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This paper connects food waste with food delivery service and aims to explore 
the impacts of the anti-food waste regulation on food waste generation and 
the selection of promotion strategy in an Online-to-Offline (O2O) supply chain. 
Using a game-theoretical approach, we focus on three prominent promotion 
strategies—a no-promotion strategy (N strategy), a price discount strategy (D 
strategy), or a volume-based price discount strategy (S strategy). Our research 
results indicate that the restaurant’s choice of promotion strategy is almost 
independent of the intensity of anti-food waste penalties. However, the optimal 
strategy of the platform and the amount of waste are influenced by it. Under 
certain conditions, restaurants and platforms were able to achieve a win-win 
situation through promotion strategies. In the case of the relaxation of anti-food 
waste regulations, both restaurants and platforms tend to adopt the D strategy. 
In contrast, when penalties are stronger, platforms may be  forced to accept 
D or S strategy because of the proactive behaviors of restaurants, even if they 
would prefer not to adopt promotion strategies. Overall, the government should 
consider bringing restaurants under regulation to protect platform revenue and 
effectively reduce food waste.
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1 Introduction

In recent years, the global online food delivery market has expanded swiftly as consumer 
demand for dining convenience has surged, spawning a multitude of online food delivery 
services (Habib et al., 2022). Online-to-Offline (O2O) food delivery services represent a novel 
approach to ordering food online and receiving it offline within the restaurant. This model 
marks a significant shift in the era of “Internet Plus” and constitutes a key area within 
e-commerce (Cheong and Law, 2022; Du et al., 2021; Roh and Park, 2019). The ubiquity of 
smartphone applications and online payment systems has facilitated convenient food ordering 
and payment for users across various locations and at any time (Hultman et al., 2011; Kaur 
et al., 2021). The adoption of advanced technology has broadened the user base and operations 
of food delivery services (Gajdzik et al., 2023; Ali-Alsaadi et al., 2023; Dörnyei et al., 2023). 
Nonetheless, this burgeoning growth has been accompanied by a distressing increase in food 
waste (Trivedi et al., 2023). According to the Food and Agriculture Organization of the United 
Nations (FAO), approximately one-third of the world’s food produced for human consumption 
is lost or wasted, amounting to around 1.3 billion tons of food (Akkaş and Gaur, 2022).
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The global situation of food loss and waste is currently a 
complex issue (Na et  al., 2022). This problem directly impacts 
global hunger and sustainability in the 21st century (FAO, 2020). 
In 2017, the United Nations set a sustainability goal to halve global 
per capita food waste at the retail and consumer levels by 2030. 
However, food waste and loss are not limited to developing 
countries; it has become a global concern. In addition to the food 
itself, this issue results in the wastage of resources such as water, 
land, energy, labor, and capital, which severely undermines 
economic and environmental sustainability (FAO, 2020). The 
abundance of material goods in society contributes to the 
significant amount of waste. Supermarkets, for example, incur 
costs to dispose of and destroy unsold food nearing expiration. In 
some cases, surplus produce is discarded, and even milk and 
butter have been dumped into the sea by the European Union. This 
highlights the extent of the problem and the need for effective 
measures to reduce food loss and waste. In the European Union 
(EU), it is estimated that more than 84 million tons (Mt) of food 
waste was generated in 2018 from agricultural production to final 
consumption, which represents approx.—13% of the food 
produced in the European boundaries. Specifically, 56–80% of the 
entire amount is generated at the household and food service 
levels, which means 47 to 67 Mt (Bux et al., 2023). The first survey 
in Southern Italy to evaluate attitudes on food waste in the 
hospitality sector, responsible for a third of the region’s waste, 
revealed an average sustainability score of 84 for hotel managers’ 
awareness of sustainable practices and recycling in Apulia. 
However, their score on attitudes towards food waste management 
strategies was only 65. The study found a positive correlation 
between hotel star rating and sustainability awareness, but a 
negative one with the number of rooms and attitudes towards 
waste management. It identified the foods most frequently wasted 
and emphasized the need for improved circularity and 
sustainability in the hotel industry (Lagioia et  al., 2024). As a 
result, regulators are increasingly focusing on reducing food waste 
and many countries are implementing regulations against food 
waste (Szulecka and Strøm-Andersen, 2022).

According to data released by the China Internet Network 
Information Center (CNNIC), as of December 2022, the number of 
online food delivery users in China had reached 521 million. Food 
delivery platforms, such as “Ele. me” and “Mei tuan,” continue to see a 
steady influx of new outlets every day, as well as a certain number of 
outlets shutting down, which intensifies competition in the restaurant 
market (Han et al.). Many restaurants turn to promotion strategies, such 
as price discounts and quantity discounts, to thrive in this competitive 
environment (Duan and Li, 2021; Zhang et al., 2022; Igarová et al., 
2023). Therefore, restaurants must carefully select promotion strategies 
that are more tailored to their specific circumstances (Xie and Bing, 
2022; Lee and Charles, 2021). Simultaneously, there has been growing 
interest in the factors influencing the choice of promotion strategies and 
how different promotion strategies impact the optimal decision-making 
of distribution supply chain members (Kumawat and Barker, 2023; Xu 
et al., 2021).

In terms of anti-food waste, the existing literature mainly examines 
the impact of anti-food waste regulations on the restaurant as a whole 
(Feng et al., 2022). Nevertheless, the lack of focus on the rapidly emerging 
online food delivery market is a gap, which does not take into account 
the link between online food delivery and food waste. The absence of 

relevant studies in the academic sector has led to difficulties in 
government regulation, resulting in a growing problem of wastage in the 
industry. The problem of waste in this industry is increasing day by day. 
Some scholars have also begun to pay attention to the food waste 
phenomenon in the process of online food delivery services and explore 
the reasons behind it, the factors considered mainly include food quality, 
delivery time, the amount of ordered meals, etc. Meanwhile, the O2O 
model studied in this paper requires us to develop a dual-channel 
environment for online food delivery that considers anti-food waste 
regulation and addresses the following key issues:

 1 What is the impact of anti-food waste regulation on food waste 
in the O2O food delivery supply chain?

 2 How will anti-food waste regulation affect the decision-making 
of members of the O2O food delivery supply chain?

 3 How will the anti-food waste regulation change the choice of 
promotion strategies of restaurants and online food 
delivery platforms?

In this paper, we  consider three strategies: no promotion 
strategy (N strategy), price-discount promotion strategy (D 
strategy), and volume-based price discount strategy (S strategy). 
Meanwhile, how anti-food waste regulations affect restaurants’ and 
platforms’ choices of promotion strategies is examined, as well as 
their impact on food waste. We  offer new insights into the 
contextual factors influencing promotion strategies, including the 
strength of anti-food waste penalties, the commission percentage, 
and offline dining costs. Additionally, we explore the mechanisms 
of how anti-food waste regulations interact with promotion 
strategies within the O2O food delivery supply chain, thereby 
filling a gap in this research. It also provides recommendations for 
government regulators to formulate regulatory strategies to help 
companies collaborate with regulators to reduce food waste and 
ensure economic sustainability and operational efficiency.

The rest of the paper is structured as follows. In Section 2, a 
literature review of the Anti-food waste regulation, O2O supply chain 
and promotion strategies. Section 3 gives the problem description and 
hypotheses of the paper, as well as solves the optimal solution under 
various strategies. Section 4 uses numerical examples to further 
investigate related issues that cannot be analyzed comparatively due 
to the complexity of the model and Section 6 is the concludes. The 
proofs of the paper are in the Supplementary material.

2 Literature review

This paper considers three core research topics, such as anti-food 
waste regulation, O2O (online-to-offline) supply chain management 
and promotion strategies. This section will delve into the relevant 
research literature to better understand the interdependencies and 
differences between this paper and the existing literature.

2.1 Anti-food waste regulation

Food waste is becoming a growing concern for governments and 
societies, not only in terms of the food crisis for people globally, but 
also in relation to economic development, environmental 
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sustainability and social equity (De Steur et al., 2016; Mithun Ali et al., 
2019; Dumitru et  al., 2021; Krishnan et  al., 2022). The existing 
literature provides a systematic account of food waste avoidance and 
the adoption of appropriate regulatory mechanisms by the regulators 
(Mesiranta et  al., 2022; Teng et  al., 2021; Steenmans and 
Malcolm, 2023).

Corrado and Sala (2018) argue that food waste is also an 
inefficiency within the food supply chain. In a study by Govindan 
(2018), it was noted that food waste could be reduced by 23% through 
more effective food supply chain management methods. Kourmentza 
et al. (2018) reveal that reducing food waste is increasingly seen as 
central to food supply chain management. As explored by Göbel et al. 
(2015), government regulations are a key method of reducing food 
waste along the supply chain. Enforcing penalties for food waste 
through the enforcement of regulations can help reduce the incidence 
of food waste. The French government has been effective in improving 
waste control by enforcing penalties on supermarkets for discarding 
edible food (Cane and Parra, 2020). Government regulations have a 
significant impact on firms in the supply chain. Parfitt et al. (2010) 
criticized such regulations, arguing that they create invisible economic 
pressures while encouraging firms to comply, with small firms being 
the most strongly affected. In addition, the imposition of regulatory 
compliance is often combined with incentives and penalties to 
constrain firms to take measures to avoid waste, while providing 
motivation for firms to focus on waste management (Thi et al., 2015; 
Chalak et  al., 2016). Walia and Sanders (2019) illustrate how 
companies, in response to government regulations, have primarily 
focused on increased research funding aimed at waste reduction. They 
also report greater incentives for the research and development of 
technologies and strategies that minimize waste, including the practice 
of donating food that would otherwise be  discarded, which can 
be used to offset corporate taxes.

Contrast to the aforementioned anti-food waste studies, which 
typically focus on the impact of regulatory compliance on both 
consumers and producers, this paper explores how these regulatory 
policies affect restaurants’ choices of promotion strategies in the 
online food delivery industry. We focus on the impact of the strength 
of anti-food waste penalties on different promotion strategies in the 
O2O food supply chain, revealing how these regulations affect 
restaurants’ and platforms’ choice of promotion strategies and 
optimization decisions. In addition, while existing studies typically 
examine anti-food waste regulations in multiple domains, this study 
targets specific areas of the food delivery O2O supply chain. This 
targeted research approach provides more direct and applicable 
insights into food waste issues in this emerging industry.

2.2 O2O supply chain management

With the development of the Internet era, domestic and foreign 
scholars have focused on the research of the O2O supply chain. Gu 
et al. (2023) aimed to develop a theoretical model to explore how the 
anticipated regret affects pricing and advertising decisions and profits 
of retailers in the online-to-offline (O2O) supply chain. Narang and 
Shankar (2019) primarily concentrate on the parallels and distinctions 
among retailers utilizing mobile app platforms for both online and 
offline sales and returns. He et  al. (2019) addressed the issue 
concerning the sale of fresh agricultural products in both online and 

offline markets while examining the optimal decisions made by 
agricultural supply chain members. Gao and Su (2018) and Gao and 
Su (2017) conducted an analysis of the effective dissemination of 
product information by retailers in both online and offline channels. 
Additionally, they explored how consumers make choices regarding 
purchasing channels based on this information. Lin et  al. (2022) 
emphasized the significance of establishing distribution centers as 
fundamental elements in food delivery systems. They aimed to 
investigate factors influencing the perception and acceptance of retail 
delivery systems among urban Chinese consumers. Gharehgozli et al. 
(2017) identified pivotal characteristics of the food supply chain and 
deliberated on emerging trends that will shape the future of food 
transportation. In contrast to these investigations, primarily centered 
around e-commerce platforms, this paper specifically concentrates on 
food delivery platforms and restaurants.

2.3 Promotion strategies

Promotion strategies have been incorporated into the food 
delivery supply chain to address intense market competition and 
mitigate the impact of queue congestion on the profits of supply 
chain members. Rosin et al. (2023) determine the healthiness of 
promoted versus non-promoted products, and quantify the effects 
of promotions on sales to examine the frequency of promotions on 
breakfast cereals and drinks. Cheng et  al. (2023) explored three 
promotion scenarios: seller-led, platform-led, and leaderless-led, 
elucidating optimal strategies and decision-making patterns in these 
contexts through programmatic models and experiments. 
Chaudhary et al. (2022) addressed the challenge of determining the 
optimal promotion strategy for diffusion models within specific 
segmented markets. Feng et al. (2021) examined the exchange costs 
incurred by consumers during the search and utilization of coupons, 
gift cards, and other processes when the same product is offered by 
third-party sellers. They also investigated the impact of different 
financing models on the effectiveness of promotion strategies.

The preceding research investigates the selection of promotion 
strategies in diverse scenarios and examines their effects on ordering 
and pricing, without explicitly addressing food delivery platforms. In 
contrast, this study is centered on the choice of promotion strategies 
within the O2O food delivery supply chain, specifically focusing on 
the restaurants.

3 Materials and methods

3.1 Problem description and hypotheses

Consider an O2O food delivery supply chain system consisting of 
a food delivery platform providing online services and a restaurant 
providing online delivery and offline dining. In this O2O food delivery 
supply chain system, there will be  three promotion strategies for 
online orders: no-promotion strategy (N strategy), a price discount 
strategy (D strategy), or a volume-based price discount strategy (S 
strategy). Under the D strategy, the restaurant will decide food prices 
for offline channels and the ratio of price discounts for online 
channels, and the platform does not make decisions and only charges 
a certain percentage of the service fee for the use of the online channel 
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by the restaurant. Under the S strategy, the platform first decides the 
food price for online orders, and then the restaurant decides the food 
price for offline channels (Table 1).

When delving into the degree of utility and price improvement β  
under an S strategy, several pivotal considerations must be taken into 
account. These encompass consumer behavior, market structure, the 
attributes of products and services, and the competitive landscape. β  
may fall short in encapsulating the full extent of utility and price 
improvement, as these parameters require tailoring to the specific 
market milieu and consumer behavior. Nevertheless, β  can serve as a 
proxy for the intricate interplay of decision-making variables and 
market conditions. In practice, businesses typically rely on market 
research, consumer polling, and data analytics to ascertain the optimal 
settings for these parameters, ensuring the effectiveness of their 
strategies in bolstering utility and competitive standing. For the sake of 
analysis and without loss of generality, the following assumptions are 
further stated:

Hypothesis 1: Since it is easy to dispose of excess food offline and 
the “clean plate campaign” has a significant impact on consumers’ 
waste behavior, we only consider that food waste occurs in online 

ordering, and consider that the delivery platform should bear the 
responsibility of anti-food waste (Han et  al., 2019; Zheng 
et al., 2023).

Hypothesis 2: The service cost of the delivery platform and the unit 
production cost of the restaurant are assumed to be 0, and the 
offline service crowding effect is considered, that is, the waiting 
cost of customers for offline is T  (Eser et al., 2014; Luan and 
Corman, 2022).

Hypothesis 3: In order to ensure that the number of online 
and offline channel sales under no promotion strategy is 
positive, ρ ρ< 1  and η η1 1< < , where ρ

θ
1

1
=

−( ) +V T
k

,  

η
θ ρ θ θ
θ θ ρ1

2

2
1 2 1 2 1

3 1
=

−( ) + −( ) − −( )
− −( ) −( )

k V T
T V k

.

Hypothesis 4: In order to ensure that the number of online and 
offline channel sales under D strategy is positive, δ θ<  and 
η η2 1< < , where 

η
δ δθ θ
δ δ θ2

2 2
=

− +
−( )

.

Hypothesis 5: In order to ensure that the number of online and offline 
channel sales under volume-based discount strategy is positive, 

∆ <
−( ) −

−

3 1
1
βθ ρ

β

V k , T V k< −( ) − −( )∆ +3 1 1βθ β ρ , 

η η3 1< < , where η
ρ βθ

βθ βθ β ρ
3

2 1

1 1
=

−( )
+ −( ) + ∆ −( ) −( )

k

T V k
.

Hypothesis 6: In order to ensure that the parameter settings under the 
volume-based price discount strategy are realistic, 1 1

< <β
θ

, 
µ <1 , and β µ <1 .

Hypothesis 7: Both restaurateurs and delivery platforms are 
rational in their decision-making, with their own profit 
maximization as the decision-making goal, and the choice of 
promotion strategies is determined by the restaurants.

According to the above, the sales quantity function of offline and 
online channels under the N strategy, D strategy and S strategy can be 
assumed as Equations 1–3:

d T p p p
o
N r o o=

+ −
−

−
1 θ θ

,
 
d V T p p

r
N r o= −

+ −
−1 θ  

(1)

d
T p p

o
D r r=

+ −( )
−

−
1
1

δ
θ

δ
θ

,
 
d V

T p
r
D r= −

+ −( )
−

1
1

δ
θ  

(2)

d
T p p p

o
S r o o=

+ −
−

−
β µ
βθ

µ
θ1

,
 
d V

T p p
r
S r o= −

+ −
−

β µ
βθ1

 
(3)

Thus, the amount of food waste in the online channels of the three 
strategies j N D S∈( ), ,  can be obtained as Equation 4:

TABLE 1 Summary of notations.

Parameters

V Total demand of market

η Platform’s commission rate

θ delivery network adaptability

T Cost of offline dining

δ Price discount rate under the D strategy

µ Degree of price concessions under the S strategy

β
Degree of utility and price improvement under the S 

strategy

∆ Increased cost per unit of product under the S strategy

k Unit penalty cost of food waste by government

ρ Waste ratio of online meal units

Decision variables

pr
Food price of offline channel

po
Food price of online channel

Dependent variables

dr
Food sales quantity of offline channel

do
Food sales quantity of online channel

W j
Amount of food waste under the j strategy, { }, ,j N D S∈

j
rπ

Profit of the restaurant under the j strategy, 
{ }, ,j N D S∈

j
oπ Profit of the platform under the j strategy, { }, ,j N D S∈
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 W dj
o
j= ρ  (4)

Further, the profit function of restaurant and platform under the 
three strategies can be obtained as follows:

 
π ηr

N
o o

N
r r

Np d p d= −( ) +1
 

(5)

 
π η ρo

N
o o

N
o
Np d k d= −

 
(6)

 
π η δr

D
r o

D
r r

Dp d p d= −( ) +1
 

(7)

 
π ηδ ρo

D
r o

D
o
Dp d k d= −

 
(8)

 
π η β µ βr

S
o o

S
r r r

Sp d p d d= −( ) + − −( )∆1 1
 

(9)

 
π βηµ ρo

S
o
S

o o
Sd p k d= −

 
(10)

In Equations 5, 7, 9, the item is the profit of offline dining under 
the three strategies. In Equations 6, 8, 10, the item is the profit of the 
online delivery services under the three strategies. Using backward 
induction, we summarize the optimal decision results under the three 
strategies in Supplementary Table S1.

3.2 Model analysis

In this section, we  first analyze the effects of anti-food waste 
regulation, cost of offline dining on optimization decisions under the 
three strategies. Then we compare and analyze the optimal decision 
results of the N strategy, D strategy, and S strategy.

3.2.1 The impact of anti-food waste regulation

Proposition 1. (i) 
dp

dk
r
N∗

> 0 , 
dp

dk
o
N∗

> 0 , and dp
dk

dp
dk

r
N

o
N∗ ∗

< . (ii) 

∂
∂

>
∗d

k
r
N

0 , ∂
∂

<
∗d

k
o
N

0 , and ∂
∂

<
∂
∂

∗ ∗d
k

d
k

r
N

o
N

. (iii) dW
dk

N∗
< 0 .

Proposition 1 suggests that the adoption of the N strategy results 
in increased food prices and sales volume in the offline channel, while 
concurrently reducing sales volume and food waste in the online 
channel. Furthermore, anti-food waste regulations exert a more 
pronounced impact on prices and sales volume in the online channel 
compared to the offline channel. Under the N strategy, these 
regulations necessitate platforms to proactively manage and curtail 
ordering volumes, which leads to a decrease in online sales volume 
and subsequent reduction in food waste within the online channel. 
With strict implementation of anti-food waste regulations, restaurants 

and platforms may elevate prices as a means to safeguard their profits, 
albeit with effective control over the amount of waste generated in the 
online channel.

Proposition 2. Under the D strategy, food prices and sales 
quantity of online and offline channels, online food waste and the 
restaurant’s profits are not affected by the anti-food waste regulation, 
but the platform’s profits will change with the strength of the anti-food 
waste regulation.

Proposition 2 indicates that under the D strategy, restaurants 
have the autonomy to set prices in the offline channel, with food 
delivery prices being adjusted accordingly. The optimization 
decisions made by restaurants are independent of the platform’s 
obligations to enforce food waste regulations. With the D strategy, 
restaurants will not suffer from food wastage and will thus be able 
to adjust their business strategies flexibly according to their 
situation and changes in the environment to maximize profits. 
However, under the D strategy, the platform assumes the 
responsibility for food waste penalties, which directly impacts the 
platform’s profitability. As the government’s anti-food waste policy 
is further implemented, the fines faced by delivery platforms may 
escalate significantly. In response, platforms might opt to increase 
the commission rate for online services to offset the costs 
associated with anti-food waste measures. Nevertheless, under the 
D strategy, the government’s directive for platforms to assume 
responsibility for waste prevention does not effectively reduce food 
waste in the online channel, rendering the anti-waste requirement 
essentially toothless. Consequently, for the price discount strategy, 
it is imperative for the government to not solely burden platforms 
with the responsibility for anti-food waste efforts but to include 
restaurants within the regulatory scope as well.

Proposition 3. (i) 
dp
dk

r
S∗
> 0 , 

dp
dk

o
S∗
> 0 , and 

dp
dk

dp
dk

r
S

o
S∗ ∗

<  (ii) 

∂
∂

>
∗d

k
r
S

0 , ∂
∂

<
∗d

k
o
S

0 , and ∂
∂

<
∂
∂

∗ ∗d
k

d
k

r
S

o
S

. (iii) dW
dk

S∗
< 0 .

Proposition 3 suggests that adoption of the S strategy leads to an 
increase in food prices and sales volume in the offline channel, while 
concurrently reducing sales volume and food waste in the online 
channel. The impact of anti-food waste regulations on prices and sales 
volume in the online channel is greater than that in the offline channel. 
Under the S strategy, these regulations necessitate platforms to 
moderate the intensity of price discount offers, which results in a 
decrease in online sales volume and a subsequent reduction in food 
waste within the online channel. With rigorous enforcement of anti-
food waste regulations, restaurants and platforms may elevate prices 
to compensate for the costs associated with anti-food waste penalties.

3.2.2 The impact of cost of offline dinning

Proposition 4. (i) 
dp

dT
r
N∗

< 0 , 
dp

dT
o
N∗

> 0 , 
dp

dT
dp

dT
r
N

o
N∗ ∗

< . (ii) 

∂
∂

<
∗dr

N

Τ
0 , ∂

∂
>

∗do
N

Τ
0 , and ∂

∂
>
∂
∂

∗ ∗d
T

d
T

r
N

o
N

. (iii) dW
dT

N∗
> 0 .

Proposition 5. (i) dp
dT

r
D∗

< 0 . (ii) ∂
∂

>
∗dr

D

Τ
0 , ∂

∂
>

∗do
D

Τ
0 , and 

∂
∂

>
∂
∂

∗ ∗d
T

d
T

r
D

o
D

. (iii) dW
dT

D∗
> 0 .
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Proposition 6. (i) 
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Propositions 4–6 indicate that under all three strategies, the cost 
of offline dining decreases offline prices and demand, while 
concurrently increasing online prices and demand, as well as the 
amount of food wasted (with the D strategy having no impact on 
online prices). The cost of offline dining has a more significant impact 
on prices and demand in the online channel than in the offline 
channel. This suggests that when the cost of offline dining is changed, 
the online channel reacts more substantially, and the platform attracts 
more consumer choices, potentially increasing online prices to 
improve profitability.

Under these three strategies, the cost of dining increases for 
consumers, which tends to drive them towards choosing the online 
channel, resulting in a decrease in sales in the offline channel. In 
response, restaurants may reduce offline prices to retain customers. 
However, the increased demand for online channels can lead to an 
increase in food waste. To mitigate this issue, the government should 
implement anti-food waste regulatory measures.

4 Results

Considering the complexity of the model, the previous section did 
not examine the effect of the unit penalty cost of food waste by 
government k  and the cost of offline dining T  on the online and 
offline profits, the specific results are shown in Figures 1, 2. In view of 
this, in this section, the choice of promotion strategies for restaurants 
and platforms will be  analyzed by numerical simulation. Key 

parameters selected in this section include the unit penalty cost of 
food waste by government k , the commission percentage η  and the 
cost of offline dining T . The specific results are shown in Figures 3, 
4. Other parameters are assigned as: V =100 , η = 0 1. , δ = 0 8. , 
θ = 0 82. , µ = 0 8. , β =1 1. , ρ = 0 1. , Τ = 8 , k = 0 8. , and ∆ = 4 .

Through market research, historical data analysis, and numerical 
simulation, one can establish key parameters and conduct multiple 
runs to compare profit outcomes under varying strategies in more 
reflective real-world scenarios. Analyzing and comparing these 
simulations can yield the most effective combination of promotion 
strategies, aiding restaurants and platforms in maximizing profits 
while minimizing food waste. In practice, optimal promotion 
strategies are chosen based on market conditions, customer behaviors, 
and cost structures, with numerical simulation aiding in 
understanding the influence of different factors on profits and guiding 
decision-making.

As can be  seen in Figure  1, as the anti-food waste penalty 
increases, the platform’s profit decreases under all three strategies, 
while the restaurant’s profit increases under all three strategies. 
However, the degree of change in both online and offline prices is 
most significant when restaurants choose the S strategy as the penalty 
changes. For both restaurants and platforms, the D strategy will result 
in higher profits, while the S strategy will also provide a degree of 
boost to profits, but this may change with the increasing severity of 
anti-food waste penalties.

Figure 1 indicates that heightened government regulation aimed 
at reducing food waste can enhance the profitability of restaurants. 
This is particularly true as consumers increasingly prefer offline dining 
experiences, granting restaurants greater leverage to increase their 
prices. Delivery platforms, in response, will also elevate prices to 
safeguard their revenue streams, yet this is counteracted by a reduction 
in sales volume, which overall leads to lower profitability. This strategy 
can provide restaurants with objective profit gains, while strategy 
offers incremental profit increases over the status quo. For delivery 

FIGURE 1

The impact of k  on the profit for the platform and restaurant. (A) Profit of the platform. (B) Profit of the restaurant.
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platforms, the implementation of promotion strategies can effectively 
elevate their profits, with the D strategy being particularly promising 
as it has the potential to drive exponential profit growth. Considering 
the strength of the anti-food waste penalty alone, the D strategy 
emerges as the preferred option, given its direct impact on 
profit margins.

Figure 2 reveals that as the cost of offline dining increases, the 
platform’s profit rises under all three strategies, with the largest 
increase observed under the D strategy. For restaurants, as the cost of 
offline dining continues to rise, profits under the N strategy initially 
decrease before increasing. However, under the other two strategies, 
there is only a minimal change in profit. Profits under the D strategy 
is highest when the cost of offline dining is very low but gradually 
decline to a minimum and exhibit the most significant changes as the 
cost of offline dining increases. In contrast, restaurant profits under 
the S strategy increase as the cost of offline dining rises, reaching their 
peak when the cost of offline dining is very high. Therefore, when the 
cost of offline dining varies, restaurants should select different 
strategies to maximize their profits.

Figure 2 offers insights into the promotion decisions made by 
restaurants and platforms in response to the costs associated with 
offline dining. It illustrates the varying impacts of three promotion 
strategies on profitability as these costs change. The data suggest that 
as the cost of dining-in increases, delivery platforms consistently 
benefit from this rise, as consumers are inclined to opt for delivery 
services due to the inconvenience and higher expenses associated with 
dining-in. This preference is fundamentally driven by 
utility considerations.

Among the three strategies, the D strategy yields the most 
substantial increase in platform revenue, while the S strategy generates 
intermediate profits. For restaurants, profits under the N strategy 
exhibit a pattern of initial decrease followed by an increase, although 
this impact is relatively minor compared to the other two strategies. 
Under the D strategy, profits initially peak but can decline significantly 

as offline dining costs rise. This suggests that when consumers face 
high in-store dining costs, a price discount strategy is the most 
attractive option.

Restaurant’s profits under the S strategy increase, which benefits 
both the restaurant and the platform, though the impact is moderate. 
This strategy allows consumers to mitigate the negative effects of 
higher offline dining costs through increased volume and improved 
pricing. Consequently, restaurants are likely to employ different 
promotion strategies to safeguard their profits in response to varying 
costs associated with offline dining.

Figure 3 demonstrates the impact of commission rates and offline 
dining costs on platform profits under varying levels of anti-food 
waste penalties. With a low penalty, the platform achieves the highest 
profit under the D strategy irrespective of the commission percentage. 
However, when the offline dining cost is low and the commission 
percentage is minimal, the S strategy is more favorable, and it is 
optimal to forgo promotion strategies entirely when the commission 
percentage is high. In the scenario of a high penalty, provided that the 
commission percentage and offline dining costs are within reasonable 
limits, the N strategy becomes the restaurant’s preferable choice, 
yielding higher profits than the other two strategies.

Figure 3 shows that when the anti-food waste penalties are small, 
the platform does not need to worry about the high cost of penalties 
affecting profits due to increased demand. Thus, the D strategy is able 
to attract consumers to choose the platform for ordering food, and at 
the same time, consumers will prefer ordering food online due to the 
increased cost of visiting the restaurant. However, when the 
commission percentage is lower and the cost of dining in the store is 
also lower, the utility of the S strategy to the consumer is significantly 
higher, so the consumer will bring more revenue to the platform in 
this case. If the platform charges a higher commission to the restaurant 
and the cost of offline dine-in is not too high, then it can generate as 
much profit as possible for the restaurant without using promotion 
strategies, and in this case the platform relies mainly on commissions 

FIGURE 2

The impact of T  on the profit for the platform and restaurant. (A) Profit of the platform. (B) Profit of the restaurant.
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from online orders. When the penalties for food waste are high, 
promotions will not be as effective and the platform will not be able to 
get more out of it. If the government strengthens the regulation of 
food waste, the platform will increase its sales volume under the 
influence of the promotion strategy, which will also bring higher 
penalty costs. Meanwhile, the profits it gains cannot offset the penalty 
costs, so the platform will consider not adopting the 
promotion strategy.

Figure 3 indicates that in the presence of low anti-food waste 
penalties, the platform does not face a significant risk of profit erosion 
due to increased demand-driven penalty costs. Consequently, the D 
strategy proves effective in attracting consumers to choose the 
platform for food ordering. Concurrently, the higher cost of dining 
in-store prompts consumers to prefer online food orders. Nevertheless, 
when both the commission rate and the in-store dining costs are low, 
the S strategy offers a higher utility to consumers, thereby generating 
greater revenue for the platform. In instances where the platform 
imposes a higher commission on restaurants while keeping the cost of 
offline dining reasonable, it can maximize restaurant profits without 
employing promotion strategies. In such cases, the platform primarily 
relies on commissions from online orders. When anti-food waste 
penalties are high, promotion strategies become less effective, and the 
platform may not derive substantial benefits from them. If the 
government enforces stringent regulations on food waste, the 
platform’s sales volume may increase due to the promotion strategy, 
but this could also lead to higher penalty costs. In scenarios where the 
profits gained do not outweigh the penalty costs, the platform may opt 
not to adopt promotion strategies.

In conclusion, Figure 3 reveals the complex interplay between 
anti-food waste regulations, promotion strategies, and platform 
profits. Strict penalties can lead platforms to reconsider their use of 
promotions, prioritizing the protection of their financial margins. This 
analysis offers a understanding of how platforms navigate promotion 
strategies in the online-to-offline (O2O) marketplace, underscoring 

the importance of considering both regulatory constraints and 
business objectives when making decisions in this space.

Figure 4 depicts the influence of commission rates and offline 
dining costs on restaurant profits in the context of varying anti-food 
waste penalties. In scenarios where penalties are low, restaurants opt 
for the D strategy when the cost of offline dining is low, as this strategy 
maximizes profits. Conversely, when the cost of dining-in is high and 
the commission rate is low, the S strategy is more profitable. In cases 
where the commission rate is high, restaurants tend not to employ any 
promotion strategies. Under high penalty conditions, the intervals 
where restaurant profits are similar across strategies remain relatively 
unchanged from low penalty scenarios. However, the decision-making 
intervals for the D strategy decrease, while those for the remaining 
two strategies, N and S, increase notably. This suggests that as penalties 
intensify, the choice between N and S strategies becomes more critical, 
and restaurants may be more inclined to adopt the D strategy, possibly 
due to its comparatively stable profit potential in the face of higher 
penalty costs.

As can be seen from Figure 4, the strength of the anti-food waste 
penalty will not have a significant impact on the strategy choice of 
restaurants, but there will be  some slight changes locally, mainly 
because the anti-food waste penalty is more about regulating the 
platform orders, while dine-in is considered to be supervised by the 
merchants to a certain extent. Within a reasonable commission ratio, 
when the cost of offline dining is small, restaurants will prioritize the 
D strategy, and the D strategy can maximize restaurant profits, the 
reason may be that the platform price is tied to the restaurant price, 
and the restaurant has a higher decision power. With the rise in the 
cost of offline dining, when the commission ratio is low, a greater 
number of consumers are drawn to the delivery platform. At this 
juncture, the S strategy emerges as the restaurant’s preferred choice, as 
it complements the platform’s full-reduced discounts and offline 
dining, thereby enhancing consumer utility. Conversely, when the 
commission ratio is high, restaurants may opt to forgo promotional 

FIGURE 3

The impact of η  and T  on the profit for the platform. (A) k =  0.2. (B) k =  0.8.
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strategies, with the platform’s high commissions helping to offset the 
costs associated with offline dining.

When the penalty for food waste is higher, the effect of the D 
strategy will be weakened, while the S strategy will help the restaurant 
to be profitable in more cases, and the restaurant only needs to adjust 
its strategy for some special cases. This also implies that increased 
government regulation of food waste will affect restaurants to a lesser 
extent, but it will also change the choice of promotion strategies of 
restaurants to a certain extent, which will affect the profitability and 
wastage of the platform, and therefore restaurants should be  the 
source of government control of the promotion situation in 
the market.

In summary, Figures  3, 4 effectively illustrate the strategic 
decisions made by restaurants and platforms in response to varying 
levels of regulation, commission rates, and offline dining costs. 
Restaurants must consider not only their interests but also the profits 
and waste management of the platform when choosing promotion 
strategies. When penalties are low, the choice of the D strategy by 
restaurants is more dependent on the cost of offline dining. This 
suggests that the D strategy can often lead to a win-win scenario for 
both restaurants and platforms. However, when the offline dining 
costs are very low or very high, the preferred strategies for the platform 
and the restaurant will change, and at these times, the commission 
percentage becomes a primary consideration for selecting N and 
S strategies.

Generally, when the commission percentage is low, the S strategy 
is adopted to enhance consumer utility and thereby safeguard revenue. 
Conversely, when the commission percentage is high, both the 
restaurant and the platform may choose not to employ promotion 
strategies to increase their profits. It is evident that under low penalty 
conditions, the selection of promotion strategies can be  used to 
achieve a mutually beneficial outcome for both the restaurant and the 
platform. This comprehensive analysis provides valuable insights into 

the complex dynamics of promotion strategy decisions in the O2O 
food delivery ecosystem.

Under high penalty conditions, the platform consistently achieves 
the highest profits by adopting the N strategy. Consequently, 
restaurants must select their promotion strategies based on their 
circumstances. The platform’s preference for the N strategy is driven 
by its role as the primary entity subject to government anti-food waste 
regulations. Therefore, the platform must effectively manage the waste 
penalties associated with promotion strategies in the face of high 
penalties. Interestingly, the profit of the restaurant under high 
penalties does not differ significantly from that under low penalties. 
This suggests that restaurants are not significantly influenced by the 
anti-food waste regulatory mechanism. The D strategy remains 
optimal for a substantial range of scenarios, ensuring a win-win 
situation with the platform when both the commission percentage and 
the cost of offline dining are high. This finding highlights the 
importance of balancing regulatory compliance with strategic business 
decisions to maximize profits in the O2O food delivery context.

Under the umbrella of strict anti-food waste regulations, especially 
when these are enforced with considerable intensity, promotion 
strategies may not be significantly affected. The main reason for this 
phenomenon is that restaurants, as the main decision-makers of 
promotion strategies, are not strictly enforced in the regulatory 
mechanisms, but platforms pay for it, thus effectively controlling the 
waste generated by the platforms. From an economic and managerial 
point of view, this suggests that both restaurants and platforms need 
to strengthen their cooperative dynamics and agree on cooperative 
contracts to effectively address the challenge of profitable and 
sustainable co-promotion in the face of strict regulations and changing 
market conditions. The findings emphasize the changing dynamics 
between dominant and dominated stakeholders under different levels 
of government regulation and highlight the urgent need to strengthen 
strategic alliances, cost management, and operational harmony.

FIGURE 4

The impact of η  and T  on the profit for the restaurant. (A) k  =  0.2. (B) k  =  0.8.
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5 Discussion and conclusion

In this paper, we explore and analyze the complex dynamics of the 
relationship between food delivery platforms and restaurants under 
various regulatory, economic, and operational conditions. More 
specifically, we delve into three different promotion strategies that 
influence the interaction between platforms and restaurants: the no 
promotion strategy (N strategy), the price discount promotion 
strategy (D strategy), and the volume-based price discount promotion 
strategy (S strategy).

Our findings firstly show that in the case of regulating food 
delivery platforms only, anti-food waste regulation will not work on 
the choice of promotion strategies, owing to restaurants as decision-
making agents will not be significantly affected, but it plays a role 
in the improvement of wastefulness. Accordingly, the government 
needs to consider giving restaurants some responsibility for anti-
food waste. We then find that regardless of whether the penalty is 
high or low, there is no significant change in the choice of promotion 
strategies by restaurants for different scenarios and only a slight 
influence. The situation is quite different for platforms, which do 
not want to use promotion strategies when the penalty is high, 
which may be  a limitation of the anti-food waste penalty for 
platforms, but under certain conditions, win-win situations are also 
formed for both restaurants and platforms. Thus, under certain 
conditions, utilizing promotion strategies can benefit both parties 
in the supply chain.

However, this win-win situation requires high conditions, 
especially in the case of severe anti-food waste penalties, as platforms 
always tend not to adopt promotion strategies. When the cost of 
offline dining is moderate, both restaurants and platforms will adopt 
price discount strategy. In addition, stricter anti-food waste regulations 
will exacerbate the tendency not to adopt promotion strategies. This 
trend implies that as regulatory penalties increase, platforms may 
incur more penalties, and restaurants may have something to lose as 
a result. Finally, we find that both restaurants and platforms tend to 
adopt the D strategy when the government weakens penalties, mainly 
because restaurants can better control prices and platforms do not 
have to worry about excessive penalty costs. However, when penalties 
are strong, platforms may be forced to accept either the D strategy or 
the S strategy due to the restaurant’s proactive actions, even if they 
wish to refrain from adopting a promotion strategy.

In an economic and managerial sense, the increasing 
government regulation and shifting market conditions necessitate 
closer collaboration between restaurants and platforms. This 
approach underscores the significance of fostering strategic alliances 
and coordinating cost management and operational strategies in a 
highly regulated business environment. From a broader societal 
perspective, the promotion strategies discussed in this paper should 
encourage rational thinking among the stakeholders in the O2O 
food delivery supply chain, particularly restaurants, and platforms. 
The critical importance of strategic choices in maintaining 
competitive advantage, increasing revenue, and driving sustainability 
emphasizes the necessity for a holistic cost–benefit assessment of the 
supply chain, flexibility in responding to regulatory changes, and 
responsiveness to green policies. Collaboration between restaurants 
and platforms can foster strategies that not only adhere to regulatory 
requirements but also enhance their market positions optimally. 
This collaboration can lead to more efficient operations, reduced 

waste, and improved customer satisfaction, which are essential for 
long-term success in the O2O food delivery services.

The academic and practical implications of this study could serve 
as a valuable resource for policymakers and stakeholders in the 
restaurant industry who are involved in dual-channel operations. It 
offers insights that may inform the development of more rational 
policies and strategies aimed at ensuring economic sustainability and 
environmental responsibility. In conclusion, this paper underscores 
the adaptability of promotion strategies within the context of anti-
food waste regulations. The findings lay a crucial foundation for future 
research into the development of promotion strategies specifically 
tailored for dual-channel operations in the restaurant industry. 
Additionally, the study highlights the profound impact of government 
regulations on the operational decisions of both restaurants and 
platforms, emphasizing the need for ongoing research and adaptation 
in response to changing regulatory landscapes.

In the context of promotion strategy selection for restaurants, our 
study offers a more nuanced framework that factors in market 
dynamics and consumer behavior trends. Through numerical 
simulations, we  provide clear insights that assist regulators and 
managers in making informed decisions regarding promotion 
strategies. Our research underscores the critical role of understanding 
consumer price sensitivity in crafting effective promotions. 
Furthermore, we highlight the necessity for restaurants to maintain 
flexibility and adaptability in their management approaches. In a 
market that is constantly evolving, the ability to swiftly adjust 
promotion strategies in response to shifts in competition and demand 
is essential for maximizing profits and enhancing competitiveness. 
The key contributions of our study can be summarized as follows:

 (1) The impact of promotion strategies on profitability varies 
depending on market conditions.

 (2) Consumer sensitivity to price changes is a pivotal consideration 
in strategy selection.

 (3) Restaurants must be  accommodating in modifying their 
promotion strategies to optimize profitability and bolster 
market position.

For restaurants and platforms, grasping the real-world 
performance of various marketing strategies is essential for crafting 
effective promotion programs and boosting profitability. Moreover, 
the insights provided by our research are valuable for public 
policymakers. They can utilize our findings to gain a deeper 
understanding of the market dynamics, enabling them to design more 
targeted policies that foster industry growth. For instance, 
policymakers might explore offering incentives to food and beverage 
companies that adopt promotion strategies shown to enhance 
efficiency and profitability.

Although the modeling work in this paper effectively captures the 
core elements of promotion strategies within the O2O supply chain of 
the restaurant at an abstract level, it is acknowledge that there may 
be additional factors that influence the choice of promotion strategies. 
These factors could include online and offline crowding effects, as well 
as the regulatory environment specific to restaurants. Future research 
could build upon the findings of this study by investigating the impact 
of these additional factors on promotion strategy decisions. 
Understanding the interplay between these factors and promotion 
strategies could provide a more comprehensive framework for 
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policymakers and stakeholders to develop and implement effective 
strategies that balance economic sustainability with environmental 
responsibility. This could involve exploring the dynamics of crowding 
effects on consumer behavior, the implications of different regulatory 
frameworks, and the potential for strategic partnerships between 
restaurants and platforms to mitigate the negative impacts of waste.
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