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Introduction: With the proposal of China's “Dual Carbon” targets, how to
measure carbon footprint in detail is particularly important. However, the
current carbon footprint measurement mainly focuses on the production
process, ignoring the high carbon emission caused by the transport phase. In
this paper, we take the tobacco industry as the research object, and include the
transport phase in the carbon footprint measurement.

Methods: Based on the existing statistical data, this paper adopts the Life Cycle
Assessment (LCA) to comprehensively measure and analyze the carbon footprint
of China’s tobacco industry from 2011 to 2020.

Results: The results show that the average carbon footprint per hectare of the
tobacco industry is about 21.57 tons of carbon dioxide equivalent, while showing
a slowly increasing trend in recent years. In terms of linkage and raw material
composition, the carbon footprints of fertilizer application, agricultural film input,
initial curing and air transportation is relatively high, accounting for 8.2%, 66% and
4.7% of the total emissions respectively. Combined with the cost of tobacco
planting, it can be found that Yunnan, Guizhou and Jiangxi are facing the
problems of high input, low output and high emission.

Discussion: The results are of great significance in promoting low-carbon
tobacco growing and green transport.

life cycle assessment, transportation activities, tobacco industries, carbon footprint,
carbon emission

1 Introduction

In recent years, it has become a global consensus that greenhouse gas (GHG) emissions
contribute to climate warming, and reducing GHG emissions and actively promoting the
development of low-carbon industries are important strategic goals that countries are
committed to achieving (Wang et al., 2021). As one of the world’s largest emitters of
greenhouse gases, China’s carbon dioxide (CO,) emissions will reach 12.6 billion tons in
2023, accounting for about one-third of the world’s total CO, emissions, highlighting its key
role in global climate governance (Adu, 2024). While much attention has traditionally
focused on industrial production sectors, increasing recognition is being given to emissions
from urban systems, such as waste management. In this context, collaborative governance
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approaches have emerged as effective mechanisms for enhancing the
sustainability of these systems. For example, Song et al. (2025) and
Zhou et al. (2023) applied evolutionary game theory to examine how
multi-stakeholder
management

coordination can improve urban waste

performance, providing valuable insights for
supporting China’s dual-carbon goals through integrated policy
and institutional solutions.

Notably, the agricultural sector accounts for about 24% of China’s
total GHG emissions, a proportion that suggests that the agricultural
sector is an important position for reducing the country’s overall
GHG emissions (Huang et al., 2022). Therefore, there is an urgent
need for the agricultural sector to formulate and implement a series of
scientific and efficient emission reduction strategies and measures
(Yang, 2022), and the total amount of carbon emissions from
agriculture will be one of the main indicators for evaluating the
effectiveness of these measures. In this context, the concept of “carbon
footprint” has been introduced and widely used to assess the total
amount of GHG emissions generated directly or indirectly by a
specific human activity during its complete life cycle, providing an
important tool for quantifying the effectiveness of emission reduction
(Zhang et al., 2025). Obtaining accurate and comprehensive emission
data in the agricultural sector is not only a prerequisite for the
government to implement precise policies and effectively promote
energy conservation and emission reduction in agriculture, but also a
key to realizing the low-carbon transformation and sustainable
development of the agricultural sector (Matthews et al, 2008).
Therefore, a systematic carbon footprint accounting for the
agricultural sector is of great significance in guiding the
transformation of the agricultural sector to save energy and reduce
carbon emissions, optimize resource allocation, and enhance
environmental efficiency.

Tobacco, as one of the major cash crops in China, contributes
significantly to the government’s fiscal revenue and farmers’
economic returns (Verguet et al., 2017; Alba-Reyes et al., 2024).
According to the 2022 China Statistical Yearbook, its cultivation
area reached 1,056,500 ha, realizing a total fiscal amount of
1,441.6 billion yuan. However, the full life cycle of the tobacco
industry, covering the entire process from cultivation to processing,
manufacturing and final transportation and sale, constitutes a non-
negligible impact on climate change, as evidenced by the generation
of approximately 84 million tons of carbon emissions per year
(Zafeiridou et al, 2018; Ti et al, 2024). Among them, the
cultivation of tobacco leaves, the production and processing of
cigarettes, and the logistics and transportation of finished
products have been identified as the main sources of carbon
emissions. Although current studies have focused on the carbon
footprint of the cigarette production stage, and relevant reports have
been disclosed, it is worth noting that the amount of carbon
emission contribution of the tobacco cultivation and subsequent
transportation stage has not yet been fully assessed and emphasized,
which, to a certain extent, has led to the underestimation of the total
amount of carbon emissions of the entire tobacco industry chain
(Hussain, 2014). Therefore, in order to more comprehensively and
accurately assess the environmental impacts of the tobacco industry
and formulate effective carbon emission reduction strategies, future
research needs to further refine and strengthen the monitoring and
analysis of carbon emissions at the tobacco planting and
transportation stages.
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Currently, the LCA methodology is widely used as a product
carbon footprint analysis tool to evaluate the entire life cycle of a
product, process or activity from the production and processing of
raw materials to the production, transportation, use and final
disposal of the product (Baumann and Rydberg, 1994). It was
found that the method analyzes the results in a targeted manner
and the results are relatively more reliable (Zhang et al., 2020). In
existing studies, it has become a mainstream trend to carry out
agricultural carbon footprint accounting based on the LCA
methodology, and it is crucial to carry out region-specific carbon
emission studies in order to strengthen emission reduction and
formulate relevant policies. Abrahdo et al. (2017) and Abrahao et al.
(2021) used LCA to quantify the carbon footprints of agricultural
crops under different farming systems in Spain, and determined that
nitrogen fertilizer is the main source of carbon emissions from crop
production, and that controlling nitrogen fertilizer inputs can
effectively reduce the carbon footprints of agriculture. Zheng
et al. (2024) analyzed the temporal changes in the carbon
footprints of different activities of China’s tobacco production
chain from 2004 to 2017 wusing LCA, and revealed its
composition and main influencing factors.

The tobacco industry has extensive influence and economic
significance worldwide. Although its direct carbon emissions may be
less than those of some heavy industries, the energy consumption,
resource utilization and waste generation involved in its production,
transportation and sales processes all have an impact on the
environment that cannot be ignored. Through in-depth research
on the carbon footprint of the tobacco industry, we can provide
scientific basis for policymakers, guide the industry towards a
greener and more sustainable direction, and also help enhance
public awareness of the environmental impact of the tobacco
industry, promoting the formation of green consumption and
low-carbon living concepts throughout society.

In addition, there are relatively few systematic studies on the
carbon footprint of the tobacco industry at present. Our research
aims to fill the gap in this field and provide theoretical support and
practical guidance for the sustainable development of the tobacco
industry. Through the application of the full life cycle approach, we
can more accurately assess the environmental performance of the
tobacco industry, provide references for enterprises within the
industry to set emission reduction targets and implement
emission reduction measures, and promote the entire industry to
play an active role in responding to climate change.

Based on this, this paper adopts the LCA methodology to
quantitatively assess the GHG emissions from various agricultural
inputs and their use in the process of tobacco planting, cigarette
production and transportation of finished products of roasted
tobacco in different tobacco regions of China from 2011 to
2020 under the background of the development of green
agriculture. The study not only aims to gain a deeper
understanding of the mechanism of GHG emissions from
tobacco fields, but also provides an important scientific basis for
mitigating such emissions and promoting the sustainable
development of green agriculture. It should be noted that the full
life cycle discussed in this article mainly focuses on the complete
stage of tobacco from the planting stage, through the transportation
process, until it reaches the retailer. The marginal contributions of
this paper are reflected in the following two aspects: Firstly, given
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that most of the current research on the carbon footprint of the
tobacco industry focuses on the planting stage, especially the GHG
emissions caused by the inputs of agricultural products, this study
innovatively extends the scope of the research to the entire industrial
chain, and analyzes in depth the dynamic changes and
characteristics of the carbon footprints of the various links from
tobacco planting, to the processing and manufacturing of cigarettes,
to the transportation of the finished products, which fills the gaps in
the comprehensive analysis of the industrial chain in the existing
research. Secondly, this paper adopts a refined measurement method
by province and structure, which not only reveals the geographical
differences in the carbon footprint of the tobacco industry, but also
discusses the trend of carbon emissions per unit area, key
influencing factors and potential paths for emission reduction.
This research design not only enriches the theory of carbon
management in the tobacco industry, but also provides powerful
data support and decision-making reference for the development of
targeted and operational GHG reduction strategies.

2 Materials and methods
2.1 Data source

The data sources used in this paper are as follows: The tobacco
planting area and tobacco production data in 2011-2020 is from
China Agricultural Yearbook; The tobacco planting period of
different factor inputs and cost data in 2011-2020 is from
National Agricultural Products Cost and Benefit Information
Compilation. In terms of data coverage, this paper covers
20 provinces in China where tobacco cultivation exists in order
to comprehensively reflect the overall situation of China’s tobacco
cultivation industry. However, due to the limitation of data
acquisition, there are missing data for Liaoning Province in 2020,
so this paper does not take it into consideration when analyzing
2020, and the specific regional distribution of tobacco cultivation is
shown in Figure 1. Meanwhile, in order to maintain the consistency
of the data unit, this paper uniformly sets the unit of tobacco
planting area as hectares. Furthermore, considering that the
tobacco leaves grown are mainly processed locally, this paper
assumes that all the usable tobacco leaves produced are processed
in local factories, and there is no loss during transportation. In terms
of data acquisition for carbon emission factors, this paper
synthesizes several authoritative sources, including the China Life
Cycle Database (CLCD), China Product Full Life Cycle Greenhouse
Gas Emission Coefficient Database (CPCD), Ecoinvent database,
and existing relevant literature. The input amounts of raw materials
in different links are shown in Table 1.

2.2 Carbon footprint calculation method

This article divides the entire tobacco processing procedure into
three parts: planting, manufacturing and transportation. Among
them, the carbon emissions during the planting stage mainly involve
fertilization, pesticide use, diesel, artificial labor and agricultural film
use. The manufacturing stage mainly includes carbon emissions
from the initial and re-drying of tobacco leaves, cigarette paper,

Frontiers in Environmental Science

10.3389/fenvs.2025.1654540

cigarette cartons, and fiber bundles. The transportation stage mainly
includes carbon emissions generated during railway transportation,
road transportation and air transportation.

In this study, the life cycle assessment method is used to
quantitatively assess the implied carbon emissions during the
fields,
manufacturing, and the transportation of finished products in
definition of the
production process of tobacco cultivation in (Ti et al., 2024),

cultivation of tobacco cigarette processing and

China. At the same time, refer to the
and the whole life cycle process is shown in Figure 2. The data
processing calculation of carbon footprint mainly adopts the
emission factor method, and the carbon footprint of individual
activities is calculated by the formula:

CF; = AD; x EF; (1)

Where i represents different activity types, CF; is the GHG
emissions of the activity unit, AD; is the related activity level, which
is taken in different units according to the activity types, and EF; is
the emission factor, which is taken in different units according to the
activity types.

The formula for calculating the carbon footprint per unit area of
tobacco production is as follows:

CF, = — (2)

In the above equation, a represents the area of tobacco
plantation. By measuring the carbon footprint per unit area,
the influence of the expansion of the planting area of tobacco
fields and the increase of output on the accuracy of the carbon
footprint due to economic growth can be excluded. Next, the
calculation of the carbon footprint of different segments is
described separately.

2.2.1 Tobacco planting

The 1SO0140674" product carbon footprint accounting standard
was used as a reference to quantitatively assess the GHG emissions
generated during the cultivation stage of tobacco fields in China,
including direct and indirect carbon emissions, and the carbon
footprint was calculated using the Equation 3:

CFr1 = CFiput + CFn20 (3)

n
CFiypu = ) AD; x EF; (4)

i=1

Among them, CFj,p,; is the carbon emission of agricultural
inputs in the whole process of tobacco from planting to harvesting,
and CFnyo is the N2O emission from agricultural soil. The
calculation formula of CFjup, is shown in Equation 4, which
emissions from different

represents the sum of carbon

agricultural inputs. CFn;o refers to the direct emission of N20

1 1SO 14067, based on the Life Cycle Assessment (LCA) method, quantifies
the greenhouse gas emissions of products throughout the entire process
from raw material acquisition to disposal, and clearly defines the

accounting scope of “from cradle to grave” or “from cradle to gate.”
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— — 1000 km

FIGURE 1
Tobacco growing areas in China.

TABLE 1 The input volume of raw materials at different stages.

Planting stage

Average inputs

Quantity (kg/ha year)

Agricultural film 57.285
Urea 6.63
Ammonium carbide 0.81
Other N fertilizer 1.455
Calcium superphosphate 17.715
Potassium chloride 5.49
Compound fertilizer 323.505
Transportation stage

Average transportation distance (kilometers) 250

from agricultural soil, which is calculated according to the following
Equations 5-8:

CFNZO = DCFNZO + GCFNZO + LCFNZO (5)

44
DCFNZOZNXFl X§X298 (6)
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44

GCFNZO:NXFGXF2X%X298 (7)
44

LCFyz0 = N x Fi x F5 x 20 x 298 (8)

DCFy»o refers to the direct soil N,O emission due to N fertilizer
input, GCF >0 is the indirect N,O emission due to volatilization of
NH; from tobacco soil into the air, and LCF ;0 is the indirect N,O
emission due to leaching. F;, F, and F5 represent the carbon
emission factors of DCFny0, GCFn0 and LCFy»0, respectively,
and the reference values were set to 0.01, 0.01 and 0.0075,
respectively, with reference to the study of Ti et al. (2024). Fg
refers to the proportion of NH; volatilization into the air in the
tobacco field, and F, refers to the proportion of nitrogen loss due to
leaching. For reference to the setting of Xue et al. (2016), the values
of F and Fy are 0.1 and 0.3 respectively, and 44/28 is the molecular
weight ratio of N,O to N,.

2.2.2 Cigarette processing and manufacturing

In the cigarette processing and manufacturing chain, the main
components of the carbon footprint include the tobacco first-curing
and re-curing processes, as well as the processing activities of
production materials such as cigarette paper, cigarette cartons,
and fiber tows. Tobacco planting is a process of sequestering
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Tobacco processing full flow chart.

carbon and releasing oxygen, so the carbon emission analysis of the
tobacco raw material processing stage only takes into account the
two stages of primary curing and re-curing. Meanwhile, considering
the implicit carbon emission of cigarette paper and cigarette cartons
in the process of cigarette manufacturing, the carbon footprint
calculation formula in the process of cigarette processing and
manufacturing is as Equation 9:

CFTZ = CFbake + CFmanu (9)

Where CFpui. considers the carbon footprint at the tobacco
curing stage, and CF 4y, represents the implied carbon emission
in the cigarette manufacturing and packing process, the results
are obtained from Equation 1. Assuming that all the roasted
tobacco leaves planted are processed and manufactured into
cigarettes, AD; in Equation 1 represents the yield of roasted
tobacco per hectare. In addition, it should be noted that after the
tobacco leaves are harvested, the manufacturers usually process
them in the re-curing factories within the production area or
nearby. The purpose is to reduce moisture, remove impurities,
and facilitate transportation and storage. Generally, re-curing
factories are set up in the main tobacco leaf production areas of
each province. Therefore, when considering tobacco processing
in this paper, the carbon emissions generated during the
processing of locally produced tobacco leaves are mainly taken
into account, without considering the carbon emissions
produced by the small amount of tobacco leaves transported
from other regions.
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2.2.3 Transportation

Carbon emissions from transportation mainly include the
transportation of mature tobacco to cigarette factories and the
transportation of finished cigarettes to distribution or retailers.
Raw materials and finished cigarettes are usually transported by
large trucks, and according to the existing literature, the
transportation of tobacco leaves is mainly carried out by
railroads and highways, and small quantities are transported by
air or water, and the carbon footprint of the transportation stage is
calculated by the Equation 10.

(10)
(11)

CFT3 = CFmilway + CFhighroud + CFair + Cquter
CF' = distance x EF; x AD;

Among them, CFraiways CFrighroad> CFair and CFygter
represent the four modes of railroad, highway, air and
waterway transportation, respectively, and the carbon emission
factors of different modes of transportation are shown in Table 2.
The carbon footprints are all calculated in the way indicated by
Equation 11, and distance represents the distance of freight
transportation. Among them, referring to Li et al. (2017) in this
paper, the average transportation distance for transporting
cigarette raw materials to cigarette factories and cigarette
finished products to distribution centers is set at 250 km.
Meanwhile, the carbon emissions of tobacco during the
transportation stage are calculated based on the weight of the
finished tobacco products after processing and manufacturing
mature tobacco leaves.

frontiersin.org


mailto:Image of FENVS_fenvs-2025-1654540_wc_f2|tif
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1654540

Jian et al.

TABLE 2 Carbon emission factors in tobacco production.

Segment Item

Tobacco planting N fertilizer-Urea

Ammonium carbide

10.3389/fenvs.2025.1654540

Coefficient (kg CO,/kg) Data source

2.39 Ecoinvent2.2

0.648 Ecoinvent2.2

Other N fertilizer 1.526 Ecoinvent2.2
P fertilizer-calcium superphosphate 2.676 Ecoinvent2.2
Other P fertilizer 1.631 Ecoinvent2.2
K fertilizer-Potassium chloride 0.708 Ecoinvent2.2
Other K fertilizer 0.655 Ecoinvent2.2
Compound fertilizer 1.772 CLCD
Organic fertilizer 0.223 Zheng et al. (2024)
Pesticide 12.44 Zheng et al. (2024)
Diesel 4.987 Zheng et al. (2024)
Labor 0.86 Zheng et al. (2024)
Agricultural film 2272 Ecoinvent2.2
Electricity for irrigation 0.5366 National Bureau of Statistics of China®
Cigarette processing and manufacturing = Tobacco curing 6.290 CPCD
Tobacco re-curing 0.438 CPCD
Acetate fiber tow 2.931 CPCD
Cigarette paper 1.767 Su et al. (2020)
Cardboard 0.522 Su et al. (2020)
Finished product transportation Road transportation kg CO,e/(t.km) 0.1028 Cao et al. (2023)
Rail transportation kg CO,e/(t.km) 0.0113 Cao et al. (2023)
Air transportation kg CO,e/(t.km) 0.8995 Cao et al. (2023)
Water transportation kg CO,e/(t.km) 0.0087 Cao et al. (2023)

“The National Bureau of Statistics of China is in charge of China’s statistical and national economic accounting work, formulates statistical work regulations, plans for statistical reform and
modernization, as well as national statistical investigation plans, organizes, leads and supervises the statistical and national economic accounting work of all regions and departments, and

supervises the implementation of statistical laws and regulations.

3 Result and analysis

3.1 Composition of tobacco
carbon footprint

This article divides the entire tobacco processing procedure into
three parts: planting, manufacturing and transportation. Among
them, the carbon emissions during the planting stage mainly involve
fertilization, pesticide use, diesel, artificial labor and agricultural film
use. The manufacturing stage mainly includes carbon emissions
from the initial and re-drying of tobacco leaves, cigarette paper,
cigarette cartons, and fiber bundles. The transportation stage mainly
includes carbon emissions generated during railway transportation,
road transportation and air transportation.

First, focusing on the tobacco planting stage, the core sources of
carbon footprint include the whole life cycle carbon emissions from
fertilizer application, labor inputs, agricultural film use and diesel
fuel consumption, and the specific measurement results are shown
in Figure 3. It can be clearly found that while the overall carbon
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footprint rises, the carbon emissions caused by the use of agricultural
films increase significantly, while the carbon emissions caused by the
use of fertilizers show a gradual downward trend. In view of the
differences in carbon footprints of different types of fertilizers, this
study further subdivided them into nitrogen fertilizer, phosphate
fertilizer and potash fertilizer for consideration, and the results of the
analysis showed that phosphate fertilizer had the highest carbon
footprint contribution. In addition, in view of the possible N,O
emission from leaching and decomposition of nitrogen fertilizers in
the soil, this study also included it in the estimation of carbon
footprint at the planting stage, but as shown in Figure 3, this kind of
indirect emission accounted for a relatively low percentage.
Second, the carbon footprint of the first-curing and relaunching
stages is particularly significant given their high energy demand
characteristics (Zappe, 2020). Figure 4 shows the average carbon
emissions per unit area of various provinces in China from 2011 to
2020. It can be found that the carbon emissions per unit area during
the initial and re-drying stages of tobacco leaves account for nearly
three quarters of the total carbon emissions in the cigarette
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The average carbon footprint of each province during the processing and transportation phases from 2011 to 2020.

manufacturing stage, highlighting the urgency of energy
conservation and emission reduction in this link.

Finally, it can be seen from Figure 4 that the overall carbon
footprint is relatively small, but air transportation exhibits a high
carbon footprint due to its high energy consumption characteristics,
compared with a low carbon footprint for waterway transportation.
However, given that the current transportation of tobacco products
is dominated by railroad and road transportation, with air and

waterway transportation accounting for a lower proportion, the
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optimization strategy should focus on reducing the frequency of
road transportation and increasing the proportion of railroad
transportation as an effective way to reduce carbon emissions in
the transportation stage.

After analyzing the carbon footprints of the three stages, it can
be clearly pointed out that in the cigarette processing and
stage, tobacco leaf and cigarette
manufacturing are the key links to reduce the overall carbon

manufacturing curing

footprint. Among them, the tobacco leaf curing process is a
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priority in the emission reduction strategy due to its high energy
consumption. Therefore, in order to effectively reduce the carbon
footprint, the focus should be on optimizing the tobacco leaf curing
technology, improving energy efficiency and exploring alternative
energy sources in order to achieve the carbon reduction goal.

3.2 Trends in the overall carbon footprint
of tobacco

According to the calculation results, it can be found that during
the period of 2011-2020, the average value of carbon footprint per
hectare of planting area in the tobacco planting segment is about
3.06tCO,e/ha, while the overall trend is slowly rising, and the carbon
footprint per unit area of tobacco planting area grows from
2.73tCOze/ha in 2011 to 3.50tCO,e/ha in 2020. The average
value of carbon footprint per unit area of primary curing and re-
curing is about 13.19tCO,e/ha and 0.92tCO,e/ha, respectively, and
the carbon footprint per unit area of the processing link decreases
from 14.29tCO,e/ha in 2011 to 14.07tCO,e/ha in 2020. It can be
found that the value of the carbon footprint of the tobacco curing
and processing period is gradually decreasing, which may be
originated from the fact that the improvement of technology
level makes the efficiency of tobacco curing per unit area rise,
this effectively reduces carbon emissions. Meanwhile, in the
cigarette manufacturing box stage, the average carbon footprint
per unit area is about 0.43tCO,e/ha, and shows a decreasing trend
year by year. In the transportation stage, this paper refers to the
study of Li et al. (2017), and sets the average transportation distance
from cigarette material transportation to cigarette factory and from
finished cigarette product transportation to distribution center to be
250km, then the average carbon footprint per unit area produced by
road transportation, railroad transportation, air transportation and
waterway transportation in the transportation stage is about
80.82 kgCO,e/ha, 8.88 kgCO,e/ha, 707.18 kgCOse/ha and
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6.84 kgCO,e/ha, respectively. it is obvious that air transportation
has the highest carbon footprint per unit area in tobacco
transportation, followed by road transportation, while railroad
and waterway transportation have the lowest carbon footprint.

Figure 5 visualizes the trend of the overall carbon footprint at the
three stages. In a comprehensive analysis, the cigarette processing
and manufacturing process has the largest carbon footprint,
occupying about four-fifths of the total carbon footprint of the
tobacco industry, followed by the tobacco growing process, while the
transportation stage has a relatively small carbon footprint. In
addition, the observation shows that the overall carbon footprint
of the industry shows a small increase. Based on this, it can be
inferred that the continuous optimization and upgrading of cigarette
manufacturing technology is a key path to effectively reduce the
carbon footprint value of the tobacco industry.

3.3 Spatial and temporal distribution of
tobacco carbon footprint

3.3.1 Analysis of carbon footprint characteristics
by province

The average values of carbon footprint per unit area of different
provinces in recent years at the stages of tobacco cultivation,
cigarette processing and manufacturing, and transportation of
finished products are shown in Figure 6 in (a)-(c), respectively.
Firstly, in the planting stage, it can be found that the Southwest
region has a larger investment in agriculture, while the Northeast
region has a lower investment in agriculture and a lower carbon
footprint. The above phenomenon is related to the tobacco planting
area, which mainly grows in tropical and subtropical regions, and
the climate in Yunnan and Guizhou is more suitable, the tobacco
planting technology is more mature, and the sowing area is larger,
resulting in a larger carbon footprint in the planting stage due to
fertilizer, labor, and the use of agricultural film, etc. Secondly, in the
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cigarette processing and manufacturing stage, regions with higher
tobacco production value per unit area, such as Inner Mongolia,
although their tobacco planting area is not large, due to the high
yield of roasted cigarettes per unit area, the carbon footprint value
per unit area is significantly higher than those regions with large
planting areas and relatively low yields. This indicates that the
carbon footprint of cigarette processing and manufacturing
process is not only related to the planting area, but also affected
by the production efficiency per unit area. Finally, the spatial
distribution of the carbon footprint of the finished product
transportation stage is less different from that of the cigarette
manufacturing stage, but overall, the carbon footprint value of
the transportation stage is relatively low, less than one-tenth of
that of the cigarette processing and manufacturing stage. Figure 6d
represents the average value of carbon footprint per hectare of
tobacco field in different provinces, where the average value of
carbon footprint per unit area in northern China, such as Inner
Mongolia and Gansu, exceeds 40,000 kgCO,e/ha, which is a large
amount of GHG emissions. In contrast, the indicator is generally
lower in the southern region, with most provinces below

Frontiers in Environmental Science

25,000 kgCO,e/ha, reflecting significant regional differences in
tobacco production and environmental impacts.

3.3.2 Temporal trend analysis of regional
carbon footprint

In Figure 6, it can be clearly observed that tobacco cultivation
and its carbon footprint characteristics in Inner Mongolia, Yunnan
Province, Guangdong Province and Heilongjiang Province show
significant regional representation in terms of geographic
distribution in China. Specifically, Yunnan Province has a more
prominent carbon footprint in tobacco cultivation, while
Heilongjiang and Guangdong provinces show higher carbon
footprint levels in processing and manufacturing, and Inner
Mongolia has the highest carbon footprint per unit of planted
area in the whole industry chain. In order to understand these
differences in depth, this paper then analyzes the carbon footprints
of these four provinces in the key stages of planting, curing, crating
and transportation. Meanwhile, in order to reveal the evolution
trend of the carbon footprints in different segments between

2011 and 2020, this paper further analyzes the data of 2011,
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FIGURE 7
Carbon footprint per unit area of each region representing the province in 2011-2020.

2013, 2015, 2017 and 2020, and the results are shown in Figure 7. On
the one hand, these six typical provinces all show higher GHG
emissions in the curing stage, but with the economic growth and the
continuous upgrading of curing technology, the carbon footprint in
the curing stage shows a clear downward trend. On the other hand, it
can be clearly found that Yunnan Province’s carbon footprint in the
planting stage rises from 3% to 9% and accounts for the most among
the four provinces, while Inner Mongolia’s planting stage has the
smallest carbon footprint per unit area, which is related to the
climatic characteristics of tobacco planting, it has higher
requirements for light, water and soil conditions. Summarizing
the results of the data analysis in Figure 7, it can be summarized
that among the major tobacco growing regions in China, the
primary curing and re-curing process of tobacco is the main
contributor to GHG emissions, with its emissions accounting for
about 75% of the total carbon footprint, and this process consumes a
large amount of fossil energy. This is closely followed by the crating
and planting process, while the transportation process has a
relatively low carbon footprint. In terms of regional differences,
in addition to the roasting stage, the Southwest region has the
highest share of GHG emissions in the tobacco planting stage, with
more than 16%; the Southeast region is the second highest, with 11%
of GHG emissions in the planting stage; and the region north of the
Yellow River, represented by Heilongjiang and Inner Mongolia, has
the highest intensity of GHG emissions in the roasting stage due to
the higher yield per unit of planted area, compared to the planting
stage which has a GHG emissions accounted for a relatively small
proportion. Furthermore, we have also found that in Henan, near
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the Yellow River, the characteristics of carbon emissions are similar
to those in the areas north of the Yellow River.

3.3.3 Analysis of carbon emission potential in
regional transportation stages

The previous text described the analysis of carbon emissions in
the tobacco industry from planting to processing, manufacturing
and transportation stages. However, considering that the carbon
emissions during the transportation stage are not only affected by
the quantity of tobacco transported, but also related to the traffic
conditions in different provinces. Table 3 summarizes the average
transportation density of 20 provinces from 2011 to 2020, which
can to some extent reflect the transportation capacity of each
province. It can be found from Table 2 that the transportation
density in Shandong, Henan, Chongqing and other places is
relatively high, indicating that the transportation capacity per
unit area in these regions is relatively strong. However, the
average transportation density in Inner Mongolia, Yunnan,
Gansu and other places is relatively low. According to the
carbon emissions during the transportation stage in Figure 6c,
it can be found that the carbon emissions in Inner Mongolia,
Gansu and other places are relatively large. This may be related to
the fact that transportation is not convenient, but transportation
must be carried out. Therefore, it can be found that transportation
density is negatively correlated with carbon emissions, and the
improvement of transportation conditions can also effectively
reduce the carbon emissions generated by the tobacco industry
in this province.
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TABLE 3 Transportation conditions in various provinces.

Province Railway Highway Traffic Province Railway Highway Traffic
mileage mileage network mileage mileage network
(kilometers) (kilometers) density (kilometers) (kilometers) density

Hebei 6,747.93 183,335.14 1.00 Hubei 4,226.50 253,106.65 135

Inner 11,614.57 185,424.58 0.17 Hunan 4,640.11 237,451.90 115

Mongolia

Liaoning 5,645.40 117,831.39 0.82 Guangdong | 3,968.58 211,422.65 1.20

Jilin 4,758.26 99,880.69 0.55 Guangxi 4,625.86 118,578.80 051

Heilongjiang ~ 6,316.42 163,499.37 037 Chongging = 1951.88 143,344.41 1.77

Anhui 4,058.36 191,424.48 1.40 Sichuan 4,386.63 322,105.32 0.67

Fujian 3,027.16 103,586.64 0.89 Guizhou 2,914.95 185,474.07 1.05

Jiangxi 3,885.62 166,734.11 1.00 Yunnan 3,302.92 241,133.53 0.63

Shandong 5431.11 263,261.41 1.68 Shaanxi 4,728.56 170,058.35 0.83

Henan 5,391.93 259,144.66 1.56 Gansu 3,815.56 140,254.84 0.34

Data source: National Bureau of Statistics of China.
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FIGURE 8
Planting carbon footprint and yield per unit area distribution in different provinces.

3.4 Com parative analysis of input-output annual output, this study divides the 20 tobacco-growing provinces
per unit area and carbon footprint of in China into four categories: high-emission and high-yield zones,
tobacco industry high-emission and low-yield zones, low-emission and high-yield

zones, and low-emission and low-yield zones. As shown in Figure 8,
Given that the input cost per unit area in the cigarette  Shandong, Anhui and Inner Mongolia are high-emission and high-
processing, manufacturing and transportation stages is often  yield zones, while Yunnan and Guizhou provinces are located in
proportional to the regional output, and the potential for  high-emission and low-yield zones. Among them, although Inner
adjusting the carbon footprint is relatively limited, while the cost ~ Mongolia is in the high-emission and high-producing area, its
of inputs in the planting stage is deeply affected by a variety of  planting carbon emissions are significantly lower than those of
factors, such as regional climatic characteristics, farmers’ planting ~ Anhui and Gansu, and its output significantly exceeds that of the
habits, and policies and regulations, this part of the study focuses on  two places, indicating that Inner Mongolia has the double advantage
the inputs and outputs per unit area in the planting stage and  of high returns and low emissions in this area.
conducts an in-depth analysis of the carbon footprints. First, based Second, in order to further compare and analyze the relationship
on the average annual carbon footprint per unit area and average  between input costs and output per unit area in the tobacco industry,
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FIGURE 9

Distribution of yield and input cost per unit area of planting links in different provinces.

Figure 9 divides China’s 20 tobacco-growing provinces into four
categories based on the average values of inputs and outputs: high
inputs and high outputs, high inputs and low outputs, low inputs
and high outputs, and low inputs and low outputs. Among them, it
can be seen that four provinces, Inner Mongolia, Heilongjiang,
Liaoning and Jilin, have higher outputs with lower inputs per
unit planting area, while Guizhou, Yunnan and Jiangxi have high
inputs and low outputs. Based on this, in the tobacco planting stage,
Yunnan, Guizhou and Jiangxi provinces should actively explore the
path of technological upgrading, learning from the advanced
experience and technical solutions of Inner Mongolia and other
high-efficiency planting areas, with a view to reducing the cost of
inputs per unit of area and realizing the positive proportionality
between inputs and outputs, thus enhancing the overall economic
efficiency and environmental sustainability.

3.5 Robustness test

To further verify the accuracy of the previous calculations, this
paper further uses the data from the 2021 “China Agricultural
Statistical Yearbook” and the “China Statistical Yearbook” for
“China Statistical Yearbook”
released by the National Bureau of Statistics of China and is

verification. Given that the is
authoritative, it has the conditions for conducting robustness
tests. Meanwhile, considering the data of Hebei and Liaoning in
2021 was missing, this paper adopted the remaining 18 provinces for
verification, and the results are shown in Table 4. It can be found
from Table 4 that the total carbon emissions from fertilization and
agricultural films in each province in 2021 have a relatively small
difference from the results of 2011-2020, indicating that the
aforementioned research results are stable.
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4 Discussion

4.1 Changes in the carbon footprint of
China’s tobacco industry

This paper found that the total carbon footprint of the industry
increased from 21,485.12kgCO,e/ha to 21,966.28kgCO,e/ha in the
calculated segment, with an overall upward trend. This is mainly due
to the increase in China’s tobacco production in recent years. The
demand for transportation has increased, and at the same time, the
current supply chain efficiency is relatively low and cannot well meet
the development needs of the entire tobacco industry. Figure 10
further reveals the fluctuation of carbon footprint per unit area from
2011 to 2020 in different tobacco-growing provinces, and it is found
that Inner Mongolia has the highest carbon footprint per unit area,
while Hebei has the most obvious fluctuation of carbon footprint per
unit area as a whole, with the largest difference of 10tCO,e/ha. This
phenomenon may be affected by the combined effects of multiple
factors, such as accelerated urbanization and improvement of the
vocational and technical level of tobacco farmers.

As one of the largest tobacco producing and consuming
countries in the world, China has a huge tobacco industry chain.
As the scale of the industry continues to expand, especially the
continuous growth of cigarette production, the carbon emissions
generated by the tobacco industry during the production process
have increased accordingly. However, according to the National
Bureau of Statistics of China, although the tobacco industry has
maintained production growth, the introduction of scientific
fertilization methods and improvements in curing technology
have slowed the carbon footprint growth rate. On the one hand,
this may be due to China’s accelerated green transformation of the
tobacco industry, which promotes the scale of tobacco cultivation,
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TABLE 4 Carbon emissions from fertilization and agricultural films in 2021.

10.3389/fenvs.2025.1654540

Province Fertilization Agricultural film Province Fertilization Agricultural film
(kgCO2e/ha) (kgCO2e/ha) (kgCO2e/ha) (kgCO2e/ha)
Inner 18.53995 110.6464 Hunan 29.16855 60.8896
Mongolia
Jilin 37.68017 31.5808 Guangdong 43.80786 90.6528
Heilongjiang 39.64785 60.6624 Guangxi 54.60486 98.1504
Anhui 44.01127 145.1808 Chonggqing 49.73488 134.2752
Fujian 25.35241 114.5088 Sichuan 39.4506 130.1856
Jiangxi 47.58801 117.6896 Guizhou 54.96872 153.1328
Shandong 41.41237 85.2 Yunnan 48.11241 150.4064
Henan 31.52535 91.7888 Shaanxi 48.50789 87.9264
Hubei 65.76793 109.5104 Gansu 42.74067 77.248
Fertilization Agricultural film
Total 762.62175 1849.6352
Hoter B M T
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FIGURE 10

Fluctuations of carbon footprint per unit area in different provinces in 2011-2020.

professionalization of tobacco farmers, service specialization, and  domestic macroeconomic improvement, population growth, and the

the increasing level of operating machinery; on the other hand, rise in per capita income, but with the increase in people’s health

initially cigarette consumption rose year after year, driven by the  awareness, the demand for cigarettes declined year after year, which
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led to a tobacco production growth rate declined slightly (Zafeiridou
et al.,, 2018).

4.2 Composition and province distribution
of the tobacco industry’s carbon footprint

The composition of the tobacco carbon footprint is complex and
varied, mainly including three stages: agricultural cultivation and
cigarette processing
transportation of finished products. Tobacco planting is the

production, and manufacturing, and
initial stage of the carbon footprint. This stage involves the
processes of land cultivation, fertilization, irrigation, pest control
and harvesting, all of which generate a certain amount of carbon
emissions. In particular, the use of chemical fertilizers and pesticides
not only increases the carbon stock in the soil, but also may enter
water bodies through runoff and percolation, causing secondary
pollution (Liu et al., 2014). Currently, several studies have shown
that agricultural GHG emissions mainly originate from fertilizer use
(Wang et al,, 2017; Guo et al,, 2022), in which carbon emissions
caused by N fertilizer use accounted for more than half of all
fertilizers, and at the same time, fertilizer use accounts for the
highest percentage of the carbon footprint per unit area of
tobacco during the planting stage. It is worth noting that
compound fertilization is a feasible solution to address the
decline in soil fertility under intensive farming conditions and
may reduce greenhouse gas emissions. Compared with using
mineral fertilizers alone, this solution not only increases crop
yields but also reduces environmental risks (Abrahio et al,
2021). In China, tobacco farmers generally lack knowledge
related to scientific fertilization, which leads to an increase in the
carbon footprint of fertilizer use in tobacco production. In addition,
when calculating the composition of the carbon footprint at the
tobacco planting stage, this paper found that the GHG emissions
from the use of agricultural films exceeded the impact of fertilizer
application, and that China’s reliance on agricultural films is
growing at an average rate of 2.31% per year. Now, the use of
agricultural films is a necessary stage of tobacco planting cultivation
in China. Although it improves the economic benefits of tobacco
cultivation (Shan et al., 2022), the white pollution it brings poses a
new challenge to environmental management during tobacco
cultivation. Therefore, reducing the use of agricultural films is the
key to reducing emissions from tobacco production.

Tobacco leaves are roasted, shredded and rolled to make final
products such as cigarettes. This stage requires a large supply of
energy, such as the combustion of fossil fuels like coal and oil, which
directly contributes to the emission of greenhouse gases such as
carbon dioxide (Siddiqui and Rajabu, 1996). At the same time, the
disposal of waste generated during processing also results in
additional carbon emissions. In this study, the carbon footprints
of the initial roasting, re-roasting, and cigarette box manufacturing
processes were measured, and it was found that the initial roasting
process has the highest GHG emission value, which is mainly due to
the need for further improvement in the technology of the roasting
ovens, which have more serious heat loss and high coal
consumption, and therefore the carbon footprint value of this
the
transportation of tobacco products from the raw material source

segment is higher. Transportation, mainly refers to
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to the processing plant, and then from the processing plant to the
sales terminal, the transportation of tobacco products will consume
a large amount of fuel, generating carbon emissions. With the
the
improvement of transportation efficiency, although the carbon

continuous expansion of the logistics network and
footprint of transportation per unit of product has decreased, the
overall scale is still on the rise. However, compared with the tobacco
planting and cigarette processing and manufacturing phases, the
transportation phase has lower GHG emissions, and rail
transportation, which has a smaller carbon footprint, should be
promoted as the main mode of transportation.

In addition, when consumers use tobacco products, such as the
smoke generated by the smoking process contains a large amount of
carbon dioxide and some harmful gases, although this part of the
emission is not directly counted in the carbon footprint of the
tobacco industry, it is still an important part of the life cycle carbon
emissions of tobacco products.

The carbon footprint of tobacco production per unit area shows
significant regional differences among Chinese provinces. As shown
in Figure 6a, the carbon footprint of tobacco cultivation in the region
around the Yangtze River is particularly prominent, and this
significant difference is mainly attributed to the unique geographic
cultivation characteristics of the region. As a major grain production
base, excessive fertilization is common in this area (Cai et al., 2012).
Therefore, improving the efficiency of fertilizer use is a key strategy to
reduce the amount of fertilizer used and thus effectively reduce the
carbon footprint at the planting stage. Further analysis reveals that the
overall carbon footprint of tobacco production in China varies greatly
among regions, which is mainly affected by the unique climatic
conditions, topography and soil type of different tobacco regions.
Figure 11 shows the total carbon emissions of the three stages of
planting, manufacturing and transportation in different provinces.
Combining the data on planting area and tobacco production per unit
area, Figure 11 clearly shows that Yunnan and Guizhou regions have
the highest average annual carbon footprints in the tobacco industry,
with annual GHG emissions estimated to be more than 5 million tons.
In contrast, Inner Mongolia and other regions have a relatively low
carbon footprint in the tobacco industry, yet their tobacco production
per unit area shows a high level. This is due to the fact that Inner
Mongolia is located in the mid-latitude zone and has excellent climatic
conditions with rain and heat, which is extremely favorable to the
growth of tobacco. In addition, the cities in the region where tobacco is
grown are generally economically weak and therefore receive focused
policy support, with tobacco enjoying policy advantages as the main
cash crop in the region (Ying et al., 2012). Together, these factors have
resulted in relatively low agricultural input costs in Inner Mongolia
and lower labor costs than in coastal provinces compared to other
resource-poor regions, resulting in higher yields per planted area.
However, the relatively small overall acreage has resulted in the total
carbon footprint of tobacco production in the region remaining at a
low level.

4.3 Analysis of input cost and carbon
footprint of tobacco industry

The tobacco industry has high annual input costs, mainly
consisting of raw material input costs and labor costs. The above
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Total carbon footprint by province.

analysis of provincial data explains the emission intensity and degree
of economic return per unit planting area within China’s tobacco
growing regions, and finds that the southwest tobacco region has
higher economic inputs, but low output per unit area and higher
GHG emissions, while Inner Mongolia and Heilongjiang have the
advantage of low inputs and high output, while being able to
effectively control GHG emissions. At present, China’s tobacco
industry is facing the double pressure of high input and high
emission. In response, the government has introduced a number
of policy measures aimed at regulating the industry’s energy
consumption and carbon emissions. Meanwhile, at the end of
2016, the State Tobacco Monopoly Administration (STMA) also
clarified the target of reducing carbon dioxide emissions per unit of
industrial added value by 18% by 2020. It is worth noting that the
tobacco industry, as one of China’s important tax pillars, has made a
significant contribution to the country’s fiscal revenue. However,
with the intensification of tobacco control and the increasingly
competitive market environment, the growth rate of the tobacco
market tends to slow down, and the economic efficiency of tobacco
enterprises is facing a severe test.

In view of this, how to balance the input and output with the
intensity of greenhouse gas emissions is an urgent issue that needs
to be solved nowadays. In this study, China’s tobacco-growing
provinces are divided into four categories according to the degree
of output and pollution emissions and inputs and outputs,
respectively, and the input and output characteristics of
different provinces in the planting process and their differences
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in GHG emission intensity are depicted in detail. The results show
that the phenomenon of low outputs and high emissions as well as
high inputs and low outputs in Yunnan, Guizhou, and Jiangxi,
respectively. Yunnan- Guizhou region is a major tobacco-growing
province. The income from tobacco cultivation accounts for a
relatively large proportion of the province’s total income. By 2025,
the operating income of the tobacco industry in Yunnan will
account for approximately 13.8% of the province’s GDP.
However, the current situation of high input and low output in
tobacco cultivation within the province still needs further
improvement. It can also be found from Figures 7, 8 that the
yield per unit area in Yunnan region is relatively low, but the total
carbon footprint per unit area is relatively high, indicating that
there is considerable waste throughout the entire life cycle of
tobacco. At the same time, tobacco revenue accounts for a
relatively large proportion in this region. However, high carbon
emissions have led to an increase in the local government’s carbon
reduction costs. Therefore, both the production technology and
the baking technology in this region need to be further improved.
The phenomenon was found to be due to the accelerated pace of
urbanization and the shift of tobacco growing areas to more
remote mountainous regions, resulting in low penetration of
tobacco growing machinery and higher labor costs (Zheng
et al., 2024). Therefore, the tobacco planting strategy should be
adjusted to this region to ensure the sustainable development and
profitability of the tobacco industry from an economic
point of view.
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4.4 Carbon footprint analysis during the
transportation stage

Compared with the existing literature that mainly focuses the
research perspective on the tobacco cultivation stage from “cradle”
to “agricultural gate”, this paper takes into account that both the
tobacco roasting and transportation processes will generate a
considerable amount of carbon emissions. Based on this, this
paper uses the life cycle assessment method and refers to existing
literature to calculate the carbon emissions during the tobacco
transportation stage. Among them, air transportation, as a
relatively convenient and fast mode of transportation, has the
largest carbon emissions, while railway transportation and
waterway transportation have relatively smaller carbon emissions.
This is mainly due to the fact that air transportation requires a large
amount of aviation fuel, and the energy consumption per unit of
transportation volume is much higher than that of railway and
waterway transportation. Meanwhile, the carbon emission factor of
aviation fuel is relatively high, further exacerbating the carbon
emissions of aircraft transportation. In contrast, railway and
waterway transportation mainly rely on energy sources such as
electricity or diesel, and their energy consumption per unit of
than that
transportation. Meanwhile, compared with aviation fuel, railway

transportation volume is much lower of air
and waterway transportation have a smaller carbon emission factor,
which helps to reduce carbon emissions. In addition, railway and
waterway transportation have the characteristics of large capacity,
long distance and low cost, with relatively high transportation
efficiency, which also helps to reduce carbon emissions per unit
of transportation volume.

In fact, road transportation is the main body but accounts for a
high proportion of carbon emissions. During the transportation
stage of the tobacco industry, although road transportation is flexible
and convenient, its problems of high energy consumption and high
emissions are becoming increasingly prominent. The carbon
emissions from road transportation account for the vast majority
of the total carbon emissions in the transportation sector and are the
main source of the carbon footprint in the transportation stage of the
tobacco industry. For tobacco products that need to be transported
over long distances, although air transportation is fast, its carbon
emissions are also significantly higher than those of other modes of
transportation. Therefore, in the transportation stage of the tobacco
industry, the use of air transportation should be minimized as much
as possible to reduce the carbon footprint. In addition, railway and
waterway transportation, as low-carbon and environmentally
friendly transportation methods, have great application potential
in the transportation stage of the tobacco industry. By optimizing
the transportation structure and increasing the proportion of
railway and waterway transportation, the carbon footprint of the
tobacco

industry during the transportation stage can be

effectively reduced.

4.5 Influencing factors of tobacco industry
carbon footprint

Summarizing the above studies, it can be found that the carbon
footprint is larger in the production of raw materials and the
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processing and manufacturing of cigarettes. First, modern
agriculture relies heavily on chemical fertilizers and pesticides
to increase yields, but the production of these products requires
the consumption of large amounts of fossil fuels and emits
greenhouse gases during production. Excessive use of fertilizers
and pesticides may also disrupt soil structure and reduce the soil’s
ability to sequester carbon. In cigarette processing and
manufacturing, high temperatures are required for curing and
drying, and these processes usually use energy sources such as coal,
natural gas, or electricity, which are major sources of GHG
emissions (Yu and Li, 2021). Meanwhile, older, inefficient
production equipment tends to consume more energy and emit
more carbon. Adopting modern, efficient equipment and
technologies can effectively reduce energy consumption and
GHG emissions. In the transportation segment, there are
significant differences in energy consumption and carbon
emissions among different modes of transportation (Galiza
et al, 2025). For example, road transportation has a high
carbon emission intensity, while rail and water transportation
are relatively low. The choice of transportation mode for
tobacco products directly affects the size of their carbon footprint.

In addition, as consumers’ health awareness improves and the
concept of environmental protection becomes more popular, the
market demand for low-tar and low-hazard cigarette products
continues to increase. In order to meet market demand, tobacco
companies have increased their R&D efforts and launched a series of
new tobacco products, such as e-cigarettes and heated non-
combustible tobacco products. These new products are usually
characterized by smokelessness, low tar, fewer harmful
substances, etc., and can be used indoors, thus reducing carbon
emissions during tobacco consumption to a certain extent. However,
due to the relatively small market share of new products and the fact
that their carbon emissions during production and use still need to
be further researched and evaluated, it is difficult to have a
significant impact on the overall carbon footprint of the tobacco

industry in the short term.

4.6 Limitations of this study

The research limitations of this article mainly focus on the
availability of data. When calculating the carbon footprint of each
province, this paper did not take into account the carbon
emissions caused by labor and pesticides, nor did it consider
the differences in calcination techniques among the provinces.
Although these omissions limit the full applicability of the results
of the study, the results are still valid and can provide valuable
lessons for promoting sustainable production in the tobacco
industry and realizing carbon emission reduction in the
agricultural sector.

5 Conclusion and policy
recommendations

This paper adopts the life cycle assessment method to carefully
analyze the carbon footprint of the whole industrial chain of China’s
tobacco industry from the tobacco planting to the transportation of
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finished products from 2011 to 2020, revealing its composition,
influencing factors and dynamic changes. The results found that the
average carbon footprint per unit area of the whole industrial chain
of China’s tobacco industry was 21,570.54 kgCO,e/ha, and showed a
yearly increasing trend. Among them, the use of agricultural films in
the tobacco production chain has the highest carbon footprint,
followed by the use of chemical fertilizers. The national average
carbon footprints of the two from 2011 to 2020 were 22.63 thousand
kgCO,e/ha and 11.84 thousand kgCO,e/ha respectively. Among the
cigarette processing and manufacturing chains, the carbon footprint
of tobacco leaf curing is the largest, reaching 297.27 thousand
kgCO,e/ha. In the transportation chain, the carbon footprints of
air transportation and road transportation are relatively high, at
21.26 thousand kgCO,e/ha and 2.42 thousand kgCO,e/ha
respectively. In addition, the study also found that there are
significant geographic differences in the carbon footprint of
tobacco among different provinces. Further, this paper explores
the intrinsic links between planting costs, output and carbon
footprint of the tobacco industry, and points out that some
provinces in the Southwest and Southeast regions have high
inputs, low outputs and high carbon emissions.

In response to the above problems, this paper proposes a series
of emission reduction strategies:

At first, the tobacco industry should actively introduce and
adopt advanced production technologies and equipment to
improve energy utilization efficiency and reduce greenhouse gas
emissions. In the tobacco planting process, fertilizers such as
nitrogen, phosphorus and potassium are scientifically applied
based on the soil nutrient status and the fertilizer requirement
pattern of tobacco. While ensuring the yield, attention is paid to
the quality of tobacco cultivation, thereby reducing carbon
emissions. In cigarette processing and manufacturing, the use of
clean energy and renewable energy is promoted to reduce the
consumption of fossil fuels and greenhouse gas emissions. In the
transportation segment, choosing low-carbon and efficient
transportation modes (such as railroad transportation, water
transportation) can significantly reduce carbon emissions.
Combine the advantages of different modes of transportation as
much as possible to achieve multimodal transportation in order to
improve transportation efficiency and reduce energy consumption
and carbon emissions.
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