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ABSTRACT

In recent years, there has been widespread concern regarding the carbon footprint of food waste,
particularly as China’ s food waste is rising with its economic development. China has the largest
scale of higher education in the world, and the amount of food waste in university canteens is
considerable and cannot be ignored. This study attempts to assess the carbon footprint (CF) of
food waste at Chinese universities. It is estimated that 1.55 million tons of food were wasted in
Chinese university canteens in 2018, based on 9,192 samples covering 29 provinces in China. The
associated CF was 2.51 Mt COeq. The top two food categories contributing to the total CF were
meat and grains, accounting for 46.28% and 36.52%, respectively. Furthermore, the location of the
university was significantly associated with the CF of plate waste It also indicates that household
income, meal satisfaction, sex, education, meal days, and food-saving campaigns are important
factors influencing the CF of food waste. This study highlights areas that can help reduce the
environmental impact of plate waste. It also provides targeted measures to reduce the associated

CF of food waste in Chinese universities.
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1. Introduction

It is widely cited that one-third of edible food produced for human consumption is lost or wasted
(Gustafsson et al. 2011). The “Food Waste Index Report” recently released by the United
Nations Environment Programme (UNEP) shows that about 17% of food is wasted before being
consumed (UNEP 2021). In contrast, hunger remains a global issue, raising ethical concerns. A
recent report jointly released by the Food and Agriculture Organization (FAO) of the United
Nations and other international organizations estimated that approximately 720-811 million
people faced hunger in 2020 (FAO et al. 2021). Therefore, reducing food waste is critical to
achieving the sustainable development goals of zero hunger and responsible consumption and
production due to the limited options to increase food production. Previous studies have shown
that food waste occurs mainly in high-income countries, where the problem is acute (Jeswani,
Figueroa-Torres, and Azapagic 2021); however, attention must also be paid to developing
countries where food waste is increasing rapidly, such as in China (Gao et al. 2021; Ogunmoroti et
al. 2022). China is the largest food consumer in the world (Bai et al. 2020). Sustainably feeding a
large population and achieving food security have been and remain priorities for China, given its
limited resources to produce food (Xue et al. 2021). In addition, rapid urbanization and an increase
in household income have resulted in a growing level of waste (Li et al. 2013; Xu et al. 2020;
Zhang et al. 2020), significantly affecting China’ s food security (Qian et al. 2022). Therefore, it is
necessary to focus on food waste among Chinese consumers and to provide empirical evidence

from China.

Driven by increased incomes, China has seen dramatic growth in away-from-home food
consumption (Bai et al. 2016; Liu et al. 2012). Previous studies have shown that consumers are
more likely to waste food in dining places outside their homes (Xu et al., 2020). Given that the
food service sector in China generates up to half of the food waste across the national food supply
chain (Wang et al. 2017), there is a need to prioritize the reduction of food waste in out-of-home
settings (Bai et al. 2016). Dining locations outside the home are diverse. Previous studies have
focused mainly on food waste in hotels, restaurants, coffee shops, and other places (Gao et al.

2021; Hggevold 2013; Pirani and Arafat 2016). However, in recent years, there has been a



growing body of literature on food waste in educational institutions (Painter, Thondhlana, and Kua
2016; Pinto et al. 2018; Whitehair, Shanklin, and Brannon 2013). Understanding the contribution
of food waste from university canteens is essential (Qian et al., 2022), not only due to the size of
the sector, but also because university students are well-educated and expected to behave morally
as future leaders to achieve sustainable development goals worldwide (Derqui, Fernandez, and
Fayos 2018; Wu et al. 2019). The Ministry of Education of China reports that 41.83 million
university students were enrolled in mainland Chinese universities in 2020 (Qian et al. 2021).
Therefore, the amount of food waste generated by Chinese universities is considerable and cannot

be ignored. However, studies on food waste in Chinese universities are rare.

This study aimed to assess the carbon footprint (CF) of food waste in Chinese universities and
examine the factors leading to the CF of plate waste. This is important because food waste not
only means that considerable resource input is wasted (Kummu et al. 2012; Wang, Yuan, and Tang
2021), but it also creates CFs that may significantly impact global warming. Food waste globally
generates 3.3 gigatons of carbon dioxide, an equivalent of 7% of total greenhouse gas (GHG)
emissions causing climate change (FAO 2019). If food waste were its own country, it would be the
third largest carbon emitter in the world (UNEP 2021). Food systems, including food waste at the
consumption stage, require immediate action and positive change when facing global climate
change, which can adversely impact food systems via crop yields directly, and water availability
and quality, pests and diseases, and pollination services indirectly. Furthermore, changing
atmospheric carbon dioxide affects biomass and nutritional quality (Drewnowski et al. 2015).
COP26 finalizes COP21 and maintains a goal of limiting global warming to 1.5 °C. However, the
world has not come close to this goal, and the window for achieving it is closing. Therefore,
reducing food waste is critical for tackling global climate change (Ishangulyyev, Kim, and Lee
2019). As mentioned above, higher education institutions, including universities, play a leading

role and take direct action to reduce CF (Zhang et al., 2021).

We can develop effective strategies by understanding the key factors affecting the CF of food
waste. Therefore, there is an urgent need to conduct a study on food waste and the associated CF

of universities, especially in a country such as China, which has the largest-scale higher education



worldwide.

The contributions of this study are as follows: First, the data we used were from the only
survey that covered Chinese universities nationally, laying a solid foundation for the food waste
study and the associated CF study in university canteens in China. Although Wu et al. (2019) and
Zhang et al. (2021) analyzed food waste in Chinese universities, their studies were based on small
and limited samples from large cities, such as Beijing and Wuhan. Additionally, the CF of food
waste was not the focus of these two studies. To the best of our knowledge, this study is the first to
use a large-scale national survey in Chinese universities to assess the environmental impact of
plate waste. Second, this study described the status of the CF of food waste more accurately.
Although studies estimating the CF of food waste are growing (Scholz, Eriksson, and Strid 2015),
the scarcity of solid data on the amount of food loss and waste is an obstacle to policymaking
(FAO, 2019). Previous studies have primarily focused on secondary data (Qian et al. 2021; Xue et
al. 2017) rather than on direct food waste parameters (Dou and Toth 2020). Because first-hand
data are relatively scarce, we obtained 9192 samples by cumulatively weighing more than 30,000
times in this study. The direct weighing method provides a more accurate picture of Chinese
universities' food waste-associated CFs. Third, it helps to take targeted measures to reduce the
negative environmental effects of food waste. This study analyzes the total amount and
composition of the CF of food waste in Chinese universities and identifies the key factors that
affect the carbon footprint, thus providing a targeted strategy for effectively reducing the CF of

food waste.

2. Materials and methods

2.1. Sample description

A nationwide plate waste survey was conducted between May and June 2018. Table 1 provides
basic information on the samples. According to student enrollment, we ranked the universities in
every province, then randomly selected one university to represent that province (a total of 30
provinces in mainland China) and got 300-350 random samples from each university.

Unfortunately, the survey in Henan Province failed due to unforeseen circumstances. Finally, we
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obtained 9,192 valid responses from 29 provinces in mainland China, making this the first

nationwide study of plate waste at Chinese universities (Figure 1).

2.2. Survey design

A consent letter describing the research project and the anonymous survey was provided, as
ethical approval for academic research is not required in China (Zhang et al. 2021). The
investigators approached the randomly selected participants and asked for their permission to
participate in the survey after the meal, allowing the individual to finish their meal without
interruption (Qian et al. 2022). This approach reduces bias and the possibility of the individual
changing their waste-discarding habits in line with the well-known social desirability effect or the
observer effect. Upon permission, the investigators recorded the responses to the survey and

measured plate waste.

The surveys were conducted from Monday to Sunday to capture potential variances in daily
food waste, and the survey lasted two weeks at each of the universities surveyed. The survey only
involved lunch and dinner because many students did not have breakfast in their canteens. This
practice is consistent with the investigation of food waste at Stellenbosch University (Marais et al.

2017) and a study at Kansas State University (Whitehair, Shanklin, and Brannon 2013).

The questionnaire included general demographic information (i.e., age, sex, income, and
educational level) and questions on consumers’ awareness of food waste campaigns, satisfaction
rating of the meal, length of the meal, presence of others, and thoughts on plate waste (such as
food safety concerns, moral concerns about food waste, and health concerns), which were
developed in line with previous research on food waste (McCarthy and Liu 2017; Min, Wang, and
Yu 2021; Wu et al. 2019). In addition, respondents were asked to rate their level of agreement with
a statement using a five-point Likert scale and provide demographic information (Qian et al. 2021).

Finally, the investigators measured and recorded the composition and weight of plate waste.

2.3. Food waste measurement and accuracy

Although accurate measurement of food waste is vital for research, the direct weighing method

7



has seldom been used in prior studies because of budget and time constraints (Parizeau et al., 2015;
Wiang et al., 2021). The approaches used to assess the quantities and compositions of food waste
include self-report in household surveys (Djekic et al. 2019; McCarthy and Liu 2017), weighing
food (Silvennoinen et al. 2014; Wang et al. 2017), and Kitchen diaries (Parfitt, Barthel, and
Macnaughton 2010). However, the self-report approach may be unreliable because it depends on
people’s recollections, and participants may give socially desirable responses (Dou and Toth 2020;
Li et al. 2021). Therefore, this study used the direct weighing method because it is more objective,
accurate, and reliable than the other methods (Qian et al. 2021). The investigators first purchased
the food served in the canteen and weighed it using an electronic scale (with an accuracy of 0.01 g)
to obtain standard meal weights. After the meal was consumed, the plate waste was classified and
weighed (Wu et al. 2019; Xu et al. 2020). Finally, 9,192 valid questionnaires were obtained from
the respondents after weighing more than 30,000 times, forming the first national-level database

of food waste in Chinese universities.

In this paper, food waste is defined as edible food discarded at the point of consumption (FAO
2013), and inedible parts of the food, such as vegetable skins, bean dregs, and bones, are not
included in the food waste category (Wang et al. 2017; Wang, Yuan, and Tang 2021). Furthermore,
following previous studies, the food waste in this survey was limited to solid residues (Li et al.
2021). Thus, liquids such as cooking oils, soups, and drinks were excluded. Moreover, plate waste
is grouped into the following categories: rice, wheat, pork, beef and mutton, poultry (e.g. chicken,
duck, and goose), aquatic products (e.g. fish, shrimp, and shellfish), egg products, soy products,
and vegetables, following previous work (Qian et al. 2021). These foods are the main food items

in the Chinese daily diet and are prevalent in university canteens.

2.4. Carbon footprint analysis

Research that develops environmental footprint measures increases knowledge of the
sustainability of food systems. The footprint concept is inspired by life cycle assessment (LCA), a
tool that measures the environmental impacts of a product’s life cycle, taking a ‘cradle to grave’
approach (Drewnowski et al. 2015). However, the traditional LCA method is complex and has

some deficiencies (Plevin, Delucchi, and Creutzig 2014). Thus, in recent years, a new tool, the
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footprint, has emerged to assess sustainability and its components. The concept of a “footprint”
describes human pressure on the planet or how human activities impose various types of burdens

on Earth’s life-support systems (VVanham et al. 2019).

It is widely accepted that the CF concept was derived from studies on global warming potential
(GWP) and was first defined by Hggevold (Hagevold 2003). CF refers to the total amount of
GHG emissions directly and indirectly caused by an activity or accumulated over a product’s life
stages and is becoming a popular tool (Cakar et al. 2019; Song, Semakula, and Fullana-i-Palmer
2018). As the food sector is seen as a carbon “hot spot” with opportunities for improvement (FAO
2019), there is increasing scholarly interest in estimating the environmental impact of food waste
(Brancoli, Rousta, and Bolton 2017; Scholz, Eriksson, and Strid 2015). CF data can inform
consumers about sustainable dietary choices and can be used in eco-labeling to support purchasing
decisions (Clune, Crossin, and Verghese 2017). CF analysis has a much broader appeal than
general LCA, as it is seen as a simplified LCA model. In addition, CF is a helpful tool to provide a

baseline for evaluating the effects of future mitigation efforts.

2.5. Conversion method and the CF of food waste

Although some studies have attempted to measure the CF of food waste in university canteens,
most have not considered the difference between cooked foods and raw foods, and the number of
cooked foods is usually adopted as the standard weight (Wu et al. 2019; Zhang et al. 2021).
However, food changes during the cooking process lead to less accurate data obtained using the
above methods. Therefore, this study proposes converting the waste of cooked foods to raw foods
using cooked-raw-food conversion coefficients to measure food waste accurately, as food loss
during cooking inevitably occurs. In this study, cooked food was converted to raw food using the
method proposed by Adelodun et al. (2021) and Wang et al. (2018). In addition, energy and
material dissipation are involved, which increases carbon emissions. Therefore, the raw foods
were further converted to agricultural products, following Cao et al. (2014) and Wang et al. (2018).
It should be noted that the CF calculated only covers the process before consumers purchase food,
and does not include the CF embedded in food preparation and cooking. The results are presented

in Table 2.



The global warming potential (GWP), expressed in kg CO,eq/kg, was used in this study,

following Clune et al. (2017). Table 3 provides the results for the key food categories.

3. Results

3.1. Scale and composition of food waste

It is calculated that the average wastage generated by Chinese university students in canteens is
143.16 g/d per capita per meal after the conversion. Considering that the number of Chinese
college students was about 40 million in 2018, and they usually spend 270 days in universities in a
year, it is not difficult to calculate that the total amount of food waste in Chinese universities was
1.55 Mt in 2018. Regarding the composition of food waste, vegetables ranked first, accounting for
46.80% (0.72 Mt) of total waste. The grain waste ranked second, accounting for approximately
36.23% (0.56 Mt). Meat ranked third, with an annual scale of about 0.22 Mt, accounting for 13.91%
of the total plate waste. It also found that the waste of eggs and aquatic products was the lowest,

accounting for only 1.55% and 1.52% of the total food waste, respectively (Figure 2).

3.2. Amount and composition of food waste CF

According to our estimation, the total CF of food waste in Chinese universities reached 2.51 Mt
CO.eq in 2018, with a daily per capita CF of 233 g CO.eq/d. Meat waste had the highest CF,
accounting for 46.28% of the total CF of food waste, followed by grains (36.52 %) and vegetables
(10.65 %). Eggs and aquatic products accounted for 3.29% and 3.26%, respectively (Figure 3).
The CF of food waste is significantly different from plate waste weight owing to the different
GWP values of food items (Scholz, Eriksson, and Strid 2015). For example, the average GWP of
meats is 11.84 kg CO,eq/kg, which is 32 times the GWP of vegetables. Thus, although meat waste
accounts for 13.91% of the total plate waste weight, it generates 46.28% of the total CF. On the
contrary, vegetables account for 46.80% of the total plate waste, but only 10.65% of the total CF.

Therefore, reducing the food waste of high-CF foods is effective for carbon emission reduction.

3.3. Spatial characteristics of food waste CF
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Figure 4 shows significant regional differences in CF of food waste at Chinese universities. The
results indicate that regional economic development levels strongly influence food waste in China.
In addition, plate waste is also related to staple food consumption patterns (Qian et al. 2021;
Talhelm et al. 2014), as rice has high carbon intensity, combined with high levels of wastage. For
example, Guangdong and Hubei provinces in southern China (mainly rice consumers) have the
highest per capita plate waste CFs (407 and 374 g CO,eq/d, respectively). In contrast, Shanxi in
northern China (mainly wheat consumers) wastes less than 1/5 the amount of Guangdong (77 g
CO.eq/d). Guangdong, Hubei, Guizhou, and Tianjin are the top four (350-450 g CO,eq/d)
provinces, followed by the central and eastern regions. The lower-CF regions are mainly in

Northeast and Northwest China.

Changing students’ behaviors in economically developed regions that consume rice iS more
effective than other approaches in reducing the CF of food waste in university canteens. A spatial
analysis of the CF of grain waste confirms this speculation. College students in southern
rice-growing regions have a higher CF of grain waste than do northerners who consume wheat as
the staple food (Appendix C). Moreover, considering that the proportion of CF produced by meat
is quite large, this paper further compares the spatial distribution of the CF of meat waste. The
results found that Heilongjiang and Hebei in the north and Guangdong, Fujian, and Hubei in the
south had a higher CF of meat waste (Appendix C). However, overall, southern provinces have a
higher average meat waste CF (210.15 g CO,eq/d) than do northern provinces (195.72 g CO.eq/d).
This may be because the south is more economically developed and consumers have a higher level

of consumption and waste, which has been confirmed by prior studies (Qian et al. 2022).

3.4. Relationship between CF and demographic, informational, and meal-related factors

The relationship between CF and demographics, meal satisfaction, awareness of food waste
campaigns, and working days were also analyzed. The results indicated that the CF of food waste
is associated with household income (Figure 5). Further composition analysis shows that plate CF
is mainly determined by meat waste, and the CF of meat waste of the highest income group is
twice that of the lowest income group. However, the CFs of the other plate waste items among the

different income groups were not significantly different. Therefore, household income plays a
1



significant role in determining the CF of food waste in university canteens.

In addition, meal satisfaction influences the CF of food waste. For example, Figure 5 shows that
as the meal satisfaction level increased, the plate CF significantly decreased, suggesting that
satisfaction is a critical factor in reducing the CF of food waste. Moreover, the CF of meat, grains,
and vegetables decreased more significantly than that of eggs and aquatic products when meal
satisfaction increased. Therefore, meal satisfaction helps reduce the waste and corresponding CF
of major food varieties in Chinese university canteens, confirming the findings of Lorenz,

Hartmann, and Langen (2017).

Figure 6 shows other factors that influence the CF of food waste. First, female university
students have a higher plate waste CF (257 g CO»eg/d) than males (210 g COeq/d). Plate waste
composition analysis revealed that the difference in grain waste contributed significantly to the CF
gap between females and males. Wu et al. (2019) also reported similar sex differences in plate
waste weight. Therefore, this highlights the necessity of providing a smaller portion of staple food
in the canteens to satisfy the needs of female students and reduce grain wastage and the

corresponding CF.

Second, education is an influential factor affecting the CF of food waste (e.g., postgraduates:

218 g CO,eq/d; undergraduates: 236 g CO,eq/d), confirming the findings of Mattar et al. (2018).

Third, the CFs of food waste varied between working days and non-working days (working
days: 241 g COzeq/d; non-working days: 213 g CO.eq/d). A possible reason for this is that
university students have a hectic lifestyle and a shorter mealtime during their working days
(Painter, Thondhlana, and Kua 2016), which results in more plate waste. Thus, ensuring sufficient

time for eating may be an effective measure to reduce CF.

Fourth, students familiar with food-saving campaigns (228 g CO,eq/d) generated less plate
waste CF than those who did not know about these efforts (245 g COeq/d), indicating that
food-saving campaigns contributed to the reduction in plate waste CF. Therefore, awareness
campaigns could effectively reduce food waste in canteens, similar to studies from Whitehair,

Shanklin, and Brannon (2013) at Kansas State University in the USA and Pinto et al. (2018) at
12



Lisbon University in Portugal.

4. Discussion

4.1. Food waste and corresponding carbon footprint

Based on a large-scale survey of 29 universities in mainland China, some interesting phenomena
were observed. First, homes produce the least amount of food waste per capita per meal, and we
found that the segmentation of the away-from-home food consumption sector should be addressed
to develop effective plate waste and CF reduction strategies. For example, Table 4 shows that, on
average, food consumption in university canteens generates less food waste than dining in
restaurants (Wang et al. 2018; Xu et al. 2020). Moreover, the differences measured in CF were
more significant than those in weight due to diverse dietary patterns and GWP values. For instance,
people tend to order more animal products in restaurants to show generosity and hospitality (Bai et
al., 2016) than in university canteens, resulting in more plate waste CF. Therefore, different

measures should be adopted to deal with plate waste under different dining scenarios.

Second, this study shows heterogeneity in consumer characteristics and food-wasting behaviors.
This indicates that effective food waste reduction solutions are likely to be based on diverse and
mixed strategies. We found that the effectiveness of each solution was correlated with an
individual’s sex, education, income, meal satisfaction, geographic location, and dining days.
Therefore, different policies are needed to appeal to people based on their personal food waste

experiences.

Third, compared with university students in Western countries, this study found that Chinese
students waste less food in canteens and, consequently, have lower CF (Table 4). The possible
reasons are as follows: food waste is positively related to economic factors, and China is still a
developing country; Chinese university canteens provide a great variety of foods, which can
significantly reduce food waste due to meal dissatisfaction; and the difference in cultures may also
be responsible for the divergence. For thousands of years, frugality has been a virtue and wasting
has been a source of shame in traditional Chinese culture. These factors cause the greatest

differences in plate waste between Chinese and Western universities. However, it is worth noting
13



that consumption of high-carbon-intensity foods, such as meat, will further increase as household
income increases (Liu et al. 2009; Xu et al. 2020). Therefore, interventions are important to
alleviate carbon emissions from food waste. The recommendations proposed below for reducing

plate waste in Chinese university canteens may also be applicable in the west.

4.2. Potential mitigation strategies

When global food security is in danger, reducing food loss and food waste effectively achieves the
2030 Agenda for sustainable development. Concerns regarding food waste have spurred initiatives
in China. For instance, the ‘Clean Your Plate’ campaign was launched by an NGO in 2013 to raise
awareness about food waste and encourage restaurants to reduce waste, such as by providing
doggy bags and serving smaller dishes (Mirosa, Yip, and Lentz 2018). Additionally, the country’s
top leadership issued strict regulations to reduce extravagance and waste at banquets for
government officials (Wang et al. 2017). In 2021, China’s Anti-Food Waste Law came into force.
Such top-down initiatives should have some effect on changing attitudes toward food waste.
However, whether they effectively reduce waste in the catering industry’s institutional sector
remains to be determined. Nevertheless, several findings from this study can help implement food

waste reduction strategies and policies.

First, it is understood that shifting to a healthy and sustainable diet entails synergies and
trade-offs between different types of footprints (He et al. 2019). For instance, foods with a higher
nutrient density, such as meat and dairy, are associated with higher greenhouse gas emissions, and
foods with a lower nutritional value (i.e., sweets) have a lower CF than many other foods
(Drewnowski et al. 2015). Therefore, the consideration of environmental impacts needs to be

linked to health.

Second, innovations in catering services can facilitate behavioral changes. For example, using a
novel self-service meal option allows people to choose and weigh the food and pay by weight to
reduce plate waste effectively, as saving money has generally been identified as the best motivator
to reduce consumer food waste. Therefore, innovations to meet people’s demands and increase

resource efficiency should be encouraged.
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Third, it is suggested that foods should be offered in different portions (such as small, medium,
and large) to meet the different needs of students. According to our survey, female students
generally eat less than male students, especially grains. Therefore, standard offering is one of the
reasons for the increase in plate waste. Previous research has also claimed that smaller servings
help reduce self-reported plate waste in university canteens (Visschers, Gundlach, and Beretta

2020).

Furthermore, the differences in plate waste between working and non-working days indicate
that a speedy meal also causes extra plate waste. Therefore, it is suggested that modifying a tight
lecture schedule and allowing reasonable mealtime for students can help reduce plate waste. In
addition, slower eating is beneficial for students’ health and well-being. Moreover, it is suggested
that follow-up and future studies on the association between plate waste and the dining

atmosphere are needed to clarify the link, as this is not the focus of this paper.

Finally, educational programs or campaigns that define the right things to do and highlight the
consequences of food waste positively influence students’ food-saving behavior (Kim et al. 2020).
It would be helpful to remind students of the association between their behavior and
environmental impact (Qian et al. 2022). For example, using CF labeling or “smart disposal bins”

shows the weight of plate waste when people throw away food.

4.3. Limitations

The findings of this study have certain uncertainties and limitations. First, it did not include
breakfast in the survey, underestimating the CF of food waste in university canteens. However,
this may not be a severe problem, considering that university students generally do not eat
breakfast in canteens, or if they do, the breakfast waste rate is low. Second, this study only
investigates the dine-in plate waste in university canteens, and the food waste generated from
takeaway and delivery food (which has recently become popular among students) is beyond the
scope of this research. Therefore, this study may slightly underestimate the plate waste and CF in
Chinese universities. Follow-up studies are needed to reflect the overall food consumption in

universities. Third, there is still room for further optimization of food waste measurements and the

15



corresponding CF in Chinese university canteens. Finally, the survey was conducted in May and
June 2018 owing to time and cost limitations, without fully considering seasonal differences,
which may affect the accuracy of the estimation results. However, considering that most
ingredients can be supplied year-round, the effect is limited. Another possible shortcoming of this
study is that it did not consider the spatial distribution of colleges in China. Therefore, it is more
reasonable to calculate provincial totals and then aggregate them. However, only one university
was investigated in one province, and an accurate weight could not be determined. Furthermore,
we believe that this is a future direction for measuring food waste and the associated CF in

follow-up studies.

5. Conclusions

Based on a survey of 29 universities in 29 provinces in mainland China, and using the data
obtained by the direct weighing method, this study calculated the scale of food waste in Chinese
universities on a national level, and the CF of lost food was further measured. The main findings
are as follows: (1) The total amount of food waste in Chinese university canteens reached 1.55 Mt
in 2018, and vegetables and grains were the highest, accounting for 46.80% and 36.23% of the
total waste, respectively. (2) The total CF of plate waste in Chinese university canteens has
reached 2.51 Mt COzeq. In terms of CF, meat ranks first and grains rank second, accounting for
46.28% and 36.52% of the total carbon footprint of food waste, respectively. (3) University
location is significantly associated with plate waste, which is highly consistent with China’s
regional economic development variations. (4) The results indicate that the CF of food waste is
associated with household income, meal satisfaction, sex, education, meal days, and food-saving
campaigns. This study helps to better understand the characteristics of plate waste and its
environmental costs in Chinese universities, as well as to provide targeted measures for reducing

food waste and its associated CF.
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Appendix A

The conversion calculation formulas are listed below:

FW, ., = FW, x Nx 270 (1)
5
FW, = Zk:1 FW, )

9192
FWk:Z FW, x Cl, xC2, x2

i=1 :3
9192 ®)

FWro denotes the total annual plate waste in Chinese university canteens (million t), and N

is the total number of students in Chinese universities in 2018, approximately 40 million. The

number of days a university student dines in the university canteen is assumed to be 270 days,

FW,

calculated as 365 days minus 95 days, including summer and winter holidays. D indicates

daily per capita food waste in Chinese university canteens (g/day). FW. denotes daily per capita

FW,

food waste in Chinese university canteens (g/day). k denotes per capita food waste of

Cl,

student; per meal in Chinese university canteens (g/meal). is the cooked-raw food conversion

dCZ

factor for food k, an kis the raw agricultural produce conversion factor for food k.
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Appendix B

This study used a CF index to assess the environmental impact of plate waste in Chinese
university canteens, calculated as follows:
CFrow = CF, x Nx 270 (4)
5
CR, =D . FW, xGWP, (5)
CF,, indicates the total annual CF of food waste in Chinese university canteens (10,000 t
COyeqlyear). CF; denotes the average daily CF of food waste in Chinese university canteens (g

CO.eq/day). GWP, is the GWP of food waste, in Chinese university canteens (kg CO,eq/kg)

(Clune, Crossin, and Verghese 2017).
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Table 1. Basic statistics of survey samples

Characteristic Category Responses  Percentage
Sex Female 4418 48.06%
Male 4774 51.94%
<3000 ¥ 962 11.19%
3001-5000 ¥ 2708 31.50%
Household income 5001-10000 ¥ 3317 38.59%
10001-20000 ¥ 1223 14.23%
>20000 ¥ 386 4.49%
Education status Undergraduate 7466 81.22%
Postgraduate 1726 18.78%
1= Dissatisfied 112 1.30%
Meal satisfaction 2= less than satisfied 411 4.78%
3= generally satisfied 3833 44.59%
4= more than satisfied 4240 49.33%
Food-saving campaigns  Yes 6801 73.99%
No 2391 26.01%
Survey days Working days 6378 69.39%
Non-working days 2814 30.61%
Regions Eastern regions 3771 41.03%
Midwest regions 5421 58.98%
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Table 2. Conversion coefficients from cooked food to agricultural products

Cooked food To raw food C1, (9/9) Further to agricultural products C2 (9/9)
Vegetables Vegetables 1.05 Vegetables 1.50
Pork Pork 1.33 Slaughter pigs 1.63
Poultry Poultry 1.37 Slaughter poultry 1.49
Beef and mutton Beef and mutton 1.41 Slaughter cattle and sheep 2.18
Aquatic products Agquatic products 1.10 Aquatic products 1.18
Eggs Eggs 1.05 Eggs 1.18
Rice Rice 0.45 Paddy 1.48
Wheat and other Wheat and other Wheat and other grains

grains (including soy  grains (including 053 (including soy products) 149
products) soy products)

Note: Cooked-raw-food conversion coefficients are taken from Adelodun et al. (2021), Wang et al. (2018), USDA (1992), and Chappell
(1954). Raw agricultural product conversion coefficients were obtained from Wang et al. (2018) and Cao et al. (2014). Owing to the lack
of conversion coefficients for soy products in the literature, this study draws on the practice of Adelodun et al. (2021) and uses the

conversion coefficient for wheat as an approximation.
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Table 3. GWP of main food items

Food category Food items GWPk (kg CO2eq/kg)
Vegetables Vegetables 0.37
Meats Pork 5.77
Poultry 3.65
Beef and lamb 26.10
Aquatic products Aquatic products 3.49
Eggs Eggs 3.46
Grains Rice 2.55
Soybean 0.49
Wheat 0.52

Note: The GWP values are mainly from Clune, Crossin, and Verghese (2017). The mean GWP values for beef and mutton were

used. The GWP values for fish and chicken represent aquatic products and poultry, respectively, following Adelodun et al.

(2021).
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Table 4. A comparison of food waste weight among existing studies

Country Location Year Food waste weight (g/cap/meal) Source

China University canteens in 29 2018 Before conversion: 61.03 Our survey
provinces After conversion: 71.58

China 6 university canteens in 2018 Before conversion: 73.70 Wu et al. 2019
Beijing

China High school canteens in 2014 Before conversion: 130 Liu et al. 2016
Beijing

China Restaurants in Lhasa 2015 After conversion: 98 Wang et al. 2018

China Restaurants in four 2015 After conversion: 93 Wang et al. 2017
Chinese cities

China Households in rural and 2004, Before conversion: 42.56 (g/cap/day) Min, Wang, and Yu
urban China 2006 2021

and
2009
China Households in rural China 2015 Before conversion: 8.74 Lietal 2021
Portugal A Portuguese university 2010 Before conversion: 200 Ferreira, Martins,
and Rocha 2013
South Rhodes University 2015 Before conversion: 555 (g/cap/day) Painter,
Africa Thondhlana, and
Kua 2016

United A Midwestern university 2016 Before conversion: 88.23 Ellison et al. 2019

States in the USA

Global 2011 Before conversion: 178 (g/cap/day) Chen, Chaudhary,

and Mathys 2020
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