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Abstract: In studying the industrial carbon emissions in Zhejiang Province from 2015 to 2019, this
paper calculates the carbon footprint, carbon-carrying capacity, net carbon footprint, and carbon
footprint intensity of Zhejiang Province. The methods are recommended in the 2006 IPCC Guidelines
for National Greenhouse Gas Inventories. The results show that (1) raw coal accounts for the highest
proportion of carbon footprint in Zhejiang Province; (2) overall carbon-carrying capacity is stable first
and then significantly increases, and forest land is the main carbon carrier; (3) the value of net carbon
footprint is positive, which shows that the carbon-carrying capacity in the ecological environment
is gradually increasing; and (4) the carbon footprint intensity of Zhejiang Province is reduced, and
the energy utilization efficiency is improved. It shows that the carbon emission reduction policy of
Zhejiang Province has made great achievements, but the per capita carbon footprint is far higher
than the world average. According to the above analysis results, this paper puts forward four
countermeasures and suggestions.

Keywords: carbon footprint; carbon-carrying capacity; net carbon footprint; carbon footprint intensity

1. Introduction

At present, the world is facing a continuous increase in greenhouse gas emissions, and
the resulting global warming is getting worse. Icebergs are melting at an unprecedented
rate, and natural disasters occur frequently, all of which are caused by excessive greenhouse
gas emissions into the atmosphere [1]. The issue of climate change has seriously threatened
the sustainable development of economies and cities around the world, has affected the
lives of many people, and has been a concern for all sectors of society [2]. In order to control
greenhouse gas emissions and slow down global warming, carbon emission constraints
have been imposed on developed and developing countries around the world through
the Kyoto Protocol to the United Nations Framework Convention on Climate Change
(UNFCCC) (2005), the Copenhagen Agreement (2009), the Cancun Climate Conference
(2010), and the Paris Agreement (2016). The world advocates a low-carbon economy, and
energy conservation and emission reduction are a major concern in China. President Xi of
the People’s Republic of China announced at the 75th United Nations General Assembly
on 22 September 2020, that China is striving to reach peak carbon dioxide emissions by
2030 and to achieve carbon neutrality by 2060 [3,4].

However, China is facing huge pressure in terms of energy conservation and emission
reduction. China’s carbon emissions will be 10.523 billion tons in 2021, accounting for
nearly 45% of the world’s carbon emissions [5,6]. Industrial carbon emissions account for
nearly 70% of total carbon emissions [7,8], which is the focus of China’s energy conservation
and emission reduction. As an important factor in the implementation of China’s dual
carbon goals, Zhejiang Province leads the trend of China’s energy conservation and carbon
reduction and high-quality economic development [9]. The practices of energy conservation
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and carbon reduction in Zhejiang Province are particularly relevant. Industrial energy
conservation and carbon reduction is undoubtedly an important basis for the high-quality
development of Zhejiang Province and the realization of dual carbon goals. The number of
industrial enterprises above the designated size in Zhejiang Province reached 54,299 by
February 2022 [10], which undoubtedly brings strong challenges to the reduction in carbon
dioxide emissions in Zhejiang Province.

Therefore, this paper intends to analyze the sources of carbon emission and the
dynamic changes in the carbon footprint of Zhejiang Province in China; study the changes
in the structure, sources, and time dimensions of carbon emissions in Zhejiang Province; and
calculate the carbon-carrying capacity and its distribution in Zhejiang Province. Through
a comparative analysis of the carbon footprint and carbon-carrying capacity, the paper
puts forward countermeasures for industrial energy conservation and carbon reduction in
Zhejiang Province, which is an important reference for the development of the low-carbon
economy and the construction of the demonstration area for ecological prosperity. The
carbon footprint and carbon-carrying capacity analyzed in this paper are as follows. Carbon
footprint refers to the total amount of greenhouse gases emitted by a region at a certain
time [11]. Carbon-carrying capacity refers to the maximum value of carbon emissions
that can be absorbed by all productive land within a certain region. Carbon-carrying
capacity mainly analyzes the carbon absorption rate of green vegetation, which is the
carbon absorption rate of forests, grasslands, and crops.

Taking Zhejiang Province as the research area, this paper analyzes the balance and
relationship between the industrial carbon footprint and carbon-carrying capacity in Zhe-
jiang Province in the past five years. This paper is mainly based on the calculation results
of industrial carbon footprint, carbon-carrying capacity, net carbon footprint, and carbon
footprint intensity of Zhejiang Province in 2015–2019. It also analyzes the dynamic change
using time series data to more clearly show the trend of change in the carbon footprint
strength of Zhejiang Province. Focusing on the industrial carbon footprint of Zhejiang
Province, this paper analyzes the specific causes of the carbon deficit in Zhejiang Province,
which is helpful to understand the resource and environmental carrying capacity, optimize
the resource development and utilization structure, and implement the construction plan
according to local conditions. This is of great significance to the sustainable development of
Zhejiang Province. This study provides a reference for the future development of relevant
policies such as those relating to greenhouse gas emissions in Zhejiang Province. It also
provides reference suggestions on energy conservation and carbon reduction for Zhejiang
Province, as well as tools for tracing the carbon footprint and carbon-carrying capacity of
other regions and provinces.

The remainder of this study is arranged into five sections. Section 2 presents a literature
review. Section 3 details the methodology, introducing the basic process of calculating the
industrial carbon footprint of Zhejiang Province using the IPCC method and the calculation
method of carbon-carrying capacity and carbon footprint strength. Section 4 presents
the specific analysis process of industrial carbon footprint and carbon-carrying capacity
in Zhejiang Province. Section 5 puts forward the analysis of results regarding industrial
energy conservation and carbon reduction in Zhejiang Province and relevant suggestions.
Section 6 presents the study’s conclusions.

2. Literature Review

With increased awareness of environmental protection, finding out how to effectively
reduce carbon emissions and promote sustainable human development has become a
common concern for all countries in the world. Therefore, the analysis of carbon footprint
and carbon-carrying capacity has become a research hotspot worldwide. The ecological
footprint theory was first proposed by William Rees (1992), a Canadian ecological economist,
whose student Mathis Wackernagel improved it. Under the impact of the global scarce
carbon emission space, it has become a global focus [12]. Mathews et al. established
an economic input–output life cycle assessment model (EIO-LCA) in combination with
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the input–output model to assess the carbon footprint of industrial sectors, enterprises,
households, etc. [13]. Brown et al. analyzed the carbon footprint of 100 large cities in the
United States in 2005 and found that the energy utilization rate of large cities was higher
than that of other cities [14]. Aichele calculated the carbon footprint of Kyoto and compared
it with countries around the world [15]. Brown et al. took 100 major metropolitan areas
in the United States as examples to analyze the carbon emissions of energy consumption
in the transportation sector and the construction industry [16]. Hertwich et al. analyzed
the carbon footprint of 73 countries and 14 gathering regions in the world [17]. Xiaolan
Chen et al. calculated the carbon footprint of China’s financial industry in 2012 and
2017 based on life cycle theory and the input–output analysis method and found that
technological innovation of financial products and the upgrading of capital supervision
played an essential role in promoting the improvement of ecological efficiency [18].

According to the above literature, scholars paid more attentions to carbon footprint or
carbon- carrying capacity singly, while few attentions to the dynamic equilibrium between
carbon footprint and carbon-carrying capacity in industrial industry. Additionally, they are
inclined to present new methods for carbon footprint or carbon-carrying capacity. Some
new techniques to reduce the gap between caron footprint and carbon-carrying capacity
should be emphasized initially. the current accounting methods for carbon footprints
mainly include the Life Cycle Assessment (LCA), Measurement, Input–Output Assessment
(IOA), Hybrid Life Cycle Assessment (HLCA), Intergovernmental Panel on Climate Change
(IPCC), calculator method, etc. The IPCC method refers to the guidelines prepared by the
United Nations Climate Change Commission to calculate greenhouse gas emissions in
detail. It is currently an internationally recognized and commonly used carbon footprint
assessment method [19,20]. Compared with other accounting methods of carbon footprints,
the IPCC method is more practical, and the calculation results are more convincing, which
can provide support for carbon emission control.

Rongqin Zhao et al. estimated the carbon emissions of fossil energy and rural biomass
energy in China’s provinces and regions and established the corresponding relationship
between different industrial spaces and carbon emissions of energy consumption [21].
Caihong Ma made a quantitative analysis of China’s energy consumption carbon footprint,
carbon-carrying capacity, and carbon deficit. She compared China’s energy consumption
carbon footprint with that of the United States, Germany, India, and other countries, and
found that China’s total energy consumption carbon footprint was not optimistic, but
the per capita value was far lower than that of developed countries such as the United
States and Germany [22,23]. Ling Xiao [24], Xiuping Zhang [25], Yongqiang Cao [26],
Guanfei Meng [27], and Shuaikang Liu [28], respectively, studied the carbon footprint
of Shandong Province, Shanxi Province, Hebei Province, Xi’an City, and Guiyang City.
In addition, scholars have used different methods to study the influencing factors of
carbon emissions from energy consumption in different provinces and cities in China. The
research field on carbon footprints is extensive, involving petrochemical, building materials,
electromechanical, logistics, tourism [29], agriculture, industry, etc.

Although many achievements have been made in the research on carbon footprints
all over the world, there are also many shortcomings, which are shown in the fact that
the existing research focuses more on carbon emission and less on the design of carbon
fixation. Most research consists of static analysis, but few use dynamic analysis. At the
same time, there is no clear identification of carbon emission level. Although there are many
studies on carbon footprint and carbon emissions, and accounting methods are gradually
becoming enriched, most of the current research on such issues is targeted at a region or
an industry. It is mainly at a macro level, and comparative research is conducted from
a national perspective for certain industries, such as tourism, agriculture, and logistics.
In view of this, from a micro perspective, this paper selects Zhejiang Province, the most
representative province of high-quality development in China, to conduct a dynamic and
in-depth analysis of its carbon footprint and carbon-carrying capacity using practical IPCC
methods. It deeply analyzes the main causes of the carbon deficit in Zhejiang Province
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and puts forward some operational guiding ideas according to the suggestions on energy
conservation and carbon reduction.

3. Research Methodology

The IPCC emission factor refers to the guidelines for national greenhouse gas invento-
ries prepared by the United Nations Climate Change Commission [30,31]. The advantage is
that almost all sources of greenhouse gas emission are considered in detail and comprehen-
sively, and specific emission principles and calculation methods are provided. In this paper,
the IPCC method is used to calculate the carbon footprint of Zhejiang Province in China,
analyze the dynamic change in the carbon footprint of Zhejiang Province from 2015 to 2019,
and calculate the annual change in the carbon-carrying capacity of Zhejiang Province.

3.1. Calculation Method of Carbon Emission

Carbon footprint is calculated according to the relevant principles in the IPCC 2006
Guidelines [32]. Carbon emission is estimated mainly from energy consumption and
industrial production. Energy consumption mainly refers to fossil energy consumption,
that is, the carbon footprint of coal, natural gas, oil, and other fossil energies. Industrial
production is mainly based on the carbon footprint generated by cement production. The
calculation process is as follows

CF = CFE + CFI

CFE =
n

∑
i

Ei × αi × βi ×
44
12

CFI = Sy × D

wherein CF represents the regional carbon footprint (10,000 t), CFE represents the carbon
footprint of fossil energy (10,000 t), Ei represents the consumption of the ith energy (10,000 t),
αi is the conversion factor of the ith energy, and βi represents the carbon dioxide emission
coefficient of the ith energy. The specific values of these coefficients are shown in Table 1.

Table 1. Coal Conversion Coefficient and Carbon Dioxide Emission Coefficient of Main Energy
Sources.

Energy Conversion Factor Carbon Dioxide Emission Coefficient
(kgCO2/kg)

Raw Coal 0.7143 kg ce/kg 1.98
Coke 0.9714 kg ce/kg 3.04

Natural Gas 1.1 kg ce/cu.m 2.18
Gasoline 1.4714 kg ce/kg 2.98
Kerosene 1.4714 kg ce/kg 3.10

Diesel 1.4571 kg ce/kg 3.16
Fuel Oil 1.4286 kg ce/kg 3.24

Liquefied Petroleum Gas 1.7143 kg ce/kg 3.16
Other Petroleum Products (10,000 tons) 1.2 kg ce/kg 2.81

Source: China Energy Statistical Yearbook 2018.

This paper calculates the energy consumption and corresponding carbon emission
coefficient, which were proposed by the Intergovernmental Panel on Climate Change
(IPCC) of the United Nations in 2006. That is, the CO2 emission coefficient is calculated by
using the “Sectoral Approach 2” developed by IPCC. The specific formula is as follows

CO2 emission coefficient = Low calorific value × Carbon content factor × Carbon oxidation factor × (44/12)

The term 44/12 refers to the conversion coefficient of the carbon atom and carbon
dioxide. CFI refers to the carbon footprint in the cement production process (10,000 t). Sy
refers to the cement output (10,000 t). D refers to the CO2 coefficient generated during the
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cement decomposition. According to existing research results, the value of D is 0.427 t
CO2/t cement.

3.2. Calculation Method of Carbon-Carrying Capacity

Net ecosystem productivity (NEP) reflects the carbon fixation capacity of vegetation,
that is, the total amount of carbon absorbed by 1 hm2 of vegetation in one year. The NEP
index is used to reflect the carbon absorption of different types of vegetation. The carbon
absorption of forest land, grassland, and farmland has been calculated [33]. According
to research by Hongyu Xie et al. [34], the values of forest land, grassland, and farmland
are 3.809592 t/hm2, 0.948229 t/hm2, and 8.994616632 t/hm2, respectively. The correction
coefficient of farmland is 0.05 in this paper.

This paper calculates the carbon fixation capacity of forest land, grassland, and crops,
and the formula is as follows:

C = C f + Cp + Cg

where C represents the total regional carbon-carrying capacity (10,000 t), Cf represents
the carbon-carrying capacity of forest land (10,000 t), Cp represents the carbon-carrying
capacity of crops (10,000 t), and Cg represents the carbon-carrying capacity of grassland
(10,000 t).

The formula to calculate the carbon-carrying capacity of forest land is

C f = M × MNEP × 44
12

wherein, Cf refers to the carbon-carrying capacity of forest land (10,000 tons), M refers to
the area of forest land (hm2), and MNEP refers to the annual carbon fixation amount of
1 hm2 forest land. According to the estimation results of Qingbiao Wu et al., the value of
MNEP is 2.84 (t/hm2) [35].

The formula to calculate carbon-carrying capacity of crops is

Cp = λ × Cc ×
44
12

× ∑
Pi
Yi

wherein Cp represents the carbon-carrying capacity of crops (10,000 tons). According to
the research results of Xiuping Zhang et al., λ refers to the correction coefficient, with a
value of 0.05. Cc refers to the conversion coefficient of biomass and carbon fixation, with
a value of 0.5 [25,36]. Pi is the yield (t) of the ith crop, and Yi is the economic coefficient
of the ith crop. Eleven main crops in Zhejiang Province were selected, and their economic
coefficients are shown in Table 2.

Table 2. Economic Coefficient of Main Crops.

Main Crops Economic Coefficient

Rice 0.47
Wheat 0.35
Barley 0.34
Corn 0.35

Other Cereal 0.40
Beans 0.18
Yam 0.75

Oil Bearing Crops 0.39
Cotton 0.35

Fiber Crops 0.34
Sugar Crops 0.84
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3.3. Calculation Method of Carbon Footprint Intensity

The carbon footprint intensity analyzed in this paper mainly includes the carbon
intensity of GDP and carbon intensity per capita. The carbon footprint intensity of GDP is
called the carbon intensity of GDP for short [37], and it is the ratio of the carbon footprint
to GDP in a region. The greater the carbon footprint intensity, the more uncoordinated the
environment and economic development. It also shows that GDP growth is at the cost of
large energy consumption. The carbon intensity of GDP can also be used to explain the
efficiency of energy utilization. The calculation formula is:

Fq = F/G

where Fq represents the carbon footprint intensity (tons/10,000 CNY), F represents the
regional carbon footprint (10,000 tons), and G represents the regional GDP (CNY 10,000).

The carbon footprint intensity per capita is abbreviated as carbon intensity per
capita [38]. It is the regional carbon footprint divided by the number of permanent residents
in the region. The carbon footprint per capita represents the carbon footprint generated by
the average person. The formula is

Fr = F/P

where Fr represents the carbon footprint (tons) per capita, F represents the regional carbon
footprint (10,000 tons), and P represents the total resident population of the region.

4. Analysis of Carbon Footprint and Carbon-Carrying Capacity
4.1. Carbon Footprint Analysis

Based on the above formula to calculate carbon emission, the carbon emissions of
energy consumption and industrial production in Zhejiang Province in 2015–2019 are
shown in Table 3. The carbon footprint increased from 398.4417 million tons in 2015
to 403.6591 million tons in 2019, with a total increase of 101.31%. Although the carbon
footprint of Zhejiang Province decreased in 2016, it increased first and then decreased
generally. The highest carbon emissions were 409.5592 million tons in 2017. Additionally,
the lowest carbon emissions were 396.9137 million tons in 2016. This is mainly because
carbon emission is similar to the trend of changes in energy consumption and industrial
production intensity. The rapid economic development of Zhejiang Province in 2015–2019
made the energy consumption and industrial production of the province increase first and
then decrease. It can be seen from Table 3 that the main source of carbon emissions in
Zhejiang Province in 2015–2019 was raw coal energy consumption, accounting for more
than 47%. The second largest source was cement production, accounting for more than 12%.
The third largest source was diesel energy consumption, accounting for more than 8%.

Table 3. Energy Consumption and Industrial Production Carbon Emissions of Zhejiang Province
(Unit: ten thousand tons).

Energy 2015 2016 2017 2018 2019

Raw Coal 1262.70 972.94 945.48 953.98 891.88
Coke 18,980.11 19,335.20 19,822.01 19,744.45 19,010.08

Natural Gas 1870.44 2020.32 2403.28 3090.30 3362.48
Gasoline 3306.34 3494.31 3766.39 3780.55 3460.46
Kerosene 517.80 581.11 674.21 746.46 804.48

Diesel 4458.80 4060.70 3830.75 3508.44 3363.45
Fuel Oil 1510.15 1764.86 1843.69 1407.48 1406.14

Liquefied Petroleum Gas 1944.34 1970.66 1855.93 1614.21 1442.81
Other Petroleum Products 1174.16 881.14 1018.48 780.48 902.41

Cement 4819.34 4610.12 4795.71 5230.01 5721.77
Total 39,844.17 39,691.37 40,955.92 40,856.38 40,365.97
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4.2. Carbon-Carrying Capacity Analysis

According to the area of the forest land of Zhejiang Province and the above formula to
calculate carbon-carrying capacity of the forest land, the carbon-carrying capacity of forest
land in Zhejiang Province in 2015–2019 can be calculated as shown in Table 4.

Table 4. Area and Carbon-carrying capacity of Forest Land in Zhejiang Province.

2015 2016 2017 2018 2019

Area (10,000 hectares) 564.65 564.25 563.78 563.33 609.36
Carbon-carrying capacity

(10,000 tons) 5879.92 5875.69 5870.83 5866.11 6345.44

According to the output of the main crops in Zhejiang Province and the above calcu-
lation formula of crop carbon-carrying capacity, the carbon-carrying capacity of crops in
Zhejiang Province in 2015–2019 can be calculated as shown in Table 5.

Table 5. Output and Carbon-carrying capacity of Main Crops in Zhejiang Province (Unit: ten
thousand tons).

2015 2016 2017 2018 2019

Rice 577.2 593.75 444.91 477.40 462.06
Wheat 35.13 25.39 41.92 35.79 32.38
Barley 7.70 3.60 1.97 0.17 0.15
Corn 31.07 30.45 23.04 20.64 32.32

Other Cereal 3.58 2.75 1.59 1.74 1.66
Beans 35.81 32.75 27.38 28.22 30.58
Yam 61.63 63.47 39.32 35.17 33.00

Oil Bearing Crops 31.35 29.09 26.90 29.43 31.93
Cotton 1.99 1.65 0.60 0.81 0.81

Fiber Crops 0.03 0.02 0.02 0.01 0.01
Sugar Crops 62.16 62.08 37.50 40.59 44.68

Carbon-carrying capacity 173.26 170.51 134.01 138.57 139.69

The statistical data of Zhejiang Province show that the grassland area is 5000 mu from
2015 to 2019, which can be ignored compared with the forest land and cultivated area of
crops. Therefore, the carbon-carrying capacity of Zhejiang Province mainly analyzes the
forest land and crops. The carbon-carrying capacity of Zhejiang Province in 2015–2019 was
approximately balanced at first and then increased significantly, as shown in Figure 1. The
carbon-carrying capacity increased from 60.5318 million tons in 2015 to 64.8513 million
tons in 2019, an increase of 107.14%. Specifically, the carbon-carrying capacity of forest land
increased from 58.7992 million tons in 2015 to 63.4544 million tons in 2019, an increase of
107.92%, while the carbon-carrying capacity of crops decreased from 1.7326 million tons in
2015 to 1.3969 million tons in 2019, a decrease of 80.62%.

It can be seen that the improvement in the carbon-carrying capacity of Zhejiang
Province is mainly due to the increase in the carbon-carrying capacity of forest land. From
the total carbon-carrying capacity each year, the carbon-carrying capacity of forest land is
above 97%, which is inseparable from the higher forest coverage in Zhejiang Province. In
contrast, the carbon-carrying capacity of crops is smaller, below 3%.
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4.3. Net Carbon Footprint Analysis

Net carbon footprint is the difference between the carbon footprint and the carbon-
carrying capacity of a region [39]. When the carbon footprint is greater than the carbon-
carrying capacity, the net carbon footprint is positive, i.e., a carbon deficit of the region [40],
indicating that the ecological environment is under great pressure. On the contrary, when
the carbon footprint is less than the carbon-carrying capacity, the net carbon footprint is
negative, i.e., the carbon surplus of the region [41], indicating that the carbon emission is
within the safe range.

Based on the above analysis data of carbon footprint (Section 4.1) and analysis data
of carbon-carrying capacity (Section 4.2), the net carbon footprint of Zhejiang Province
in 2015–2019 was obtained. As shown in Figure 2, the net carbon footprint is positive,
indicating that Zhejiang Province has been in a carbon deficit, and its carbon emission
exceeds the absorption capacity of the carbon sink. However, the net carbon footprint of
Zhejiang Province showed a downward trend from 2015 to 2016 and from 2017 to 2019.
Combined with the data in Table 4, this shows that the carbon-carrying capacity in the
ecological environment of Zhejiang Province is gradually increasing.
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4.4. Carbon Footprint Intensity Analysis

According to the calculation formula of carbon footprint intensity in 3.3, and the GDP
data of Zhejiang Province in 2015–2019 shown in Table 6, we can calculate the carbon
footprint intensity of Zhejiang Province (t/10,000 CNY). As shown in Figure 3, the carbon
footprint intensity shows a general downward trend, from 0.92 t/10,000 CNY in 2015 to
0.65 t/10,000 CNY in 2019, indicating that the carbon emissions corresponding to the unit
output of Zhejiang Province is reduced, and the energy utilization efficiency increasing. The
improvement in energy utilization efficiency also provides support for Zhejiang Province
to control carbon emissions and achieve the goal of a carbon peak.

Table 6. GDP of Zhejiang Province (Unit: CNY 100 million).

2015 2016 2017 2018 2019

GDP 43,507.72 47,254.04 52,403.13 58,002.84 62,462.00
Source: Statistical Yearbook of Zhejiang Province.
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According to the calculation formula of the carbon footprint per capita in 3.3 and the
number of permanent residents in Zhejiang Province in 2015–2019 as shown in Table 7, the
carbon footprint intensity per capita of Zhejiang Province (tons/person) can be calculated.
As shown in Figure 4, the carbon footprint per capita shows a downward trend, from
6.66 tons/person in 2015 to 6.33 tons/person in 2019. The global carbon footprint per
capita in 2019 is 4.3 tons/person, China’s carbon footprint per capita is far higher than
the world average. The carbon footprint per capita of Zhejiang Province has a large
downward space.

Table 7. Number of Permanent Residents in Zhejiang Province at the End of 2015–2019 (Unit:
10,000 persons).

2015 2016 2017 2018 2019

Number of Permanent
Residents at the End of Year 5985 6072 6170 6273 6375

Source: Statistical Yearbook of Zhejiang Province.
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5. Analysis of Results and Countermeasures
5.1. Result Analysis

(1) Net Carbon Footprint Showing a Downward Trend

According to the above analysis, the net carbon footprint of Zhejiang Province shows
a downward trend, but all factors are in a state of carbon deficit. The main reason is that
the total carbon emission is high and the carbon-carrying capacity is low. The energy
consumption and industrial production of Zhejiang Province have produced a large carbon
footprint. Although the total energy consumption in Zhejiang Province decreased from
350.2483 million tons in 2015 to 346.442 million tons in 2019, there is still much room
for reduction. For example, we should vigorously develop new energy technologies,
strengthen the development and utilization of wind, light, tidal, and other new energies, to
save the use of coal, oil, natural gas, and other traditional energies.

As one of the three major building materials, the cement output in Zhejiang Province
increased from 48.1934 million tons in 2015 to 57.2177 million tons in 2019, which is closely
related to the development of the construction industry and economic development in
Zhejiang Province. As a substitute for cement, “coagulate” (invented by Henghu Sun,
professor at Tsinghua University) provides a new idea for reducing cement production. As
shown in Table 4, the area of forest land in Zhejiang Province was relatively stable from
2015 to 2018 and increased significantly in 2019. This is because the State Council’s third
national land survey in 2019 used satellite remote sensing, the Internet, cloud computing,
and other technologies to make the collected land data more accurate based on the latest
orthophoto map. According to statistics, the forest coverage rate of Zhejiang Province in
2020 was 59.43%, ranked fifth in China. Compared with Fujian Province, which ranked
first (with a forest coverage rate of 66.80%), there is still much room for improvement.

As shown in Table 4, the carbon-carrying capacity of crops in Zhejiang Province has
declined year by year, which is closely related to the annual reduction in total crop output.
Zhejiang Province is located in the economically developed area in the east of China, and
the urbanization process is speeding up, and it thus provides a large amount of cultivated
land. Due to the increasing demand for vegetables and flowers, the agricultural structure
of Zhejiang Province has changed, and some cultivated land has changed to growing
vegetables and flowers. That is the main reason for the decrease in crop output in Zhejiang
Province year by year.

(2) Carbon Footprint Intensity of GDP Showing a Downward Trend

As shown in Figure 3, the carbon dioxide emission per CNY 10,000 of GDP in Zhejiang
Province shows a downward trend, indicating that the effect of emission reduction and
energy efficiency improved in Zhejiang Province. In general, the intensity of the carbon
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footprint with respect GDP in Zhejiang Province is lower than the national average. How-
ever, there is still a certain gap compared with the world average. This also presents higher
requirements for Zhejiang Province’s technological progress, economic growth, changes in
industrial structure, agricultural industrialization, and urbanization. The intensity of the
carbon footprint with respect to GDP is a relative indicator, and its downward trend is the
result of the joint action of the higher GDP growth rate and the annual reduction in total
carbon emissions in Zhejiang Province.

Digital economy and industrial production have made important contributions to
the economic growth of Zhejiang Province, which is an important factor in the decline of
the intensity of the carbon footprint with respect to GDP in Zhejiang Province. Zhejiang
Province has always attached great importance to energy conservation and emission
reduction and advocated green and low-carbon development. These have enabled Zhejiang
Province to maintain high economic growth while reducing its total carbon emission
each year.

(3) Carbon Footprint Per Capita Showing a Downward Trend

As shown in Figure 4, the carbon footprint per capita of Zhejiang Province shows a
downward trend, decreasing to 6.33 tons/person in 2019. The global level is 4.48 t/person [42],
and the per capita carbon footprint of Zhejiang Province is 1.41 times the global level. Nearly
half (47%) of the carbon footprint is generated by the consumption of raw coal energy in
Zhejiang Province. At the same time, the proportion of urban areas in carbon footprint
analysis is relatively high [42]. The carbon emissions are related to the production of goods
and services consumed by them. Its urban areas, accounting for only 2% of the world, account
for about 80% of global greenhouse gas emissions [43,44]. BP world energy data show that
China’s carbon dioxide emissions in 2020 will be 9.894 billion tons, and the national per capita
carbon emissions will be 7 tons/person. The per capita carbon footprint of Zhejiang Province
is lower than the overall national level, which is only 0.67 t/person less. The situation is not
optimistic, and efforts should be made to save energy and reduce carbon. According to the
map of global per capita carbon emission information produced on the Virtual Capitalist
website, the per capita carbon footprints of Canada and the United States are 15.2 tons and
14.4 tons per year, respectively, more than three times higher than the global average, while
the per capita carbon footprints of Zhejiang Province are lower than those of Canada and the
United States but still higher than the global level. The permanent population of Zhejiang
Province is still growing. If the carbon footprint per capita is reduced to the world average,
we must increase efforts to control the total carbon emissions.

Zhejiang Province has not yet established a green low-carbon circular economy sys-
tem; a clean low-carbon, safe, and efficient energy system; or a long-term carbon neutral
mechanism. Further exploration and extensive application of low-carbon, zero-carbon
and negative-carbon technologies need to be strengthened. The proportion of non-fossil
energy consumption still has a large downward space. Clean production and low-carbon
transformation of the high-carbon industry need to be improved. Therefore, Zhejiang
Province strictly controls energy consumption intensity, carbon dioxide emission intensity,
and total energy consumption and strengthens the development and utilization of new
energy and green energy.

5.2. Countermeasures and Suggestions

(1) Improve Energy Efficiency and Promote the Green Energy Revolution

In order to reduce the proportion of coal energy consumption in the industrial energy
consumption structure, Zhejiang Province has concentrated on the development and
utilization of renewable energy. Energy efficiency and the green energy revolution depend
on technological improvement and innovation. There are energy-saving technologies to
be improved in traditional industries and high-carbon industries in Zhejiang Province,
because these industries result in low energy efficiency and high carbon emissions.
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Zhejiang Province can vigorously support and promote energy-saving technology
research and development projects and improve the traditional process to achieve energy
conservation and emission reduction. In order to promote the realization of the national
“double carbon” goal, the energy industry of Zhejiang Province has new opportunities for
accurate green and low-carbon transformation. These include improving the efficiency
and effect of new energy, advanced nuclear energy, new energy storage, hydrogen energy,
and other emerging energy types; accelerating the iterative pace of emerging energy;
targeting industries using to emerging energy. In doing so, Zhejiang Province will make
precise efforts and give certain policy support, guidance, and supervision. Other strategies
include integrating big data, cloud computing, blockchain, artificial intelligence, and other
technologies into the emerging energy industry and cultivating emerging industries based
on emerging energy. For example, emerging industries can be cultivated based on non-fossil
energy represented by photovoltaic wind power.

(2) Improve Industrial Production Efficiency and Promote Green Industrial Development

As early as 2012, Zhejiang Province took the lead in carrying out “machine replace-
ment” to guide and motivate the usage of machines used in Zhejiang manufacturing plants
to replace simple, repetitive, high-intensity, and high-risk posts and to improve product
quality and production efficiency. This also involved further integrating industrial produc-
tion with information technology and expanding the breadth and depth of industrial pro-
duction based on information technology to improve the efficiency of industrial production.

At the same time, we will formulate laws and regulations for low-carbon economy
and technology, refine the standards for industrial production in various industries, and
regularly test the comprehensive utilization of industrial solid wastes and the recycling of
renewable resources, so as to promote the development of a green low-carbon cycle and
green industrial development. The government can increase the proportion of investment
into environmental protection, increase the supply of green technology and equipment
products, promote the recycling of industrial resources, curb the blind development of
high energy consumption and high carbon projects, and curb excessive and repeated
construction to protect the ecological environment.

(3) Protect and Develop Forest Resources, and Advocate Green Ideas

We firmly believe that green water and green mountains are golden mountains and
silver mountains. We will resolutely curb the over-quota logging of forest resources, en-
courage afforestation and mountain closure, and expand the forest coverage in Zhejiang
Province, so as to improve the carbon-carrying capacity of forest land. The government
will provide certain economic support or long-term loan policies for afforestation and
forest cultivation to stimulate the enthusiasm and initiative of individuals and enterprises
in afforestation and forest cultivation. Another strategy is to save the use of wood and
encourage research, development, and utilization with respect to wood substitutes. Forest
cultivation fees shall be collected and used exclusively for afforestation and forest cultiva-
tion. The public should also be encouraged to participate in the supervision of such projects,
advocate the concept of green production and green life, and realize the harmonious unity
of economic development and ecological protection.

(4) Promote the Development of Green Industries and Cultivate Green Innovative Talents

Experience has proved that high-quality green innovative talents can significantly
improve carbon emission efficiency. Therefore, green innovative talents should be trained
and introduced, and policies for the introduction of green innovative talents should be
formulated. Enterprises, universities, scientific research institutions, and service institu-
tions work together to cultivate green innovation talents and form a social atmosphere of
respecting talents and advocating green innovation. Enterprises should be encouraged to
write green innovation incentives into enterprise rules and regulations and encourage green
innovation talents to try and make mistakes. The government should support and encour-
age enterprises in increasing investment into research and development in green innovation
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technologies. We will carry out green technology innovation through industry–university
research collaboration, strengthen the training of green technology innovation talents and
the research and development of key common technologies for green development, build
a patent pool for green innovation technologies, and promote the sharing of intellectual
property resources for green technology innovation technologies.

(5) Comprehensively promote carbon accounts and help enterprises tap carbon-reduction
potential

In view of the imbalance between the carbon footprint and the carbon-carrying capac-
ity of Zhejiang Province, building and promoting an enterprise carbon account system has
been proposed. On 11 November 2022, at the 27th Conference of the Parties (COP27) to the
United Nations Framework Convention on Climate Change, the carbon account finance
of Quzhou in Zhejiang Province was presented as a local practice case for climate change
policies and actions. It was also recognized by experts. The enterprise carbon account
comprehensively records, scientifically calculates, and fairly evaluates the carbon footprint
of various enterprises. The enterprise carbon account has become a data governance tool
to define the correct boundary for low-carbon contribution, carbon reduction responsibil-
ity, and carbon emission among social subjects. The intelligent terminal data-acquisition
system of an enterprise carbon account can accurately monitor the carbon emission data
of enterprise production, issue timely high-emission warnings, take measures to reduce
carbon over time, and continuously reduce the carbon footprint of enterprises. The carbon
footprint accounting system for industrial products can be added to the carbon account
version 1.0 to establish a carbon footprint tracking path for industrial products. Addi-
tionally, it can reduce the carbon footprint of industrial products, apply carbon labels
as much as possible, gradually integrate with the world carbon emission standards for
industrial products, and lay a foundation for sustainable export of industrial products in
Zhejiang Province. Governmental departments can provide necessary financial subsidies
for enterprises to build a carbon account system and help enterprises find a balance point
for energy conservation and carbon reduction.

(6) Fully implement carbon credit reporting and play the role of carbon finance in energy
conservation and carbon reduction

Strategies by which the government of Zhejiang Province can achieve intelligent
carbon governance, and by which enterprises can achieve intelligent carbon reduction
and provide intelligent financial support, include deepening the “5e” closed-loop system
of carbon account finance and optimizing the carbon emission e-ledger, carbon credit
e-report, carbon policy e-release, carbon finance e-supermarket, and carbon efficiency
e-assessment by means of AI, blockchain, online monitoring, and other technologies.
Through the “5e” closed-loop system, financial systems can achieve the transformation of
the granularity of green finance standards from industry to enterprise, and from qualitative
to quantitative, through the quantification of carbon. Through the carbon emission e-
account book and carbon credit e-report, we will increase the credit of enterprises in terms
of carbon and provide corresponding green financial loans, so as to provide financial
support for enterprises to reduce their carbon footprint and achieve the dynamic balance
between Zhejiang’s carbon footprint and carbon-carrying capacity as soon as possible.

(7) Formulate carbon emission reduction policies to provide support for energy conserva-
tion and carbon reduction

Zhejiang’s provincial government and local governments can also formulate relevant
policies in terms of increasing financial support for energy conservation and emission
reduction. These include strengthening the implementation of governmental green pro-
curement, improving the carbon financial system, speeding up the development of green
bonds, promoting enterprises in high-risk areas to obtain environmental pollution liability
insurance, and implementing preferential tax policies for environmental protection. At the
same time, the mechanism of the carbon market’s operation should be further improved,
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mainly to carry out trading of energy use rights, trading of emission rights, trading of
green power certificate, promoting power demand-side management, promoting energy
contract management, opening the market for environmental governance, strengthening
energy efficiency labeling management system, implementing a green product certification
system, etc.

6. Conclusions

Through the analysis of the carbon footprint of Zhejiang’s industry, we can draw
the following conclusions. The carbon dioxide emissions of Zhejiang’s industry generally
show a trend of increasing first and then decreasing from 2015 to 2019. Raw coal energy
consumption (accounting for more than 47% of the total emissions) and cement production
(accounting for more than 12% of the total emissions) were the main sources of emissions,
with their carbon footprint playing a leading role, while clean and high-quality energy
such as natural gas accounted for a small proportion. However, with the promotion
of clean energy utilization, its growth rate is fast. The intensity of the carbon footprint
of industrial production in Zhejiang Province showed a general downward trend, from
0.92 tons/10,000 CNY in 2015 to 0.65 tons/10,000 CNY in 2019, indicating that the carbon
emissions corresponding to the unit output of Zhejiang Province were reduced, and the
energy utilization efficiency was increasing. From 2015 to 2019, the carbon-carrying capacity
of Zhejiang Province was basically flat at first and then significantly increased, mainly due
to the increase in the carbon-carrying capacity of forest land, which was more than 97%.
From 2015 to 2019, the net carbon footprint of Zhejiang Province was positive, indicating
that Zhejiang Province had been in a carbon deficit, and its carbon emissions exceeded
the absorption capacity of carbon sinks. This resulted in greater pressure on the natural
environment caused by industrial production in Zhejiang Province.

However, from 2017 to 2019, the net carbon footprint of Zhejiang Province showed a
downward trend, indicating that the carbon-carrying capacity in the ecological environ-
ment of Zhejiang Province was gradually increasing. Based on the analysis of the carbon
footprint and carbon-carrying capacity of industrial production in Zhejiang Province, the
following management strategies are put forward: improving the efficiency of energy use
and promoting the green energy revolution, improving industrial production efficiency,
promoting industrial green development, protecting and developing forest resources, advo-
cating green ideas, promoting the development of green industries, and cultivating green
innovative talents.

Through the presentation and application of the special digital technology and tar-
geted policy recommendations adopted by Zhejiang Province, we can start from the reality
of the industrial carbon footprint and carbon-carrying capacity of Zhejiang Province and
also lead other domestic regions. We can form a carbon footprint that actively reduces
products’ production and application, from both the production and the consumer end, and
gradually promote the balance between the carbon footprint and carbon-carrying capacity.
By changing the concept of production and operation to form a green production mode and
launching a digital energy conservation and carbon reduction system, manufacturers can
realize the concept of energy conservation and carbon reduction for all employees and the
whole process, maximize the potential of energy conservation and carbon reduction, obtain
more green financial loan support, participate in afforestation and ecological environment
restoration, and achieve sustainable green and low-carbon transformation. Consumers
have gradually formed the lifestyle concept of green travel and low-carbon life, innovated
the green lifestyle, and chosen enterprise products with carbon footprint labels and low
emissions, forcing enterprise manufacturers to carry out green and low-carbon transfor-
mation. The green production mode on the production side and the green lifestyle on the
consumer side are helping to reduce the carbon footprint all around.

Through comparison with other countries, it was found that the per capita carbon
footprint of China and Zhejiang Province is lower than that of developed countries such as
the United States and Japan. As a leading industrial province in China, the per capita carbon
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footprint of industrial carbon emissions in Zhejiang Province is also far lower than that of
these developed countries. However, in order to achieve China’s dual carbon goal, Zhejiang
Province should improve the limitations of its structure when actively developing industry
and economy; develop industrial standards related to energy conservation and emission
reduction; increase investment in research and development in new energy technologies;
actively develop new and clean energies such as wind energy, nuclear energy, and biomass
energy; and achieve the sustainable development of energy development and utilization.
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