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Door-to-door cooked food deliveries are booming in China, so are the food packaging waste and the related
environmental issues. This paper aims to overview the waste flows generated from the food delivery processes
— including food packaging and delivery, which is followed by an analysis of the energy consumption and
emissions of the waste treatment and the delivery. Based on the overview, this paper provides benchmarking
of the energy consumption and emissions within the food delivery in China, which can be helpful for further
studies regarding the energy minimisation and environmental impact mitigation in the food delivery supply chain.
The results showed that in 2016, the waste generation of door-to-door cooked food deliveries in China was 1.68
Mt, including 1.33 Mt plastic waste and 0.35 Mt of wooden chopsticks, which has not been properly recycled
and/or reused. In 2016, the energy consumption for treating the food package waste is 58.89 GWhe, and the
electricity needed for charging the electric bikes is 14.93 GWhe. The number of spent batteries from the delivery
processes, deposited to waste, was 19,507, including 17,285 lead-acid batteries. The estimated GHG emission
of energy consumption is 73.89 Gt COzeq. The conclusions are that the amount of waste from food deliveries is
remarkable and still increasing. Encouraging the use of biodegradable food packaging can be helpful for
reducing energy consumption and emissions of waste treatment. The energy consumption and GHG emissions
covering the whole supply chain of food deliveries should be further discussed.

1. Introduction

The fast urbanisation of cities has changed the human lifestyle and started causing new environmental issues
in the city, and one is the steep increase of municipal solid waste (MSW). MSW includes both organic and
inorganic fractions such as kitchen refuse, cloth, bottles, paper, batteries, etc., produced by a society, which do
not generally carry any value to the first user (Ramachandra et al., 2018). The global waste generation has
raised to 1.3 Gt/y since 2012 and is projected to be more than 2.2 Gtly in 2050 (Hoornweg et al., 2012).
Considering ten countries with largest MSW generation (Waste atlas, 2017), China is leading the top of total
annual MSW generation with a share of 27.4 % in 2017 (Figure 1), while the MSW generation per capita is much
less than other countries with the large population. As an important part of the MSW, waste generated during
the food services and use has been claimed to have an increasing environmental impact. This waste mainly
includes raw material residual, food waste as well as the food packaging. Raw material residual and food waste
are mostly organic kind and easier for further treatment (Bang et al., 2017). Various methods have been
developed to utilise the bio-waste and mitigate its environmental impacts, e.g. composting, anaerobic digestion,
pyrolysis, incineration and landfill (Lee et al., 2018). The food packaging is used to contain the food for food
safety and reduce food waste (Poyatos-Racionero et al., 2017). On the other hand, the food packaging is leading
to environmental issues due to the rapid increase of its amount as well as the lack of sufficient management.
Efforts have been made to reduce the generation of food packaging waste from food industries and retailers.
For example, China has launched the policy to limit the production, selling and use of plastic bags in
supermarkets (GOSC, 2007), the “Packaging and Packaging Waste” (PPW) Directive came to force in EU to
reduce the generation of packaging waste (European Commission, 2004). Hahladakis et al. (2018) assessed
the yield of multiple collection-recycling schemes of food packaging in England and found that only a small
percentage (16 %) of the total amount of post-consumer plastics collected in the examined period was finally
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sent to re-processors (22 kt) in 2014. The food package waste generated by the users becomes more difficult
to manage due to the lack of proper collection and sorting in China. Especially in large cities, with the fast
development of e-commerce and fast-paced lifestyle, the door-to-door food deliveries have become increasingly
popular. The huge increase of food delivery packages is becoming one of the top new challenges of MSW
management.

MSW generation (Mt/y) MSW generation per capita (kg/y)
France NN 318 I 5300
Mexico NN 39.4 I 3431
Japan NN 454 I 358.2
Russian Federation NN 43.3 I 3400
Germany NN 505 I 617.0
Indonesia N 55.1 I 255.0
Brazil I 627 I 383.2
India I 2266 I 1825
United States I 228.6 . 733.7
China I 200.0 I 229.4
0 50 100 150 200 250 300 6 16(} 260 300 460 56(} 560 7(‘]0 Eaﬂ

Figure 1. Top ten countries with the largest amount of MSW and their MSW per capita in 2017 (Derived from
Waste Atlas, 2017)

The market for online food ordering reached 162.2x10° CNY in 2016, and increased to 204.6 x 10° CNY, with
an increased rate of 23.1 % in 2017 (iiMedia, 2017). The number of registered users in the food delivery apps
has risen to 295 M until June of 2017, which is about 19 % of China’s population (iiMedia, 2017). The online
food delivery is becoming increasingly popular because of its convenience and the lower food price than in the
restaurant. Studies show that 13.4 % of the customers are ordering food with the price less than 15 CNY, and
37.3 % ordering food with the price of 16 - 25 CNY (about 2.6-3.2 Euro), and only 10.1 % customer order food
with price higher than 45 CNY, which is similar to the price of having the meal in the restaurant (iiMedia, 2017).
More than 80 % of the users surveyed use food delivery apps once a week in the first half of 2017, and more
than 10 % of users order delivery once a day (iiMedia, 2017). With the increase of orders, the increase of the
amount of waste from the delivered food is remarkable. Song et al. (2017) estimated that the total amount of
packaging waste from door-to-door food delivery surged in China from 0.2 Mt in 2015 to1.5 Mt in 2017. While
the food delivery packaging waste only accounts for approximately 1 % of the annual municipal solid waste
(MSW) generated in China, it concentrates in a few megacities and is comparable to the annual MSW generated
in many second-tier cities such as Taiyuan, and Dalian etc. Obviously, the rapid increase of door-to-door cooked
food deliveries have been resulting in environmental issues concerning the waste and related environmental
impacts, but the data and studies towards these issues still deserve further investigation. This paper aims to
identify the waste generation and energy consumptions of the increasing door-to-door food deliveries and
provides the background data for further studies to mitigate the issue.

Table 1: Food ordering, delivery processes and system boundaries

System boundaries

Processes . Ener nsumption
Waste Generation ergy Consumptio

& Emissions

1. Users ordering food via Third-party Online

Platform (TOP), and the TOP send the order to N/A

the delivery person

2. Delivery from TOP to the food supplier Energy consumption

(shop/restaurant, etc.) of charging the e-

3. Delivery from food producer to the customer ~ Waste from end-of-life bikes

4. Delivery from the user back to the TOP vehicles (batteries) GHG emissions of the
end-of-life batteries

5. Users consume the food Waste from packaging and Energy consumption

food waste (plastic bag/cutlery; and GHG emissions
wooden chopsticks, etc.) from waste treatment
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2. Food Deliveries and System Boundary of the Study

Food deliveries are usually made via third-party platforms. The ordering information is received by the third-
party platform, which is usually online food ordering Applications (APPs), and then transferred to the delivery
staff. They deliver the food to the users. At last, the delivery person still needs to go back to a certain place and
wait for another order. The food ordering and delivery processes, as well as the system boundaries of this study
are shown in Table 1. This is used as the basis of the evaluation of energy consumption and emissions.

The waste generated during food deliveries includes the food package waste and the waste from end-of-life
batteries. The energy consumption and emissions of the waste treatment and the e-bike direct charging have
been considered as well. The food producing stages are not considered in the system boundary. The data are
mainly based on the national statistical data of China in 2016, due to data availability reason, Tainwan,
Hongkong and Macao are not discussed in this study.

3. Estimations of Waste Generations, Energy Consumption and Emissions

The online food delivery data applied in this study are mainly from the research report of iiMedia (2017) and
Song et al. (2017). It has been assumed that all delivering vehicle are electric bikes (e-bike). China's e-bike
committee (2015) claimed that lead-acid batteries (LABs) and lithium-ion batteries (LIBs) are the most used
batteries for e-bikes, and in the year 2015, 95 % of the e-bikes on-road use LABs due to cost considerations.
Considering the advance and promotion of technology, it is assumed the proportion of LABs is 70 % and LIBs
is 30 % in 2016. The data and data source are listed in Table 2.

Table 2: Food delivery and intensity data of 2016

Data Item Amount References
Number of active users 179.2 M
The average ordering frequency 2 times/week Estimated based on th ‘b
. . stimated based on the repor
The average distance per order 25 km (3 orders/delivery) iiMedia (2017) P y
Number the e-bikes 491,400
Electricity used per km 0.05 kWh/km
Lifetime of the e-bike batteries 2y for LABs Estimated based on Liu et al. (2015)
4y for LIBs and Liang et al. (2017)

Average waste generation per order 1 plastic bag
3 plastic boxes
2 plastic forks GVLC, 2017
2 plastic spoons
2 pairs of wooden chopsticks

Other data for end-of-life vehicles, energy consumptions, and emission factors etc. are from literature (listed
where mentioned). Considering data availability, this study mainly focuses on the year of 2016.

3.1 Waste Generation

Based on the listed data, the waste generation, energy consumption and emissions are analysed. In this study,
the average weight of 1 food delivery plastic bag is 0.003 kg, 1 plastic box is 0.01 kg, 1 plastic fork/spoon is
0.001 kg, 1 pair of wooden chopsticks is 0.005 kg. The annual food package waste can be calculated using
Eq(1):

Wy = NoXWp, (1)

Where the Wpw is the weight of package waste per year, Mtly; No is the number of orders per year, Wyo is the
weight of the food package per order, kg/order.

Besides the waste from food packaging, the waste generation due to the huge number of electric bikes used
during food delivery should also be considered. The major waste generated is the end-of-life batteries. The
number of annual end-of-life bikes (batteries) can be calculated in Eq(2):

Winp = NmpXF:XDe (2

Where Wb is the number of end-of-life batteries per year, Nmb is the number of e-bikes used for food delivery,
P is the percentage of spent batteries, and De is the percentage of spent batteries that are disposed into the



664

environment. Based on the lifespan of the batteries, it is assumed that for LABs, the percentage of spent
batteries is 50 %, which means 50 % of the e-bike LAB batteries reach to the end-of-life stage every year. For
LIBs the percentage is assumed as 25 %. Among these end-of-life batteries, about 20.1 % of spent batteries
are discarded by consumers directly into the environment (Chen et al., 2017). For both types of batteries, De is
20.1 %. The results of waste generation are shown in Table 3.

Table 3: Estimation of waste generated during food delivery system in 2016

Waste generation source Amount

Waste from food delivery packages-total 1.68 Mt
Waste from food delivery packages-plastic 1.33 Mt
Waste from food delivery package-wood 0.35 Mt

Spent batteries disposed into the environment 19,507
LABs 17,285
LIBs 2,222

It showed that in 2016, the total package waste from food delivery in China is 1.68 Mt, including 1.33 Mt plastic
waste and 0.35 Mt wood waste. The estimated waste generation in this study is larger than the estimation of
Song et al. (2017) (0.61 Mtly), one possible reason is that the cutlery was not considered in their studies. The
total number of spent batteries entering the environment in 2016 is 19,507, of which 88.6 % is LABs. Liu et al.
(2015) analysed the life cycle assessment of LABs (1 kWh capacity) used in e-bikes in China and found that the
spent batteries are contributing 91 % of the human toxicity potential (HTP), which reflects the potential harm of
a unit of chemical released for human health. Even during the using stage, LABs has a considerable contribution
to many environmental impacts. For example, the use stage results in 86 % of global warming potential (GWP),
78 % of eutrophication potential (EP) and 69 % of acidification potential (AP), within the overall battery life cycle.
The collecting and managing of the used e-bike and the spent batteries entering the environment have been
proved to cause environmental issues (Boyden, et al., 2016).

3.2 Estimation of Energy Consumption and Emissions

Except for direct waste generation, the food delivery processes also have embodied energy consumption and
emissions. The energy consumptions and emissions during the food delivering and waste treatment are
estimated. The indicators used for calculating energy consumption and emissions of waste treatment are listed
in Table 4.

Table 4: Consumption and emission factors

Factors Value References

Energy Consumption factor 26.37 kWhet Calculated based on Sisani et al. (2016), and
of waste treatment (fecrr) ' © BMAQTS (2015)

Lifecycle Greenhouse gas (GHG)
emissions of electricity 1.0 kg CO2/kWhe Moonmaw et al., 2011
(with coal as electricity source)

The energy consumption depends on the way of waste treatment and the specific situation of the treatment
plant. According to the statistical data from National Statistical Bureau of China (2017), in 2016, 37.5 % of the
MSW is treated by landfill, and 60.3 % are sent to incineration. As the rest counts for 2.2 % only landfill and
incineration are considered.

Based on the waste generation, the energy consumption can be calculated in Eq(3):

Ewe = Wyt X fec (3

Where Ew is the total energy consumption of food delivery waste treatment GWhely; Wt is the amount of food
package waste; fec is the energy consumption factors for waste treatment.

The charging of the delivery e-bikes can be calculated based on the numbers of orders and the electricity
consumption of per km, as shown in Eq(4):

E. = N XTpXfe 4)
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Where Ec is the electricity needed for the vehicle charging, kWhely, Nt is the number of trips, Tn is the distance
per trip, km, and fc is the energy efficiency of e-bikes, kWhe/km.

Based on the results of electricity consumption of the vehicle charging and waste treatment, the indirect GHG
emission of the electricity consumption is also determined. The results of the are shown in Table 5.

Table 5: Estimation of Energy consumption and GHG emissions in 2016

Energy consumption and GHG emissions Amount
Electricity used for waste treatment 58.89 GWhe
Electricity used for charging 14.93 GWhe
GHG emissions of electricity consumption

(with coal as electricity source) 73.89 Gt CO2eq

It showed that in 2016, the major energy consumption of the food delivery system is the electricity for package
waste treatment, with a ratio of 79.8 %. The total GHG emission of the electricity consumption is 73.89 Gt CO..

4. Discussion

The online food ordering and deliveries are increasing considerably, these growths are resulting in the increase
of waste generation and the related resources consumption and environmental issues. The average weight of
the food packages for one order is about 0.047 kg. However, with a large number of users and orders, the total
amount of food packages waste is remarkable. Most of the food package is made of polypropylene (PP) and
polystyrene (PS), which are hard for biodegradation. The food packages including the cutleries are mostly used
once and then dumped into bins mixing with other municipal waste. Together with the MSW, these waste
materials are sent to landfill or incineration. However, it is claimed that PP/PS should be incinerated in higher
temperature (above 1000 °C), incinerated in a lower temperature would lead to the generation of toxic chemicals.
In addition, a considerable proportion of the waste is disposed of improperly and enters the rivers or lakes and
causing serious environmental issues. The plastic can remain in the soil for a considerable long time, which
could lead to soil pollution, and by rain wash, these wastes enter the water bodies and result in groundwater
pollution. All these solid waste discharges would lead to the increase of economic and environmental cost.
This study only considered the waste generated during food delivery processes, but the better management of
food delivery waste should also consider the reduction of waste generation. One is to use biodegradable cutlery
instead of plastic ones. As the food delivery market is expanding and the increasing of the orders, most of the
take-out lunch boxes are made of non-degradable materials, which increases the cost of garbage disposal. As
packages and cutlery are usually offered by the food ordering platforms, encouraging the use of biodegradative
packages and cutlery is critical for decreasing the generation of food package waste. Another option is to
improve the parameters of the e-bike batteries. The future works should cover the life cycle of food deliveries,
and investigate the further environmental footrpints of the packaging waste. Promosing technologies, such as
the reclying of PP and waste-to-energy from PP/PS incineration should also be discussed, in order to search
for more possibilities of reducing the environmental impact of food delivery waste.

5. Conclusions

This paper investigated the waste, energy and emission issues raised by the increasing of online food deliveries
in China, aiming to provide the background data and suggestions for reducing the environmental impact of food
delivery processes. The results showed that in 2016, the door-to-door food deliveries generated food packaging
waste is 1.68 Mt, including 1.33 Mt plastic waste and 0.35 Mt wooden waste. The number of spent e-bikes
batteries was estimated as 19,507, including 17,285 LABs and 2,222 LIBs. The energy consumed during the
treatment of the food package waste was 58.89 GWhe, the charging batteries electricity 14.93 GWhe, and the
GHG emission during the waste treatment processes was estimated as 73.89 Gt COzeq. Encouraging the use
and promotion of biodegradable food packages, improvement of battery lifespan and improving the supply chain
management can effectively reduce the discharge of the toxic materials and improve the energy efficiency.
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