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ABSTRACT 

Taiwan currently grapples with the intricate task of balancing its food supply and demand, resulting in the emergence 

of critical food surplus and waste issues. To address this pressing challenge, the government has turned to food dona-

tion initiatives led by public associations and private corporations to alleviate food waste concerns. Nevertheless, a 

significant obstacle remains in the form of the efficient and effective distribution of these fresh food donations from 

the supply side to the demand side. Therefore, this study aims to pioneer an innovative and optimized distribution 

model for fresh food donations employing TRIZ (Theory of Inventive Problem Solving) and grey relational analysis.  

Through an in-depth analysis of questionnaire data gathered from the public, this research uncovers the most favored 

distribution model, namely, "Government-invited third-party logistics providers (3PLs) to voluntarily manage distri-

bution services, alongside the provision of preferential subsidies or tax incentives." Building upon these findings, this 

study offers valuable recommendations for governmental agricultural authorities and other stakeholders within the 

fresh food donation supply chain, serving as a cornerstone for sustainable food management practices. 

Keywords: Fresh Food Donation; Distribution Mode; Disadvantaged Groups; TRIZ; Grey Relational Analysis. 

 

1 Introduction 

Food waste is recognized as a significant global 

challenge, particularly as the world population is pro-

jected to reach nine billion by 2050 (Garrone et al., 

2014). Annually, approximately one-third of the food in-

tended for human consumption worldwide does not 

reach our tables, being either squandered or misplaced 

(Mokrane et al., 2023). The annual worldwide food 

waste and loss could theoretically feed 939 million 

adults, assuming a diet of 2000 kcal and 50 g of protein 

per person each day (Abbade, 2020). In response to the 

growing need for a more sustainable future, food waste 

management has garnered increased attention from pol-

icymakers, NGOs, practitioners, and academics across 

various disciplines (de Hooge et al., 2017; Secondi et al., 

2015; Seminar, 2016; van Giesen & de Hooge, 2019). 

Schanes et al. (2018) highlight the complexity of food 

waste and emphasize the integration of different per-

spectives to identify factors that contribute to or hinder 

its generation. This integrated approach also aids in de-

signing surplus food distribution strategies in the final 

stages of the food supply chain.  

To address the challenge of reducing food waste 

and promoting more sustainable food management, 

TRIZ is employed. TRIZ facilitates the development of 

more suitable distribution modes for fresh food dona-

tions. Wang et al. (2024) applies the TRIZ methodology 

to design a strategy that aligns with the real needs of us-

ers, enabling them to become active participants in the 

effort to reduce household food waste. 

In Taiwan, the agricultural industry faces the issue 

of oversupply in certain types of fresh food, while vari-

ous disadvantaged groups, such as low-income families, 

homeless individuals, and seniors living alone, suffer 

from food shortages. This imbalance between supply 

and demand leads to food waste. Although public and 

corporate food donations are commonly used to address 
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these problems, logistical constraints make it difficult to 

effectively supply surplus food to the intended recipients, 

resulting in further food waste during the distribution 

process. Farmers with excess fresh food (with a focus on 

fresh fruits and vegetables) and the disadvantaged 

groups in need are scattered across different geographic 

locations, exacerbating the challenge of establishing an 

efficient distribution system that effectively connects 

supply and demand.  

While some studies have proposed traceable supply 

chains for surplus food management (Aysoy et al., 2015), 

few have presented innovative distribution modes spe-

cifically for fresh food donations. Fortunately, the mod-

ern agriculture sector is known for its high level of in-

novation, which includes new production and pro-

cessing practices, novel locations, and innovative supply 

chain designs that can serve as references. This study 

aligns with the perspective of Shukla and Jharkharia 

(2013), who argue that fresh food supply chain manage-

ment should shift its focus from profit maximization to 

waste minimization to actively contribute to the sustain-

ability of the global food system. Therefore, the main 

objective of this study is to identify a new distribution 

mode that can overcome the logistical barriers associ-

ated with surplus fresh food donations. This is especially 

crucial for fresh food, which has the highest nutritional 

value and taste immediately after harvesting but dimin-

ishes over time, leading to spoilage (Osvald & Stirn, 

2008). Due to the perishability of these fresh foods and 

the need to maintain a cold chain to preserve their qual-

ity, they require particular attention in the distribution 

process (Pulina & Timpanaro, 2012). Ultimately, reduc-

ing food waste lies at the core of an effective food man-

agement system, necessitating the development of ap-

propriate strategies for a sustainable food supply chain 

(Barlagne et al., 2015). 

In contrast to many studies that utilize theoretical 

models such as delivery scheduling, routing, and loca-

tion selection to address distribution mode issues 

(Gajanand & Narendran, 2013; Regazzoni et al., 2013; 

Ullrich, 2012; van den Heuvel et al., 2014), our research 

takes a different approach. We focus on understanding 

the behavioral preferences of key actors involved in 

fresh food donations, including farmers, the government, 

logistics service providers, and disadvantaged groups 

(DGs). By considering these preferences, our aim is to 

identify an appropriate distribution mode that minimizes 

overall distribution costs while ensuring the satisfaction 

of DGs with respect to fresh food donations. To achieve 

these objectives, this study employs TRIZ (Theory of 

Inventive Problem Solving) in conjunction with grey re-

lational analysis. Through this approach, we develop 

preferred distribution modes that effectively distribute 

fresh food donations to DGs in a suitable manner. By 

integrating the insights gained from TRIZ and grey rela-

tional analysis, we can optimize the distribution process 

and enhance the overall effectiveness of fresh food do-

nation initiatives. 

In this article, an extensive literature review was con-

ducted to examine the distribution modes of agricultural 

products, as well as TRIZ. Subsequently, TRIZ was ap-

plied to generate 11 feasible alternative distribution 

modes. Questionnaires were then administered to farm-

ers, third-party logistics providers (3PLs), and disadvan-

taged groups (DGs) to determine the most appropriate 

options. Furthermore, the chosen distribution mode was 

tested through the presentation of relevant cases and ex-

amples. The analytical results and discussions derived 

from these investigations are presented, and concluding 

remarks are provided at the end of the article. 

2 Distribution mode of agricultural prod-

ucts and TRIZ 

2.1 Distribution performance of agricul-

tural products 

To assess the effectiveness of the agricultural dis-

tribution system, it is crucial to develop an appropriate 

performance measurement framework. Bowersox et al. 

(2000) and Gunasekaran et al. (2005) have incorporated 

performance metrics such as customer satisfaction, de-

livery speed, dependability, flexibility, and cost to eval-

uate distribution performance.  However, with the grow-

ing emphasis on sustainable development and corporate 

social responsibility, there is a need to consider the so-

cial dimensions of logistics management and maximize 

both economic value and social expectations.  

In this study, our specific goals are to achieve so-

cial welfare and address the social dimension, an aspect 

that has received limited attention from researchers 

(Beske-Janssen et al., 2015). To this end, we draw inspi-

ration from the concept of humanitarian logistics perfor-

mance, which aims to maximize the benefits of disad-

vantaged groups (DGs), farmers, and third-party logis-

tics service providers (3PLs) by identifying an appropri-

ate and cost-effective distribution approach for fresh 

food donations. To gain practical insights, we conducted 
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in-depth interviews with industry experts, resulting in 

the identification of core criteria for fresh food distribu-

tion. Furthermore, building on the research conducted 

by Lan et al. (2008), which explored the distribution 

mode of regional food cold chains with a focus on im-

proving economic and social effects, we identified 

safety, efficiency, and flexibility as the main influencing 

factors. By combining the insights from the in-depth in-

terviews and existing literature, this study identifies 

three performance metrics: "freshness," "speed," and 

"convenience." 

2.2 Government’s current distribution op-

tions 

Based on in-depth interviews conducted with the 

competent authority responsible for agricultural affairs 

in Taiwan, namely the Council of Agriculture (COA), 

six existing alternatives for distributing fresh food dona-

tions to disadvantaged groups (DGs) have been identi-

fied. These alternatives are outlined below: 

#1. 3PL provides home delivery. 

#2. Regional Governmental welfare institutes take 

care of distribution.  

#3. Regional retailers’ storage and DGs’ pickup 

#4. DGs bought from markets and got refund. 

#5. The regional wholesalers purchased and distrib-

uted to DGs. 

#6. Farmers distributed to DGs directly. 

Based on the recommendations provided by ex-

perts, a comprehensive comparison was conducted to 

evaluate the six distribution options. The strengths and 

weaknesses of each option are summarized in Table 1. 

Table 1. Comparisons of six options of distribution 

Options Strengths 

#1 Quick response time, keep fresh 
#2 Cheaper, known the locations of 

DGs 
#3 Convenient Accessibility 
#4 DGs got rights to buy what they need 
#5 Cheap and sufficient storage space 
#6 Low inventory costs 

Options Weaknesses 

#1 Higher transportation costs 

#2 Long response time 

#3 Sometimes lack willingness to pickup 

#4 Most DGs are short of cash 

#5 Long response time and quantity variety 

#6 Low Accessibility and quantity variety 

After a thorough review and analysis of the distri-

bution options, we assessed them based on the three-per-

formance metrics: "freshness," "speed," and "conven-

ience." As a result, we identified four viable distribution 

options (#1, 2, 3, and 4). Nevertheless, several barriers 

still hinder the distribution of fresh food donations, 

which will serve as catalysts for the creation of new in-

novative distribution modes, as discussed in the next 

section. 

2.3 TRIZ 

The Theory of Inventive Problem Solving (TRIZ) 

is a process that stimulates breakthrough thinking pat-

terns and problem-solving approaches. TRIZ stands as a 

methodology and philosophy for the innovation and en-

hancement of systems across various domains, including 

science, education, business, industry, and services. It 

offers a systematic approach to solving problems and 

generating optimal solutions to even the most challeng-

ing issues (Bukhman, 2021). While originally developed 

for technical fields, TRIZ has increasingly been applied 

in non-technical sectors, including the service sector 

(Chai et al., 2005; Chen et al., 2015; Cong & Tong, 2008; 

Regazzoni et al., 2013; Retseptor, 2003). Zhang et al. 

(2003) suggested that the 40 Inventive Principles of 

TRIZ, commonly used for resolving contradiction prob-

lems, should be adapted for service operations instead of 

physical product development. Among the various tool 

sets of TRIZ, the 40 inventive principles (IPs) are par-

ticularly popular and frequently utilized (Cong & Tong, 

2008). Jeeradist et al. (2016) applied TRIZ to improve 

passengers' perceptions of an airline's image by enhanc-

ing service quality and safety. Chen et al. (2015) mapped 

service-quality parameters with TRIZ parameters in the 

health sector, while Su and Lin (2008) proposed a crea-

tive and systematic model using TRIZ methodology for 

generating innovative solutions for quality improvement. 

TRIZ methodology is implemented in classroom teach-

ing to transform the educational environment—convert-

ing silence into dynamic interaction, transforming the 

audience into active participants, turning passivity into 

active learning, and encouraging individual efforts to 

evolve into collaborative endeavors (Shouhui et al., 

2022). In TRIZ methodology, most problems are 
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accompanied by inherent contradictions, which can arise 

from conflicting requirements for the same element in 

the system or conflicting elements within the same sys-

tem. Identifying these inherent contradictions is a cru-

cial step in TRIZ problem analysis. Once a contradiction 

is formulated, more advanced TRIZ knowledge-based 

tools can be employed to resolve it. The resolution of the 

contradiction often leads to a solution for the main prob-

lem and other associated minor problems. The detailed 

contradiction matrix and corresponding principles can 

be found in Appendix I and II. 

3 Develop innovative distribution options 

by TRIZ 

Building upon the insights gathered from the in-

depth interviews and existing methods of distributing 

fresh food donations to disadvantaged groups (DGs) in 

Taiwan, this study utilized TRIZ to generate innovative 

distribution options. By employing the TRIZ analysis 

process, we linked the identified strengths and weak-

nesses to the improving and worsening parameters in the 

TRIZ contradiction matrix. This enabled us to derive 

new innovative principles and corresponding distribu-

tion options. Based on the preliminary findings, four 

feasible distribution options (#1, 2, 3, and 4) were iden-

tified, and TRIZ was employed to analyze each of these 

options individually. 

3.1 #1 3PL provides home delivery. 

The identified strength of this distribution option 

lies in its quick response time, which helps maintain the 

freshness of the donations. This aligns with the TRIZ 

improving feature of "Adaptability or versatility (35)". 

Conversely, a weakness of this option is the higher trans-

portation costs resulting from the dispersed locations of 

disadvantaged groups (DGs) and the need for disaggre-

gated shipping. This corresponds to the TRIZ worsening 

feature of "loss of energy (22)". According to the TRIZ 

contradiction matrix, the inventive principles proposed 

to address the improving feature (35) and worsening fea-

ture (22) are "Mechanical Vibration (18)", "Dynamics 

(15)", and "Segmentation (1)". 

3.1.1 Inventive Principles 18 “Mechanical 

Vibration” 

Applying TRIZ inventive principle 18 to service in-

dustries, two relevant strategies are identified: 

"Benchmarking the best practices across different ser-

vice industries to improve service quality and foster in-

novation in developing service offerings" and "Adapting 

service capacity based on the fluctuation pattern of cus-

tomer demands." Building upon these principles, this 

study proposes a novel distribution option wherein the 

government collaborates with prominent convenience 

chain stores, specifically 7-Eleven. These stores possess 

inherent advantages in terms of accessibility and logis-

tics expertise due to their extensive distribution network. 

Furthermore, they are committed to fulfilling their role 

as responsible and upright citizens by actively assisting 

disadvantaged groups (DGs) in need. 

3.1.2 Inventive Principles 15 “Dynamics” 

Applying TRIZ inventive principle 15 to service in-

dustries, two relevant strategies are identified: "Empow-

ering frontline staff with discretionary authority in de-

livering services" and "Adapting service provisions to 

meet customer demands." Based on these principles, this 

study proposes that the government should establish an 

online exchange system to facilitate communication be-

tween farmers and DGs. Through this system, farmers 

can update information regarding their surplus fresh 

food, including type, quantity, and location. DGs, on the 

other hand, can place orders online and select their pre-

ferred delivery methods. By providing this platform, the 

government enables direct interaction between farmers 

and DGs, empowering them to make decisions and meet 

their specific needs. 

3.1.3 Inventive Principles 1 “Segmenta-

tion” 

Applying TRIZ inventive principle 1 to service in-

dustries, two relevant strategies are identified: "Dividing 

service packages into several components" and "Seg-

menting the customer base based on relevant infor-

mation such as needs, ages, and buying behaviors." 

Based on these principles, this study proposes that the 

government should segment the areas where DGs are lo-

cated based on population density. Subsequently, self-

managed teams can be formed to oversee the calculation 

of demand information and explore suitable distribution 

options. By dividing the service packages into compo-

nents and segmenting the customer base, the govern-

ment can effectively tailor its distribution efforts to meet 

the specific needs of different areas and DGs. 
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3.2 #2 Regional Governmental welfare in-

stitutes take care of distribution. 

The regional social welfare institutes possess 

strength in their deep understanding of DGs, leading to 

the corresponding TRIZ improving feature of "ease of 

operation (33)". However, a weakness is observed in the 

long response time due to the two-stage distribution pro-

cess: collection from farmers, storage in warehouses, 

and subsequent delivery to DGs. This weakness aligns 

with the TRIZ worsening feature of "speed (9)". Accord-

ing to the TRIZ contradiction matrix, the proposed solu-

tions for improving feature (33) and worsening feature 

(9) are the inventive principles of "Mechanical Vibration 

(18)", "The other way round (13)", and "Discarding and 

recovering (34)". 

3.2.1 Inventive Principles 18 “Mechani-

cal Vibration” 

Applying inventive principles 18 to develop an in-

novative distribution option, we propose that the gov-

ernment should implement an appropriate incentive 

mechanism to reward the social workers of welfare in-

stitutes who are involved in the distribution of fresh food 

donations to DGs. By recognizing and rewarding their 

efforts, it will motivate and encourage them to perform 

their distribution tasks more effectively and efficiently. 

3.2.2 Inventive principles 13 “The other 

way round” 

Applying inventive principles 13 to service indus-

tries, we can consider the following approaches: "Invert 

the action(s) used to solve the problem, e.g. e-services," 

"make fixed parts movable, e.g. delivering on-site ser-

vices," and "turn the object upside down, e.g. customers 

can serve themselves." Correspondingly, we propose 

that the government should reorganize the inbound and 

outbound logistics processes. The collection of fresh 

food donations can be assigned to the government to 

achieve economies of scale, while the small-batch last-

mile delivery can be outsourced to third-party logistics 

providers (3PLs). By dividing the tasks, both the gov-

ernment and 3PLs can benefit from the division of labor, 

resulting in more efficient and effective distribution of 

fresh food donations to DGs. 

3.2.3 Inventive Principles 34 “Discarding 

and recovering.” 

Applying inventive principle 34 to service indus-

tries, which suggests removing and reusing elements di-

rectly after they have fulfilled their functions, we pro-

pose that the government should consider signing long-

term outsourcing contracts with third-party logistics 

providers (3PLs) instead of engaging in arms-length 

market transactions. By establishing long-term partner-

ships with trusted 3PLs, the government can cultivate 

relational capital among themselves, the 3PLs, and the 

DGs. This approach aims to enhance collaboration and 

cooperation, ultimately increasing the overall social 

welfare in the distribution of fresh food donations. 

3.3 #3 The Regional Retail Storage and 

DGs pickup 

The distribution option's strength lies in its conven-

ient accessibility due to the widespread presence of re-

tail stores in Taiwan. This aligns with the TRIZ improv-

ing feature of "ease of operation (33)". However, a 

weakness of this option is the potential decrease in will-

ingness to pick up fresh food donations when the price 

of the food decreases. This corresponds to the TRIZ 

worsening feature of "stability of the object (13)". The 

contradiction matrix suggests employing inventive prin-

ciples such as "Color changes (32)", "Parameter changes 

(35)", and "Flexible shells and thin films (30)" to ad-

dress these contradictions. 

3.3.1 Inventive Principles 32 “Color 

changes” 

Principles 32, when applied to service industries, 

encompass offering different options for delivering the 

service to add value to the customer and utilizing color 

change to enhance transparency and trust. Building upon 

these principles, we propose that the government should 

establish a dedicated and transparent communication 

platform. This platform will serve to disclose relevant 

information to all stakeholders who willingly participate 

in the distribution of fresh food donations to the intended 

beneficiaries. The application of inventive principles 35 

will be further discussed in section 3.4.2. 

 

3.3.2 Inventive Principles 30 “Flexible 
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shells and thin films” 

Principles 30, when applied to service industries, fo-

cus on isolating functions, processes, and activities to re-

duce costs. Drawing from this principle, we propose the 

separation of two types of beneficiary groups (DGs). DGs 

residing near the farmers' fields should be responsible for 

self-pickup, while those located far away should rely on 

third-party logistics providers (3PLs) for delivery. By im-

plementing this approach, the overall distribution costs 

can be optimized and reduced. 

3.4 #4 DGs bought from markets and got 

refund. 

The strength of this distribution option is DGs have 

more choices to buy what kind of fresh food they need 

and increase their willingness to participate, and then the 

corresponding TRIZ improving features is “power (21)”. 

The weakness is the complicated and time-consuming pro-

cess to get a refund, also has liquidity problem of cash 

flow for DGs, and the corresponding TRIZ worsening 

features is “difficulty of detecting and measuring (37)”. 

The contradiction matrix shows the proposed solutions 

are inventive principles “periodic action (19)”, “Param-

eter changes (35)”, and “Partial or excessive actions 

(16)”. 

3.4.1 Inventive principles 19 “periodic ac-

tion” 

Principles 19 applied to service industries empha-

sizes the importance of collecting customers' feedback 

regularly, providing specific services periodically, and 

engaging in repeated promotion activities. In line with 

these principles, we propose that governmental authori-

ties should regularly collect information on DGs' de-

mand quantity and offer home delivery services to meet 

their specific needs. 

3.4.2 Inventive principles 35 “Parameter 

changes” 

Principles 35 applied to service industries high-

lights the importance of simplifying the service process 

and upgrading services for loyal customers. These prin-

ciples emphasize the need for change. In line with these 

principles, we propose a change in the delivery respon-

sibilities from the government to farmers. The 

government can prioritize those farmers who provide 

voluntary logistics services in purchasing contracts. This 

change aims to streamline the delivery process and pro-

vide enhanced services for loyal customers. 

3.4.3 Inventive principles 16 “Partial or ex-

cessive actions” 

Principles 16 applied to service industries empha-

size the importance of providing beforehand notices and 

explanations to customers regarding the temporary una-

vailability of services. This helps prevent a loss of cus-

tomer loyalty due to blind waiting. Additionally, satis-

fying customers with high service quality is crucial. In 

line with these principles, we propose that the govern-

ment invite 3PLs that prioritize their social responsibil-

ity and aim to enhance their corporate image through of-

fering distribution services. The government can pro-

vide preferential subsidies or tax reductions to partially 

cover the logistics costs incurred by these 3PLs. This ap-

proach encourages the involvement of socially respon-

sible 3PLs and ensures the provision of high-quality dis-

tribution services. 

4 Use TRIZ to develop new distribution op-

tions. 

We have employed the inventive thinking approach 

of the TRIZ methodology to develop a systematic 

framework that showcases new distribution options for 

fresh food donations. The main innovative options are 

summarized as follows: 

a. Utilizing demand information requested in ad-

vance by DGs to determine the timing and 

method of distribution.  

b. Prioritizing the purchase of donations from 

farmers willing to undertake distribution to 

neighboring DGs.  

c. Inviting socially responsible 3PLs that empha-

size their corporate image enhancement 

through distribution services, while offering 

preferential government subsidies or tax re-

ductions to partially cover their logistics costs.  

d. Collaborating with leading convenience chain 

stores such as 7-ELEVEN, which possess ac-

cessibility advantages and logistics expertise 

due to their extensive distribution network. 

These stores are fully committed to serving as 



DOI: 10.6977/IJoSI.202406_8(2).0001 

C. Wang, T. Lee, et al./Int. J. Systematic Innovation, 8(2),1-16 (2024) 

 7  

responsible and upright citizens, assisting 

DGs.  

e. Establishing an online exchange system to 

bridge the gap between farmers and DGs. 

Through this system, farmers can update in-

formation on fresh food over-supply (type, 

quantity, location, etc.), while DGs can place 

online orders and select their preferred deliv-

ery methods. 

f.  Segmenting DGs based on population density 

and forming self-managed teams responsible 

for managing demand information and distri-

bution options.  

g. Rewarding social workers from regional gov-

ernments who distribute surplus agricultural 

products to DGs and receive positive feedback. 

h. Undertaking inbound logistics while out-

sourcing the last mile delivery to 3PLs, allow-

ing for a division of labor that benefits both 

governments and 3PLs.  

i. Signing long-term outsourcing contracts with 

3PLs to cultivate relational capital among the 

government, 3PLs, and DGs, thereby increas-

ing overall social welfare.  

j. Establishing a specific and transparent com-

munication platform to disclose related infor-

mation to all stakeholders voluntarily partici-

pating in the distribution of fresh food dona-

tions to DGs.  

k. Implementing a separation strategy for two 

types of DGs: those residing near farmers' 

fields can pick up the donations themselves, 

while others living farther away rely on 3PLs 

for delivery, resulting in improved overall dis-

tribution costs. 

In addition, three major goals have been identified 

for the distribution of fresh food donations: "freshness," 

"speed," and "convenience." We conducted question-

naires to gather opinions from relevant professionals, in-

cluding logistics service providers and governmental of-

ficials responsible for fresh food donations. The results 

of the survey will assist in selecting the most appropriate 

distribution modes to achieve the specified goals. 

5 Grey relational analysis 

By integrating existing literature, governmental in-

formation, and interviews with industry experts, this 

study has identified three main distribution goals for 

distributing fresh food donations to DGs. Additionally, 

this study has developed eleven new distribution options 

using the TRIZ methodology. Subsequently, question-

naires were administered to gather data from govern-

ments, farmers, and DGs to align the new distribution 

options with the three established goals. The results of 

the collected questionnaires are presented below and are 

divided into four sections, which describe the survey re-

sults, define the research targets, outline the question-

naire design, present the analysis method, and discuss 

the empirical results. 

5.1 Define the search targets. 

The objective of this questionnaire is to identify the 

most suitable method for distributing fresh food dona-

tions to DGs. Therefore, the questionnaire was primarily 

distributed to three target groups: DGs, farmers, and 

3PLs. 

5.2 Questionnaire Design 

The questionnaire is structured into five parts. Part 

1 focuses on the weighted priority of distribution options, 

while parts 2 to 4 address the goals of freshness, speed, 

and convenience, respectively, followed by the 

weighted priority of distribution options for each goal. 

Part 5 collects demographic information from respond-

ents. 

5.3 Research Methods 

For data analysis, this study employed the grey re-

lational analysis (GRA) method. The GRA method cal-

culates the correlation degree of each evaluation object 

to estimate its grade. It combines qualitative and quanti-

tative analysis and overcomes the limitations of tradi-

tional correlation analysis methods, which are not suita-

ble for nonlinear models. The fundamental idea of GRA 

is to assess the similarity level of geometric patterns of 

sequence curves and determine the closeness to system 

characteristics based on relevant factors. Assume that 

X0 = (x0(1), x0(2), …, x0(n)) represents the sequence 

of data representing the system characteristics, and Xi = 

(xi (1), xi(2), …, xi(n)), i = 1, 2, …, m represents se-

quences of m relevant factors. The degree of grey inci-

dence (or grey rational grade) for Xi with respect to X0, 

0i =  (X0, Xi), is defined by Equations (1) and (2), 

where 0i(k) is the incident coefficient of kth sample 
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between sequences X0 and Xi and  a distinguishing co-

efficient which value is between 0 and 1, as a lot of con-

tribution, this study set distinguishing coefficient (ζ)  as 

0.5 to enlarge the difference among final incident coeffi-

cients, and then calculated to get the grey relational coef-

ficient.  

𝛾𝑜𝑖 = 𝛾(𝑋0, 𝑋𝑖) =
1

𝑛
∑ 𝛾𝑜𝑖(𝑘)𝑛

𝑘=1 , 𝑖 = 1,2, … ,𝑚  (1) 

The procedures of GRA are, (1) list the comparative 

series for further investigation (2) calculate the distance 

between comparative and reference series (3) calculate 

the grey relational coefficient (4) determine the grade of 

grey relations (5) depict the chart based on grey rela-

tional grade (GRG). 

In this study, we present the GRG in a graphical 

format. Each point on the lines represents a value calcu-

lated by grey relational analysis, where a higher value 

indicates a greater importance of the corresponding op-

tions. The points are grouped based on the tightness of 

each value. The critical success factors (CSFs) suggest 

that in any organization, certain factors (typically three 

to six factors) are critical to its success. This study will 

retain less than half of the options in the questionnaire, 

which is less than 11/2≒5. 

5.4 Empirical results 

In our study, we distributed the questionnaires to 

three groups: DGs, farmers, and 3PLs, and received 

valid samples from 198 DGs, 6 farmers, and 5 3PLs. Us-

ing grey relational analysis, and considering the four ex-

pected goals, namely "Ranks of favorite distribution op-

tions", "Freshness", "Speed", and "Convenience", we 

present the ranks of distribution options as follows. 

5.4.1 Ranks of favorite distribution options 

In this question, respondents were asked to score 

the listed eleven distribution options using a Likert 5-

point scale. From the perspective of DGs, we identified 

three Critical Success Factors (CSFs): “b. 

(GRG=0.593)”, “a. (GRG=0.576)”, and “c. 

(GRG=0.539)”, as shown in Figure 1. 

 

 

Figure 1. Ranks of favorite distribution options with 

GRG-the perspectives of DGs (note：Points located in red rec-

tangle mean CSFs) 

From the perspectives of farmers, we extracted four 

CSFs, that is “j. (GRG=1)”, “c. (GRG=0.792)”, “f. 

(GRG=0.782)”, “b.(GRG=0.735)”. As to the perspec-

tives of 3PLs, we extracted three CSFs, that is “k. 

(GRG=1)”, “b. (GRG=0.8222)”, and “f. (GRG=0.7556) 

shown in Figure 2 and Figure 3. 

Figure 2. Ranks of favorite distribution options with GRG-

the perspectives of farmers 

Figure 3 Ranks of favorite distribution options with 

GRG-the perspectives of 3PLs 

In summary, this study identified that "b. If the 

farmers are willing to undertake distribution of dona-

tions to neighboring DGs, the government will give pri-

ority to purchase from these farmers" is the only option 

that was considered a priority by all three groups (DGs, 

farmers, and 3PLs). Option "c." received support from 

both DGs and farmers, while option "f." was identified 

as preferred by farmers and 3PLs. These results indicate 

differences in preference among the three groups. 

5.4.2 Freshness 

Given the goal of keeping freshness, and from the 

perspectives of DGs who extracted five CSFs that is “b. 

(GRG=0.586)”, “a. (GRG=0.547)”, d. (GRG=0.51)”, “f. 

(GRG=0.508)”, “c. (GRG=0.502)”. 

Famers identified four CSFs that are “a. (GRG=1)”, 

“j. (GRG=0.815)”, “f. (GRG=0.759)”, and “h. 

(GRG=0.754).” 3PLs have identified four CSFs that is 

“b. (GRG=0.822)”, “k. (GRG=0.810)”, “ i. 

(GRG=0.698)”, “h. (GRG=0.676). Shown in Figures 4, 

5, and 6 respectively. 

 

0.50 
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Figure 4. Ranks of priority distribution options with GRG 

given the goal of keeping freshness -the perspectives of DGs 

 

Figure 5. Ranks of priority distribution options with GRG 

given the goal freshness -the perspectives of farmers. 

 

Figure 6. Ranks of priority distribution options with GRG 

given the goal of keeping freshness -the perspectives of 

3PLs 

According to the results, both DGs and farmers 

reach mutual agree in “a” and “f”. And b got support 

from both DGs and 3PLs. As to supporting by farmers 

and 3PLs is “j.” 

5.4.3 Speed 

Given the goal of speed, and from the perspectives 

of DGs who extracted three CSFs that is “b 

(GRG=0.585)”, “c (GRG=0.535)”, and “d 

(GRG=0.532)”. The farmers identified three CSFs that 

is “a (GRG=1)”, “j (GRG=0.815), and “i (GRG=0.75)”. 

The 3PLs identified four CSFs that is “ a (GRG=0.440)”, 

“b (GRG=0.350)”, “h(GRG=0.263)”, and “e 

(GRG=0.204). Shown in figure 7, 8 and 9 respectively. 

 

 

 

Figure 7. Ranks of priority distribution options with GRG 

given the goal of speed-the perspectives of DGs 

 

 

 

Figure 8. Ranks of priority distribution options with GRG 

given the goal of speed-the perspectives of farmers 

 

 

 

Figure 9. Ranks of priority distribution options with GRG 

given the goal of speed-the perspectives of 3PLs 

According to the results and given the goal of speed, 

both DGs and 3PLs agree “b” is the priority distribution 

option. Farmers and 3PLs reached a mutual agreement 

in “a.” 

5.4.4 Convenience 

Given the goal of convenience, and from the per-

spectives of DGs who extracted five CSFs that is “b 

(GRG=0.564)”, “c (GRG=0.526)”, “d (GRG=0.521)”, 

“a (GRG=0.516)”, and “i (GRG=0.503). 

Farmers identified four CSFs that is “a 

(GRG=0.778)”, “(GRG=0.815)”, “i (GRG=0.754)”, and 

“f (GRG=0.73).” The 3PLs identified four CSFs that is 

“a (GRG=0.613)”, “d (GRG=0.421)”, “g (GRG=0.297)”, 

and “k (GRG=0.256).” Shown in Figures 10, 11, and 12 

respectively. 

Figure 

10. 

Ranks 

of pri-

ority distribution options with GRG given the goal of conven-

ience-the perspectives of DGs 

 

Figure 11. Ranks of priority distribution options with GRG 

given the goal of convenience-the perspectives of farmers 

 

Figure 12. Ranks of priority distribution options with GRG 

given the goal of convenience-the perspectives of 3PLs 

Based on the obtained results and with a focus on 

the goal of convenience, this study observed that option 

"a" was identified as a priority by all three groups. Ad-

ditionally, both DGs and 3PLs considered option "d" as 

a priority. To facilitate comparisons, Table 2 presents a 

summary of the rankings of distribution options as per-

ceived by DGs, farmers, and 3PLs, considering different 

goals. 

Table 2. Summaries of ranks (DGs, farmers, and 3PLs) 

Ranks of favorite distribution options 

DGs Farmers 3PL 

b.(.5932) j. (1) k.( 1.) 

a.(.5756) c. (.792) b.( .8222) 

c.(.5386) f. (.782) f.( .7556) 
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 b. (.735)  

Freshness 

DGs Farmers 3PL 

b. (.586) a. (1) b.(.822) 

a. (.547) j. (.815) k.(.810) 

d. (.51) f. (.759) i.(.698) 

f. (.508) h. (.754) j.(.676) 

c. (0.502)   

Speed   

DGs Farmers 3PL 

b. (0.585) a.(1) a. (0.440) 

c. (0.535) j.(0.815) b. (0.350) 

d. (0.532) i.(0.75) h. (0.263) 

  e. (0.204) 

Convenience 

DGs Farmers 3PL 

b. (0.564) a. (0.778) a.(0.613) 

c. (0.526) j. (0.815) d.(0.421) 

d. (0.521) i. (0.754) g.(0.297) 

a. (0.516) f. (0.73) k.(0.256) 

i. (0.503)   

Note: a b, c…k stands for eleven distribution options 

According to the findings presented in Table 2, 

DGs regarded option "b" as the preferred distribution 

option. Farmers, on the other hand, identified option "j" 

as the best, while 3PLs considered option "k" as their 

priority choice. When considering the goal of maintain-

ing freshness, DGs prioritized option "b", whereas farm-

ers favored option "a", and 3PLs also considered option 

"b" as their top choice. In terms of speed, DGs consid-

ered option "b" as the priority option, while both farmers 

and 3PLs believed option "a" to be the preferred distri-

bution method. Similarly, for the goal of convenience, 

the priority options align with those for speed. 

Based on these results, several common elements 

were identified that were highlighted by all three groups 

(DGs, farmers, and 3PLs). Firstly, obtaining advance de-

mand information from DGs was deemed crucial as it 

allows for efficient planning of delivery routes and 

quantities, reducing unnecessary distribution arrange-

ments, and taking advantage of economies of scale. 

Transparency in demand information contributes to in-

creased distribution efficiency. Secondly, "home deliv-

ery" emerged as the most preferred distribution mode by 

all three groups. However, there were differences in 

perceptions regarding who should bear the transporta-

tion costs associated with home delivery. While all three 

groups recognized the benefits of "home delivery" in 

achieving freshness, speed, and convenience, the issue 

of cost responsibility remains controversial and unre-

solved. 

In conclusion, this study suggests that "home deliv-

ery" is the appropriate distribution mode. However, the 

issue of cost sharing for home delivery remains a con-

tentious and unresolved matter. 

6 Case study 

`To illustrate distribution efficiency, a case study 

was conducted. The study consists of three parts: inves-

tigating the numbers and demand information of DGs, 

presenting the contents and estimated costs of alterna-

tive distribution options, and evaluating the performance 

of these options. 

6.1 Numbers and demand information of 

DGs 

Government authorities investigated and identified 

391 DGs in need of fresh fruit donations, with a total of 

35,014 individuals. Among these DGs, 179 groups 

(17,472 people) purchased the fruits themselves and re-

ceived refunds from the government, while the remain-

ing 212 groups (17,542 people) relied on home delivery. 

The total distribution weight amounted to 18,400 kilo-

grams (kg). 

6.2 Contents and estimated costs of alter-

natives 

In this section, we demonstrate two distribution op-

tions proposed by the Taiwan Government: option 1, 

where DGs purchase the fruits themselves and opt for 

home delivery, and option 2, where Kerry Logistics of-

fers free distribution services. The total expenditures for 

option 1 and option 2 are estimated to be approximately 

USD 15,672 and USD 12,294, respectively. The details 

are as follows: 

 

6.2.1 Option1: DGs purchased by them-

selves and home delivery 
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1. DGs purchases 

a. To simplify implementation procedures and 

ensure price consistency, the Government an-

nounced a reference price range of USD 0.83 

to 1 per kilogram (kg) based on surveys con-

ducted at Taipei's fruits and vegetables mar-

kets. The subsidy standard was set at USD 1 

per kg. 

b. Government authorities notified DGs through 

official documents that they had 7 days to pur-

chase the specified quantities of guava from 

the nearest supermarkets or agricultural stores. 

The stores would then issue invoices or re-

ceipts. DGs were required to send back these 

invoices/receipts along with their bank ac-

count numbers to the government authorities 

to obtain reimbursement for their expenditures. 

Table 3 provides a detailed breakdown of the pur-

chases made by 179 groups (17,472 people) who bought 

the fruits themselves and submitted their invoices to the 

government authorities. Each person received 0.5 kg 

(9,140 kg in total) of guava, with a subsidy of USD 1 per 

kg plus transfer fees. The total expenditures for this op-

tion amounted to approximately USD 9,319. 

Table 3. Expenditures of DGs purchased by themselves 

Total Demand 9,140 Kilogram (457catons, CTNs) 

expenditures 

Guava price USD 9,140 

 (457CTNs*20kg*USD 1=9,140) 

Transferring fees 179 

 (179 units*USD 1=179) 

Total 9,319 

2. Home delivery 

a. Kerry Logistics provided free distribution ser-

vices. 

b. The government set the reference price for 

purchasing guavas from farmers at USD 0.57. 

As a result, 212 DGs required a total of 9,260 

kg of donated guavas. The logistics operation 

cost was estimated to be USD 0.067 per kg, 

and the labeling fee was USD 0.034 per unit. 

The total expenditures for this option were ap-

proximately USD 6,019, as presented in Table 

4. 

Table 4. Expenditures of Home delivery by Kerry Logistics 

Total Demand 9,260 Kilogram (463 CTNs) 

Expenditures 

Guava price USD 5,279 

 (463 CTNs*20kg*USD 

0.57=5,279) 

Operation Cost 620 

 (9,260kg* USD 0.066= USD 

620) 

Labeling 157.4 

(463CTNs* USD 0.34=USD 

157) 

Total 6,056 

Total expenditures of DGs purchased and home de-

livery is USD 15,194. 

6.2.2. Option 2: Kerry Logistics offered free 

distribution services. 

The government announced the reference price for 

purchasing guavas from farmers to be USD 0.57. There 

is a total of 391 DGs (consisting of 35,014 people) in 

need of donated guavas. The logistics operation cost is 

estimated to be USD 0.067 per kg, and the labeling fee 

is USD 0.034 per unit. The total expenditures for this 

option are approximately USD 12,034, as presented in 

Table 5.  

Table 5. Kerry Logistics offered free distribution services. 

Total Demand 18,400 Kilogram (920 CTNs) 

Expenditures 

Guava price USD 10,448 

 (920 CTNs*20kg*USD 

0.57=10,488) 

Operation Cost 1,233 

 (18,400kg* USD 0.067= USD 

1,233) 

Labeling 313 

(920 CTNs* USD 0.034=USD 313) 

Total 12,034 

Compared these two options, total expenditures are 

USD 15,194 and 12,034 for options 1 and 2 respectively, 

the winner is option 2, and the gap (cost saving) is USD 

3,160. 
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7 Discussion 

The findings of this study accentuate the critical 

role of advanced demand information in optimizing the 

distribution of food donations. The unanimous endorse-

ment from DGs, farmers, and 3PLs regarding the neces-

sity for transparency in demand data underscores its im-

portance in streamlining delivery routes and quantities, 

which potentially mitigates superfluous logistics efforts 

and leverages economies of scale. Home delivery, fa-

vored across all parties, emerges as a significant ad-

vancement in the distribution model, addressing key 

performance metrics of freshness, speed, and conven-

ience. Yet, the persisting debate over fiscal responsibil-

ities linked to transportation costs for home delivery in-

dicates a need for a consensus-driven model to address 

cost-sharing mechanisms. 

The preference for home delivery further signifies 

a paradigm shift in distribution towards more consumer-

centric approaches that value direct and rapid access to 

goods. However, the divergent views on cost assump-

tion highlight the complexities inherent in implementing 

such systems, where the benefits of efficiency and im-

mediacy must be balanced against the economic viabil-

ity and sustainability of the distribution network. This 

study contributes to this discourse by suggesting that the 

resolution of this contention is pivotal for the successful 

adoption of home delivery as the preferred mode of dis-

tribution. 

8 Conclusion 

This investigation set out to forge an innovative 

distribution model capable of enhancing social welfare 

while concurrently minimizing food waste, aligning 

with the United Nations' Sustainable Development Goal 

12. The rigorous process of literature review, expert in-

terviews, and integration of governmental measures cul-

minated in the identification of three salient perfor-

mance metrics and the development of eleven distribu-

tion alternatives via TRIZ methodology. The empirical 

assessment, including a real-data test, established a dis-

tribution framework that notably prioritizes government 

incentivization of 3PL voluntary services, supported by 

subsidies or tax incentives. 

The advocated model not only fosters economic ef-

ficiency by reducing distribution costs but also endorses 

a socially responsible corporate ethos among 3PLs, 

potentially elevating their public image. The govern-

ment's pivotal role extends beyond facilitation to regu-

lation and oversight of the logistical and financial flows 

of food donations, where strategic partnerships with fi-

nancial institutions can streamline subsidy and payment 

processes. The establishment of an online platform for 

the real-time disclosure of donation information is pro-

posed as an essential component of this model, ensuring 

that DGs can seamlessly access donation data, and 3PLs 

can execute logistics tasks with enhanced precision. 

Encouraging 3PL participation through sufficient 

incentives and societal advocacy for corporate social re-

sponsibility represents a holistic approach that integrates 

the strengths of public, private, and social sectors. This 

study underscores the significance of such collaborative 

efforts in reinforcing the sustainable management of 

food surplus and the realization of distribution models 

that are both efficient and equitable. The successful im-

plementation of these recommendations is anticipated to 

have a positive impact on the reduction of food waste, 

fostering a more sustainable and responsible food distri-

bution ecosystem. 
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Appendix I the contradiction matrix 

Deteriorated Attributes 
Improved Attributes 

Weight of mov-
ing object 

Weight of sta-
tionary object 

Length of mov-
ing object 

Length of sta-
tionary object 

Area of 
moving ob-

ject 
… 

Productiv-
ity 

Weight of moving   15,8,  29,1, … 35,3 

object 29,34 38,34  24,37 
Weight of stationary    10,1  … 1,28 

object 29,35  15,35 

Length of moving 8,15,     … 14,4 

object 29,34  28,29 

Length of stationary  35,2    … 30,1 

object 40,29  7,26 

Area of moving object 
2,17,  14,15   … 10,2 

29,4 16,4  34,2 

….. … … … … … … … 

Productivity 
35,2, 28,2, 18,4, 30,7, 10,2, …  

24,37 15,3 28,38 14,26 34,3  

Appendix II the 40 inventive principles 

No Principle No Principle No Principle 

1 Segmentation 15 Dynamics 28 Mechanics substitution 

2 Taking out 16 Partial or excessive action 29 Pneumatics and hydraulics 

3 Local quality 17 Another dimension 30 Flexible shells and thin films 

4 Asymmetry 18 Mechanical vibration 31 Porous materials 

5 Merge 19 Periodic action 32 Color changes 

6 Universality 20 
Continuity of useful ac-

tion 
33 Homogeneity 

7 Nesting 21 Skipping 34 Discarding and recovering 

8 Anti-weight 22 Blessing in disguise 35 Parameter change 

9 Preliminary anti-action 23 Feedback 36 Phase transition 

10 Preliminary action 24 Intermediary 37 Thermal expansion 

11 Beforehand cushioning 25 Self-service 38 Boosted interactions 

12 Equipotentiality 26 Copying 39 Insert atmosphere 

13 Inverse 27 Cheap short-living objects 40 Composite structure 

14 Spheroidality  

 




