 73502.2  

Ordinary steel t 231.242 2365/t 546887.33  

Aerated concrete 
blocks  

m3 1532.77 336/m3 515010.72 1143.88 

BRB t 4.136 2050kgco2e/t 8478.8  

 

Table 4. Carbon Footprint of Main Materials for Traditional Structures 

Material name  Unit Actual 
consumption 

Carbon emission 
factor 

Carbon 
emission ( kg )  

Carbon 
footprint ( t ) 

C30 concrete m3 645.24 295kgCO2/m3 190346.39 

1563.14 

 
Ordinary steel t 362.6979 2365kgCO2/t 857780.53 

Aerated 
concrete blocks 

m3 1532.77 336kgCO2/m3 515010.72 

 

 
Figure 1. Comparative difference map of carbon footprint in production stage 

 

In the transport phase, the carbon footprint of the transport process is calculated through the 
calculation formula of the carbon footprint of the transport phase by querying the ' national unified 
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construction infrastructure quota ' and ' building carbon emission measurement standards '. The 
carbon footprints under the two structures are shown in Tables 5 and 6, and the comparison is shown 
in Fig. 2. 

 

Table 5. Carbon footprint of traditional structure transportation stage 

Material 
name 

Unit 
Actual 

consumption 
Transport 
distance 

Transportation 
carbon emission 

factor 

Carbon 
emission 

( kg ) 

Total 
( t ) 

C30 
concrete 

m3(t) 645.242(1613.1) 18 0.104/t·km 3019.72  

Ordinary 
steel 

t 362.7 120 0.104/t·km 4526.5 10.73 

Aerated 
concrete 
blocks 

m3(t) 1532.77(804.704) 38 0.104/t·km 3180.19  

 

Table 6. Carbon footprint of damping structure in transportation stage 

Material 
name 

Unit 
Actual 

consumption 
Transport 

distance 

Transportation 
carbon emission 
factor 

Carbon 
emission 
( kg ) 

Total 
( t ) 

C30 
concrete 

m3(t) 249.16(622.9) 18 0.104/t·km 116.07  

Ordinary 
steel 

t 231.242 120 0.104/t·km 2885.9 7.29 

Aerated 
concrete 
blocks 

m3(t) 1532.77(804.704) 38 0.104/t·km 3180.19  

BRB t 4.136 120 0.104/t·km 0.051  

 

 
Figure 2. Comparison of carbon emissions in transportation stage 
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a. A highly operational carbon footprint for construction, as shown in table 7. 

 

Table 7. Carbon Footprint of Operational Construction 

Varieties  

  

Activity level data  Emission factor 
Emission / ( tCO2 )  

Numerical value Unit  Numerical value Unit  

Electricity  51742.56 kwh 0.0921 kgCO2/(kwh) 4.77 

Diesel fuel   4.08 kwh 3160.5 kgCO2/t 12.89 

Water 1335.84 t 0.91 0.91kgCO2/t 1.22 

 

b. Carbon footprint of construction site offices, as shown in table 8. 

 

Table 8. Carbon footprint of construction site office 

Varieties  

  

Activity level data  Emission factor 
Emission / 

( tCO2 )  
Numerical 

value 
Unit  

Numerical 

value 
Unit  

Electricity  17994.6 kwh 0.0921 kgCO2/(kwh) 1.66 

Total 
emissions/(tCO2 ) 

1.66 

3.3 Results 

According to the calculation of carbon footprint at each stage of the materialization stage, the carbon 
emissions under the two structures of the project are shown in Table 9. It can be seen that the carbon 
emission under the shock absorption structure is 1171.71 t, and the carbon emission under the 
traditional structure is 1594.41 t. 
 

Table 9. Carbon emissions under two structures 

Materialization phase 

 
Total carbon emissions of damping ( traditional ) 

structure / ( tCO2 ) 
Carbon emission 

ratio 

Material production 
stage 

1143.88(1563.14) 97.62%(98%) 

Material transport 
phase 

7.29(10.73) 0.62%(0.67%) 

Construction stage 20.54 1.7%(1.3%) 

Total 1171.71(1594.41) 100% 

 

According to the carbon footprint of each life cycle shown in the table, it can be seen that the carbon 
emissions from the first material production stage are the largest proportion of the whole 
materialization stage and should be used as a key link to reduce the total emissions of similar buildings. 
Secondly, compared with the traditional structure, the total carbon emission of the damping structure 
is reduced by 26.51 %. 
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4. Conclusion 

In this paper, the carbon footprint calculation model of buildings is established, and a middle school 
teaching building is taken as an example to compare and analyze the damping structure and the 
traditional structure. Analysis and comparison of carbon emissions in the two structures. The 
conclusions are as follows :  

1) Compared with the traditional structure, the damping structure has a greater advantage in carbon 
emissions. Taking this case as an example, the carbon emissions of the damping structure are reduced 
by 26.51 % and the unit area is reduced by about 180 kgCO2. Therefore, due to the advantages of 
damping technology in carbon emissions, it should be worth further promotion and development to 
make contributions to reducing carbon emissions, so as to achieve the goal of green and sustainable 
development.  

2) Building materials are the main source of carbon footprint of buildings, and they account for the 
largest proportion. Next is the construction stage. Taking this case as an example, the material 
production stage under the traditional structure accounts for 98 %, and the contribution of 
reinforcement is about 53.75 %. Therefore, developing more material processing technology to 
reduce carbon footprint is an important way to reduce building carbon emissions. 
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