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Abstract: Consumptions of cosmetics present a steady growth trend from 2018 to 2021 in China.
While environmental impact generated are becoming prominent issues. Numbers of research on the
sustainability of cosmetics are focusing on ingredient choices and production; however, the packaging
generates more impact than the ingredient extraction in some specific scenarios, and it should be
paid more attention to. The role of packaging deserves deep consideration under the background
of a circular economy. This research aims to: (i) figure out the impact hotspot through life cycle
assessment (LCA) of representative cosmetic packaging in the Chinese market, (ii) conduct a series of
sensitivity analyses to figure out to what extent these potential scenarios influence the environmental
performance of the packaging, (iii) obtain the significance of these variables to the sustainable design
of the packaging. Finally, a set of sustainable design strategies for cosmetic packaging are proposed
for the designer from the aspect of facilitating user reuse and recycling behaviour, material selection,
and others.

Keywords: sustainable design; design strategy; packaging; cosmetic; LCA

1. Introduction

With the rapid development of the living standard in China, the demand for cosmetics
has grown steadily in recent years. The pursuit of external beauty and a delicate impression
may become the major drives after the rise in living conditions, along with economic
growth. Cosmetics are switching their role from alternative merchandise to daily necessities
underpinned by thriving e-commerce.

As Figure 1 shows, the retail value of the cosmetics category in China kept growing
from 2018 to 2021. Current period values illustrated there were three sales peaks in one
year, March, the period after the Chinese New Year, June and November, and two shopping
festivals, 618 and Double 11. The year-on-year and cumulative growth rates were greater
than zero in most of the period; it only dropped below zero during the initial stage of the
COVID-19 epidemic period, from January to June 2020, and grew again after the epidemic
was under control; moreover, a huge growth appeared in March 2021. A notable growth in
retail sales can be predicted. Accordingly, cumulative values presented an increasing trend
as the peaks were higher and higher yearly [1].

Meanwhile, a male consumption consciousness of cosmetics is awakening recently;
10 million units of merchandise were stocked for Double Eleven Shopping Day in 2020,
which was almost twice as much as in 2019. In addition, imported cosmetics for men have
grown rapidly, by nearly 3000%; a previous report has shown that 31% of men expressed
they would never use them, but the proportion had decreased to 10% in 2019 [2]. Skincare
products for men increased by 30% in 2020 [3].

With the rapid rise in sales, waste of cosmetic packaging after the use stage increases
at the same time. Furthermore, a shift from reusable packaging to single-use one due
to globalisation and simplification of the supply chain is observed [4]. The relationship
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between humans and the environment deserves deep consideration under the background
of the circular economy. Reducing the environmental impact of the packaging during the
whole life cycle through a recycling-oriented material selection, reasonable purchase and
consumption, instructive recycling and reuse is the pursuit of the circular economy [5].
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Life Cycle Assessment (LCA) is a powerful tool for quantitative research on the sustain-
ability of a system or product as an observer; it has been used to evaluate the environmental
impact of a set of raw materials for packaging, including wood and plastic material [6],
PET bottle [7], biomass-based and oil-based plastics [8], beverage packaging [9], multilayer
polymer bag [10] and bio-plastic for food packaging [11]. LCA is also recommended by Es-
cursell et al. [12] as a tool to verify the environmental performance of the new solutions for
packaging design. Sustainable or ecological design becomes more effective if working with
LCA. Civancik-Uslu et al. [13] used LCA to figure out the key life cycle stage of cosmetic
packaging to implement eco-design is the raw material production and recycling; in the
case study, mineral fillers are partially used for production instead of virgin petrochemicals
to reduce the eco-impact of the packaging.

So far, most of the research on the sustainability of packaging mainly focuses on
food-related products, because it is strongly associated with human daily health. Numbers
of research on the sustainability of cosmetics put attention on the ingredient choices and
production but not the packaging aspect [14,15]; however, in some specific scenarios, the
packaging generates more impact than the ingredient extraction [16], and it should be
brought to the forefront now.

Reuse and recycling play important roles in sustainable packaging. Well-designed,
refillable and reusable packaging, considering re-sealability, user-friendliness, and choice
of material, can reduce environmental impact [4,17]. In addition, reuse has a greater effect
than recycling, as the latter depends on consumer recycling behaviour [18,19].

However, a study illustrates that purchasing and recycling behaviours of consumers
depend on their environmental awareness, positive attitude to green purchasing, etc. [20].
The question is that consumers evaluate packaging through subjective feelings to design,
graphics, material, and supposed recyclability [21,22]; besides, they can be easily misled
by salient cues that may not reflect actual environmental impacts. Two recent pieces of
research indicated that consumer perceptions do not align with LCA results; plastic is
underestimated, and glass and biodegradable plastics are overestimated [21,23].

Furthermore, some sustainable packaging has eco-label, but consumers have limited
knowledge [22]. A survey reveals that urban consumers had an overall low perception
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of carbon-labelled products in Chengdu, China, which will influence purchase behaviour
significantly [24].

Several studies show a set of potential solutions for filling the gap between consumers
and sustainable packaging. Sustainable packaging needs to be designed with good com-
munication and interaction, to highlight the environmental benefits of the product and the
packaging, and to inform consumers of the proper way to reuse and recycle, and how their
behaviours can contribute to reducing the environmental impact [21,25,26].

On the other hand, robust modelling of the use phase considering consumer behaviour
is crucial during the LCA and sustainable design. Intervention that changes consumer
behaviour generated by redesigning the packaging will be a good approach for reducing
the impact [27].

In other words, the designer can influence consumer purchase, consumption, recycling
and reuse behaviour through the sustainable design approach. Therefore, the design phase
is a crucial life cycle stage for cosmetics because the environmental impact of other stages
and the whole system are generally defined at this phase; this means it has a higher decisive
effect on the environmental performance of the product than other stages [28].

This research aims to figure out to what extent sustainable design influences the
environmental performance of the packaging and propose a set of sustainable design
strategies for cosmetic packaging through the following processes:

• To perform a literature review on aspects of cosmetic packaging design, sustainable
design, consumer behaviour and LCA.

• To conduct LCA of a group of representative cosmetic packaging according to the prod-
uct that an international leading cosmetic company put on the China market in 2021,
and figure out the main contribution to the environmental impact and opportunities
for sustainable design.

• To propose a series of potential scenarios for improving the environmental per-
formance from aspects including recycling, material use, appropriate use, trans-
portation, and direct reuse. To evaluate the improved concepts through LCA and
sensitivity analysis.

• To evaluate the significance of these variables in scenarios to the sustainable design of
these cosmetic packaging through sensitivity analysis.

• To propose a set of sustainable design strategies for cosmetic packaging.

2. Materials and Methods
2.1. Introduction of LCA

Life Cycle Assessment (LCA) is a quantitative analysis tool for evaluating the sustain-
ability of a system or product’s life cycle, including raw material extraction, manufacturing,
distribution, use, and end-of-life; it consists of goal and scope, life cycle inventory (LCI)
analysis, Life Cycle Impact Assessment (LCIA), and interpretation [29,30]. The LCA con-
ducted in this research follows the ISO 14040/14044.

2.2. Goal of the LCA

In order to find a group of representative cosmetic packaging as the object of research,
the products that an international leading cosmetic company put on the China market from
January to July 2021 are investigated. The data have sufficient representativeness in the
specific period, as these products from the company share the most market occupancy;
224 beauty and personal care products have been put on the market, including 196 colour
cosmetics, 24 skincare, and 4 hair products; 185 products use plastic, including PE, PET,
and others, as the packaging material, share 82.59%; 14 products use plain and coloured
glass, and share 6.25%; the other 25 products are not specified [31], which indicates that
plastic and glass are major materials that cosmetic packaging used in China market in 2021.

In this research, three actual samples of cosmetic packaging obtained from the manu-
facturer are used as the objects of the study. No. 1 is a 200 mL bottle made of PET. No. 2 is
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a 120 mL bottle made of glass. No. 3 is a 150 mL bottle made of PET. All caps are made
of HDPE.

The goal of the LCA in this research is to evaluate the environmental impact of
these representative cosmetic packaging quantitatively and to identify the hotspot of the
contribution and opportunities for sustainable design.

2.3. Scope of the LCA
2.3.1. Functional Unit

The functional unit is the product quantity to be assessed in the LCA. To compare the
environmental impacts of different products, it must be equivalent.

In this case, the functional unit must be a volume that makes the amount of three
bottles integral logically. As Table 1 shows, to achieve equivalent volume and integral
amount of bottle for all, 9 pieces of No. 1—200 mL bottle, 15 pieces of No. 2—120 mL bottle,
and 12 pieces of No. 3—150 mL bottle are required. The Functional unit is 1800 mL.

Table 1. Functional unit of the LCA.

Bottle No. Volume (mL) Amount (p) Functional Unit (mL)

No. 1 200 9 1800
No. 2 120 15 1800
No. 3 150 12 1800

2.3.2. System Boundaries and Excluded Processes

In order to analyse the life cycle of the packaging comprehensively and reveal the
effect of design on using and recycling behaviours of the user. The system boundary
considered in the LCA is from cradle to grave, including extraction and transportation of
raw materials, manufacturing and assembly, transportation from factory to retailer and
retailer to consumer, use, and end-of-life stages, as Figure 2 shows.

For focusing on the research subject and limiting the scope to an appropriate range,
the following processes are not included in the system boundary due to that their impact is
not directly relevant to the research, or it is an accidental event:

• Production, maintenance, and disposal of infrastructure and capital equipment such
as buildings, machines, roads, etc.

• Auxiliary materials such as flexible foam inside the cap, because the consumption is
relatively low.

• Product losses due to unusual damage, such as natural disasters or accidental fires.
• Handling processes at the distribution centre and retail store.
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2.3.3. Assumption and Limitation

The key assumptions and limitations are listed below:

• According to the data acquired [31], 224 products are manufactured in France, Spain,
the UK, the USA, Japan, and South Korea. Electricity for the global market is used.
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• Transportation from the manufacturer to retailer is assumed as from France to China,
because most of the products are manufactured in France. The distance is calculated as
16,720 km, transported by transoceanic ship. Transportation from retailer to consumer
is assumed to be a return trip, 10 km, transported by a passenger car with EURO
4 emissions, which shares the most proportion of the passenger car in China at present.
The total weight of all goods purchased is 10 kg.

• No damage data are available in the use stage. The research assumes that the consumer
does not damage the packaging by accident.

• 100% of consumers follow the municipal waste disposal rules in the end-of-life stage.

2.3.4. Data Collection

For the data collection, specific and generic data are used in the research as follows:

• Material mass is collected by weight.
• Generic data including the manufacture process, electricity use, transportation, dis-

posal, etc. are sourced from the ecoinvent 3.5 database [32], which is the most com-
prehensive and widely used background database in LCA provided by the ecoinvent
Association based in Zurich, Switzerland.

• The data related to the geographical locations where the processes occurred.
• The technology represented the average technologies at the time of data collection.

2.4. Life Cycle Inventory (LCI) Analysis

This section presents the inventory of the life cycle of these three bottles.

2.4.1. Raw Material and Manufacture

As Table 2 shows, the mass of three bottles and caps are weighed by electronic scale.
Material and process used for manufacture are also listed below.

2.4.2. Transportation

Transportation includes two aspects, from manufacturer to retailer, and from retailer
to consumer. The distances are assumed as 16,270 km and 5 km based on the acquired
geography information. In the ecoinvent database, the data for the transoceanic ship
includes the weight of packaging and distance, but the data for the passenger car only
includes distance. Therefore, data allocation needs to be conducted according to the weight
of the purchase assumption.

Table 2. Material and process of the three bottles.

Bottle No. Part Material Process Weight (g) Total Weight (g)

No. 1
Bottle PET Injection

moulding 77.1
98.75

Cap HDPE Injection
moulding 21.65

No. 2
Bottle Glass

Packaging
glass, white,
production 1

188.78
206.31

Cap HDPE Injection
moulding 17.53

No. 3
Bottle PET Injection

moulding 25.59
33.14

Cap HDPE Injection
moulding 7.55

1 Integrated in the material process of the ecoinvent database.

It is assumed that the consumer purchases not only cosmetic goods with the packaging
in one shopping trip, but also other kinds of goods. The total weight of all goods purchased



Sustainability 2022, 14, 8155 6 of 15

is 10 kg; moreover, it should be a return trip for the shopping, which means the distance
travelled is double, 10 km. As a result, the transportation calculation from retailer to
consumer is equal to the weight of the packaging divided by 10 kg and multiplied by
10 km, as Table 3 shows.

Table 3. Transportation.

Transportation Stage Vehicle Distance (km) Calculation

From manufacturer in France
to retailers in China Transoceanic ship 16,270 Weight of packaging × 16,270 (kg·km)

From retailer to consumer Passenger car with EURO
4 emission 5 Weight of packaging/10 × (5 + 5) (km)

2.4.3. Use

In this research, a use efficiency parameter is set to simulate whether the user has
over-use or appropriate use behaviour during the use stage; it is set to 1 in the default
scenario, which indicates the user uses a 100% common usage amount of the product. In
the discussion section, two types of user behaviour mentioned above will be simulated by
changing the parameter from 80% to 120% to investigate to what extent user behaviour or
usage amounts influence the environmental impact of the packaging. At the end of the
stage, a clean behaviour after being used up implied by the user is also included before the
end-of-life stage; it uses 500 mL of tap water by default and will be changed in scenarios in
the discussion.

2.4.4. End-of-Life

Waste scenario and treatment are modelled based on the default waste treatment pro-
cess in the ecoinvent [32] and modified according to the plastic disposal data published in
China [33]; 32% of plastic waste in China in 2019 went to landfill, 31% went to incineration,
30% went to recycling, and 7% is abandoned. The scenario simulated the situation. The
waste stream goes to the first level of waste treatment such as ‘Packaging glass, white (waste
treatment) {GLO}|recycling of packaging glass, white|APOS, U’, ‘PE (waste treatment)
{GLO} recycling of PE|APOS, U’ etc. And remaining waste goes to the second level, such
as ‘Municipal solid waste {Row}|treatment of, incineration|APOS U’, etc. Four parameters,
recycling rate for glass (rr4g), PE (rr4p), PET (rr4pt), and landfill of plastics (landfill) are
added for further discussion as Table 4 shows.

Table 4. Waste scenario and treatment.

Waste Treatment Materials/Waste Types Percentage
(Default Value)

Packaging glass, white (waste
treatment) {GLO}|recycling of

packaging glass, white|APOS, U
Glass rr4g

(46.5)

PE (waste treatment)
{GLO}|recycling of PE|APOS, U PE rr4p

(30)

PET (waste treatment)
{GLO}|recycling of PET|APOS, U PET rr4pt

(30)

Waste plastic, mixture
{RoW}|treatment of waste plastic,
mixture, sanitary landfill|APOS, U

Plastics landfill
(32)
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Table 4. Cont.

Waste Treatment Materials/Waste Types Percentage
(Default Value)

Waste plastic, mixture
{RoW}|treatment of waste plastic,

mixture, municipal
incineration|APOS, U

Plastics 31

Remaining Waste

Municipal solid waste
{RoW}|treatment of,

incineration|APOS, U
16.9

Municipal solid waste
{RoW}|treatment of, sanitary

landfill|APOS, U
83.1

3. Results
3.1. Life Cycle Impact Assessment Method and Tool

The world-leading and widely used LCA software SimaPro 9 [34] is used as an LCA
tool in the research. The LCIA method used in the research is ReCiPe 2016 Endpoint
(H) v1.03 developed by RIVM and Radboud University, CML, and PRé Consultants; it
includes 18 midpoints focusing on single environmental issues and 3 endpoint indicators
illustrating environmental impact on human health, biodiversity and resource scarcity [35].
The method has a solid research foundation as it is developed based on CML 2001 and
Ecoindicator 99 methodologies; it has comprehensive midpoint results for expert and
straightway endpoint results for the common reader, and moreover, it is well-integrated
with the SimaPro as the default method.

3.2. Comparative LCIA Results of Three Bottles

Figures 3 and 4 show the comparative LCIA results of three bottles, which have the
same functional unit, 1800 mL.

Figure 3 shows the relationship of impacts in three endpoints in percentage, including
Human health, Ecosystems, and Resources. Obviously, No. 2 generates the greatest impacts
on human health and Ecosystems, and the second on Resources. No. 1 generates the
greatest impact on Resources and the second on others. No. 3 generates the lowest impacts
on all three categories.

The proportions in each impact are clear, but these impacts in different categories
are not comparable as they are in different measures. Normalisation and weighting make
the results in three endpoint categories comparable by multiplying by two sets of factors,
‘world (2010) H/A’. The impact on Human health is emphasized distinctly.

Figure 4 shows single score results of three bottles, which put scores of each bottle in
three endpoint categories in one line; it is obvious that No. 2 generates the greatest impact,
609.20 mPoint (mPt), and No. 3 has the lowest impact, 366.20 mPt, of all three bottles.
Table 5 lists their specific scores.

Table 5. LCIA single score results of three bottles.

Bottle No. Human Health Ecosystems Resource Total (mPt)

Lifecycle of No. 1 PET 380.40 16.74 4.04 401.18
Lifecycle of No. 2 Glass 581.68 23.59 3.92 609.20
Lifecycle of No. 3 PET 351.35 12.95 1.89 366.20
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3.3. LCIA Results of Each Bottle

The LCIA results of the three bottles show the comparative impacts. This section
shows the results of each bottle for further process contribution analysis to explore the
hotspot of impacts. Due to the limitation of space, a 3% cut-off is applied, and only top
processes are shown.

3.3.1. LCIA of No. 1

Figure 5 shows the environmental impact contribution network of the No. 1 bottle.
Each block represents a kind of material or process involved in the lifecycle. The name
and amount are displayed in each block. The proportion of contribution is labelled in the
left bottom corner of each block. Accordingly, a bar graph shows the percentage of the
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contribution on the right side of each block, and the width of the flow line represents the
degree of contribution.
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End-of-life, which is called waste scenario and treatments in the figure, contributes
the largest impact, 53.3% of all. In the waste treatment, PET recycling contributes −5.83%,
which means a beneficial impact on the environment generated. Incineration of municipal
solid waste shares 6.36%. Sanitary landfill of municipal solid waste shares the largest one,
53.4%. ‘MTU No. 1’ represents the manufacture, transportation and use stage of the bottle,
which shares 46.7%. Manufacture and transportation share 40.6% and 6.07%, respectively.
Manufacture of bottle and cap share are 34.5% and 6.07%, respectively.

3.3.2. LCIA of No. 2

As shown in Figure 6, impacts come from two sides, manufacture transportation,
use, and waste scenario. The former contributes 42.6%, whilst the latter contributes 57.5%.
Manufacture of No. 2 bottle shares 28.6%, including 23.2% from bottle and 5.4% from the
cap. Transportation shares 13.9%, including 7.91% from the transoceanic ship and 6.29%
from the passenger car. Waste scenario contributes 57.4%, including −12.7% from the
recycling of packaging glass, 7.52% from incineration, and 63.1% from sanitary landfills;
although, the recycling of the packaging glass has a greater beneficial impact on the
environment than the recycling of PET of the No. 1, the waste scenario of No. 2 contributes
more proportion of impact than that of No. 1.

3.3.3. LCIA of No. 3

For the No. 3 bottle shown in Figure 7, the manufacture contributes 19.8%. The waste
scenario contributes more proportion of impact than the other two, which reach up to
77.1%. Incineration and sanitary landfills share 8.54% and 71.7%, respectively. The impact
of the landfill is dominant and noticeable.
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bottles. The second contribution is from the manufacture of bottles. Incineration, trans-
portation, and manufacture of cap follow. The recycling process contributes a beneficial
but limited impact.

4. Discussion

From the results of the LCIA comparison, No. 3 has the lowest impact of all, 366.20 mPt.
No. 2 generates the highest impact, 609.20 mPt. No. 1 has a slightly higher impact than No.
3, 401.18 mPt; it indicates that these two bottles made of plastic have better environmental
performance than the one made of glass under the circumstance described in the research.
No. 3 and No. 1 generate 60.11% and 65.85% environmental impact than that of No. 2,
respectively. In other words, it has the potential for decreasing from 35% to 40% impact.

Based on the findings from LCIA networks, reducing the impact generated by sani-
tary landfills is the most crucial task to improve the environmental performance of these
cosmetic packaging bottles. Alternatively, reducing the impacts from manufacture, trans-
portation, and incineration are optional implementations.

• Sensitivity analysis:

In order to develop the sustainable design strategy, the following sensitivity analysis
scenarios are conducted to figure out to what extent these scenarios influence the sustainable
performance of the packaging, or the significance of these variables to the sustainable design
of these bottles. The variation range is from −20% to +20%. The amount of variation is 10%.

• Scenarios:

Scenarios and variations for the sensitivity analysis are shown in Table 6.

1. To increase or decrease the recycling rate of bottles. Accordingly, to decrease or
increase the rate of landfill.

2. To increase or decrease the material use in manufacture.
3. To increase or decrease the usage amount of users.
4. To increase or decrease the transoceanic transportation distance.
5. To increase direct reuse by users. The variation is assigned as 10% and 20% for the

purpose of sensitivity analysis and comparison with other scenarios. In practice, the
amount of reused bottles should be an integer. A negative one is not available for
the scenario.

Table 6. Scenarios and variations for sensitivity analysis.

Scenarios Variation 1 Variation 2 Variation 3 Variation 4

1.Recycling rate −20% −10% +10% +20%
2.Material use in

manufacture −20% −10% +10% +20%

3.Usage amount −20% −10% +10% +20%
4.Transportation distance −20% −10% +10% +20%

5. Direct reuse by user N/A +10% +20%

Tables 7–11 illustrate the analysis results for each scenario. The bigger the absolute
value of the variation, the more influence the variable changing in the scenario brings.
Table 7 shows the results of the scenario of changing the recycling rate. The variation range
of the three bottles is ±1.92%, ±4.79%, and ±0.93%, respectively. Changing the recycling
rate has the greatest influence on No. 2.
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Table 7. Sensitivity analysis results of scenario 1, recycling rate.

Bottle No. −20% Variation −10% Variation Original
(mPt) +10% Variation +20% Variation

Lifecycle of
No. 1 PET 408.86 1.92% 405.02 0.96% 401.18 397.33 −0.96% 393.49 −1.92%

Lifecycle of
No. 2 Glass 638.41 4.79% 623.80 2.40% 609.20 594.59 −2.40% 579.99 −4.79%

Lifecycle of
No. 3 PET 369.62 0.93% 367.91 0.47% 366.20 364.48 −0.47% 362.77 −0.93%

Table 8. Sensitivity analysis results of scenario 2, material use in manufacture.

Bottle No. −20% Variation −10% Variation Original
(mPt) +10% Variation +20% Variation

Lifecycle of
No. 1 PET 363.13 −9.48% 382.15 −4.74% 401.18 420.20 4.74% 439.22 9.48%

Lifecycle of
No. 2 Glass 557.67 −8.46% 583.43 −4.23% 609.20 634.96 4.23% 660.72 8.46%

Lifecycle of
No. 3 PET 349.21 −4.64% 357.70 −2.32% 366.20 374.69 2.32% 383.18 4.64%

Table 9. Sensitivity analysis results of scenario 3, usage amount.

Bottle No. −20% Variation −10% Variation Original
(mPt) +10% Variation +20% Variation

Lifecycle of
No. 1 PET 320.94 −20.00% 361.06 −10.00% 401.18 441.29 10.00% 481.41 20.00%

Lifecycle of
No. 2 Glass 487.36 −20.00% 548.28 −10.00% 609.20 670.12 10.00% 731.04 20.00%

Lifecycle of
No. 3 PET 292.96 −20.00% 329.58 −10.00% 366.20 402.82 10.00% 439.43 20.00%

Table 8 shows the results of the scenario of changing material use in manufacture. The
variation range of three bottles are ±9.48%, ±8.46%, and ±4.64%, respectively. Changing
material use has the greatest influence on No. 1 and a slightly lower influence on No. 2.

Table 9 shows the results of the scenario of changing product usage amount. The
scenario simulates two types of user behaviour, over-use, and appropriate use; it is assumed
that using 80% and 90% of the product has the same effect on the user as using 100%, and
over-use behaviour has no better performance to the user. The variation ranges of the three
bottles are ±20% equally.

Table 10. Sensitivity analysis results of scenario 4, transportation distance.

Bottle No. −20% Variation −10% Variation Original
(mPt) +10% Variation +20% Variation

Lifecycle of
No. 1 PET 398.51 −0.66% 399.84 −0.33% 401.18 402.51 0.33% 403.84 0.66%

Lifecycle of
No. 2 Glass 599.91 −1.52% 604.56 −0.76% 609.20 613.84 0.76% 618.48 1.52%

Lifecycle of
No. 3 PET 365.00 −0.33% 365.60 −0.16% 366.20 366.79 0.16% 367.39 0.33%
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Table 11. Sensitivity analysis results of scenario 5, direct reuse by user.

Bottle No. −20% Variation −10% Variation Original
(mPt) +10% Variation +20% Variation

Lifecycle of
No. 1 PET

N/A

401.18 364.70 −9.09% 334.31 −16.67%

Lifecycle of
No. 2 Glass 609.20 553.82 −9.09% 507.66 −16.67%

Lifecycle of
No. 3 PET 366.20 332.90 −9.09% 305.16 −16.67%

Table 10 shows the results of the scenario of changing transportation distance. The vari-
ation ranges of the three bottles are ±0.66%, ±1.52%, and ±0.33%, respectively. Changing
transportation distance has the greatest influence on No. 2.

It is assumed that 10% and 20% of bottles are reused directly by the user for the last
scenario. Therefore, the amount of tap water used for cleaning after being used up is
increased by 10% and 20% respectively. The environmental impact is shared on the reused
bottle, which becomes 90.91% (100%/110%) and 83.33% (100%/120%). Table 11 shows the
results of the scenario considering direct reuse by the user. The variation range of three
bottles is from 0 to −16.67%.

According to the variation range of the scenarios, the significance of these variables to
the sustainable design of these bottles is obtained, as Table 12 shows.

Table 12. Variation range and significance ranking.

Scenarios Variation Range Significance Ranking

1. Recycling rate ±4.79% 4
2. Material use in manufacture ±9.48% 3

3. Usage amount ±20% 1
4. Transportation distance ±1.52% 5

5. Direct reuse by user 0 to −16.67% 2

5. Conclusions

This research conducts a set of LCA of cosmetics packaging to determine to what
extent do these scenarios, including material selection or reduction, over-use or appropriate
use, increasing recycling rate, reducing transportation distance, and increasing direct reuse,
influence the environmental performance of the packaging. The practical significance is that
the designer can conduct a streamlined LCA during the evaluation stage of concept design,
using primary data of previous generation products from a cooperative manufacturer, or
secondary data from relevant industry databases with sensitivity analysis. In this case, the
LCA results will indicate which design concept performs better for the environment, reveal
the priority and importance of these design variables, and guide designers to improve the
environmental performance of the product at the very beginning. In addition, it emphasises
that the designer not only has the right to determine structure and appearance, to select
material and manufacturing process, but also has the power to influence recycling, reuse,
and appropriate use behaviours of the user. The sustainable design approach becomes
more plentiful and diversified.

Based on the results of the LCIA and the sensitivity analysis, sustainable design
strategies and corresponding potential schemes of cosmetic packaging are proposed as
follows in descending order of significance from the aspect of facilitating user reuse and
recycling behaviour, material selection, and others.

1. To select PET rather than glass if the cosmetic product has no specific protection
requirement.

2. To reduce the usage amount of the product under the premise of ensuring the desig-
nated use effect.
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• Design for appropriate use, mensurable and adjustable dispenser.
• Instruction for appropriate use, universal graphic instruction for improved recognis-

ability and readability, visual guidance of use effect, use efficiency self-assessment.
• To advertise rational purchase and consumption.

3. To increase the direct reuse by the user.

• Design for easy cleaning and reuse.
• Design for long service life.
• Providing refill packaging.
• Straightforward graphic instruction for reuse and visible benefit advertising.

4. To reduce material use in manufacture.

• More reasonable and responsible structure and function design.
• The emerging technology of manufacture.
• Recycling material is preferred.

5. To increase the recycling rate of packaging materials.

• Design for disassembly and recycling.
• Instruction and universal graphic design for proper recycling.
• Recycling oriented material selection.

6. To reduce the transportation distance of the packaging.

• To select raw material of product and packaging from a nearby location.
• Local packaging and suppliers are preferred.

Furthermore, this research is based on a set of assumptions and has some limitations.
The following works need to be studied in the future to reinforce the research outcome.

• Primary data acquisition of manufacturing and waste scenario in China.
• Design for reuse and recycling, and user behaviour research.
• Appropriate use and use effect research.
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