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Abstract: Food waste has caused double waste of resources in the food itself and the food supply
chain of production, transportation, cooking, and processing, resulting in unnecessary greenhouse
gas emissions and economic losses. This paper first conducted the quantification of students’ food
waste and the collection of canteens operation data in the three canteens at Taiyuan University of
Technology (China) in 2019 through the weighing method and interview. Then an integration of
Life Cycle Assessment and Life Cycle Costing was used to quantify the impact of food waste in
university canteens on the environment and costs. The study found that the total amount of food
waste in the university canteens with 22,000 students was 246.75 t/a, the carbon footprint caused
by food waste was 539.28 t CO;-eq, and the cost was 4,729,900 yuan. Most of the impact of canteen
meals on the environment comes from the use of energy in food cooking and the consumption of
animal food types. The innovative integration of life cycle cost calculations highlights the key role
of the labor required for cooking. The research results answer the basic scientific questions of how
much food is wasted in the university canteens, and the carbon emissions and cost ratios of these
wasted food in all links of the supply chain. The research results can provide a policy-making basis
and data support for reducing food waste in universities and realizing carbon emission reduction in
university canteens.

Keywords: food waste; life cycle assessment (LCA); life cycle costing (LCC); university canteen;
weight method

1. Introduction

Food security is one of the major challenges facing human society in the 21st century.
As of 2020, more than 600 million people in the world are living in hunger, and the
outbreak of the COVID-19 has once again brought the food supply problem back to the
international perspective [1]. The concept of double energy waste reveals the interwoven
relationship between energy and food security, suggesting that appropriate reduction of
food waste can increase the level of food production and save related energy [2]. From
agricultural production to the dinner table, food waste occurs throughout the food supply
chain. According to FAO and its report, about 1.3 billion tons of food produced in the
world each year end up as kitchen waste, which is equivalent to 1/3 of the total global
food production [1,3,4]. The food energy loss of two to three persons is equal to a person’s
total daily intake [5]. The annual carbon footprint of food waste is 4.4 GT CO»-eq [6],
resulting in a social cost of 2.31 trillion euros in waste [7]. Food waste contributes to the
environmental damage through the unjustified emissions of greenhouse gases [8,9], and
disposal of uneaten food also means unnecessary financial expenditure. The negative
effects of food waste also reflected in a social level, because it is related to the global food
insecurity for a growing world population [10]. It can be seen that such a high level of
food waste has a huge negative impact on the sustainable development of the environment,
society, and economy.
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Internationally, researches on the phenomenon of food waste in the food supply chain
have their own focuses. In the consumption link, scholars have focused on waste on the
dining table, that is, food surplus on the plate [11,12]. In developed countries, researches
mainly focus on restaurants [13], households [14], hospitals [15], and schools [16].

According to data from the National Bureau of Statistics of China (NBSC), there were
2663 universities in mainland China in 2018, and the number of enrolled university students
was also the largest in the world, setting a record high of 30.3 million in 2019 [17]. Therefore,
the food waste generated by the group of university students is an important part of the
overall food waste problem in China. On the other hand, universities have the ability
to spread food consumption habits while sustainably managing existing resources. As a
controlled environment, the university canteen provides an ideal behavioral laboratory for
studying the consumption link in the food system. Students are the younger generation of
consumers; hence, influencing their food-related habits can improve the sustainability of
future food consumption patterns [18-20].

Since food waste may be inconsistent under different circumstances, many studies
have defined specific research objects. WRAP divides food waste into three categories:
avoidable, possibly avoidable, and unavoidable [21]. It is also a study of food waste in
canteens—Falasconi et al. define food waste as edible food that meets safety standards
and is discarded from all links of the food supply chain [22]. Martins et al. used “the food
remaining on the plate after the students have eaten” to define the food waste of the primary
school canteens [23]. When Liu et al. investigated the school canteens in Beijing area, they
defined the food that was purchased but not consumed as food waste [24]. In this study, the
edible portion discarded after purchase is defined as food waste. Bones, fishbone, and soup
are not included in the scope of this survey because they do not contain or contain very little
edible parts. The definition of food waste is different, and the measurement method used
in the survey is also varied [25]. In terms of quantification methods of food waste, some use
bookkeeping methods to investigate food waste in restaurants [13] and households [14].
The bookkeeping method is a way that the respondent or investigator records the food
discarded every day through memory [26]. There are also “archaeology” methods, in
which investigators estimate food waste based on the food residue in trash bins [27]. The
method of measuring the ratio of the remaining amount of food on the plate to the amount
of food supplied is called the empirical research method [28]. After conducting in-depth
research on food waste in the catering industry, Wang et al. proposed that a scientific and
reasonable sampling method is an important basis for the empirical research method [29].
Quarter-waste visual assessment is an observation method that assigns to every plate
assessed a value between 0 and 25-50-75-100 referring to the percentage of food left in
the plate [30]. Differences in measurement methods are important factors of inconsistency
and methodological risk in the study of food losses and waste, which should be properly
assessed and managed. FUSIONS results also confirmed the problem with data availability
and quality [31]. In May 2019, at the EU level, respective guidelines were adopted in the
delegated decision of the European Commission; those guidelines referred to a common
methodology of and minimum quality requirements for the uniform measurement of food
waste levels [32]. This study uses a combination of sampling and weighing to quantify
food waste in university canteens, ensuring the authenticity and accuracy of the data.

It is undeniable that the special diet in the school cafeteria is a hot spot of food
waste [33]. Zhao et al. found that the canteens of Jilin Agricultural University have a
serious waste situation, and only less than a quarter of the students have achieved the
“CD-ROM” [34]. Costello et al. took the University of Missouri in Missouri as an example
to quantify food waste and its composition. The survey found that fruits and vegetables
are the largest source of food waste, followed by grains [16]. Some scholars have also
evaluated the potential risks of food waste to energy and nutrient loss [35]. In recent
years, the impact of food waste in university canteens on the environment has attracted
widespread attention. Based on field research and questionnaires, Zhu et al. found that the
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carbon footprint of food waste in universities is relatively high, and called on all parties to
make more efforts in energy conservation and emission reduction in universities [36].

The outbreak of the COVID-19 in 2020 has sounded the alarm for food supply, and
the current research on food waste has undoubtedly become a hot spot. However, none of
these studies provide an estimate of the impact of food waste on the environment and cost
in universities. Food waste management starts with preventing and optimizing the use
and supply of food [37].

The purpose of this study is to identify the key links of food waste in university
canteens and provide measures to reduce their environmental and cost impacts. Based
on the above analysis, this paper performs the following: Section 2 presents the case
design and research methods. The study first quantifies food waste in university canteens
using the weighing method, and then combines Life Cycle Assessment (LCA) and Life
Cycle Costing (LCC) to evaluate the impacts of food waste on the environment and cost.
Sensitivity analysis is used to help strengthen the interpretation of the results. The results
and analysis of the model-based assessment are shown in Section 3. Section 4 discusses the
evaluation results. Finally, Section 5 concludes the paper.

2. Materials and Methods
2.1. Case Study

This research takes the Mingxiang campus of Taiyuan University of Technology
(TYUT) as a case. The Mingxiang campus of TYUT is located in the Jinzhong City, Shanxi
Province, China. The campus currently has 16 colleges settled as a whole, including more
than 20,000 undergraduates and more than 2000 graduate students (December 2020). There
are 3 student canteens on the campus, which are located in the east, west, and north
areas of the school. The school’s food service center is responsible for the procurement,
transportation, storage, and service of food in the school canteens.

Among the methods to quantify food waste, direct weighing is considered the most
accurate method [23,38,39]. This survey adopts a random sampling method. Students
are randomly selected from three canteens on the Mingxiang campus of TYUT, and their
plate waste was weighted. The weighing object is the remaining edible part of the plate
after the student has finished eating in the canteens. Bones, fish bones, and soup are not
included in the scope of this survey because they do not contain or contain very little edible
parts. In our survey, pre-trained investigators (mainly team members) arrived at each
canteen early at lunch or dinner time. After the respondents had eaten, the remaining food
was collected by the investigators in collection bins, and the plate waste was sorted and
weighed using electronic scales according to the following nine items: cooked wheaten
food, rice products, vegetables, soy products, pork, poultry meat, beef and mutton, aquatic
products, and eggs. The simple information and measurement data of each respondent are
recorded on the prepared schedule of the survey. After the recording was completed, we
first used Microsoft Excel 2010 to perform statistical descriptive analysis to determine the
average weight and waste composition of each student’s food waste per meal. In order to
determine whether there is a difference between the respondents in terms of food waste,
we then used Stata 14.0 to perform a t-test and one-way ANOVA test on the data.

The weight of ingredients before and after cooking will change, and the conversion
rate of raw and cooked ingredients refers to the ratio of the weight of ingredients after
cooking to before [40]. According to interviews with chefs in university cafeterias, Li et al.
summarized the raw and cooked conversion coefficients of different foods [41]. Using
the waste weight and the raw and cooked conversion coefficients, the waste weight of six
ingredients can be calculated.

The data collection work was conducted in November and June of the 2019 school
year, which represents the average waste situation in the student canteens over the course
of the year. In this survey, a total of 600 data were collected. The proportions of men and
women were 52% and 48%, and the proportions of undergraduates and graduate students
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were 90% and 10%. The survey time is lunch time and dinner time, and the proportions of
lunch and dinner are 55% and 45% (Table 1).

Table 1. Sample distribution.

Classification Quantity Total
Gender Flgﬁlaie 3; 600
Education Gradatestadent @ 600
Time punch o 600

2.2. Life Cycle Assessment (LCA) and Life Cycle Cost (LCC)
2.2.1. Goal and Scope

This study uses a combined life cycle thinking method to evaluate the impact of food
waste in university canteens on the environment and costs. The environmental impact
of food waste is assessed through the Life Cycle Assessment (LCA), which is a method
of observing and analyzing the entire life cycle of a product or activity to quantify its
environmental impact [42,43]. According to the recommendations of Hunkeler et al., the
cost impact of food waste is calculated by using Environmental Life Cycle Costing (E-LCC),
which is a way of assessing the cost directly borne by one or more participants in the life
cycle of a product [44,45].

When conducting LCA-LCC integration research, the same function unit, system
boundary, and time range are used. The function unit is the amount of ingredients wasted
a day in canteens. Using the “cradle to grave” point of view, Table 2 describes the system
boundary of the study. The environmental and cost impacts of food waste are calculated
and analyzed in accordance with the four phases in the table.

Table 2. LCA and E-LCC system boundaries and phases.

Procurement Transportation Cooking Disposal

Environmental
inputs

Cost
inputs

Cooked wheaten food, rice
products, vegetables, soy Water

Type of vehicle Waste transportation

products, pork, poultry meat, Transportation distance Electricity Waste disposal
beef and mutton, aquatic Gas
products, eggs
Water
Food price Fuiggielzied Eleg:saty Transportation
Labour

2.2.2. Life Cycle Inventory (LCI)

The catering service center of the university provides preliminary data on the quantity
and price of the purchased ingredients, the transportation of the ingredients from the
wholesale market to the university canteens, the input of cooking food, and the disposal of
residues. Secondary data on background processes comes from Environmental Product
Declarations (EPD), LCA studies, and ecoinvent database version 3 [46].

e  Procurement Phase

This phase mainly refers to the activity of purchasing ingredients. The quality and
price information of the purchased ingredients are counted by the ingredients purchase
table provided by the catering service center. The raw and cooked conversion coefficient
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and comprehensive carbon conversion coefficient of each main food ingredient are shown
in Table 3. The calculation of carbon emission at this stage is shown in Equation (1):

Ec = Zeci = ZQi X Ry 1)

Among them, Ec is the total amount of direct carbon emission generated during the
procurement phase, including direct carbon emission from ingredients and carbon emission
from feed and grain; e is the direct carbon emission of the ith ingredient, Q; is the waste
weight of the ith ingredient, and R; is the comprehensive carbon conversion coefficient of
the ith ingredient.

Table 3. Food raw and cooked conversion coefficient and comprehensive carbon conversion coefficient.

Name Raw and Cooked Conversion Comprehensive Carbon Conversion Coefficient
Coefficient ! (kgc/kg) 2

Cooked wheaten food 0.62
Rice products 0.45 0.3268

Vegetables 0.896
Soy products 1.0 0.0274
Pork 1.64 1.1892
Poultry meat 1.48 1.0062
Beef and mutton 1.54 1.3657
Aquatic Products 1.25 0.7315
Eggs 131 1.2621

! The raw and cooked conversion coefficients refer to Li et al. based on interviews with chefs in university canteens [41]; > The comprehensive
carbon conversion coefficients refer to the tables of different foods given by Huang Heping [47], An et al. [48], Zhi et al. [49].

The cost impact of this phase is equivalent to the price paid for ingredients purchasing,
which was used to represent the life cycle cost of the procurement phase. The cost data of
this stage has been provided by the food service center, and the results are in RMB yuan.

e Transportation Phase

This phase mainly refers to the activity of transporting ingredients from the wholesale
market to the university canteens. The transportation distance was provided by the
university’s food service center. The weight of each ingredient is multiplied by the kilometer
to get the total kilometer. The diesel trucks transport ingredients on the roads. The carbon
emission factor is 0.1772 kg CO,/(t-km) [50]. The calculation of carbon emission at this
stage is shown in Equation (2):

n n
Ei=) ei =) Q xDjxEF, ()
i i

Among them, E; is the total carbon emissions during the transportation phase, ey; is
the carbon emissions during the transportation of the ith ingredient, Q; is the waste weight
of the ith ingredient, D; is the distance to transport the ith ingredient, and EFy, is the carbon
emission factor of diesel vehicles transporting goods on roads.

The cost impact of this phase is composed of the fuel consumption cost and labor cost
required to transport the ingredient. The cost data has been provided by the food service
center, and the results are in RMB yuan.

e  Cooking Phase

This phase mainly refers to all the activities needed to store and prepare food. Envi-
ronmental inputs mainly include public utilities such as natural gas, water, and electricity
from electrical appliances, lighting, and heating. The consumption data of water, electricity,
and natural gas came from the relevant invoices provided by the catering service center.
Each input is allocated to each meal based on the number of meals produced per month.
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The relevant energy carbon emission coefficients in this phase are shown in Table 4. The
calculation of carbon emissions at this stage is shown in Equation (3):

n m
Eu =) ) Q x Wj x EF (3)
i

Among them, E, is the total carbon emissions generated during the cooking phase, Q;
is the waste weight of the ith ingredient, Wj; is the total jth energy consumed in making the
ith food, and EF; is the carbon emission coefficient of the jth energy.

Table 4. Energy carbon emission factor.

Name Water Electricity Gas
Carbon emission factor ! 0.194 kg COy-eq/t  0.85 kg COp-eq/kWh  2.09 kg CO,-eq/m?

! Refer to the carbon emission coefficient table of various energy provided by Wu et al. [51].

The cost impact of this phase takes into account the price of water, electricity, and
natural gas used in the food cooking phase; the price of labor required for food cooking.
The university’s food service center provided these cost information.

e Disposal Phase

This phase mainly refers to the activity of transporting and processing food waste. It
was learned from the Food Service Center that the government arranges designated food
waste disposal plants to collect and process university food waste. The model number of
the food waste transport truck used is Haide Vehicle, with a capacity of 5-7 t and a diesel
fuel consumption of 0.15 L/km. The transportation distance is 17.8 km. According to the
existing literature, the calculation of carbon emissions at this stage is shown in Equation (4):

LY
W,

C

n
Em x 2 x D x Wy x EFc + ) Q; x EFy 4)
i

Among them, Ey, is the total carbon emissions generated in the residue disposal phase,
Qj is the total weight of the ith food waste, W, is the capacity of the food waste truck,
D is the distance from the university canteen to the food waste disposal plant, Wy, is the
unit fuel consumption of the food waste truck, EFc is the carbon emission coefficient of
diesel 2.71 kgCO, eq/L [51]. The environmental impacts of the two typical food waste
disposal methods, hydrothermal treatment and aerobic composting, are 163.1 kgCO, eq/t
and 337.7 kg CO, eq/t [52], respectively, and EFy, is the carbon emission coefficient of food
waste disposal.

The cost impact mainly considers the cost of transportation of food waste to the food
waste disposal plant. The food waste generated by university canteens is collected and
processed by the food waste disposal plant designated by the government in accordance
with the Regulations on the Disposal of Food Waste promulgated by the government, so
the cost of disposal is not calculated in this study.

2.3. Sensitivity Analysis

The resource and environmental benefits in the process of food waste in university
canteens are affected by many factors. In order to find the key factors that cause greater
environmental impact and to propose measures to improve the resource and environmental
performance of the entire life cycle, it is necessary to carry out life cycle sensitivity analy-
sis [43]. Sensitivity analysis refers to the uncertainty analysis technique that studies the
impact of a certain change in related factors on a certain target variable or a group of target
variables from the perspective of quantitative analysis, that is, analyzes the impact of input
uncertainty on output uncertainty [53]. Sensitivity analysis is an important tool to study
sensitivity of results to uncertain factors in LCA. It highlights the most significant group or
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groups of model parameters to strengthen interpretation of the results. There are currently
two main type of methods: local sensitivity analysis (LSA) and global sensitivity analysis
(GSA). The purpose of LSA is to study how a small perturbation around a reference input
value impacts on the output value. Perturbation analysis is described as a method to
determine which elements in the LCA are most decisive for the output result [54]. LSA
is especially suitable for situations where there are many uncertain parameters, and the
focus is on identifying driving factors [55]. Its result indicates how many percent of the
environmental impact will change if an input parameter changes within a certain range. In
LCA, most case studies are conducted with LSA [56]. The same is true for this study.

In this study, the sensitivity of key parameter input values was analyzed. Since no
experience-based data related to these sensitivities is available, we can apply the same
arbitrary changes to these key factors [57]. For example, change the uncertain variable in
the range of —10% to +10%. There is no specific rationality for this, and such a regular LSA
method can only be used when the true scope is lacking [58].

3. Results
3.1. Food Waste Quantification

The results show that the amount of food waste in canteens of TYUT is 913.88 kg.
Among them, the amount of grain waste is the highest, accounting for about 46.14% of
the total waste. In the grain waste, the amount of cooked wheaten food (25.78%) waste is
larger than that of rice products (20.36%), which may be due to the preference for cooked
wheaten food in the north, followed by vegetables and soy products, accounting for 18.61%
and 9.73% of the waste, respectively. The third tier is poultry meat and aquatic products,
which account for 13.01% and 9.23% of the waste, respectively. Among the meat, the waste
amount is pork (5.60%), poultry (5.16%), beef and mutton (2.24%) in descending order,
which is related to the meat consumption structure of Chinese residents. Eggs are the least
wasted, accounting for about 3.28% of the waste (Figure 1).

b0

=] 7 .

2 6.58 6.23

=10 4 I I 2.22
o I m 0 = _

‘&’Qg

2
o)
S

Figure 1. Total food waste per student per meal and its composition.

When analyzing the samples, it can also be found that for all types of food ingredients,
men’s waste is less than women’s, which may be due to women's picker eating habits [24].
Although they are at different levels of education, the waste of undergraduates, masters,
and doctoral students is very similar. In terms of total amount, doctoral students are the
least, and undergraduates and masters are the highest. The waste situation of different
meal times is basically the same, and the total waste of lunch is higher than that of dinner.
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3.2. The Carbon Footprint of Food Waste

The carbon footprint of food waste in the canteens of Taiyuan University of Technology
as a case reflects the environmental impact of food waste in the canteens of colleges and
universities. The daily total carbon footprint of food waste in the canteens of Taiyuan
University of Technology is 1997.34 kg CO;-eq (Table 5).

Table 5. Carbon footprint of food waste in university canteens (unit: kgCO,-eq).

Carbon Footprint

Item Procurement Transportation = Cooking  Disposal Subtotal per Unit Mass
Cooked wheaten food 76.99 1.59 355.61 60.55 494.74 2.10
Rice products 60.81 1.25 280.63 47.82 390.51 2.10
Vegetables 4.66 1.12 255.99 43.71 305.48 1.80
Soy products 2.44 0.05 133.89 22.85 159.23 1.79
Livestock and poultry meat 136.27 0.10 178.88 30.55 345.80 291
Aquatic products 61.70 0.08 127.46 21.68 210.92 2.50
Eggs 37.84 0.13 44.99 7.70 90.66 3.02

Subtotal 380.71 432 1377.45 234.86 1997.34 -

The life cycle inventory of food waste includes four stages: procurement, transporta-
tion, cooking, and disposal. Among them, the procurement stage mainly refers to the
comprehensive carbon emissions, including the direct carbon emissions of various food
ingredients and the indirect carbon emissions of feed and grain; the transportation stage
mainly considers the carbon emissions generated by the transportation process of the
ingredients supplied by the raw material suppliers; the cooking stage mainly refers to the
energy consumption of water, electricity, and natural gas produced in the canteen during
the cooking process of food ingredients; the disposal stage mainly includes the carbon
emissions generated by the unified collection, transportation, and disposal of food waste
by the food waste treatment plant. During the whole process, the carbon emissions during
the cooking stage are the largest, accounting for 68.96% of the total carbon footprint of
food waste. The second is the procurement stage, accounting for 19.06% of the total carbon
footprint of food waste, and the third is the disposal stage, accounting for 11.76% of the
total carbon footprint of food waste. Finally, the carbon footprint of the transportation
stage is the least, which only accounts for 0.22% of the total carbon footprint of food waste
(Table 5).

The carbon footprint of food waste in the canteens of Taiyuan University of Technology
can be divided into seven categories: cooked wheaten food, rice products, vegetables, soy
products, livestock and poultry meat, aquatic products and eggs (Figure 2). Among them,
the carbon footprint of food waste mainly comes from the waste of cooked wheaten food
and rice products, accounting for 44.32% of the total carbon footprint of food waste. The
waste of livestock and poultry meat is the second echelon of the carbon footprint of food
waste, accounting for 17.31% of the total carbon footprint of food waste. The third echelon
contribution to the carbon footprint of food waste is vegetables, accounting for 15.29% of
the total carbon footprint of food waste. The fourth tier contributing to the carbon footprint
of food waste is aquatic products, soy products, and eggs, accounting for 10.56%, 7.97%,
and 4.55% of the total carbon footprint of food waste. The process with the largest amount
of carbon emissions of each food category is the cooking stage.

From the perspective of the carbon footprint of wasting a unit of food (Table 5), eggs
and livestock and poultry meat have the largest carbon footprints. Vegetables and soy
products have the smallest carbon footprint.
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Figure 2. Distribution of carbon footprint of food waste in university canteens.

3.3. The Cost of Food Waste

Food waste in university canteens not only has a negative impact on the resources
and environment, but also produces double economic waste of food itself and the process
of transportation, cooking, and disposal of food. The life cycle costing of food waste in the
canteens of Taiyuan University of Technology as a case reflects the economic cost of food
waste in the canteens of colleges and universities. The daily economic cost of food waste in
the canteens of Taiyuan University of Technology is 17,518.01 yuan (Table 6).

Table 6. Cost of food waste in university canteens (unit: yuan).

Item Procurement Transportation = Cooking Disposal Subtotal Unit Mass Cost
Cooked wheaten food 876.43 35.74 2064.21 10.67 2987.05 12.68
Rice products 893.14 35.74 1628.98 8.43 2566.29 13.79
Vegetables 1156.48 34.80 1485.98 7.70 2684.96 15.79
Soy products 693.58 2.82 777.19 4.03 1477.62 16.62
Livestock and poultry meat 4562.30 2.35 1038.32 5.38 5608.35 47.20
Aquatic products 927.85 2.35 739.88 3.82 1673.90 19.84
Eggs 233.84 23.51 261.13 1.36 519.84 17.34

Subtotal 9343.62 137.31 7995.69 41.39 17,518.01 -

The life cycle costing of food waste adopts the same function unit and inventory
analysis as the life cycle assessment. In the four stages of procurement, transportation,
cooking, and disposal, procurement stage mainly refers to the price paid for the purchase of
food ingredients; the transportation stage mainly considers the fuel consumption cost and
labor cost produced by transporting food ingredients from the supplier to the university
canteens; the cooking stage mainly refers to the cost of water, electricity, natural gas, and
labor generated by the storage and cooking of food; the disposal stage mainly considers the
fuel consumption cost of transporting food residues to the kitchen waste treatment plant.
Different from the environmental evaluation, the highest cost of food waste in university
canteens is the procurement phase, accounting for 53.34% of the total cost of food waste.
The second is the cooking phase, accounting for 45.64% of the total cost of food waste. The
cost of food waste in the transportation stage and the disposal stage is lower, accounting for
0.78% and 0.24% of the total cost of food waste, respectively (Figure 3). In the procurement
stage, the cost of livestock and poultry meat is the highest, accounting for 48.83% of the
cost of this stage. In the cooking stage, the labor cost is the highest, 6687.2 yuan, accounting
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for 83.64% of the cost of this phase. It can be seen that the cost of food waste for students
in the canteens of Taiyuan University of Technology mainly comes from the purchase of
livestock and poultry meat and the wages of canteen workers.

B Procurement ® Transportation Cooking Disposal
6000 -
5000 -
=
©
E 4000 -~
2
O 3000 -
2000 -
1000 - l
L0 — B =
Cooked Rice Vegetables Livestock  Aquatic Eggs
wheaten  products products and poultry products
food meat

Figure 3. Distribution of cost of food waste in university canteens.

The cost of food waste in the canteens of Taiyuan University of Technology can also
be considered from seven types of ingredients, such as cooked wheaten food, rice products,
vegetables, soy products, livestock and poultry meat, aquatic products and eggs (Figure 3).
Among them, the cost of food waste mainly comes from the waste of livestock and poultry
meat, accounting for 32.01% of the total cost of food waste. The process that contributes the
most to the cost of livestock and poultry meat waste is the procurement phase, accounting
for 81.35% of the cost of livestock and poultry meat food waste. The second tier of food
waste cost are cooked wheaten food, rice products, and vegetables, accounting for 17.05%,
14.65%, and 15.33% of the total cost of food waste, respectively. The third tier of food waste
cost are aquatic products and soy products, accounting for 9.56% and 8.43% of the total
cost of food waste, respectively. The waste cost of eggs is the least, accounting for 2.97%
of the total food waste cost. Like livestock and poultry meat, the process that contributes
the most to the cost of aquatic products is also the procurement stage. In addition, the
process that contributes the most to the waste cost of cooked wheaten food, rice products,
vegetables, soy products, and eggs is the cooking phase.

From the perspective of the unit cost of wasting food (Table 6), the unit cost of wasting
livestock and poultry meat is the largest. The unit cost of wasting cooked wheaten food is
the lowest.

3.4. Sensitivity Analysis

This paper selects five input variables according to their contribution to the environ-
mental impact, from high to low: electricity consumption in the cooking phase, natural gas
consumption in the cooking phase, livestock and poultry meat in the procurement phase,
cooked wheaten food in the procurement phase, and haul distance in the transportation
and disposal phase. The sensitivity analysis method is adopted to analyze the five key
influencing factors, respectively. The analysis method is to keep other input parameters
unchanged, the variable studied is changed within +/—10%, and then the changes in the
environmental impact index before and after the parameter value changes are compared
to determine sensitivity of the food waste life cycle of university canteens to changes in
input parameters.

Figure 4 demonstrates the impact of changing five input variables on the LCA results
of food waste in university canteens. The abscissa represents the percentage of change in
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sensitivity factors, and the ordinate represents the percentage of life cycle carbon emissions
changes caused by changes in input variables. In Figure 4, the five straight lines respectively
represent the sensitivity of five input variables to the LCA results of food waste in university
canteens. For example, when the amount of electricity increases by 2%, the LCA result, that
is, carbon emissions will increase by about 2.437%. When the consumption of natural gas,
livestock and poultry meat, cooked wheaten food, and transportation distance undergo the
same change, the LCA results will increase by about 6.367%, 0.454%, 0.257%, and 0.540%. It
can be seen that changes in natural gas usage are most sensitive to carbon emissions from
food waste in university canteens, followed by changes in electricity consumption, followed
by changes in transportation distance, and then changes in livestock and poultry meat.
Changes in cooked wheaten food have the least impact on carbon emissions. Sensitivity
analysis provides the priorities of measures to reduce the environmental impacts of food
consumption and waste in university canteens, that is, controlling the use of natural gas
and electricity is the most effective in reducing environmental impacts.

10%

Carbon gmissions

10%

Sensitivity factor

—e— Electricity -»- Gas -+ Livestock and poultry meat

~u«— Cooked wheaten food —=— Transportation distance

Figure 4. Sensitivity of carbon emissions (per functional unit) to changes in uncertain variables.

4. Discussion

In general, the total daily food waste in the canteens of Taiyuan University of Tech-
nology is 913.88 kg, the carbon footprint caused by food waste is 1997.34 kg CO,-eq, and
the cost of food waste is 17,518.01 yuan. Calculated on the basis of students studying in
school for 9 months a year, that is 270 days, the total amount of food waste in the canteens
of Taiyuan University of Technology is 246.75 t/a, the carbon footprint caused by food
waste is 539.28 t CO,-eq, and the cost is 4,729,900 yuan.

From the above preliminary results, it can be seen that the scale of students’ food
waste in university canteens is staggering, and the carbon emissions and costs caused by
it cannot be ignored. In terms of the types of food wasted, staple foods have the highest
amount of waste, accounting for about 46.14% of the total wastage. Among them, cooked
wheaten food is more wasteful than rice products. Li et al. proved that this may be due
to the preference for cooked wheaten food in northern China and the difficulty of sharing
it [41]. Secondly, vegetables and soy products account for 28.34% of the waste. A pilot study
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conducted by Wu et al. in six universities in Beijing, China, also proved that staple foods
and vegetables are the most wasted food items [59]. Food waste in Western universities has
the same characteristics. Rajan et al. found that at Northern British Columbia University
in Canada, grain-based waste accounted for the largest proportion of food waste (28%),
followed by raw fruits and vegetables (20%) [60]. To reduce food waste in university
canteens, canteens should provide small servings of staple food and small dishes. In
order to avoid students with no income from blindly choosing large portions due to the
same price of large and small portions of food, canteens should also set different prices
for different portions of food. The service staff in the canteens can work part-time as
persuaders, prompting students to order moderately, and reminding and persuading the
behavior of over-ordering. University canteens should establish a meal communication
mechanism with students, and collect students” opinions on the canteen’s dishes, portion
size, and prices by posting a QR code or placing an opinion and suggestion booklet on the
dining table. In addition, all parties in society should strengthen education for students on
practicing strict economy and combating waste, and cultivate good eating habits for the
new generation of consumers.

The results of carbon emissions at different stages of the food supply chain in uni-
versity canteens show that the carbon emissions in the cooking phase are the largest,
accounting for 68.96% of the total carbon footprint of food waste, among which carbon
emissions from electricity and natural gas account for 61.57% and 38.07% of the carbon
emissions in the cooking phase, respectively. It can be seen that the carbon footprint of food
waste in university canteens mainly comes from the use of cooking energy, electricity, and
natural gas. Its policy implies that university canteens should use more energy-efficient
electrical appliances, and pay attention to energy conservation in the process of cooking
food. The input of electricity and natural gas is closely related to the environmental impact
and has a great impact on the cost. At present, China’s renewable energy has achieved
leapfrog development, and the energy market is promoting the promotion and use of more
renewable energy, which will be very beneficial to reducing the impact of food waste in
university canteens on the environment. The cost results of each stage of food waste in
university canteens show that the highest contribution stage is the procurement stage,
which accounts for 53.34% of the total cost of food waste, among which the cost of livestock
and poultry meat accounts for 48.83% of the cost at this stage. The second is the cooking
stage, which accounts for 45.64% of the total cost of food waste, among which labor cost
accounts for 83.64% of the cost at this stage. It can be seen that the cost of food waste in
university canteens mainly derives from the purchase of livestock and poultry meat and the
payment of labor cost. Due to the general improvement of people’s living standards, the
proportion of meat consumption in food consumption has increased. Although university
students” waste of livestock and poultry meat only accounts for 13.01% of food waste, the
carbon footprint and cost of producing meat of the same quality are higher than other food
categories. Therefore, the consumption and waste of meat foods contribute considerably
to the carbon footprint and cost. Hence, reducing meat consumption and waste and a
balanced diet are the important ways to develop ecologically civilized consumption and
strengthen students’ nutritious diets. It is worth noting that the figure of labor cost may
have far-reaching economic and social impacts. Due to the stability of labor wages, this
item is unlikely to change. The transportation phase and disposal phase mainly consider
the transportation carbon emissions and costs from various food suppliers to the university
and from the university to the food waste treatment plant. The choice of food suppliers and
the food waste treatment plant has greatly considered the nearest distribution. Research
by Giordano et al. concluded that replacing diesel trucks with electric vehicles can reduce
greenhouse gas emissions by 35-99%, which depends on the route characteristics and
energy structure [61]. Furthermore, the environmental and cost impact can also be reduced
by eliminating or reducing vacant transportation and optimizing transportation routes.

There are few studies on the evaluation of the carbon footprint and cost of food waste
in university canteens in China. Zhu et al. made a preliminary estimate of the scale of
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food waste in university canteens across the country. Due to different algorithms, the
results are much higher than this study [36]. The reason is that their calculation is based
on the hypothesis of university students’ consumption in the canteens for every meal,
while this study is based on the daily waste in a canteen with a certain number of students.
The distribution of the impact of the food supply chain on the environment in this study
is similar to other foreign studies using Life Cycle Assessment to analyze school meals.
Through a case study in the school catering service of Turin (Italy), Cerutti et al. proved that
meat component in the food production phase and electricity consumption in the cooking
phase are the main sources of carbon footprint, and the impact of the logistical stages on the
carbon footprint is relatively low [62]. Jungbluth et al. proposed a programme to improve
the environmental performance of the Swiss canteen by reducing the average amount of
meat per meal, using energy-efficient appliances, and reducing food waste and so on [63].
Mistretta et al. performed a life cycle assessment of a scholastic catering and concluded
that the food production phase is responsible for the highest environmental impacts, and
meat and fish products are the most impacting foods [64]. The impact of food waste in
China on resources and environment is an area that urgently needs to be studied [65].
The results of this study are of great theoretical and practical significance for clarifying
the scale and structure of food waste in university canteens, pinpointing the food supply
and consumption stages of universities where carbon emissions and costs are prominent,
and exploring mechanisms and countermeasures to reduce food waste and its environmen-
tal and cost impacts. Based on the quantification of food waste, this paper is the first to
try to construct a method system for measuring the impacts of food waste in university
canteens, including the calculation methods of carbon footprint and costs of food waste,
and the acquisition of related parameters. Improved data measurement aims to help better
understand the environmental, social, and economic impacts of food waste, identify hot
spots for priority actions, provide information and long-term options for policy makers,
and make an overall contribution to the sustainable development of university canteens.

5. Conclusions

This paper takes the Taiyuan University of Technology in China as a case study
to evaluate the impact of food waste in university canteens on the environment and
costs. The results of the study put forward specific conclusions for decreasing food waste
in university canteens and reducing its adverse effects on the environment and costs,
which are meaningful for promoting the construction of a conservation-oriented society.
In particular:

e  The scale of food waste in university canteens is staggering, with staple food waste
being the highest (46.14%), followed by vegetables and soy products (28.34%). For
this reason, canteens should be equipped with small servings of staple food and small
dishes, and set different prices. Canteens can also strengthen students’ education on
saving food and reduce food waste by setting up persuaders and establishing meal
communication mechanisms.

e  The carbon footprint of food waste in university canteens mainly comes from the use
of electricity and natural gas (68.71%) in the cooking phase. This requires the use of
more energy-efficient electrical appliances in university canteens, attention to energy
conservation, and consider the use of renewable energy sources.

e The cost of food waste in university canteens mainly comes from the purchase of
livestock and poultry meat in the procurement phase (26.04%) and the payment of
labor costs in the cooking phase (38.17%). This calls on students to reduce meat
consumption and waste, and to have a balanced diet. Labor wages are stable and
unlikely to change.

e  Sensitivity analysis results show that the two most important variables that affect the
life cycle carbon emissions of food waste in university canteens are the use of natural
gas and electricity in the cooking phase, which provides a priority for measures to
reduce environmental impact.
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It must be admitted that the findings of this paper have certain limitations. Due
to the limitation of data acquisition, in the calculation of food waste carbon emissions,
only comprehensive carbon emissions including direct carbon emissions from ingredients
themselves and indirect carbon emissions from feed and grain are considered. The initial
processing and deep processing of food materials are not considered. At the same time,
as the definition of food waste in this paper does not include soup, etc., the waste of
vegetable oil, animal oil and beverages is also not within the accounting scope. This will
result in smaller calculation results. Considering that food suppliers and food waste trucks
may transport food materials and food waste from other nearby universities at the same
time, the results of the transportation phase and the disposal phase may be overestimated.
Further research will continue to complete the life cycle inventory to make the research
results more accurate.

Further research can expand the sample size of food waste measurement in university
canteens, complete the inventory analysis of Life Cycle Assessment, find out the influencing
factors of food waste in university canteens, so as to establish a long-term mechanism to
prevent food waste in university canteens, and promote a better balance between nutrition,
environment and costing variables.
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