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Conservation and efficient use of water resources are key to combating global
climate change. The development of low-carbon industries plays an important
role in promoting the protection of water resources. Based on this, this paper
combines the measures of green production and consumption, and uses the
concept of low-carbon packaging design to study the impact of water resource
protection. First of all, this paper studies the impact of the packaging industry
on the ecological environment, and combines the concept of global low-
carbon development to implement a low-carbon packaging industry structure.
Secondly, adhering to the concept of sustainable development, from green
packaging design to green packaging consumption, this paper uses the water
resources protection analysis impact model to empirically analyze the impact
of the low-carbon packaging industry on water resources protection. The
experimental results showed that after the implementation of the low-carbon
packaging industry structure model in Zhejiang Province, China, the impact
efficiency of the region on water resources was as high as 90%, and the
sewage discharge showed a decreasing and stable trend, sewage discharge in
the light industrial zone was reduced from 120,000 to 80,000 cubic meters,
and two water pollutants, chemical oxygen demand (COD) and biochemical
oxygen demand (BOD), were reduced by 4,600 and 2,200 tons respectively.
Studies have shown that low-carbon packaging design can reduce carbon
emissions from packaging production to a certain extent and reduce pollutant
emissions, thereby improving the efficiency of water resource protection and
management.

KEYWORDS

water resource protection, packaging design, low carbon industry, carbon emissions,
sustainable development

1 Introduction

The acceleration of urbanization has led to increasingly serious problems of water
resource pollution and shortage. The packaging industry has always been prone to resource
waste and environmental pollution, and the large amount of packaging waste generated
by the packaging industry has a serious impact on water resources and the environment.
The packaging of traditional plastic products, regardless of the treatment method, would
cause serious pollution to the Earth’s environment, with water pollution being the most
severe. According to statistics, the amount of packaging waste exceeds one-third of the
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total amount of household waste. Water resources are the primary
condition for maintaining the sustainable development of the Earth’s
ecological environment. Water resource protection is a huge project,
and the protection of water resources is not just a surface project,
but needs to be approached from a fundamental perspective. The
transformation of the packaging industry is an inevitable measure
to protect water resources. In the context of carbon neutrality,
green packaging design has become one of the effective solutions
to reduce the pollution caused by the packaging industry. Low
carbon production and manufacturing have become consumer
demands in the new era, and packaging and manufacturing
enterprises are gradually transitioning towards low carbon
production.

In the face of the demand for sustainable economic and
ecological development in the new era, reducing water resource
pollution and promoting sustainable development of water
resources require joint efforts from various fields and industries.
Water resource protection has always been a focus of attention
in the field of ecological environment. Li A conducted an
empirical analysis on the energy industry prospect of Xinjiang’s
water resources by expanding the energy economic model. He
also analyzed the interaction between economic growth, energy
development, energy consumption, water demand, and carbon
dioxide emissions in Xinjiang, and proposed suggestions for
coal development and utilization technology of limited water
resources in Xinjiang (Lietal, 2019). Wen Y believed that by
setting scenarios for returning farmland to forests and ecological
protection, the value of ecosystem services would increase on the
basis of ecological compensation standards. This method directly
reflected the increasing value of ecosystem services since the
implementation of measures to protect the ecological environment.
This method was more convincing and feasible than using ecological
compensation standards based on regional ecosystem service
values determined by land use/cover types, providing a new
approach for ecological compensation assessment in the Guanting
Reservoir Basin and other areas (Wen etal, 2018). Risha Uaa
provided practical solutions to protect the studied aquifers, such
as rainwater collection, artificial groundwater recharge, and safe
pumping of groundwater, and identified suitable locations for
implementing these measures using geographic information systems
(Risha and Sturchio, 2018). These literature have certain research
significance, but most of them are explored from a theoretical
perspective.

Under the continuous impact of the global low carbon economy,
the packaging industry is facing the challenge of transformation.
The development of green and low carbon packaging materials is
in line with the current trend of sustainable development concepts,
and green packaging design has attracted more and more attention.
Tan J’s study compared the effects of two carbon quota models on
corporate profits and total carbon emissions under three scenarios:
non-technical emission reduction, technological emission reduction
investment, and consumer low carbon preferences. The conclusion
indicated that in the case of technology emission reduction
investment, the profit of the unit quota model was higher than
that of the total quota model; in the context of low carbon
consumption preferences, the carbon quota model had no impact
on the profits of enterprises (Tan et al., 2019). C Das highlighted
some of the practical results of previous research on low carbon
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inventory control, transportation planning, facility allocation,
location selection, and supply chain coordination. These studies
would help supply chain practitioners make decisions in the
decision-making process, and a comprehensive review of literature
on supply chain management scheduling issues was conducted
(Das and Jharkharia, 2019). Vilarinho Fernanda reviewed the
potential applications of cellulose based nanocomposites in food
packaging materials, and highlighted several types of biopolymers
and nanocellulose fillers. These materials were used to form
biological nanomaterials, and the trend of nanocellulose packaging
applications was discussed (Vilarinho etal., 2018). These studies
have certain research significance for water resource protection,
but most of them have not been analyzed based on actual
situations.

Low-carbon packaging design can save various resources such
as materials, energy, and water resources, and reduce waste of
resources. Therefore, it helps to improve the resource utilization
efficiency and economic benefits of enterprises, thereby promoting
the development of low-carbon packaging design. The main
scientific issues studied in this article are: 1). How to evaluate
and quantify the water resource conservation benefits of low-
carbon packaging design, and how to evaluate and control
the impact of new materials used in low-carbon packaging
design on the water environment? 2) How to coordinate and
improve the interrelationship between low-carbon packaging
design and packaging waste recycling? 3) How to realize and
promote the innovation of low-carbon packaging design and
manufacturing technology? Combined with the development
status of the packaging industry, this paper studies the impact
of the traditional packaging industry, and also expounds the
relationship between the low-carbon industry and the protection
of water resources. Combined with the development model of
the low-carbon packaging industry, the impact model of water
resource protection is used to analyze the data of the low-carbon
packaging industry in Zhejiang Province, China, and its beneficial
effects on water resource protection have been confirmed in
experiments.

2 Water resource protection measures
and impacts

2.1 Packaging industry and water resource
protection

2.1.1 Impact of the packaging industry

With the rapid development of the social economy, the
acceleration of urbanization, and the development of the logistics
and packaging industry, a large amount of packaging waste
has caused serious environmental pollution. Currently, packaging
materials have the characteristics of short service life, high usage,
and difficulty in degradation. These types of packaging materials
have caused serious harm to the water resource environment
and human body. According to statistics, the fashion packaging
industry is the world’s second largest polluter, second only to the
petrochemical industry. People’s consumption of the packaging
industry is increasing day by day. Currently, the use of packaging
materials is the main cause of pollution in the packaging industry,
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TABLE 1 Life cycle assessment of shopping bag packaging materials.

10.3389/fenrg.2023.1224724

Indicator A class of shopping bags Category 2 shopping bag Unit ENEH
Size 27*13*49 23*12*39 Cm The capacity of the bag is equal
Weight 6.85 21 G
Main material Crude oil (7.03) Wood (43.3) KG Resource consumption
Energy consumption 9,930 126,000 Kcal
‘Water 20.6 2,310 KG
COo2 28.1 499 KG Air pollutant emissions
SO2 38 126 G
NO2 13 204 G
BOD 0 50 G Water pollutants
COD 5.36 130 G
Gray 0 0.2 KG Solid waste
Sludge 0.2 0.8 KG

mainly manifested in its impact on air, water resources, soil
resources, global climate, and other aspects.

1) The impact on the atmosphere, water resources, and soil: The
production of packaging materials also needs to go through
several stages such as raw material extraction, production
processing, use, recycling, and recycling. Each link may have
an impact on the environment. Some packaging materials
may release harmful substances into water and soil during
the production process, which would remain on Earth for
years. Another situation is that when producing a packaging
material, although the product does not have an impact on the
environment, the resources consumed in the production process,
including harmful substances separated from it, and emissions
generated from the production of the product, would have a
serious impact on the atmosphere, water, and soil. For example,
when producing paper products, although paper products are
made from trees as raw materials and do not pollute the Earth’s
environment, the materials consumed in the production process
also have a significant impact on the natural environment.
Therefore, the manufacturing process of packaging materials is
very important. The impact of packaging materials on the natural
environment can be evaluated through their lifecycle. The life
cycle assessment of materials refers to the assessment of the entire
life cycle of materials, including the acquisition of raw materials,
product manufacturing, product use, efc., and their impact on
the natural environment. Table 1 shows the life cycle assessment
of shopping bag packaging materials with different materials.

Table 1 listed the life cycle assessment tables for two types of
shopping bags, with one type referring to high-density polyethylene
shopping bags and the second type referring to unbleached kraft
paper shopping bags. The table also listed the resources consumed by
the two types of shopping bags, including raw material consumption,
energy consumption, water, efc. Among them, the use of shopping
bags generated atmospheric pollutants such as carbon dioxide
(CO,), sulfur dioxide (SO,), nitrogen dioxide (NO,), as well as water
quality pollutants such as COD and BOD. Solid waste included ash
and sludge. The data in the table showed that the emissions of Class

Frontiers in Energy Research

03

TABLE 2 Carbon emissions from packaging materials.

Packaging CO2 missions (KG)
Paper cup 0.07
Recyclable plastic cup (1 time) 0.22
Recyclable plastic cup (5 times) 0.04
Recyclable plastic cup (10 times) 0.03
Recyclable plastic cup (20 times) 0.02
Recyclable plastic cup (50 times) 0.01

IT shopping bags were higher than those of Class I shopping bags in
all three pollutants. It can be seen that a type of shopping bag causes
less pollution to the natural environment. However, according to the
data in the above table, both types of shopping bags do not meet
hygiene standards.

2) The impact of global climate change: Due to the combustion
of harmful substances in the production process of packaging,
coupled with the deforestation of a large number of forests,
this leads to an increase in the carbon dioxide content of the
Earth’s atmosphere, a sharp increase in the greenhouse effect,
and global warming, resulting in rising sea levels. The chain
reaction caused by the unreasonable production of packaging
poses immeasurable harm to the Earth. The packaging industry
directly or indirectly generates carbon dioxide in processes such
as manufacturing, storage, production, use, sales, and disposal.
Different packaging materials would have varying degrees of
carbon emissions, and the selection of packaging materials can
control the carbon emissions of the packaging materials, as
shown in Table 2.

From the data in Table 2, it can be seen that different packaging
materials affect carbon emissions, and there is a significant difference
in carbon emissions between paper cups and recyclable plastic
cups. However, as the number of recyclable plastic cups increases,
the carbon emissions gradually decrease and are less than those
of paper cups. It can be seen that the higher the recycling
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rate of packaging materials, the greater the positive impact on
carbon emissions. This can effectively reduce carbon emissions. The
significant consumption of natural resources by manufacturing and
the resulting pollution make it necessary to study the potential of
environmentally friendly materials, such as recycled aggregates and
recycled fibers (Gillani et al., 2023).

2.1.2 Packaging industry is facing transformation

The needs of human production and social progress consume
the resources of the Earth. With the development of productivity,
the resource and environmental carrying capacity of some
countries around the world has exceeded the upper limit, and
the ecological and environmental problems brought about by
production have become increasingly severe, including climate
change, environmental pollution, and scarcity. The pollution
impact of packaging on water resources is enormous, with marine
pollution being particularly prominent. The plastic waste generated
by the packaging industry causes serious pollution to marine
water resources. Due to the non degradability of plastic products,
both incineration and landfill can cause serious pollution. The
plastic foam in the express industry, the plastic lunch boxes and
plastic bags in the takeaway industry would produce a huge
amount of plastic waste. Plastic products also consume a large
amount of petrochemical products during the production and
manufacturing process, resulting in a large amount of pollutant
emissions. As the awareness of environmental protection gradually
deepens in people’s hearts, consumers’ consumption needs are
gradually oriented towards green and environmentally friendly
products. By vigorously developing the proportion of industries
with high levels of clean production and reducing the proportion
of industries with “high energy consumption and high pollution,”
sustainable economic and ecological development can be achieved
(Au Yong and Chin, 2019). How to reduce environmental pollution
caused by packaging materials and establish a low carbon
production system is an important research direction to solve this
problem.

2.2 Low carbon production

2.2.1 Relationship between low carbon
production and water resource protection

The problem of waste and pollution of water resources is
particularly serious, and the water cycle plays an important role
in global climate change. Realizing the safe and efficient use and
protection of water resources is an inevitable requirement under the
current new situation. Water is an essential but scarce resource. It
is estimated that 663 million people worldwide are unable to access
sufficient and safe living water, and demand is also increasing. By
2030, the world would have to cope with a 40% water shortage, which
would inevitably affect the supply of drinking water, sanitation
facilities, and food production (Viljoen and Walt, 2018). At present,
the phenomenon of large-scale consumption, waste disposal, and
emissions by people around the world to meet their production and
living needs is quite prominent. In China, the per capita carbon
dioxide emissions have reached the world average level, with a per
capita emission of approximately 5 tons. In people’s production and
daily life, it is inseparable from the consumption of water resources.
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When producing cans of packaging materials, 40 L of water need
to be consumed. Production and consumption not only consume a
large amount of water resources, but also generate a large amount
of carbon dioxide. The two have a common effect, which means
that low carbon and water resource conservation and protection are
interdependent. The impact of climate change on water resources
is also uncertain, which increases the difficulty of water resource
protection and management. The rational and utilization of water
resources can not only promote resource conservation, but also
reduce carbon emissions. The low carbon production model can
play an important role in promoting water resource planning and
utilization, and improving the ecological benefits of water resource
system operation. In order to better protect water resources, it
is necessary to comprehensively analyze the impact of climate
change on water resources, upgrade the industrial structure of
industries with high carbon emissions, and carry out low-carbon
concept implementation work. Low-carbon production refers to
minimizing greenhouse gas emissions and energy consumption
in the production process, and adopting energy-saving, efficient
and clean production methods to reduce environmental pollution
and the impact of climate change. Low-carbon production can
be achieved through technological innovation, optimization of
production processes, and energy conservation. It can include
measures such as reducing the use of fossil energy, adopting
renewable energy, and optimizing product design. Low-carbon
production is an important strategy for sustainable development,
aiming to achieve coordinated economic, social and environmental
development. In recent years, China has upgraded its industrial
structure, implemented measures such as carbon neutrality and
carbon emission reduction, and formulated a green and low
carbon industrial development model. The industrial structure
has an increasing demand for low carbon resources and scenario
energy. The main role of green finance is to promote low carbon
development and environmental protection, but it is not the best
tool to promote the growth of manufacturing industry and improve
the level of industrial structure. Due to the spillover effect of
green finance in the process of promoting the development of the
manufacturing industry, it is necessary to continuously increase
green finance investment for a long time and gradually promote
the low carbon and sustainable development of the manufacturing
industry (Xu et al., 2023).

Different regions are facing different water resource problems.
In China, the distribution of water resources is uneven, the supply-
demand contradiction is prominent, and the utilization rate of water
resources is not high, which leads to serious water resource waste.
The traditional packaging industry has brought serious pollution to
people’s living environment. Plastic and other packaging materials
with polluting properties have caused a large amount of sewage
discharge during the production process. In addition, due to the
low recycling rate of packaging materials, the garbage generated by
packaging materials has brought serious pollution to groundwater
resources. The carbon dioxide greenhouse gases generated during
the production process also pose serious obstacles to the protection
and management of water resources. Reducing carbon emissions
in the packaging industry is an inevitable measure to reduce
pollution in the packaging industry. The packaging industry is facing
transformation challenges in the context of sustainable development
requirements in the new era. Low carbon production refers to

frontiersin.org


https://doi.org/10.3389/fenrg.2023.1224724
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#articles

Yang et al.

a new production method that integrates the core concept of
reducing carbon development into the entire process of products,
with the main goal of reducing carbon emissions and improving the
production process. Building an environmentally friendly society,
clean and renewable energy plays a crucial role (Yang et al., 2023).
Low carbon production is in line with the concept of sustainable
development, and the use of clean energy has a huge promoting
effect on promoting low carbon emissions and reducing energy
consumption.

2.2.2 System boundary classification of the
packaging industry

The packaging industry is a huge industry, covering many
different types of packaging and applications. In this industry,
different packaging types are designed and produced to meet
a variety of different needs and markets. Therefore, the system
boundary classification of the packaging industry is also very
extensive.

First of all, the system boundaries of the packaging industry can
be classified according to the materials used. These materials include
paper, plastic, metal, etc.,. For example, paper products include all
kinds of cardboard, corrugated cardboard, wrapping paper, efc.,;
Plastic products include PET, PE, PP, PS, efc.,; metal products include
aluminum, iron, tin, efc.

Secondly, the system boundaries of the packaging industry can
be classified according to the purpose of packaging. Food packaging,
pharmaceutical packaging, cosmetic packaging, industrial supplies
packaging, etc., all belong to different categories. Each application
requires specific materials and processes to meet its special needs.

In addition, the system boundaries of the packaging industry can
also be classified according to the production process. For example,
printing and packaging require printing technology, injection
molding packaging requires injection molding technology, and blow
molding packaging requires blow molding technology. Different
processes will affect the quality, characteristics and sustainability of
products. The system boundaries of the packaging industry can also
be classified according to product types. There are bagged products,
bottled products, boxed products, canned products, etc.,. Each
product type requires a specific packaging design and production
process.

Finally, the system boundaries of the packaging industry can be
classified according to the market area. Daily necessities packaging,
industrial supplies packaging, medical supplies packaging, etc., all
belong to different categories. These areas cover a variety of different
types of applications, each of which requires a specific packaging
solution.

In short, the system boundary classification of the packaging
industry is very extensive. In product design and production,
understanding the characteristics and requirements of each
classification can help companies better meet market needs and
provide better products and solutions.

2.2.3 Production mode of low carbon packaging
materials

Under the background of carbon neutrality and the common
goal of carbon emission reduction in modern society, water
resources protection and utilization would be oriented to green,
intelligent, integrated, coordinated, innovative and other innovative
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directions. The packaging industry should integrate the concept
of green and low carbon into the whole process of packaging
production, improve the production mode of manufacturing, and
promote carbon emission reduction and carbon cycle, so as to
play an effective role in the utilization and protection of water
resources. In the dual context of energy economy and environmental
protection, the optimal decision to expand the low carbon supply
chain is of great significance for the energy manufacturing industry
(Wu and Xia, 2023). Reforming the production methods of
the packaging industry requires starting from various aspects
of the industry. Firstly, it is necessary to choose high-efficiency
packaging production equipment and green supporting facilities.
Low carbon packaging raw materials need to be selected and
advanced production technologies that improve resource utilization
are adopted, so as to achieve the goal of reducing the generation
of packaging waste and repair products. In the design process
of packaging, it is necessary to adhere to the concept of green
production and consumption, and design packaging products
that meet the requirements of hygiene standards. The safety and
stability of the packaging production process should be ensured to
prevent the discharge and overflow of harmful pollutants during
the production process. The waste of packaging materials should
be recycled, and the production process should be adapted to
clean energy as much as possible. For the packaging industry,
paper and plastic products account for more than half of the
raw material usage of packaging materials. The packaging industry
needs to improve its production process and reduce the use of
packaging materials from the source in order to reduce pollution
to the water and atmospheric environment. It is necessary to
consider the carbon emission intensity coefficient and economic
cost of packaging materials, analyze their data, and make scientific
decisions. In terms of packaging design functions, it is necessary
to optimize and design low carbon, green, and environmentally
friendly packaging products. The design of the production model
of low-carbon packaging materials needs to consider the following
aspects.

1) Choice of green materials: choose recyclable and biodegradable
materials, such as paper, bio-based plastics, etc., to replace
traditional plastics, and try to use local or short-distance
transportation of raw materials.

the the

production process, minimize waste, energy consumption and

2) Optimize production process: By optimizing
greenhouse gas emissions, such as the use of high-efficiency
production equipment, production technology and production
management.

3) Reduce the amount of packaging: Under the premise of ensuring

product quality, minimize the material and volume of packaging

and reduce the impact of packaging waste on the environment.

4) Adopt renewable energy: use renewable energy to drive

production equipment, such as solar energy, wind energy, etc.,

to reduce carbon emissions in the production process.

5) Establish a recycling system: establish a recycling system to

recycle and recycle waste packaging materials, extend the life

of materials, and reduce waste of resources and environmental

pollution.

Through the above measures, the design of a production model
of low-carbon packaging materials can achieve energy conservation
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FIGURE 1

Research model on the impact of low carbon packaging industry on water resource protection.

and emission reduction, reduce carbon emissions, and achieve the
goal of sustainable development.

2.3 Investigation on low carbon packaging
design for water resource protection

Since the primitive era, the protection and management of
water resources have also been considered a very important
issue (Gopakumar, 2019). From the mid to late 20th century
to the present, people have taken a large number of protective
measures, and many water-saving methods and technologies have
also emerged, including industrial water conservation, living water
conservation, water supply system water conservation, and other
water conservation technologies. The utilization, protection, and
management of water resources have developed together, which has
to some extent improved the utilization rate of water resources.
However, with the increasing demand for water resources, the
carbon emissions generated by human production and life are
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also increasing year by year, and the impact on global climate
is particularly serious. The problem of water resource shortage is
still significant. The shortage of water resources in major cities is
severe and long-term. With the intensification of urbanization, water
pollution continues to deteriorate (Ondigo etal., 2018). The low
carbon production structure has a huge promoting effect on the
field of environmental protection. In the process of model research
and analysis on the impact of low carbon packaging design and
industrial upgrading on water resource environmental protection,
it is necessary to link various elements in the model, and combine
the common influencing factors of the packaging industry and water
resource management departments for research. The impact of low
carbon packaging design and industrial structure upgrading on
water resource protection can be studied from social, economic,
environmental and other indicators. With the positive correlation
between environmental performance and environmental protection,
the higher the level of environmental performance achieved, the
better the environmental quality. The environmental performance
of the manufacturing sector can be further improved by promoting
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FIGURE 3
Pulse curve of the packaging industry’s impact on sewage discharge in different periods.

environmental management plans (Wang etal., 2022; Xiaoetal., 1) Descriptive statistical analysis: Perform descriptive statistical
2022), as shown in Figure 1. analysis of the frequency distribution, mean, standard deviation,

Figure 1 shows the relationship between the packaging industry skewness, kurtosis, etc., of the data in order to understand the
and water resources, water environment, and society. This model distribution of the data and the quality of the data.
indicates that upgrading the industrial structure of the packaging  2) Logic verification: Verify the correctness and consistency of
industry needs to be carried out within the allowable range of water the data by checking the logical relationship, numerical range,
resources and environment (Simons, 2020). normative, etc., in the data.

Data evaluation refers to the verification, inspection, analysis ~ 3) Sampling and testing: Through sampling and testing of the data,
and evaluation of the collected data to ensure the accuracy, the accuracy and reliability of the data are checked.
completeness, consistency and reliability of the data. The main  4) Data comparison: Check the consistency and accuracy of the data
methods of data evaluation are as follows. by comparing with other data.
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TABLE 3 Comparison of sewage emissions before and after low carbon industries.

2010 (Ten thousand cubic meters)

2020 (Ten thousand cubic meters)

Heavy industrial zone 176,322 169,038
Urban living water 126,001 102,800
Rural 115,988 97,720

Light industrial zone 120,566 87,055
other 88,364 53,209

Total sewage discharge 637,241 509,822

5) Data model inspection: Through the use of data to establish a
model, and the model is inspected and verified to check the
reliability and validity of the data.

6) Data integrity check: Verify the integrity and validity of the data
by checking whether there are missing values, duplicate values,
outlier values, efc., in the data.

In summary, the main methods of data evaluation include
descriptive statistical analysis, logical verification, sampling
detection, data comparison, data model inspection, and data
integrity inspection. Depending on the data type and evaluation
purpose, different methods can be selected for data evaluation. In
the above-mentioned research model on the impact of the low-
carbon packaging industry on the protection of water resources,
the relationship between economy, environment, resources, etc.,
is included. You can use mathematical formulas to represent
the logical relationship between them, such as the following
formula:

G(t) =

£(G;(t) + G;(t— 1) + Li(1)) (1)

In Formula (1), Gi(t) represents the level of water resource
environmental protection during the time period t; G;(t—1)
represents the status of raw water resource protection; L;(t)
represents the influencing indicators and factors of the overall water
environment; the indicators in the water environment impact model
can be represented by Y;(i = 1,2,3,4...).

When Y; changes continuously, the derivative of Formula (1) can
be taken, which is expressed as follows:

dG 10) of; dG;

e (t=1) T (ic) @

_Zac [

In Formula (2), if % is greater than 0, model Y; can achieve

1
mutual coordination when G;(t) reaches its optimal state in the
360D’ Y, can
achieve overall coordination. The formula can be converted into the

same t-period. If there is a negative energy in

following form:

dO(t) do(t-1) do(t)
TR TM(t) —N(t) (3)
In Formula (3), do( Y can be expressed as follows:
do(t) dO(t) do(t) do(1)
o I A+ o B(1)+ o C(1) (4)

From the analysis of Formulas 3, 4, and combined with Formulas
1-3, it can be seen that Y; is mainly affected by M(f) and

1
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TABLE 4 Contribution rate of sewage discharge before and after low carbon
industry.

Area 2010 (%) 2020 (%)
Heavy industrial zone 43 39
Urban living water 15 10
Rural 14 9
Light industrial zone 19 9

N(t) during the t period. From the above calculation formula, it
can be seen that the packaging industry and water environment
protection are a dissipative structure model, with multi-dimensional
interactions between the external and internal aspects of the
model. The model would use a type structure to replace the old
structure, which brings about changes in indicators, namely, the
impact and role of water resource environment protection (Singh,
2020).

3 Data evaluation on the impact of low
carbon packaging on water resources

The experimental data sample for this article was selected from
a water resource utilization sample in a certain region of China.
China has abundant water resources, but its utilization rate is
low (Huang et al., 2022). Water resource allocation is unreasonable,
and China is a country with developed packaging manufacturing
industry, which brings huge economic benefits to the people. The
packaging industry has caused serious pollution to water and
natural resources due to the discharge of various wastewater and
sewage during the production process, as well as the huge carbon
emissions generated during the manufacturing process (PKWPP063
and Kim, 2023). To verify the effectiveness of the above model,
a water resource environment in a similar region of Zhejiang
Province, China was selected as the experimental object. As a major
manufacturing province in China, Zhejiang Province has seen rapid
development in its packaging industry. In recent years, the packaging
industry has successfully transformed under the requirements of
sustainable development concepts. The experiments conducted data
statistics on the efficiency of the impact of low carbon packaging
industry and traditional packaging industry on water resources in
the region, as shown in Figure 2.

Figure 2 showed the comparison of low carbon packaging
industry and traditional packaging industry, as well as the best
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impact efficiency indicators. From the results in the figure, it
could be seen that the efficiency of the low carbon packaging
industry’s impact on water resources was relatively close to the
optimal efficiency indicator (Yin etal, 2017). As the amount of
water resources increases, the efficiency of the traditional packaging
industry’s impact on water resources gradually decreased. The
efficiency of the low carbon packaging industry’s impact on water
resources was as high as about 90%, which was close to the data of the
optimal impact probability efficiency indicator. With the increase
of water consumption, when the water consumption reached 80
tons, the efficiency of the impact on water resource protection was
still as high as 87%. The efficiency of the traditional packaging
industry decreased to 58% at this time. It could be seen that the
transformation of the packaging industry towards a low carbon
structure had a higher impact efficiency on water resources. The
transformation of packaging enterprises could greatly improve the
efficiency of their impact on water resources and the environment
(Deng et al., 2019).

The packaging industry belongs to the tertiary industry, and the
implementation of low carbon packaging design in the region also
has a certain impact on the sewage discharge in the region (Jabeer,
2020). The packaging industry in the province developed during the
transition from the secondary industry to the tertiary industry. At
present, industrial upgrading is oriented towards the development
of green production and consumption structure (Cao and Qian,
2023). The pulse impact curve of the packaging industry on sewage
discharge in the region during a certain period of time also varied,
as shown in Figure 3.

Figure 3 showed the pulse curve of the packaging industry’s
sewage discharge in different periods in the region of Zhejiang
Province. During the 0-10 period, it referred to the packaging
industry during the first industrial structure period. During the
period of 10-35, it referred to the second industry structure
period. 35-50 referred to the current period of the tertiary industry
structure. From the impact of packaging production on sewage
discharge during different periods in the figure, it could be seen that
during the first industry period, due to the incomplete development
of the packaging industry and the budding period, sewage discharge
showed a downward trend. During the packaging industry period
of the secondary industry, the packaging industry was a traditional
form of industrial structure and developed rapidly. The pulse curve
of sewage discharge accelerated in the early stage, indicating that
the sewage discharge generated during the traditional packaging
industry period was relatively large. In the mid-term stage, the
pulse curve decreased, indicating that the local government took

10.3389/fenrg.2023.1224724

corresponding sewage treatment measures. In the later stage, the
amount of sewage discharge increased again. In the period of
the tertiary industry structure, the packaging industry already
transformed and implemented the concept of green and low
carbon (Jeon, 2022). From the positive pulse standard deviation
curve in the figure, it could be seen that the sewage discharge
during the low carbon package installation industry during the
tertiary industry period decreased, and the curve was relatively
stable, indicating that the sewage discharge during this period
was controlled. It could be concluded that packaging design in
a low carbon environment could to some extent reduce sewage
emissions.

The following was a statistical analysis of the sewage discharge
volume and contribution rate of different regions in the province. A
comparison was made between the sewage discharge volume before
and after the implementation of low carbon industries in the region,
as shown in Tables 3, 4.

From the data in Tables 3, 4, it could be seen that the sewage
discharge decreased in 2010 and 2020, and the sewage discharge
in different regions of the province underwent varying degrees of
change since the implementation of low carbon industries. The data
in Table 3 showed that the sewage discharge in the light industrial
zone decreased from over 120,000 m® of sewage discharge to over
80,000 m* of discharge. Compared with heavy industry, urban
living water and rural areas, light industry sewage discharge had
the largest proportion of decline, while sewage discharge in other
areas declined to varying degrees. For example, urban living water
consumption decreased from 120,000 m? to 100,000 m>. The results
of Table 4 also showed that the contribution rate of wastewater
from light industrial zones decreased by 10%. It could be seen
that since the implementation of low carbon industries in the
province, the amount of sewage discharge was alleviated to a certain
extent, especially in the light industry. This could reflect that the
implementation of low carbon packaging industry had a certain
promoting effect on reducing sewage discharge and protecting water
resources.

From the data in Table 5, it could be seen that after implementing
the low carbon packaging industry in the province, the average
value of pollutants brought by packaging materials decreased. The
emissions of atmospheric pollutants such as carbon dioxide, sulfur
dioxide, and nitrogen dioxide all decreased. Especially, the emission
of carbon dioxide decreased by over 60,000 tons, and the water
quality pollutants generated by the low carbon packaging industry
also decreased. The data showed that the BOD and COD water
pollutants decreased by 2,200 tons and 4,600 tons, respectively. The

TABLE 5 Pollutant production in traditional packaging industry and low carbon packaging industry.

Pollutant Traditional packaging industry Low carbon packaging industry
CO, 26.3 20.9 Ten thousand tons
SO, 2.9 2.8 Ten thousand tons
NO, 2.5 1.9 Ten thousand tons
BOD 0.43 0.21 Ten thousand tons
COD 0.98 0.52 Ten thousand tons
Solid waste 1.2 1.1 Billion tons

Frontiers in Energy Research

09

frontiersin.org


https://doi.org/10.3389/fenrg.2023.1224724
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#articles

Yang et al.

solid waste generated decreased by 0.1 tons. From this data, it could
be seen that the low carbon packaging industry had significant
effects in water resource protection, thus reducing the emissions
of water pollutants and carbon emissions, which could to some
extent improve the efficiency of water resource protection and
management.

4 Conclusion

The packaging industry is increasingly developing and plays
an important role in environmental protection. The environmental
problems brought by the traditional packaging industry are
becoming increasingly severe. This article studied the impact of
the packaging industry on the ecological environment, including
its impact on water resources. Reducing carbon emissions was
of great significance for water resource protection. Combining
the concept of low carbon development, utilizing the low carbon
packaging industry model, green production and consumption,
and reducing water pollution caused by the packaging industry
were of great significance for water environment protection. To
analyze the impact of low carbon industries on water resource
protection, a model was proposed, which summarized various
factors that affected water resource protection. Finally, in the
experimental section, taking the current situation of water resource
protection and packaging industry in Zhejiang Province, China as
an example, the impact of low carbon packaging industry on the
water resource protection efficiency and sewage discharge in the
region was analyzed. The experimental data showed that compared
to the traditional packaging industry, the low carbon packaging
industry to some extent reduced sewage emissions, reduced the
average total carbon emissions generated by the packaging industry,
and improved the efficiency of water resource protection. However,
the article also had its shortcomings. In studying the impact model
of low-carbon packaging industry on water resource protection, the
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