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Abstract. As the urbanization process in China accelerates, the issue of carbon 

emissions in the construction industry becomes increasingly prominent. Beijing, 

as the capital of China, the green and sustainable development of its construction 

industry can provide a reference for other cities. To explore the potential for car-

bon emission reduction during the operation phase of the construction industry 

in Beijing, this paper combines algorithm simulation and simulation analysis to 

study the carbon emission characteristics of five types of public buildings in the 

region (office buildings, hotels, schools, commercial buildings, and hospitals), as 

well as three different forms of energy supply (electric cooling electric heating, 

electric cooling municipal heating, and electric cooling gas heating). The results 

show that public buildings have enormous carbon reduction potential, with an 

average reduction potential of about 70.15kgCO2/m2 ·a. Among them, hospitals 

have the greatest carbon reduction potential, with a reduction potential of about 

128.71kgCO2/m2 ·a. Targeted carbon reduction analysis can be conducted from 

the aspects of reducing heating carbon emissions and basic load carbon emis-

sions, which has important theoretical and practical value for promoting China's 

construction industry to achieve carbon neutrality goals. 
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1 Introduction  

According to statistics, the energy consumption of construction industry accounts for 

about 45% [1-3] of China's total energy consumption. The potential for energy saving 

and emission reduction during the operation phase of public buildings is enormous. As 

the capital of China, Beijing has many public buildings, their characteristics of energy 

consumption and carbon emissions are typical and representative. 

Currently, there is a certain research foundation for the exploration of energy saving 

potential in buildings. Professor Hu [4] obtained the synergistic relationship between 

comprehensive energy consumption and temperature by fitting the energy consumption 

and temperature data with polynomials. Canadian scholars A. Abulibdeh and others [5]  
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used Multi-Regional Input-Output Life Cycle Assessment to study the carbon emis-
sions of electricity for several types of buildings. British scholars Spyros Giannelos and 
others [6] used machine learning to predict the total carbon emissions of the UK con-
struction industry before 2050. American scholars Jay H. Arehart and others [7] ana-
lyzed and predicted the carbon emissions of the US construction industry before 2100. 
The above studies mainly focus on a single form of energy supply or a single type of 
building, and their theoretical applicability in the Beijing area is reduced. 

Therefore, this study targets public buildings of different types with various cold and 
heat energy supply forms in the Beijing area, using a combination of simulation models 
and algorithmic processing to obtain hourly carbon emission intensity data, evaluate 
the potential for building carbon emission reduction, establish a carbon emission char-
acteristic parameter model, propose suggestions, then contributing to the goals of car-
bon peak and carbon neutrality in China's construction industry. 

2 Research Object 

This article studies the potential for carbon emission reduction during the operation 
phase of public buildings with different public building forms in the Beijing area. Bei-
jing is located at 39°N 116°E, and it has a temperate monsoon climate. In China's cli-
matic province, belongs to the Cold Zone [8-9]. Public buildings generally have the char-
acteristics of high energy consumption and high carbon emissions, and the relevant data 
is well-preserved. Therefore, this paper selects five typical business types: Office, 
Plaza, Hotel, Hospital, and School as the research objects. 

In addition, the scope of the building operation phase calculation selected here in-
cludes both cold and heat carbon emissions as well as non-cooling and heating carbon 
emissions. Cold and heat carbon emissions refer to the carbon emissions generated by 
the building's cooling and heating systems. The main sources of energy for the cold and 
heat systems considered in this paper include three types: electric cooling and electric 
heating, electric cooling and municipal heating, and electric cooling and gas heating. 

In summary, this paper conducts an analysis of carbon emission reduction potential 
for the operational phase of public buildings in the Beijing area, covering 5 different 
types of buildings and 3 different forms of cold and heat energy supply. Based on the 
research of the project, 59 building samples were collected. After screening, 21 samples 
with better quality were analyzed. The distribution is shown in Figure 1. 

Fig. 1. Data Distribution
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3 Research Framework and Methodology 

This paper adopts a method that combines simulation models with algorithmic pro-
cessing, and the research framework is shown in Figure 2. 

Fig. 2. Research Framework 

3.1 Determine the Baseline Hourly Energy Consumption Data A1 

This paper selects EnergyPlus as the simulation analysis software for building energy 
consumption. Based on relevant standards such as Design standard for energy effi-
ciency of public buildings GB50189-2015, Assessment standard for green building 
GB/T 50378-2019, the boundaries are set, and the building simulation models are es-
tablished, ultimately obtaining the hourly energy consumption data for different build-
ings, serving as the baseline for potential analysis. The simulation boundaries are shown 
in the following Table 1, and the simulation model is shown in Figure 3. 

Table 1. Setting of Main Simulation Parameters for Different Types of Buildings 

Setting Office Hotel Plaza School Hospital 

100/30/4 75/20/4 100/50/2 103.3/30/2 80/50/1 
0 1 5 0 8 

Number of Floors 10 10 5 5 5 

Shape Factor 0.13 0.18 0.14 0.25 0.18 

Average Window-to-Wall Ratio 0.59 0.68 0.38 0.37 0.43 

Heat Transfer Coefficient of Celling [W/(m2·K)] 0.4 0.4 0.4 0.4 0.4 

Heat Transfer Coefficient of Exterior Wall [W/(m2·K)] 0.36 0.36 0.36 0.36 0.36 

Heat Transfer Coefficient of Exterior Window 
[W/(m2·K)] 

1.6 1.52 1.92 1.92 1.76 

Solar Heat Gain Coefficient (SHGC) 0.32 0.28 0.38 0.38 0.34
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(a) Office (b) Hotel (c) School (d) Plaza (e) Hospital 

Fig. 3. Schematic Diagram of the Building Model 

3.2 Estimate the Actual Hourly Energy Consumption Data A2 

Aggregate high-frequency data (including hourly electricity data, hourly meteorologi-
cal data, etc.) and low-frequency energy data (annual thermal energy data, annual gas 
data, etc.), establish the Sparse Transformer Target Tracking algorithm model, and 
achieve the estimation of hourly energy data A2 based on the actual annual energy data 
A0, as shown in Figure 4 below. 

Fig. 4. Schematic Diagram of the Target Tracking Algorithm Framework 

3.3 Unearthing the Carbon Reduction Potential of Buildings 

After obtaining the comprehensive energy data for the building, the carbon emission 
factor method recommended by the IPCC is used to calculate the building's carbon 
emission intensity, as shown in the following formula [10-11].

CE =
∑ ୅ౠ౤
ౠసభ େౠ
୆

                       (1) 

In the formula: CE represents the carbon emission intensity, in kgCO2/m2; j repre-
sents the type of energy; Aj represents the consumption of energy type j; B represents 
the building area, in m2; Cj represents the carbon emission coefficient of energy type j. 
Referring to documents such as the The IPCC Guidelines for National Greenhouse Gas 
Inventories, the carbon emission factors for different types of energy are shown in the 
following Table 2 [12]. 

Based on the simulated baseline hourly energy consumption data A1, the simulated 
hourly carbon emission intensity data CE1 is calculated, serving as the baseline value 
for the carbon emission reduction potential analysis; based on the actual hourly energy 
consumption data A2 output by the algorithm, the algorithm-estimated hourly carbon
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emission intensity data CE2 is calculated, serving as the actual value for the carbon 
emission reduction potential analysis; the difference ΔCE between the baseline and ac-
tual values is analyzed to unearth the building's carbon emission reduction potential. 

Table 2. Carbon Emission Factors for Different Energy Types 

Energy type Carbon Emission Factor Unit 

Electric Heating 0.604 kgCO2/kWh 

Gas Heating 55.54 tCO2/TJ 

Municipal Heating 0.11 tCO2/GJ 

3.4 Suggestions for Building Carbon Emission Reduction 

Based on the baseline value and the actual value, the carbon emission density trend line 
is fitted in segments using the least squares method to establish a building carbon emis-
sion characteristic parameter model, as shown in Figure 5. According to the intercept 
of the trend line below, the non-cooling and heating carbon emission intensity is deter-
mined. Based on the slope of the left and right trend lines, the carbon emission cold 
sensitivity and heat sensitivity are determined. 

Fig. 5. Schematic Diagram of the Carbon Emission Characteristic Parameter Model 

The various characteristic parameters are strongly correlated with each operational 
phase of the building, and the levels of these characteristic parameters can intuitively 
reflect the issues in the operation of each phase, providing carbon reduction sugges-
tions. The basic correlation relationships are shown in the following Table 3. 

Table 3. Comparison Table of Characteristic Parameters and Building Operational Phases 

Carbon Emission 

Characteristic Pa-

rameter 

Non-Cooling and 

Heating Carbon Emis-

sion Density 

Carbon Emission Sensitivity of 

Heating 

Carbon Emission Sensitivity of 

Cooling 

Main Influencing 

Factors 

Plug, Lighting, and 

Other Basic Loads 

Cooling Supply Temperature, 

Cooling System Efficiency, 

Cooling Methods, etc. 

Heating Supply Temperature, 

Heating System Efficiency, 

Heating Methods, etc.
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4 Research and Analysis 

4.1 Carbon Emission Characteristic Analysis 

Based on the above analytical approach, the average total carbon emission density of 
public buildings within the sample range is obtained. The value of public buildings is 
approximately 162.10 kgCO2/m2. 

The total carbon emission density of hospital is the highest, it’s about 742.69 
kgCO2/m2, followed by plaza, hotel, and office, with school having the lowest value, 
it’s about 207.26 kgCO2/m2. Public buildings with municipal heating have the highest 
carbon emission density, approximately 19.88 gCO2/m2 per hour. The difference be-
tween carbon emission density of public buildings with gas heating and electric heating 
is not significantly, at 17.56 gCO2/m2 and 18.07 gCO2/m2, respectively. With the im-
provement of the electricity cleanliness level, the carbon emission factor for electricity 
continuously decreasing, making electric heating more efficient than gas heating. 

4.2 Carbon Emission Reduction Potential Analysis 

By comparing the actual values and baseline values, the total annual carbon emission 
reduction potential of public buildings is approximately 70.15 kgCO2/m2, indicating a 
significant carbon emission reduction potential for public buildings. 

Fig. 6. Carbon Emission Reduction Potential for Different Building Types 

Furthermore, the ranking of carbon reduction potential of different building types is 
Hospital > Hotel > Plaza > School > Office, as shown in Figure 6. The total annual 
carbon emission reduction potential for hospital buildings is about 128.71 kgCO2/m2, 
with a carbon emission reduction potential of the cooling and heating systems of about 
39.46 kgCO2/m2; the total annual carbon emission reduction potential for office build-
ings is about 10.50 kgCO2/m2, with an annual carbon emission reduction potential for
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the cooling and heating systems of about 0.48 kgCO2/m2. The reason for this phenom-
enon is the indoor population and usage habits of offices and schools are relatively 
stable, while hospitals, hotels, and plazas have more complex indoor thermal disturb-
ances and greater personnel mobility. 

The ranking of carbon emission reduction potential of different energy types is Elec-
tric cooling and municipal heating (24.60 kgCO2/m2) > Electric cooling and electric 
heating (17.58 kgCO2/m2) > Electric cooling and gas heating (12.86 kgCO2/m2). This 
phenomenon is related to the carbon emission factors of different energy sources. The 
carbon emission factor of purchased heat is relatively large, followed by the carbon 
emission factor of electricity, and the gas carbon emission factor is the smallest. 

4.3 Analysis and Suggestions for Building Carbon Emission Reduction 

Establish the building carbon emission characteristic parameter model separately base 
on the baseline values and the actual values. The ratio of the difference between the 
actual and the baseline carbon emission characteristic parameters to the actual values 
is defined as the characteristic parameter potential ratio. 

Fig. 7. Carbon Emission Characteristic Parameter Potential Ratios for Different Buildings 

It can be seen that the carbon emission characteristic parameter potential ratio of 
public buildings is about 55.17%, indicating a significant potential. The basic carbon 
emission potential ratio is the greatest, followed by the heating sensitivity potential ra-
tio. Further summaries of the carbon emission characteristic parameter potential ratios 
for different types of public buildings are shown in Figure 7. 

From Figure 7, it can be seen that hospitals and plazas have a higher carbon emission 
reduction potential, with the heating sensitivity potential ratio being the highest, at 
86.77% and 92.73% respectively. Following these are the basic carbon emission poten-
tial ratios, at 84.54% and 66.10% respectively. Therefore, hospitals and plazas need to 
focus on heating carbon emissions. For example, by setting heating temperatures, start 
and stop times of heating systems, improving heating efficiency, and enhancing the
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thermal performance of the building envelope. The next step is to reduce the basic load 
from plugs, lighting, and other similar sources. 

From the analysis, it is evident that the basic carbon emission potential ratio is the 
highest for school buildings, at approximately 76.61%, followed by the cooling sensi-
tivity potential ratio, at about 46.05%. So, schools should focus on reducing carbon 
emissions from basic loads and pay attention to cooling-related carbon emissions. 

For hotel, the highest one is also the basic carbon emission potential ratio, at around 
75.61%, followed by the heating sensitivity potential ratio, at about 54.10%. Conse-
quently, hotels should also prioritize reducing carbon emissions from basic loads, then 
focus on heating and cooling carbon emissions. 

The carbon reduction potential for office buildings is the lowest, which heating sen-
sitivity and basic carbon emission potential ratio is 43.62% and 40.56% respectively. 

5 Research Conclusion 

This paper employs a combination of simulation and algorithmic methods to conduct a 
study on building carbon emissions during the operational phase of public buildings in 
Beijing with different types and different forms of heating and cooling energy supply. 
It assesses the potential and proposes suggestions for carbon emission reduction, 
providing reference for low-carbon development of public buildings. The specific con-
clusions are as follows. 

(1) The annual carbon emission density of public buildings is approximately 162.10 
kgCO2/m2. The order of different business types of public buildings from the highest to 
the lowest is: hospitals, plazas, hotels, offices, schools. The order of different heating 
forms is: municipal energy is the highest, electricity is the next, and gas is the lowest. 
With the increase of the electricity cleanliness rate, the carbon emission of electricity 
will become the lowest. 

(2) Public buildings have a huge potential for carbon emission reduction, with a total 
annual carbon emission reduction potential of about 70.15 kgCO2/m2. There is a signif-
icant difference in the carbon emission reduction potential between different building 
business types, with the order of carbon emission reduction potential being: Hospitals 
> Hotels > Plazas > Schools > Offices. 

(3) Hospitals and Plazas have a higher potential for carbon emission reduction and 
need to focus on heating carbon emissions, for example, by reasonably setting heating 
temperatures, improving heating efficiency, and enhancing the thermal performance of 
the building envelope for carbon emission reduction; Schools and hotels need to reduce 
carbon emissions from basic loads such as plugs and lighting; Office buildings have a 
relatively lower potential, but carbon emission reduction analysis can be conducted by 
reducing basic load carbon emissions and heating carbon emissions. 
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