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Green technology investment
and channel selection in
sustainable food supply chain
based on blockchain technology

Yuting Zhang* and Juan Shang

School of Economics and Management, Xidian University, Xi'an, China

In the context of rapidly rising consumer demand for green food, this paper aims
to systematically examine how green technology investment and blockchain
technology influence the channel selections and operational decisions of
members in the sustainable food supply chain. The question of whether
conventional farmers should invest in green technology and utilize blockchain to
attract more consumers is a critical issue amid the growing consumer demand
for green food. We developed two sustainable food supply chain game models:
Mode A (online-offline hybrid channel) and Mode H (e-commerce platform
channel). These modes include conventional farmers, green farmers, offline
supermarkets, e-commerce platforms, and consumers preference to green food.
Based on these modes, we explore the operational strategies and profitability
of each supply chain member in Scenario N (without blockchain technology)
and Scenario B (with blockchain technology), after green farmers introduce
blockchain technology in fixed-cost and unit-cost modes. The analysis reveals
that when farmers invest in green technology and adopt blockchain technology,
food greenness improves, and consumers’ willingness to purchase green food
increases. Our findings suggest that farmers’ green technology are crucial for
boosting sales and profitability, particularly in comparison to different distribution
channels. We recommend that conventional farmers, who are uncertain about
the cost of adopting blockchain for green farmers, should prioritize a mixed
online-offline channel that does not include blockchain technology. Notably,
offline supermarkets are generally opposed to the introduction of blockchain
in the hybrid channel. However, when the fixed or unit cost of blockchain
technology falls below a certain threshold, the sales model of “green technology
+ blockchain technology + e-commerce platform” becomes more profitable
for farmers. The results presented in this paper provide new insights for food
supply chain members on the benefits and operational choices of adopting
blockchain technology and investing in green technology across different
channels. Additionally, this paper highlights the significant impact of changes
in the cost coefficients of green technology and commission rate on the sales
quantity, wholesale prices, and profits of all participants, which is essential for the
efficient operation of the sustainable food supply chain.
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1 Introduction

The intensification of globalization and the growth of the
global population have significantly impacted the sustainability
of supply chains, particularly in the food industry. The methods
of food production, processing, transportation, and consumption
all play a critical role in determining whether the entire food
supply chain can achieve sustainable development (Govindan,
2018). The ongoing population growth continues to present
challenges regarding resource utilization and food security
(Duong et al, 2020). Additionally, as consumer standards rise,
there is a rapid increase in the demand for higher-quality food,
particularly green food. In 2021, China intensified its efforts
to promote green agricultural development by encouraging
the adoption of eco-friendly farming practices. Similarly, the
European Union’s Common Agricultural Policy advocates for
environmentally sustainable cultivation methods, supporting the
development of organic and green agriculture (Wang L. et al,
2024). The introduction of green food-related policies in multiple
countries has also led to an increase in public recognition of

green food.
Promoting green consumption requires stimulating
consumers’ pro-environmental sentiments, particularly

on the demand side, which is crucial for enhancing the
effectiveness of green policies and facilitating supply-side
green reforms. As consumer preferences for green food
become increasingly pronounced, farmers are incentivized to
adopt green technology to produce environmentally friendly
food products and attract a broader consumer base. These
green technology include low-carbon processing techniques,
eco-friendly packaging, and circular economy solutions
(Lu et al, 2024). Consequently, addressing the crisis of
consumer trust in green food and enhancing its information
transparency have become urgent challenges that the industry
must resolve.

The
information on food products, coupled with the need for greater

growing consumer demand for comprehensive
transparency and the lack of trust in the current agricultural
supply chain, suggests that blockchain-based data management
could be highly beneficial in the agricultural sector (Kamble et al.,
2020; Zhang et al,, 2025). The decentralized and tamper-resistant
characteristics of blockchain technology enable comprehensive
traceability throughout all stages of the sustainable food supply
chain, thereby ensuring the authenticity of green technology.
Consumers can access detailed information regarding the
production, processing, and distribution of each food product
through blockchain systems, which enhances the credibility of
product labeling (Fan et al., 2022). For example, Walmart has
utilized blockchain technology to trace agricultural products
in the United States and pork products in China. In addition,
Ant Group’s blockchain platform allows consumers to track the
entire production process of food items produced under green
technology by scanning QR codes, thereby strengthening their
trust in the quality and safety of green food.* This demonstrates
that blockchain is not merely a technological advancement.

1 https://antdigital.com/products/baas
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It provides novel approaches for enhancing transparency and
building trust in the global sustainable food supply chain.
Nevertheless, the application of blockchain technology imposes
additional costs on supply chain participants. Accordingly,
determining the operational conditions under which the use
of blockchain becomes a rational choice is a central focus of
this study.

The rapid growth of e-commerce platforms has significantly
expanded the sales channels for green food, with e-commerce
platforms increasingly becoming a key sales avenue for these
products. According to the Global E-commerce Report (Statista,
2024), global retail e-commerce sales are projected to exceed
$4.1 trillion by 2024, with further growth anticipated in the
coming years. The sales of green food on e-commerce platforms
are also experiencing rapid growth. E-commerce platforms
not only offer strong market penetration but also provide
consumers with convenient shopping experiences, allowing
green food to overcome geographical limitations and meet
diverse consumer needs. Furthermore, when combined with
blockchain technology, e-commerce platforms can offer a
more transparent and trustworthy shopping environment.
This paper also focuses on how different enterprises make
strategic decisions regarding channel choices and operations,
particularly in light of the cost associated with green technology
investments in food production and the implementation of
blockchain technology.

Specifically, the research questions addressed in this study can
be summarized as follows: (1) Should blockchain technology be
adopted in different food supply chain modes (online-offline hybrid
channels and e-commerce platform channels) for conventional
and green food? Do green farmers choices differ across these
channels, and how do these choices affect consumers and the
social environment? (2) How does the use of blockchain technology
impact green technology investment in food supply chains? What
is the optimal strategy for adopting blockchain technology? (3)
Which channel choice is more favorable for sustainable food supply
chains? How do factors such as green technology investment
cost and commission rate influence the adoption of blockchain
technology and channel selection in sustainable food supply chains?
To address these questions, we first established two sustainable food
supply chain game models: one for conventional food sold offline
and green food sold online via a hybrid channel (Mode A), and
another for both conventional and green food sold online via an
e-commerce platform (Mode H). Subsequently, we explored four
scenarios based on Mode A and Mode H, considering both non-
adoption and adoption of blockchain technology. Additionally, we
examined the impact of farmers’ green technology investment and
blockchain technology on the channel selection of sustainable food
supply chains, as well as the influence of consumer preference
to food greenness, commission rate, and other factors on the
sustainable food supply chain.

The remainder of this paper is organized as follows. Section 2
provides a review of the relevant literature. In Section 3, we describe
the research questions and assumptions. Section 4 presents the
analysis of the model. In Section 5, we conduct a comparative study
of the four scenarios mentioned above. Section 6 concludes the
paper and offers managerial implications. All equilibrium results
and proofs are summarized in Appendix A.
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2 Literature review

Our work is closely related to three key themes in existing
research: food supply chain, sustainable food supply chains, and
blockchain in the food supply chain. A brief review of these themes
is provided below.

2.1 Food supply chain

In the field of food supply chain research, existing studies
primarily focus on empirical research regarding issues such as
food waste (Richards et al, 2021; Annosi et al., 2021), supply
chain disruptions (Blessley and Mudambi, 2022; Singh et al., 2021),
financial performance (Zhao et al., 2021), food safety (Jia et al,
2024; Nardi et al, 2020), and preservation challenges (Tabrizi
et al, 2018). Jia et al. (2024) developed a quantitative statistical
method to measure the diversity of international food supply
chains in a detailed and precise manner. The findings indicate
that increasing a country’s food supply chain diversity enhances
its resilience to food shocks. Some scholars have focused on
the design and optimization of food supply chain configurations.
Jonkman et al. (2019) addressed the supply chain design problem
in the agricultural food industry, considering seasonality and
harvest timing. Their research demonstrates that the uncertainty
in agricultural food supply chains necessitates the identification of
better supply chain configurations. Li et al. (2021) also contributed
to the optimization of food supply chain configurations.

Additionally, several scholars have conducted modeling studies
on food supply chains. Georgiadis et al. (2005) developed a model
to analyze the extended supply chain firms at the strategic level,
using a system dynamics approach to explore the impact of long-
term planning capacity on food supply chains. They investigated
capacity planning strategies for food supply chains with transient
flows, considering market parameters. Diabat et al. (2012) proposed
a model to examine the explanatory structural aspects of various
risks in the food supply chain and discussed risk mitigation
strategies. Zhang et al. (2023) examined the lack of motivation
among suppliers and retailers in an agricultural supply chain to
invest in preservation technology for farm products, and analyzed
the optimal pricing and investment strategies under different sales
models. Beheshti et al. (2022) focused on the role of reverse
logistics and closed-loop supply chain optimization techniques in
addressing urban food wastage. Their study provides cost-effective
solutions for food supply chain managers to collaborate with other
supply chain members.

With increasing environmental regulations and consumer
demand for healthier food, there is an urgent need to shift the
conventional food supply chain model toward a more green and
sustainable approach. Several scholars have focused on issues
related to pollution and emission reduction within food supply
chains. Chebolu-Subramanian and Gaukler (2015) conducted a
modeling study of pollution events in a food supply chain
consisting of suppliers, processing centers, and retailers, analyzing
the effects of product and supply chain attributes on these
events. Jiang et al. (2025) examined the demand fluctuations
faced by a food supply chain with an environmentally responsible
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supplier and retailer. They explored the incentives for suppliers
to adopt option contracts through a Stackelberg game model,
incorporating a strict carbon emission cap, and assessed the
impact of these contracts on carbon emissions. Although food
supply chain research has made significant progress at both
theoretical and practical levels, its complexity and dynamic
nature necessitate further investigation, particularly as the external
environment evolves and consumer demand for green food
continues to grow.

2.2 Sustainable food supply chain

Building upon the conventional food supply chain model, the
sustainable food supply chain integrates the principles of green
production, green logistics, and green consumption, aiming to
achieve the sustainable development of the food supply chain
through comprehensive eco-friendly management. In recent years,
the sustainable food supply chain has attracted increasing attention
from scholars. Regarding sustainable food supply chains, many
studies have focused on case-based research. Verdouw et al. (2016)
used the aquatic products supply chain as a case study, proposing
an architecture to enable the implementation of an information
system and verifying its feasibility. Wang Y. et al. (2024) conducted
an online questionnaire survey to examine consumer attitudes
toward green food consumption on live e-commerce platforms
and the factors influencing these attitudes. Sharma et al. (2023)
explored the impact of green practices, sustainability, and other
factors on the food supply chain using a research methodology that
combines fuzzy explanatory structural modeling, decision-making
experiments, and interviews, exemplified by the fresh food supply
chain in India. Qin et al. (2022) employed an empirical approach
to examine the processes and implications of implementing green
practices in food supply chains. Using the PLS-SEM model with
data from 267 food processing companies in China and Pakistan,
their study found that green practices play a crucial role in
enhancing organizational performance.

Extrinsic factors, such as green food packaging and consumer
preferences for green food, have also been extensively studied
by scholars. Regarding green food packaging, Hajiaghaei-Keshteli
et al. (2023) focused on identifying the most suitable packaging
suppliers within the sustainable food supply chain using the
TOPSIS method. At the consumer level, Cao et al. (2020) examined
a supply chain of agricultural products comprising cooperatives,
businesses, and environmentally conscious consumers, exploring
the impact of green standards at different stages of the supply
chain. Additionally, some scholars have considered the role of
information technology in sustainable food supply chains (Ersoy
et al., 2022). Camel et al. (2024) employed a quantitative survey
methodology to explore the integration of blockchain technology
with green food platforms and analyzed its impact on improving
the economic performance of green food platforms. However, these
studies overlooked the higher cost associated with green food and
the potential issue of “greenwashing” in the context of sustainable
food supply chain financing. In our study, we provide a clear
decision on whether the food supply chain should undergo a green
transition and whether blockchain technology should be applied,
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while emphasizing the importance of preventing greenwashing to
the greatest extent possible.

2.3 Blockchain in the food supply chain

Blockchain technology, as an emerging information technology
in recent years, is widely regarded as a crucial tool for addressing
the challenges of information asymmetry and traceability in the
food supply chain, owing to its decentralized, tamper-proof, and
fully traceable characteristics. In research on the application of
blockchain in the food supply chain, most scholars have focused
on studying the operational strategies that leverage blockchain
technology to track product information (Patelli and Mandrioli,
2020; Srivastava and Dashora, 2022). Latino et al. (2022) found
that food traceability can improve market efficiency, enhance
information sharing among all supply chain participants, and
facilitate communication regarding food quality. Ma D. et al. (2024)
examined the role of blockchain in food contamination, exploring
its impact on the strategic deployment of retailers’ contamination
prevention efforts in a supply chain model. Treiblmaier and
Garaus (2023) investigated the impact of blockchain technology
on consumers perceptions of product quality, using signal
transmission theory and testing models. Ma J. et al. (2024)
employed a dynamic game framework under both supplier-led and
retailer-led modes to compare product quality levels and market
participants’ profits in the food supply chain before and after
adopting blockchain-based traceability technology.

An increasing number of scholars have employed case studies
to examine the role and impact of blockchain technology on food
supply chains. Stranieri et al. (2021) analyzed three supply chains
with different dimensions using a case study approach. The study’s
results demonstrated that blockchain technology positively impacts
supply chain profitability and facilitates information management
within the food supply chain. Casino et al. (2021) conducted a case
study of a real supply chain in the dairy industry, proposing various
linkages between blockchain-based models and their managerial
impacts. Saurabh and Dey (2021) used a rating-based conjoint
analysis approach to identify several potential drivers for the
application of blockchain technology in the context of a wine supply
chain. Ali et al. (2021) based on five in-depth case studies of halal
food supply chains, showed that blockchain technology can help
halal food SMEs achieve transparency in the food supply chain. Liu
et al. (2022) investigated scenarios with and without blockchain in
an imported fresh food supply chain, deriving the optimal pricing
decision for the supply chain and identifying the conditions under
which using blockchain is profitable in each model. Liu et al.
(2021) also explored blockchain-enabled traceability, goodwill,
and product freshness, examining whether e-platforms choose to
resell or broker fresh food sales in competition with different
traditional retailers.

Additionally, a few scholars have explored the application of
blockchain in green supply chains. Duong et al. (2025) employed
a PLS-SEM approach to investigate the impact of blockchain-
enabled information transparency on consumers willingness
to purchase organic food. Tao and Chao (2024), drawing on
signaling theory and structural equation modeling, examined how
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blockchain-based food traceability systems influence consumers’
willingness to purchase organic agricultural products online.
Kumar et al. (2023) identified the enablers of sustainable food
supply chain management to improve food security through
the use of the Internet of Things (IoT) and blockchain.
They analyzed the relationship between these technologies to
investigate their role in achieving zero hunger by transforming
the sustainable food supply chain. Liu et al. (2020) studied a
green produce supply chain with one producer and one retailer,
considering changes in the freshness and greenness of produce.
They established and analyzed benefit models for producers
and retailers before and after adopting blockchain technology,
and proposed a supply chain coordination contract with cost
and benefit sharing. However, research on the adoption of
blockchain in green supply chains is still in its early stages,
with scholars neglecting the cost pressures associated with
blockchain adoption. Given the significant cost of blockchain
technology in practice, it is an important consideration for supply
chain members when deciding whether to implement it. Our
study focuses on examining the impact of blockchain cost on
the choice of operating models for food supply chains. The
differences between these studies and our paper are summarized
in Table 1.

As shown in Table 1, existing literature on food supply chain
management has become relatively mature, with some scholars
also addressing the issue of green investment in food supply
chains. Many studies employ econometric analysis or case study
methods to examine green supply chains. However, due to the
inefficiency of food supply chains and the growing consumer
demand for green food, the need to utilize blockchain technology to
enhance the economic benefits of green supply chains underscores
the necessity for further research in this area. Nevertheless,
studies using supply chain models to identify optimal strategies
for sustainable food supply chains aimed at improving their
economic performance are still limited. Our research is similar
to that of Liu et al. (2021). However, their study primarily
focuses on the sales channel choices of traditional retailers, without
considering green food investment issues or the cost associated
with blockchain. Additionally, research on the integration of e-
commerce platforms with blockchain technology is still in its
early stages. As consumer demand for transparency in green food
increases, competition between conventional and green food across
multiple channels is becoming a common phenomenon. Given
the variety of sales channel choices, determining how different
farms and supply chain members can make optimal strategic
decisions is an urgent issue that needs to be addressed to improve
food supply chain efficiency. Furthermore, based on the cost of
adopting blockchain technology, identifying the right timing for
green food investment and integrating blockchain technology is a
key research challenge.

Within the scope of our research, we innovatively consider the
timing for conventional farmers to invest in green technologies and
introduce blockchain, providing clear decision-making guidelines.
We found that there is no absolute optimal sales model for
sustainable food supply chains. Factors such as farmers’ investment
in green technologies, the cost of using blockchain technology,
and the commission fees for e-commerce platform sales are all
crucial in influencing farmers’ choices of sales channels and the
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TABLE 1 Comparisons between this study and related literature.

10.3389/fsufs.2025.1638313

Representative Food Green Consumer Blockchain E- Channel Model

paper supply technology preference for technology commerce selection comparison
chain investment green food platform

Jiang et al. (2025) N N

Cao et al. (2020) N J v

Ma D. et al. (2024) v v v Vv

Treiblmaier and J J

Garaus (2023)

Stranieri et al. (2021) J W

Liu et al. (2021) J J J J J

Duong et al. (2025) v v v

Kumar et al. (2023) N J N

Liu et al. (2020) v v v

This study v N v v v v v

adoption of blockchain technology. Therefore, it is necessary to
identify the reasonable ranges for these influencing factors to
maximize the profits of all members in the sustainable food
supply chain.

3 Problem description and
assumptions

3.1 Problem description

This study considers a sustainable food supply chain

comprising  conventional farmers, green-effort farmers,

supermarkets, and e-commerce platforms, where farmers
serve as the upstream suppliers of the entire chain. The e-
commerce platform earns revenue by charging a commission
on consignment sales, while the supermarket profits from the
margin between the wholesale and retail prices. Accordingly,
farmers can be regarded as the leaders within the supply chain
(Zhang et al, 2025). They decide whether to invest in green
technology and whether to adopt blockchain technology to
enhance the transparency of green attributes, thereby increasing
consumer preference for green food and stimulating demand.
Moreover, both conventional and green farmers face the option
of selling their products through offline supermarket channels or
e-commerce platforms.

We construct two fundamental sustainable food supply chain
structures, referred to as Mode A and Mode H, based on
variations in farmers’ green technology investment, blockchain
adoption, and sales channel selection. Given the substantial costs
associated with blockchain infrastructure, and considering real-
world practices such as JD Chain® and AntChain, we do not
model the development of blockchain systems by e-commerce
platforms. Instead, blockchain services are assumed to be provided
by the e-commerce platform, and farmers choose among different

blockchain usage cost structures. In Mode A, a fixed cost is charged

2  https://blockchain.jd.com/
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for the use of blockchain technology (Liu et al., 2021), whereas in
Mode H, a unit cost is applied based on the quantity of products
sold (Qin et al,, 2025), as illustrated in Figure 1.

Based on the two basic sustainable food supply chain
structures, Mode A and Mode H, and within the framework
of a Stackelberg game, we introduce two scenarios: Scenario N,
where the green farmers do not adopt blockchain technology,
and Scenario B, where the farmers adopt it. Four scenarios are
formed, (1) Scenario AN, in which the conventional farmers
choose the traditional offline supermarket channel and the
green farmers choose the online e-commerce channel and
does not adopt blockchain technology; (2) Scenario AB, where
conventional farmers choose the traditional offline supermarket
channel, green farmers choose the online e-commerce channel
and adopt blockchain technology; and (3) Scenario HN, where
both conventional and green farmers adopt the online e-commerce
platform channel, and green farmers do not adopt blockchain
technology. (4) Scenario HB, where both conventional and green
farmers adopt online e-commerce platform channels and green
farmers adopt blockchain technology.

We adopt a game-theoretic modeling approach because it
effectively captures the strategic interactions among different types
of farmers, supermarkets, and e-commerce platforms. Game theory
enables the identification of equilibrium strategies under various
scenarios and facilitates a deeper analysis of how green technology
and blockchain adoption impact supply chain members. This
approach provides actionable insights for optimizing sustainable
agricultural supply chains. The decision-making sequence is
structured as follows. In Mode A: Step 1: The farmers decide
whether to adopt green technology and blockchain, and the green
farmers determine the food greenness. Step 2: The conventional
farmers set the wholesale price. Step 3: The green farmers and
the conventional farmers independently decide on their respective
sales quantities, denoted as g7 and gg. In Mode H: Step 1: The
farmers decide whether to adopt green technology and blockchain,
and the green farmer determines the food greenness. Step 2:
The green farmers and the conventional farmers independently
decide on their respective sales quantities, g7 and gg. We employ
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backward induction, starting from the final stage and sequentially
deriving the optimal decisions at each preceding stage. This
ensures that each decision is made with full consideration of
future optimal responses, ultimately leading to a globally optimal
solution. The equilibrium outcomes for all four scenarios are
thus obtained (Ma D. et al., 20245 Niu et al., 2023; Wang et al,,
2023).

3.2 Parameter setting and symbol
description

The parameter settings and symbol descriptions in this paper
are summarized in Table 2.

3.3 Assumptions

Assumption 1. Based on the literature of Liang and Ye, we
assume that the inverse demand function for conventional farmers
is pIT =a— qé — q(T;, where ] € {AN, AB, HN, HB}. The inverse
demand function for green farmers without adopting blockchain
technology isp]G = a—q’T—q?—i—ng], where ] € {AN, HN}, and the
inverse demand function for Farmers G with blockchain adoption
isp]G = a—q]T—q?—f—yg],where] € {AB, HB} (Liang and Ye, 2024).
Referring to the work of Niu et al. (2021a) to highlight the increased
transparency of green food information and the stronger consumer
preference for green food after green farmers adopt blockchain
technology, we assume thatn =1, y > ﬁn.

Assumption 2. To ensure that all equilibrium outcomes and
the profits of supply chain members are positive, the parameter
intervals are kept consistent during model comparison, assuming
that ¢, € (0,¢3), Cr € (0, a:), where ¢, = Cr

1-4
& 5 ), Cr =
25a2k(1—1) . )
I8y 200 (Niu et al., 2023).
Assumption 3. According to the commission structures of large

e-commerce platforms such as JD, Taobao, and Amazon, we assume
the commission rate A is an exogenous variable and A € (O, %) (Zou
et al., 2020).
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Assumption 4. To ensure that all equilibrium results are
positive, the parameter ranges are kept consistent during the
model comparison process. It is assumed that the green technology
investment cost is Cj = %k(g’)z, andk > k k = % (Zou et al,,
2020; Xu et al., 2025).

Assumption 5. In practice, small-scale farmers may face
technological barriers to adopting blockchain, and consumer
acceptance of blockchain-traced food may vary across regions.
However, since this study focuses on examining the impact of
farmers adoption of green technology and blockchain under
different channel structures on the supply chain, we assume
that farmers do not face any technical obstacles in adopting
blockchain and that there are no regional differences in consumer
preferences toward blockchain-enabled traceability (Duong et al,
2025; Tao and Chao, 2024; Wang et al, 2023; Niu et al,
2021b).

4 Model analysis

This section analyzes the equilibrium results and the profits
of supply chain members for Mode A and Mode H, considering
Scenario N (AN, HN) without blockchain adoption and Scenario B
(AB, HB) with blockchain adoption. Additionally, the comparative
study of supply chain members’ channel choices across the four
scenarios is presented.

4.1 Mode A

4.1.1 Scenario N: without blockchain technology

In the Scenario AN, the conventional farmers decide the
wholesale price wAN and sales quantity of conventional food
43N, while green farmers decide the food greenness g*Y and
sales quantity g4, without introducing blockchain technology.
The e-commerce platform determines the commission rate, and
green farmers share the sales revenue with the e-commerce
platform based on the commission rate. The profit functions
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TABLE 2 Notations.

10.3389/fsufs.2025.1638313

Parameters  Definitions
a Total market potential
pIG Retail price of green food in scenario J, where ] € {AN, AB, HN, HB}
p’T Retail price of conventional food in scenario J, where ] € {AN, AB, HN, HB}
w Wholesale price of conventional farmers in scenario J, where ] € {AN, AB}
A The commission rate
n The coefficient of consumers’ food greenness preference before adopting blockchain technology
y The coefficient of consumers’ food greenness preference after adopting blockchain technology
Cr Fixed cost of blockchain technology
cp Unit blockchain technology cost
Cé Green technology investment cost in scenario J, where ] € {AN, AB, HN, HB}
k The coefficient of green technology investment cost
g’ Food greenness in scenario J, where J € {AN, AB, HN, HB}
4 The sales quantity of i in scenario J, where i € {T, G,R, O},] € {AN, AB, HN, HB}, T (Conventional farmers), G (Green farmers), R (Supermarkets), O
(E-commerce platforms)
71,-[ The profit of i in scenario J, where i € {T, G,R, O},] € {AN, AB, HN, HB}

for conventional farmers, green farmers, supermarkets, and e-
commerce platforms can be expressed as follows:

aph = wANggN 1

meN =1 =2 qpeN - %k(g’““)2 ©)
m = (pp" — wi) g 3)

5" = aqg P @

The equilibrium outcomes of Scenario AN are obtained by
solving the problem by backward induction, is shown in Table 3.

Proposition 1. Comparing the green food channel and the
conventional food channel in Scenario AN:

(1) The sales quantity of green food is higher than that of
conventional food, i.e., q‘éN* > q‘%N*;

(2) The profit of green farmers is higher than that of conventional
farmers, i.e., néN* > n?N*;

B)Ifr < 24—5 and k > kBN, the profit of offline supermarkets is
higher than that of e-commerce platforms, i.e., JT?N* > ngN*.

Proposition 1. (1) and (2) indicate that, compared to the
conventional food channel, the green food channel in Scenario AN
leads to higher sales quantity of green food (i.e., gAY S 13 .
This is because green farmers, who invest in green technology, are
favored by consumers. Additionally, the profit of green farmers is

AN*

greater than that of conventional farmers (ie., 75" > nf}N*),

as shown in Figure 2. This demonstrates that investing in green
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TABLE 3 Equilibrium outcomes of Scenario AN.

‘ Equilibrium outcomes ‘

6> (6k—7+72)"

v 35a(1-1) AN
T2k—49(1—1) T (72k—49(1-1))’
2
WAV 35a(1—) AN _25a’k(1—3)
72k—49(1—1) G 144k—98(1—1)
e 2a(ok=7+7%) AN 4a (6k=7+72)"
T T2k—49(1—%) R (72k—4901-1))°
qAN* _ 30ak TAN 900a%k 5.
G T2k—49(1-%) 0 (72k—1901-1))°

technology and selling green food through e-commerce platform
is profitable for green farmers.

Proposition 1. (3) shows that, unlike in Propositions 1. (1) and
(2), green farmers who invest in green technology have both a sales
and profit advantage. When the commission rate is relatively low
and the cost coeflicient of green technology investment is high (i.e.,
A< 24—5 and k > k2Y), e-commerce platform selling green food will
lose their profit advantage, as illustrated in Figure 3. This indirectly
indicates that the cost coefficient of green technology investment
not only affects the profits of farmers but also influences the profits
of e-commerce platforms.

4.1.2 Scenario B: with blockchain technology

In the Scenario AB, the conventional farmers decide the
wholesale price w2 and sales quantity of conventional food
438, while green farmers decide the food greenness g*® and
sales quantity gA% with introducing blockchain technology.
The e-commerce platform determines the commission rate, and
green farmers share the sales revenue with the e-commerce
platform based on the commission rate. The profit functions
for conventional farmers, green farmers, supermarkets, and e-
commerce platforms can be expressed as follows:
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TABLE 4 Equilibrium outcomes of Scenario AB.

Equilibrium outcomes

P 350y (1-3) iy 6a? (k=712 (1=2))”
72k—49y%(1-1) T (72k-49y2(1-1))"
WAB® 3a(6k=7y%(1-1)) AB* 25a%k(1—2)—2Cp (72k=49y2 (1=2))
72k—49y2 (1—1) G 144k—98y2 (1—1)
B 2a(6k=7y%(1-1)) A" 402 (6k=7y2(1-1))*
qar 72k—29y 2 (1—1) R (72k—49y2(1-1))°
4B 30ak A Cr(72k=49y2(1-1)) 490022k
qaG 72k—49y2(1—1) o (72k—49y2(1-1))°
AB __ B _AB
T = )\Qé Pc + Cr (8)

The equilibrium outcomes of Scenario AB are obtained by
solving the problem by backward induction, is shown in Table 4.

Proposition 2. Comparing the green food channel and the
conventional food channel in Scenario AB:

(1) The sales quantity of green food is higher than that of
conventional food, i.e., qéB* > q‘%B* ;

(2) If Cp < CABY, the profit of green farmers is higher than that
of conventional farmers, i.e., t&B* > n?B*;
B)Ifr < 5, k > ki and Cp < C{P2, the profit of

supermarket is higher than that of e-commerce platform, i.e., rrﬁ‘B* >

s

Proposition 2. (1) indicates that, similar to Proposition 1.
(1), in the Scenario AB, the green food channel consistently
outperforms the conventional food channel in terms of sales. This is
because green farmers, who invest in green technology, are favored
by consumers. After adopting blockchain technology, the sales
quantity of green food is always greater than that of conventional
food (i.e., qéB* > q‘%B*). However, whether green farmers, after
adopting blockchain technology, have a price advantage over
conventional farmers depend on the fixed cost of blockchain
technology. Proposition 2. (2) shows that when the fixed cost of
blockchain are below a certain threshold (i.e., Cr < C?Bl), green
farmers will earn higher profits (i.e., rréB* > 71143*), as illustrated
in Figure 4.

It is important to note that in Proposition 2. (3), even when
supermarket selling conventional food are more profitable (i.e.,
nﬁ‘B* > rrgB*), the fixed cost of blockchain need to be controlled
within a certain range (i.e., Cp < C25?), as shown in Figure 5. This
is because, when the commission rate is relatively low and the cost
coefficient of green technology investment is high (i.e, 2 < 2;45
and k > kgﬁl), supermarket is more profitable. In this case, for
all supply chain members to avoid being overwhelmed by excessive
blockchain cost, the fixed cost of blockchain technology must be

kept within a reasonable range.

4.2 Mode H

4.2.1 Scenario N: without blockchain technology
In the Scenario HN, both conventional farmers and green
farmers sell conventional and green food through e-commerce
platform. Conventional farmers decide the sales quantity of
conventional food q¥N , while green farmers decide the food
greenness g/ and sales quantity of green food gV. Additionally,
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green farmers decide not to adopt blockchain technology. Both
conventional and green farmers share the sales revenue with the
e-commerce platform based on the commission rate A. The profit
functions for conventional farmers, green farmers, and the e-
commerce platforms can be expressed as follows:

o = (1= 2 g PN ©)
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TABLE 5 Equilibrium outcomes of Scenario HN.

Equilibrium outcomes

2
gHN* 4a(1—1) T HNY a*(1-2) (3k—4+42)
9k—8+8% T 7(91(—3%/\)2
FIN* a(3k—4+41) S HN* a?k(1-3)
qr Ok—8+8% G 9%k—8+8).
g 3ak T HNY 242 (92 —12k(1-1)+8(1—1)?) &
G 9k—8-+81 9} —(9k78+sx)2
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FIGURE 6
Impact of A and k on z/™".

1 2
7g =1 -145 PG — Sk(g™) (10)
nb = gl + 2gl an

The equilibrium outcomes of Scenario HN are obtained by
solving the problem by backward induction, is shown in Table 5.

Proposition 3. Comparing the green food channel and the
conventional food channel in Scenario HN:

(1) The sales quantity of green food is higher than that of
conventional food, i.e., qu * HN* ;

(2) The profit of green farmers is higher than that of conventional
farmers, i.e., ngN* > ﬂ;IN*;

Proposition 3. (1) and (2) indicate that, compared to the green
food and conventional food channels in the Scenario HB, the results
are similar to Proposition 1. Due to the green farmers’ investment in
green technology, which is favored by consumers, the sales quantity
of green food is greater than that of conventional food (i.e., g7V T
N *). Furthermore, the profit of green farmers is greater than that

. . *
of conventional farmers (i.e., ngN

> ﬂ?N*), as shown in Figure 6.

Proposition 3 demonstrates that investing in green technology
is profitable for farmers in the food supply chain. Combined
with Proposition 1, it can be observed that, regardless of whether
conventional food is sold through offline supermarket channel or e-
commerce platform, the investment in green technology by farmers
is a key factor in increasing profits, when compared to different
sales channels.
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TABLE 6 Equilibrium outcomes of Scenario HB.

10.3389/fsufs.2025.1638313

Equilibrium outcomes

gHB* 4y (a—2¢,—ar) L HB* (3key+a(3k—dy2 (1-2)) (1-1))
9k—8y2(1—1) T (9k—8y2(1—)»))2(1—)»)
HB* 3kep+a(3k—4y2(1-1)) (1-2) HB* k(a(1—1)—2¢;)*
ar R (= G k=8 2(1-1)(1=%)
B 3k(a(1—1)—2c) HBs {20% (9K% —12ky? (1=1) 48y (1-1)%) (1=2)*2+3ke} (16y* (1-1) —3k(6—51) ) —3ake, (1-1) (k(62—9)+8y* (1-2%) ) }
96 (9k=8y2(1-2)) (1) o k87210 12

4.2.2 Scenario B: with blockchain technology

In the Scenario HB, both conventional farmers and green
farmers sell conventional and green food through e-commerce
platform. Conventional farmers decide the sales quantity of
conventional food g/, while green farmers decide the food
greenness g/® and sales quantity of green food g8, Additionally,
green farmers decide to adopt blockchain technology. Both
conventional and green farmers share the sales revenue with the
e-commerce platform based on the commission rate A. The profit
functions for conventional farmers, green farmers, and the e-
commerce platforms can be expressed as follows:

B = (1) gBpHE (12)

1 2
7B = (1 -2 pHP — ) g - Ek( 5) (13)
R = APl + (1 + cp) g 19

The equilibrium outcomes of Scenario HB are obtained by
solving the problem by backward induction, is shown in Table 6.

Proposition 4. Comparing the green food channel and the
conventional food channel in Scenario HB:

(1) If e, > cngl, the sales quantity of green food is higher than
that of conventional food, i.e., qu* > qI;B*;

(2) If k < KEB, the profit of green farmers is higher than that of
conventional farmers, i.e., ngB* > JTTI]IB*;

Proposition 4. (1) indicates that, compared to the green food
and conventional food channels in the Scenario HB, the unit cost
of blockchain is a key factor influencing food sales. When the
unit cost of blockchain is high (¢, > LfBl), the sales quantity
> q?B*).
From the consumer’s perspective, as the blockchain cost paid by

of green food exceeds that of conventional food (qu*

green farmers increases, the greenness of the food becomes more
authentic, which can enhance consumers’ preference for green
food that adopts blockchain technology, thus increasing the sales
quantity of green food.

Proposition 4. (2) shows that, from the profit perspective of
conventional and green farmers, when the cost coefficient of green
food technology is relatively low (k < kH), the profit of green

farmers is greater than that of conventional farmers (zfB* >

71?3*), as illustrated in Figure 7. This is because the profits of both
conventional and green farmers depend not only on changes in
sales quantity but also on whether they invest in green technology.
The size of the green technology investment cost coeflicient plays a

more critical role for green farmers.
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5 Model comparison

In this section, we examine the advantages of adopting
blockchain technology and assess which sales channel is
more profitable. We compare different scenarios from various
perspectives, focusing on a comparison between “AN vs. AB” and
“HN vs. HB”.

5.1 AN VS. AB

Corollary 1. In Mode A, sensitivity analysis of k results in:
agiN"

(1) For the food greenness, we have =55

(2) For the wholesale price, we have 3”‘;,:] > 0 and % > 0;

9oAB*
<0andga—k < 0;

. . g
(3) For the sales quantity of conventional food, we have qa?k >

P AB*
0 and 24z

e > 0
N*
(4) For the sales quantity of green food, we have 3q;G‘k <0
agar”
and —5— < 0.

Corollary 1 indicates that, based on Mode A, the cost coefficient
of green technology will affect the equilibrium outcomes in
both scenarios N and B, regardless of whether green farmers
introduce blockchain technology. Moreover, the impact of the
green technology investment cost coefficient on food greenness,
wholesale price, conventional food sales quantity, and green food
sales quantity follows the same trend in both scenarios N and B.
As the green technology investment cost coefficient increases, both

x
food greenness and green food sales quantity decrease (% <

o' 998" dag”
0, ak 0; ak 0, ak
increase in the green technology investment cost coeflicient raises

< 0). This is because an

the cost of green technology investment, and excessive cost lead
green farmers to reduce their investment in food greenness. As a
result, the wholesale price and sales quantity of conventional food
* * AN* *
awB . day dq7
>0, %= > 0, —— >0, =1— > 0). There
is always a “one increases, the other decreases” situation between

N
will increase ( ‘9”;?](

the sales quantity of conventional and green food.
Corollary 2. In Mode H, sensitivity analysis of A results in:

N* B*
(1) For the food greenness, we have Bg;‘k < 0and % <0

(2) For the wholesale price, we have a”‘g;N > 0and % > 0;
N*
(3) For the sales quantity of conventional food, we have aqg)\ >

Bq’}B*
0 and —

> 0;

N*
(4) For the sales quantity of green food, we have agé)h <0
agar”
kS

Corollary 2 indicates that, based on Mode A, the commission

and < 0.

rate will affect the equilibrium outcomes in both scenarios N
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and B, regardless of whether green farmers introduce blockchain
technology. Additionally, the impact of the commission rate on
food greenness, wholesale price, conventional food sales quantity,
and green food sales quantity follows the same trend in both
scenarios N and B. As the commission rate increases, both food

N*
greenness and green food sales quantity decrease ( % < 0,
agAB* 0: 3qéN* 0 aqéB*
oA > oA >0
the commission rate raises the profits allocated to the e-commerce

< 0). This is because an increase in

platform, thereby increasing sales cost. Excessive cost cause green
farmers to reduce its investment in food greenness. As a result,
the wholesale price and sales quantity of conventional food will

* o

JwAN* awAB* gy g
o > 0 T > 05— <0, 5%

to Corollary 1, the “one increases, the other decreases” situation

increase ( < 0). Compared

between the sales quantity of conventional and green food does not
change with variations in the commission rate.

Proposition 5. Comparing the Scenario AN and Scenario AB:

(1) The food greenness in Scenario AB is higher than that in
Scenario AN, i.e., gAB* > gAN*;

(2) The wholesale price in Scenario AB is lower than that in
Scenario AN, i.e., wAB" WAN*;

(3) The sales quantity of conventional food in Scenario AB is
lower than that in Scenario AN, i.e., q‘%B* < q‘%N*;

(4) The sales quantity of green food in Scenario AB is higher than
that in Scenario AN, i.e., qéB* > qéN*.

Proposition 5 indicates that, based on Mode A, after green
farmers adopt blockchain technology, the values of food greenness,
wholesale price, conventional food sales quantity, and green food
sales quantity differ between scenarios N and B. Proposition 5.
(1) and (4) show that after adopting blockchain technology, the
food greenness and green food sales quantity of green farmers are
higher than in scenarios where blockchain is not adopted (i.e.,
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AB* N* AB*
gt > ¢, 48

technology, the greenness information of green food becomes

> q’éN *). This is because, with blockchain

clearer and more transparent. This measure enhances consumer
trust in green food, increases consumer preference for it, and
subsequently boosts the sales quantity of green food. Proposition 5.
(2) and (3) indicate that, after adopting blockchain technology, the
sales quantity of green food takes precedence, thereby displacing
the sales quantity of conventional food. When the sales quantity of
conventional products decreases, conventional farmers respond by
lowering wholesale prices to cope with the decline in sales (wAF" <
wAN", qf%B* < q’%N*).

Proposition 6. Comparing the Scenario AN and Scenario AB:

(1) The profit of conventional farmers in Scenario AB is lower
than that in Scenario AN, i.e., 7r143* < nT‘f‘N*;

(2) If Ce < CBN1 the profit of green farmers in Scenario AB is
higher than that in Scenario AN, i.e., néB* > rréN*;

(3) The profit of supermarket in Scenario AB is lower than that
in Scenario AN, i.e., 711‘33* < n}’gN*;

(4) The profit of e-commerce platform in Scenario AB is higher
than that in Scenario AN, i.e., ﬁSB* > JTSN*.

Proposition 6 indicates that, based on Mode A, after green
farmers adopt blockchain technology, the profits of conventional
farmers, green farmers, supermarkets, and e-commerce platforms
differ, as illustrated in Figures 8, 9.

Proposition 6. (1), (3), and (4) show that when green farmers
adopt blockchain technology, the profits of conventional farmers
and supermarkets selling conventional food decrease, while the
profits of e-commerce platforms selling green food increase. This
suggests that for both producers and sellers of conventional food,
profits will decline if they only sell conventional food. Proposition
6. (2) shows that the profit changes for green farmers depends
on the fixed cost associated with adopting blockchain technology.
When the fixed cost for blockchain technology are below a certain

threshold, the profits of green farmerswill increase.

5.2HNVS. HB

Corollary 3. In Mode H, sensitivity analysis of k results in:
N* HB*
(1) For the food greenness, we have% < 0and agT < 0;
BqI;N*
ok

(2) For the sales quantity of conventional food, we have
-
k

>

dq
0 and 5

> 0;

HN*
(3) For the sales quantity of green food, we have aank <0
HB*

8qG
and o

< 0.

Corollary 3 indicates that, based on Mode H, the cost coefficient
of green technology investment will affect the equilibrium
outcomes in both scenarios N and B, regardless of whether green
farmers adopt blockchain technology. Furthermore, the impact of
the green technology investment cost coefficient on food greenness,
conventional food sales quantity, and green food sales quantity
follows the same trend in both scenarios N and B. As the
green technology investment cost coefficient increases, both food

HN*
greenness and green food sales quantity decrease (agT < 0,

g aqiN* 9qHB" . . .
7 < 0; gk < 0, aGk < 0). This is because an increase in

the green technology investment cost coeflicient raises the cost of
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green technology investment, and excessive cost lead green farmers
to reduce their investment in food greenness. As a result, the sales
« «

quantity of conventional food will increase (% >0, % > 0).

When comparing Corollary 1 with Corollary 3, as shown in
Figure 10, it can be concluded that the trend of the impact of the
green technology investment cost coefficient on food greenness
and sales quantity remains unaffected by changes in the sales
channels. In other words, the “one increases, the other decreases”
phenomenon between the sales quantity of conventional and green
food does not change due to variations in sales channels.

Corollary 4. In Mode H, sensitivity analysis of A results in:

(1) For the food greenness, we have og™" < 0and ag” < 0;
& > an an 5

. X 9 HN’
(2) For the sales quantity of conventional food, we have “I— >

e an
0 and aTx > 0;
. 9gHN*
(3) For the sales quantity of green food, we have ‘iack <0
aqHB*
and —i— < 0.

Corollary 4 demonstrates that, based on Mode H, the
commission rate affects the equilibrium outcomes in both Scenario
N and Scenario B, regardless of whether blockchain technology
is adopted by green farmers. Furthermore, the impact of the
commission rate on food greenness, the sales quantity of
conventional food, and the sales quantity of green food exhibits
similar trends in both scenarios. This is illustrated in Figure 11,
combining Corollary 2 with Corollary 4.

As the commission rate increases, the food greenness and
agHN*

the sales quantity of green food both decrease (=%

9 B* ) aqlgN* 9 qzcﬂs*
- < 0 = < 0 =3
higher commission rate increases the profit allocated to the e-

g P

< 0,

< 0). This is because a

commerce platform, raising the sales cost. The increased cost lead
green farmers to reduce their investment in food greenness. In
this case, the sales quantity of conventional food will increase

aqHN* BqHB*
(=5~ > 0, —5— > 0). It indicates that the sales quantity
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of both conventional and green foods is not influenced by the
adoption of blockchain technology in response to changes in the
commission rate.

Proposition 7. Comparing the Scenario HN and Scenario HB:

(D) Ifep < chNl, the food greenness in Scenario HB is higher
than that in Scenario HN, i.e., gHB* > gHN*;

2)Ifep < chNZ, the sales quantity of green food in Scenario HB
is higher than that in Scenario HN, i.e., qu* > qu*;

3)Ife < chm, the sales quantity of conventional food in
Scenario HB is lower than that in Scenario HN, i.e., qI;B* < qI;N*.

Proposition 7 shows that, based on Mode H, the greenness of
food, the sales quantity of conventional food, and the sales quantity
of green food are all influenced by the unit cost of blockchain
technology after green farmers adopt it, in both Scenario N
and Scenario B. Proposition 7 (1) and (2) indicate that when
the unit cost of blockchain is below a certain threshold (¢, <
chN 1), the greenness of food increases with the adoption of
blockchain technology (g5 > gMN"). This is because blockchain
technology makes the green information of food clearer and
more transparent, which enhances consumer trust in green food,
increases consumer preference for it, and consequently drives up
the sales quantity of green food (qu* > giN "). Proposition 7
(3) suggests that when green farmers adopt blockchain technology,
and the unit cost of blockchain is below a certain threshold
(p < CZIBN 3), the sales quantity of green food dominates,

displacing the sales quantity of conventional food (q‘;IB* <
HN*
qar- )

Proposition 8. Comparing the Scenario HN and Scenario HB:

(1) Ifep, < chm, the profit of conventional farmers in Scenario
HB is lower than that in Scenario HN, i.e., HII!B* < JTTI!N*;

2)Ifep < chNs, the profit of green farmers in Scenario HB is
higher than that in Scenario HN, i.e., ngB* > ngN*;

(3)If§ < k < 1?6,0<)L < 1—%,«/§<y < @and
p > chNG, the profit of e-commerce platform in Scenario HB is

lower than that in Scenario HN, i.e., ngB* < ﬂgN*.
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Impact of k on gJ*,q%* and qé‘*. (a) Food greenness; (b) The sales quantity of green food; (c) The sales quantity of conventional food.

Proposition 8 demonstrates that, based on Mode H, after green
farmers adopt blockchain technology, the profits of conventional
farmers, green farmers, and the e-commerce platforms differ, as
shown in Figure 12.

Proposition 8 (1) indicates that when the unit cost of blockchain
is below a certain threshold, the profit of conventional farmers in
Scenario N is greater. This is due to the increase in the sales quantity
of conventional food in Scenario N, as indicated in Proposition
7 (3), which leads to higher profits for conventional farmers in
Scenario N. Proposition 8 (2) suggests that after green farmers

Frontiers in Sustainable Food Systems

adopt blockchain technology, when the unit cost of blockchain is
below a certain threshold, the profit of conventional farmers in
Scenario N remains larger. Similar to Proposition 8 (1), the profit
variation of green farmers is also driven by changes in the sales
quantity of green products. Proposition 8 (3) reveals the possibility
that, in Scenario N without blockchain, the e-commerce platform
could achieve higher profits, as shown in Figure 13. This occurs
because, in Mode H, both green and conventional foods are sold
on the e-commerce platform, and the sales quantity is influenced
by various factors, which in turn affect the platform’s profits. In this
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Impact of A on gJ*,q‘%* and qé*. (a) Food greenness; (b) The sales quantity of green food; (c) The sales quantity of conventional food.

case, the e-commerce platform in different scenarios should strive
to maximize its own profit.

6 Conclusion
6.1 Main findings

We constructed two sustainable food supply chain models to
explore the impact of green technology investment, blockchain
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technology, and sales channel selection in sustainable food supply
chains. We considered four operational scenarios: online-offline
mixed channels without blockchain (AN), online-offline mixed
channels with blockchain (AB), e-commerce platform without
blockchain (HN), and e-commerce platform with blockchain (HB).
First, we applied game theory to determine the optimal strategies
for each scenario, including food greenness, sales quantity of
conventional and green foods, and the profits of each supply chain
member. Additionally, we examined the impact of factors such as
consumer preference for green food, the cost coefficient of green
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FIGURE 12
Impact of k and ¢, on 7.

FIGURE 13
Impact of k and ¢, on 7J.

technology investment, and the commission rate on the operational
decisions of the sustainable food supply chain, and conducted a
sensitivity analysis. Next, we performed an internal comparison of
each scenario based on whether farmers invest in green technology,
as well as a comparative study of the four scenarios from the
perspective of whether blockchain technology is adopted. We
identified the timing and conditions for adopting blockchain
technology and selecting sales channels in the sustainable food
supply chain, yielding some interesting results.

First, we find that the positive effect of blockchain adoption
on improving food greenness and increasing sales quantity does
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not apply uniformly across all sales channels. In Mode H, the
adoption of blockchain technology attracts more consumers and
stimulates demand for green food only when the unit cost
of blockchain remains within a certain threshold. Additionally,
blockchain adoption enhances the food greenness and improves
the profit of green farmers. However, if the primary goal is to
improve food greenness and expand the sales quantity of green
food, Mode A proves to be a more suitable channel structure
for the introduction of blockchain technology. Given that green
technology often involve low-carbon processing methods and
circular economy solutions, improvements in food greenness also
contribute to broader environmental benefits.

Second, the fixed and unit costs associated with blockchain
affect
conventional farmers, it is generally preferable to choose

technology significantly farmers’ profitability. For
sales channels without blockchain adoption. Moreover, in certain
scenarios, although the sales quantity of green food increases,
the high costs of blockchain services may erode farmers™ profits,
particularly when the cost coefficient of green effort is high.
Therefore, effectively controlling both the fixed and unit costs
of blockchain technology within the supply chain is crucial for
ensuring a balanced distribution of benefits among stakeholders.

Finally, regardless of the sales channel chosen, green farmers
are able to achieve higher profits compared to conventional
farmers. After investing in green technology, the cost coefficient
of green technology investment affects the equilibrium outcomes
and profits in all four scenarios, whether the farmers choose
online-offline mixed channels or e-commerce platform channels.
As the cost coeflicient of green technology investment and the
commission rate decrease, both food greenness and sales quantity
increase. Conversely, the sales quantity of conventional food
decreases, and this trend is not influenced by the introduction of
blockchain technology.

6.2 Managerial insights

Based on the key findings above, we draw the following
important managerial implications:

1. From the perspective of farmers: Farmers should
carefully evaluate both the fixed and unit costs associated with
blockchain technology to ensure that these expenses do not
exert excessive pressure on their overall profitability. Effectively
controlling blockchain costs is essential for enhancing the market
competitiveness of green food. When making green technology
investments, green farmers should also consider adopting
blockchain technology, as it not only strengthens consumer trust
in green food but also improves product differentiation and market
position. In situations where conventional farmers are unable
to estimate the cost of blockchain adoption by green farmers, it
is advisable for them to choose a hybrid online-offline channel
without blockchain implementation.

2. From the perspective of supermarkets and e-commerce
platforms: E-commerce platforms demonstrate significant
advantages in the marketing of green food. Platform managers
should encourage farmers to explore e-commerce channels,
particularly for green food, as these channels can expand market

reach and promote higher food greenness. Nonetheless, traditional

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1638313
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Zhang and Shang

offline supermarkets remain competitive in the sale of conventional
food. Therefore, the optimal choice of sales channel should be
tailored to the specific characteristics of each food type.

3. From the perspective of governments and policymakers:
our findings confirm the advantages of producing green food in
combination with blockchain adoption. To foster the development
of the green food market, policymakers should consider providing
financial subsidies for green technology investments or technical
support for blockchain adoption. Furthermore, they should
promote collaboration between farmers and sales platforms across
different channels to jointly advance the sustainable development
of the green food industry.
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