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Abstract— Demand for organic food is rapidly increasing. 
This is despite several constraints in the process of producing 
organic foods. Producers should aim to maximize their profit by 
catering to the rising demand of this niche market.  
Manufacturing cost per unit is comparatively higher in the 
organic chain compared to the conventional chain. Hence, 
producers must make critical decisions when supplying their 
products to different markets. A Python-based Linear 
Programming Optimization model tested using Google 
Optimization Tools has been developed to identify the optimum 
delivery volume that should be supplied to each market which 
has been identified in this empirical study. The designed model 
aims to maximize profits by minimizing unsold products and 
postharvest waste. The developed model can guide producers 
who operate in the organic perishable supply chain to gain 
market benefits in short food supply chains. There is a lack of 
research on sustainability aspects in agricultural coordination 
and applications in supply network performance. Therefore, 
this study fills this gap by addressing the issue of postharvest 
waste in the distribution process of organic vegetables and 
fruits. The model can be extended into other product variants to 
validate the model’s applicability under different market 
scenarios. 

Keywords— short food supply chain, demand uncertainty, 
optimization, organic perishables, linear programming  

I. INTRODUCTION 

Conventional food chains are becoming less credible in 
terms of food quality and safety due to the use of chemical 
fertilizers, pesticides, and industrialization of the agriculture 
system. Therefore, people worldwide are moving towards 
more quality and value-driven food chains such as organic 
products [1]. Certain regulations, certification labels, and 
organic brands have been introduced to promote the 
perception among consumers toward the organic vegetable 
industry. Despite this, consumers inquire about the 
distribution channels to decide whether they should move 
from buying conventional vegetables and fruits to organic 
vegetables and fruits (OVF) considering the visibility of the 
supply chain. 

To create a more optimized supply chain that defines 
more advantages, producers should identify suitable 
distribution channels as the first step. As per Fig. 1, 
distribution channels of OVF can be mainly classified into 
three sectors: direct, short, and conventional channels [2]. 
Sales directly from the farm is a direct distribution channel. 
Peasant markets, farm shops, community-supported 
agricultural systems, home delivery, and specialized organic 

shops are examples of short channels while supermarkets and 
shops with intermediary interaction are examples of 
conventional OVF distribution channels [2]. Several factors 
can affect the selection of a proper distribution channel, and 
it is a choice taken by farmers. Factors such as level of 
education and professional training have a negative effect on 
the choice of a conventional channel while having a positive 
effect on short and direct channels. Because human factor in 
forecasting and decision making is extensively used at many 
stages in these supply chains and it has a direct impact on its 
performance [3], [4]. In addition managing the entire supply 
chain  and initiating transformations where it is necessary is  
crucial in any kind of supply chain including the OVF supply 
chain [5]. 

Consumer demand towards sustainable consumption is 
growing, which has resulted in positive exposure to organic 
products. Regulatory bodies regulate the production of 
organic products. Producers should adhere to these practices 
and regulations in their farms and must put an extra effort to 
maintain proper standards [6]. Hence, the production cost of 
OVF is higher than that of conventional vegetables. As a 
result, the market price is high, and the consumer should pay 
an additional cost to purchase OVF. There is an increasing 
demand for organic products especially in Europe and the 
USA [7]. Most developing countries in the Asian region have 
started to embrace organic food consumption and Sri Lanka 
is becoming part of that movement [8]. Short food supply 
chains (SFSC) are considered a way of finding success 
factors and motivators to influence the financial outlook of 
the supply chain [7].  

When we consider the conventional vegetable supply 
chain, it has several actors in the supply chain, and they are 
generally connected [10]. This changes when it comes to the 
organic vegetable chain as it anchors on SFSC concepts. The 
organic vegetable supply chain is driven by trust and loyalty 
between the producer and the consumer. Therefore, SFSC is 
popular among organic producers since it helps producers to 
connect with their consumers directly bypassing 
intermediaries to acquire feedback on consumer perception 
about products [11]. 

One main barrier that interrupts the development of the 
organic food industry is the relatively low availability of 
marketplaces. This barrier is notable in many developing 
countries where this industry is still at an embryonic stage. 
Therefore, OVF producers and their consumers will lose at 



both the product and utility levels. To minimize this problem, 
OVF producers should strategically position and optimize the 
distribution channels as their key objective. This allows to 
minimize the production loss while maximizing the profit. 
According to Kottila and Maijala [12], the main restrictions 
to optimize distribution channels on organic foods are due to 
poor information management systems, inadequate 
communication with consumers, and divergent objectives of 
stakeholders. Additionally, lack of infrastructure such as 
temperature controlled warehouses and logistics integration 
are other vital issues [13], [14], [15] . By adhering to SFSC, 
producers can increase the flow and availability of 
information due to fewer echelons in the supply chain [16]. 

At present, there is a higher tendency to deploy SFSC. A 
similar concept aligns with the direct distribution channels in 
countries that have established organic vegetable markets. 
There is a dearth of studies that help organic producers 
identify the best distribution channel to maximize their profit. 
In addition, there is a scarcity of empirical studies that have 
been carried out exploring the organic agricultural context. 
As per Tundys and Wiśniewski [6], most of the empirical 
studies in this context only focus on the economic profit of 
the SFSC, ignoring other links of sustainable supply chains. 
Therefore this study focuses on identifying the available 
SFSC for OVF producers and develop a model to maximize 
the profit while distributing the products through these SFSC 
by minimizing the unsold products postharvest waste, which 
is a current environmental and economic issue [17]. 

The rest of the paper is organized as follows. Section Ⅱ  
provides an analysis of the methodologies in the existing 
literature, methodology of the study, proposed problem, 
assumptions, and the mathematical model. Section Ⅲ 
explains the case study used for this project. Results of the 
developed model are presented under section Ⅳ. Finally, 
research findings and future research directions are 
highlighted under section Ⅴ. 

II. METHODOLOGY 

Extant literature describes the importance and the 
advantages of using the SFSC. However, existing studies do 
not direct organic producers to choose a specific SFSC with 

a logical framework. Tundys and Wiśniewski [6] have taken 
a simulation-based approach to further comprehend this 
context. Going beyond the current studies, this paper focuses 
on developing a mathematical model to maximize the profit 
considering a defined period from the OVF producers’ point 
of view. Model development will consider improving 
sustainable practices in the current SFSC because 
practitioners and researchers are continuously searching to 
find certain tools and methods to reduce postharvest waste, 
which is a global issue that is even linked to United Nations 
Sustainable Development Goals (UNSDG). We introduce a 
quantitative-based modelling approach to aid the decision-
making process for OVF distribution in Sri Lanka. 

A. Python-based Linear Programming Optimization Model 

Making decisions in a conventional vegetable and fruit 
supply chain is very complex compared to other supply 
chains due to its perishable nature. Therefore, integrating 
mathematical-based approaches for decision-making is 
popular in the agricultural context to make logical decisions. 
Many studies have been carried out in the past using 
optimization techniques such as linear programming, 
dynamic programming, mixed integer programming, and 
goal programming. Some studies have used stochastic 
modelling approaches including simulation, risk 
programming, stochastic programming and stochastic 
dynamic programming [18]. 

 Linear Programming has been operationalized in this 
study considering its applicability and this approach is used 
in vegetable and fruit supply chain researches to answer 
several issues such as, determining the optimal rate of 
harvesting, optimal scheduling, and developing harvest 
schedules [19]. We used Google OR-Tools with Python 
programming language to develop the mathematical model. 
Google OR-Tools is an open-source software developed to 
seek the optimum solution for a problem with a large set of 
feasible answers [20][21]. Through this model, perishable 
producers can find the optimum proportion for each market 
from their harvest. The model can be developed to find the 
optimum proportion that should be delivered from any 
number of products to any number of markets as per the  

Fig. 1. Distribution channels of organic vegetables 



producer’s preference. We made the following assumptions 
during the model development. 

1) Assumptions 
1. Farmers should supply their entire harvest to the 

considered markets. 
2. There should be a supply for each market and market 

demand cannot be neglected. The delivered market 
proportion should at least fulfil a% of the demand in the 
market for the considered product (a% is the minimum 
supply proportion for each market). 

3. Market demand is estimated using the Program 
Evaluation Review Technique (PERT) estimation 
method considering the uncertainty of demand. 

4. There is a wastage at each delivery due to handling and 
transportation. Wastage only relies on the delivery and 
quantity supplied to the market (neglecting other factors 
such as travel distance, vehicle conditions, package 
conditions, etc.) 

5. Postharvest waste is estimated as y% from the supply of 
each product to a market (y% is determined on the 
experience of the OVF producer or the past data) 

6. Total supply for each market can be fulfilled within one 
delivery 

Input variables and decision variables of the model and the 
respective notations are as per the TABLE I. 

2) Variables 

a) Input Variables 

b) Decision variables 

c) Output variables 

• Profit  

• Unsold Products 

• Post-Harvest Waste 

• Delivery Proportion for each market from each product 

3) Objective function 

 
Maximize Profit =  (Total Revenue – Total Production Cost- 
Transport cost ) 

 

TABLE I. NOTATION TABLE 

 

The objective of the derived model will be to determine 
the optimal proportion of the harvested vegetable that should 
be supplied to each market that maximizes the profit for the 
producers. This is the difference between total revenue 
expected from selling to each market with total production 
cost and transport cost. 
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Where,  Total Production Cost = Production Cost ( Sold 
Products + Unsold Products + Postharvest Waste) and 
Postharvest waste = y% from the supply of each product to a 
market. 

4) Constraints 
1. Sum of supply to each market from each product  ≤ 

Total Production 
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The sum of delivery proportion cannot exceed total 
production for each product type (Assumption 5: Per 
delivery, there is a y% wastage) 

2. Selling proportion to each market from each product 
≤ Demand for each product at each market 
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The selling proportion of each product to each market 
should be equal to or less than the demand for the same 
product in the same market. 

3. Selling proportion to each market ≥ a% Demand for 
each product at each market 
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Selling proportion should be higher than the a% demand for 
each product at each market to maintain the market share. 

III. CASE STUDY 

This case study is based on an industrial OVF producer in 
the western province of Sri Lanka. They distribute a range of 
OVF categories to a number of selected markets through 
specific short food supply chains. This organic farm sources 

Variable 
Type 

No
tati
on 

Definition 

Input 
Variables 

i Number of product types {i ∈ (1,2,3,… ,n)} 

j Number of markets  {j ∈ (1,2,3,… ,n)} 

ci Production cost for each product 

fj Frequency of delivering for each market per week 

tij Transport cost of each product from each market 

pij The buying price of each product from each market 
qi Maximum production quantities of each product per 

week 

dij Weekly demand from each market for each product 

a Minimum percentage of quantities that should suppl 
to each market from each product from the total 
demand for each product at each market (service 
agreement) 

y Percentage of wastage per delivery for each product 

Decision 
Variables 

xij Product quantities supplied for each market per 
delivery 

Fig. 2. Framework of the model 



its products from farms located in the central province of Sri 
Lanka (approximately within a 150km radius from their 
distribution center). The OVF producer owns these farms, 
and the farmers operate them under the supervision of the 
producer. The main distribution center and marketplaces are 
located within the western province of Sri Lanka. The harvest 
is collected from the farm gates and transported directly to 
the distribution center located in the western province. 

Subsequently, the harvested vegetables are distributed as 
per the orders they have received from the markets they 
operate in. The producer maintains agreements with these 
markets, and they supply the harvest to these markets weekly 
or daily as stipulated by the agreements. The agreement also 
specifies the need to fulfil a minimum quantity from the given 
order. In some cases, they provide their entire harvest to these 
marketplaces even if it is higher than the requested quantity, 
expecting to sell a maximum portion of the harvest. That 
leads to a large proportion of unsold produce from the 
harvest. Due to deteriorating freshness, these unsold products 
cannot be sold later at any market after returning to the 
producer from the originally intended markets. This implies 
that the producer incurs heavy losses during some periods of 
the year. 

 This case-based research underscores a burning need to 
reduce unsold product proportion by maximizing the product 
sales and profit towards the producer. This is because the 
producer has a huge burden in obtaining a financial benefit 
from their production. This issue heavily impacts the 
agricultural community, creating financial issues for the 
producers and the economy of a developing country. Further, 
this directly affects the environment due to the postharvest 
waste which occurs at the end due to suboptimal management 
and optimization in the supply chain. This issue directly 
impacts the three pillars of sustainability: economy, 
environment, and society [22]. For example, increased profit 
impacts the economic pillar, reduced postharvest waste 
impacts the environment pillar, and increased financial 
benefits will increase the income of the stakeholders, which 
improves the status of their lives. These three pillars are 
globally accepted as the Triple Bottom Line [23]. Therefore, 
we identified that this issue should be resolved through a 
sustainable approach. 

We have selected four products with ample data to 
conduct a clear comparison and identified three short food 
supply chains to test the developed model as per Fig 3. Carrot 
and cabbage were the selected vegetables. Banana Type 1 
(Sugar banana) and Banana Type 2 (Kolikuttu) were the 
selected fruits. Three ultimate markets were picked as the 
SFSC. One of the markets is a well-established supermarket 
chain in Sri Lanka and the two others are a retail shop and an 
e-commerce firm owned by the owner of an organic farm. 

As per the case study, currently, the OVF producer does 
not consider the transport cost, postharvest waste or the 
maximum profit they can achieve when allocating the product 
proportion to each market segment. This is primarily because 
it is a time consuming and rigorous process for the workforce 
at the producer. Therefore, the producer relies on judgmental 
decisions, adhering to previous experiences.  

A. Problem Description 

This study only models the process from the distribution 
center to each marketplace. Therefore, we have neglected the 
transport cost and wastage occurring from the sourcing point 

to the distribution center. In the current process, the company 
owner forecasts the demand for each product in each market. 
This estimation is done based on prior experience by looking 
at the current nature of the market behaviour. Therefore we 
used  Program Evaluation Review Technique (PERT) as the 
demand estimation method due to market uncertainty while 
considering demand data availability.  

TABLE Ⅱ represents the production details and market 
details. That is, product type, the quantity of production in 
each product type, production cost in Sri Lanka (LKR per 1 
kg), the postharvest percentage for each product in the 
distribution process, market demand estimated by the OVF 
producer as per the previous experience, the service 
agreements and the buying price of each product type at each 
market place. TABLE III represents how often the producer 
supplies the products to each market in a given week and the 
transport cost for each product at each delivery. 

IV. RESULTS AND DISCUSSION 

We replicated the above case study with the developed 
optimization model using the given parameters. Hardware 
specifications of the used computer to run the model had a 
processor of 11th Gen Intel Core i5 1135G7 with 8 MB cache 
and 8GB DDR4 RAM. The outputs received by the model is 
presented in TABLE IV. It represents the optimal proportion 
that should be delivered to each market to maximize the profit 
of the OVF producer while minimizing the unsold product 
quantity and the total postharvest waste that is generated 
during the delivery process. The maximum profit generated 
is LKR (Sri Lankan rupees) 46,095 within the parameters 
considered for this study. 

To compare the model outputs with the real scenario, we 
gave the same parameters used in the model to the OVF 
producer to allocate the products as an experiment. The 
manual allocation done by the OVF producer is provided 
under TABLE V. We considered postharvest waste generated 
in the process for the comparison purpose even though OVF 
producers neglect it when allocating the product proportion 
to each market in the real scenario. In the manual allocation, 
OVF producer receive a profit of LKR  41,845. In 
comparison, the developed model increases the profit by 
10.15%. As per Fig. 4, there is a considerable difference in 
allocating products to each market segment. The carrot 
quantity allocated to supermarket has the highest difference 
of 13 kg, compared to the model outputs and manual outputs. 
Except in the e-commerce market segment, the model 
consistently allocates more products to each market than the 
manual output to maximize profit. 

Fig. 3. Identified short food supply chains 



 

TABLE III. DELIVERY FREQUENCIES AND TRANSPORT COST 
DETAILS 

 

TABLE IV. FINAL OUTPUT BY THE MODEL 

 

When considering the unsold products, the model output 
minimizes the total unsold products by 20.96% compared to 
the manual allocation. This reduction is a benefit to the OVF 
producer since the producer incurs heavy losses due to 
allocating products without optimizing the demand and 
supply. This is a common issue many producers face in 
perishable supply chains. Therefore, this model is 

recommended to producers in perishable supply chains to 
minimize their unsold products in the market distribution 
process. According to Fig. 5, the quantity of unsold products 
is less than in carrot and cabbage. However, in the Banana 
Type 1 model output is higher than the manual output and in 
banana type 2 it is equal. This is because the OVF producer 
allocates the banana type giving a high priority because of its 
high perishability compared to the other product categories. 

Regarding postharvest waste, there is no considerable 
difference in both outputs. The reason is that even the 
producer is not sensitive to the postharvest waste factor when 
allocating products into each market it was captured in the 
experiment for the comparing purpose. 

 

TABLE V. MANUAL ALLOCATION BY OVF PRODUCER 

 

Product 

Type 

Market Supply for each product at 

each Market (kg) 

Unsold 

Product 

(kg) 

Post-

Harvest 

Waste 

(kg) 

Supermarket E-

commerce 

Retail 

Carrot 108 74 49 33 12 

Cabbage 47 29 18 16 5 

Banana 

Type 1 
13 8 3 8 8 

Banana 

Type 2 
15 12 3 10 10 

Market 

Type 

Transport cost + Labor Cost per 1 Kg of 

product (LKR) Delivery 

Frequency 
Carrot Cabbage 

Banana 

Type 1 

Banana 

Type 2 

Supermarket 25 20 10 10 2 

E-commerce 35 30 15 15 3 

Retail 2 2 1 1 1 

Product 

Type 

Market Supply for each product at 

each Market (kg) 

Unsold 

Product 

(kg) 

Post-

Harvest 

Waste 

(kg) 

Supermar

ket 

E-commerce Retail 

Carrot 95 71 43 56 11 

Cabbage 44 26 17 24 4 

Banana 

Type 1 
8 18 2 3 9 

Banana 

Type 2 
14 14 3 10 9 

Fig. 4. Product allocation to each market as per the model outputs vs 
manual  outputs 

 

Product Type Product 

Quantity 

(kg) 

Production 

Cost(LKR) 

Post-

harvest 

Waste 

Market Demand for each product at 

each Market (kg) 

Buying Price at each Market per 1 kg (LKR) 

Supermarket E-commerce Retail Supermarket E-commerce Retail 

Carrot 276 100 5% 119 82 54 240 260 300 

Cabbage 115 100 5% 52 32 20 200 220 250 

Banana Type 1 40 50 25% 22 20 5 144 158 180 

Banana Type 2 50 50 25% 25 20 5 240 260 300 

TABLE II. PRODUCTION DETAILS AND MARKET DETAILS 

Fig. 5. Unsold products as per the model outputs vs manual outputs 



Considering factors such as transport cost, postharvest waste 
and maximum profit when allocating products to each market 
is a time consuming and rigorous process for the workforce 
at the producer. This study indicates that by adhering to the 
developed model, producer can gain more economic benefits 
via achieving maximum profit when allocating their products 
to each market. Adding to that, model results indicate it 
reduces the number of unsold products which is a waste of 
resources. 

 Implementing a pull strategy to the supply chain is 
recommended to the perishable organic industry through the 
findings of this study since adhering to a pull strategy instead 
of a push strategy will make producers harvest more accurate 
quantities considering the data-driven demand. This would 
allow producers to further reduce unsold products by aligning 
to the proposed model. Further, this model can be developed 
into a decision support system to forecast which products 
should be grown to gain more economic benefits. Proper 
consideration should be given to the time it takes to reap a 
harvest from the point of planting seeds in this context, as 
there are biological and physiological realities that the short 
food supply chain must abide by.  

V. CONCLUSION  

This study developed a mathematical model focusing on 
the organic perishable supply chain. The model can help 
producers to understand how their harvested products should 
be distributed among the markets to gain the maximum profit 
while minimizing unsold products and postharvest loss. 
Previous studies haven’t considered postharvest waste when 
developing optimization models. The benefits of this study 
will aid the decision-making process of selecting a suitable 
SFSC. Additionally, by incorporating the SFSC concept, we 
can reduce repetitive processes such as loading, unloading, 
and handling in conventional vegetable supply chains thereby 
minimizing loss. The results of this study explain the 
significance of applying this model when distributing the 
harvest through the selected SFSC. It considers factors such 
as postharvest waste, maximum profit and unsold product 
quantity which are not considered in the real world when 
distributing perishable products. Therefore, this study will 
assist OVF producers making their decisions considering 
these factors which will optimize their product distribution in 
the supply chain. The model can be generalized by 
developing it to identify the optimum allocation of several 
products that each OVF producer prefers. Hence the proposed 
solution will help several parties in the supply chain such as 
growers, producers, and consumers to gain economic benefits 
while delivering environmental benefits as well. 
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