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Abstract: The purpose of the study was to analyse and evaluate waste logistics in a large-scale agricultural enterprise in terms of a closed-

loop economy. A closed-loop economy was characterised and its significance for the enterprise was defined. The size and structure of the 

input production means, and their output were established. Based on yardsticks and indicators the degree of implementation of the closed-

loop economy into the enterprise was estimated and solutions improving the current situation were suggested. It was found out that in the 

analysed enterprise it is carried out at a high level which is proved by a high indicator of waste management in the closed loop at the level of 

95%. 
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1. Introduction 

The global economic and environmental model has become a 

closed-loop economy (GOZ) [1]. It is a form of regeneration and 

modernization of the linear system that has functioned until now 

[2]. The closed-loop economy operates based on the so-called 3R 

principle “Reduce, Recycle, Reuse", which means reduce waste, 

recirculate through recovery, and reuse).  

The concept of the circular economy is to “produce more 

efficiently and recover value from the materials used” [3], and to 

sustain products in usefulness for as long as possible, then to allow 

them to be reused, repaired or refurbished and improved, and only 

as a last resort to be disassembled and made into a secondary raw 

material. The circular economy transforms definitions of a product's 

life cycle, as it creates another product from waste, ready for use 

and for returning to circulation. It represents a split between the 

increase in consumption and the excessive consumption of natural 

resources in recent years [1]. This approach saves available natural 

goods by not wasting them, but by “using them efficiently and 

switching to renewable resources” (Jastrzebska, 2019). The circular 

economy is also the idea of combining the activities of businesses 

along with preserving the environment undamaged by industry [4].  

The basic premise of the circular economy is to focus on “the 

nature, scope, quality and complexity of available resources” [3]. It 

has become a business model to link goods and capabilities to 

achieve and maintain the stability of its benefits. It represents the 

totality of decisions made that are strategies of operation, which 

will result in an increase in the value of products inside the 

business, as well as externally in the relationship between the 

business and suppliers and consumers [5]. The concept represents a 

complete transformation in terms of technology. This 

transformation involves the introduction of new technical [6] and 

functional solutions, e.g. instead of pure sales additionally offering 

services to the products in question [2]. 

The management and control of the life cycle of the products in 

question, as well as the determination of supply, production and 

distribution chains, has become an important element of GOZ in 

corporate policy [7]. Thus, profit can be achieved on an economic 

level by recovering the previous properties of products, while 

minimizing the consumption of natural resources [6]. It has been 

observed that this model can lead to obtain the added value from the 

waste that has already been created, as well as helps to reduce the 

risks associated with the lack of rhythmicity of prices, demand and 

supply [1].  For this reason, the main motive has become the 

introduction of more and more business models based on new 

process design and ensuring the cyclicity of materials occurring in 

companies, and more broadly in the national economy, so that 

humans maintain their well-being without disturbing the ecosystem 

[4]. 

The idea of a closed-loop economy is to close material flows, 

while reducing the generation of additional raw materials, as well as 

minimizing the waste generated in production processes. What is 

important in this case is the optimization of supply management, so 

that activities in this direction are both ecological and economically 

justified [8]. The introduction of the GOZ idea involves managing 

the entire life cycle of a product through design, supply chain, 

during production, distribution and returns, up to disposal, i.e. the 

total loss of value. The idea of the circular economy is becoming a 

new and sustainable business model that can contribute to economic 

growth [9]. 

The purpose of the study was to analyze and evaluate waste 

logistics in a large-scale agricultural enterprise in terms of a closed-

loop economy, and to propose effective solutions in the enterprise 

to minimize the volume of outgoing waste generated in favor of 

waste going back into circulation to ensure an efficient flow of 

goods.  

The work covered the process of potato production, along with 

the entire circulation of both purchased and produced inputs which 

are raw materials for another production process (internal 

circulation). The full circulation of packaging as well as waste 

generated in the production process was also considered. The 

selection of appropriate yardsticks and indicators allowed an 

objective assessment of waste management, as well as the selection 

of optimal solutions for waste prevention. 

2. Methodology 

The data was obtained directly from the owner based on an 

interview regarding the size, structure and management of inputs 

and waste. Among the data collected are: 

- the number/mass of seed potatoes purchased in big bags by variety 

and the size of the fields allocated to potatoes, 

- the number/mass of crop protection products used in kilograms, 

allocated to given fields, 

- number/mass of fertilizers used in kilograms, applied to specific 

field sizes, 

- number of bags left over from the previous year, purchased, used 

and left for the following year, broken down by variety, 

- number/mass of exported trailers of potatoes for disposal and their 

weight, 

- the weight of fertilizers left over from the previous year, 

purchased, used and left over for the following year, 
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- the number/mass of potatoes sold in a given year, distinguishing 

their origin from the respective fields, 

- the number/mass of harvested potatoes from the respective fields 

in the form of the number of trailers and the harvested yield. 

In order to realize the concept of the work, the following logistics 

metrics and indicators for a circular economy were used. 

Measures for closed-loop circulation of materials and raw 

materials [10]: 

1. Weight of industrial waste to revenue generated (MOO), (kg-

PLN-1) 

2. Mass of hazardous waste generated (MON), (kg) 

3. Mass of reused waste (MPW), (kg)  

4. Mass of waste recycled (MR), (kg)  

5. Mass of waste subjected to other recovery processes (MIO), 

(kg)  

6. Mass of waste subjected to disposal (MU), (kg) e.g. disposal 

process  

7. Share of recycled packaging in total weight of packaging 

(UOR), (%)  

8. Share of returnable packaging in the total weight of 

packaging (UOZ), (%) - the ratio of returnable packaging (MOZ) to 

the total weight of packaging waste (MCOO) 

9. Share of secondary materials produced in total production 

(UOW), (%)  

10. Weight of secondary production (MW) to the volume of 

total production (MPG). 

  

Indicators for a closed-loop economy: 

1. Industrial waste reduction rate (IWR), (%) - the ratio of the 

weight of waste landfilled to the weight of waste generated in a 

given year. 

2. Internal waste management efficiency ratio (WSGW), (%) - 

determines the mass of materials put back into circulation, or reuse, 

to the mass of all materials used in a given year. 

3. Potential reuse rate (WPPW) - determines the mass of a product 

used repeatedly, the number of multiples of its use to the total mass 

of the type of a product in the period under review. 

4. Waste indicator (WO), (%) - determines the mass of solid waste 

produced per mass of a primary product, and for a company the 

mass of waste to the volume of production. 

5. GOZ target indicator - determines the state of alignment of the 

input stream with the return stream into circulation.    

3. Object of study 

W. O. Watt&Partners Limited is an agri-food company located 

in Rainham, UK, about 30 km from London. The owner is Harry 

Fisher. His enterprise mainly produces potatoes and cereals (wheat, 

spring barley). The farm has a total of 223 hectares of the field area, 

with about 42 hectares devoted to potatoes, about 52 hectares to 

wheat and an average of 35 hectares to spring barley. Four varieties 

of potatoes are currently grown: Cabaret, Maris Piper, Aphrodities, 

Accord. For 1 ton of potatoes regardless of variety, the buyer pays 

£168, and £4.5 for a 25 kg bag. Converting pounds into Polish 

zlotys, the value is £905 for 1 ton and £25 for a bag. This means 

that the price of 1 kg of potatoes was 1 PLN. 

4. Results of the study 

Production has varied significantly in recent years (2018-2021), as 

the entrepreneur used different potato varieties and allocated 

different areas of the field for planting. Each variety had different 

productivity and thus different income. Depending on the potato 

harvesting conditions, that is, wet or dry seasons, had an impact in 

the value of potatoes sold. The 2021 season was very good, due to 

the optimum moisture content of the fields at harvest time and the 

low percentage of waste from the total production. 

 

 
 

Table 1: Global, commodity and secondary production from 2018-2021 

Yaar Field Area 

(ha) 

Total 

Production 

(kg) 

Commercial 

Production 

(kg) 

Secondary 

Production 

(kg) 

2018 39,2 1 171 000 1 003 000 168 000 

2019 36,9 1 328 000 1 194 000 134 000 

2020 34,8 1 245 000 1 085 000 160 000 

2021 27,3 1 253 000 1 161 000 92 000 

 

The output included commodity and secondary production. 

Commodity production included potatoes for sale only. Secondary 

production was defined as the volume of waste produced 

(unformed, damaged potatoes), destined for biogas. The highest 

production volume was obtained in 2019 - 1,328 t, while the lowest 

in 2018 - 1,171 t.  The average yield of potatoes per hectare was in 

2018 - 25.6 t·ha-1, and in 2019 - 32.4 t·ha-1. 

In terms of closed loop, waste becomes an added value for the 

company. This means that there is a change in the perception of the 

life cycle of a product.  Not only the performance of materials is 

considered, but also their usefulness after finished processes, when 

they become waste [12]. For the most part, packaging is waste after 

finished manufacturing processes. Improving packaging and thus 

optimizing its use in logistics increases the “efficiency and 

reliability of logistics processes,” contributing to minimizing costs 

in the processes that occur. [13]. Cost reduction in the case of a 

circular economy is the domain of reverse logistics, in which 

packaging is reused, thus contributing to reduction of its negative 

impact on the environment [14]. 

The lowest weight of waste was for recycling - 21 kg and these 

were paper bags. Then, pallets destined for disposal. The largest 

volume of waste was sent for reuse - 6,283 kg. Pallets and bags  

in the “reuse” segment accounted for the largest share and were also 

the only waste going out of the company and were destined for 

disposal and recycling. Pallets for disposal accounted for less than 

5% of pallets reused. Bags for recycling accounted for 

approximately 1% to the total bags reused. Big bags of fertilizer and 

seed potatoes yielded a weight of 309 kg, which is approximately 

5% to the total waste.  

 
Table 2: Volume and structure of waste by packaging and total waste 
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% SHARE OF TOTAL WASTE 100 6,3 

 

0,1 

 

93,6 

 

5. Management efficiency in the aspect of closed 

cycle 

Mass of industrial waste to achieved revenue (MOO), (Mg·PLN-1) 

- the mass of packaging waste in relation to the revenue. The total 

weight of packaging waste was 6,479 kg. The value of revenue was 

determined by multiplying the number of potatoes sold, or 

1,161,000 kg, by the value per pallet of 1,000 kg, or PLN 905. 

 

 

Mass of hazardous waste generated (MON), (kg) - the only waste 

in this category was plastic bottles, the mass of all bottles was 33 

kg. 

Mass of reused waste (MPW), (kg) - the sum of packaging left for 

the next year for reuse, these included: Big Bag'i of seed potatoes, 

plastic bottles, Big Bag'i of fertilizers, bags and pallets, with the 

total weight of 6,283 kg.  

Weight of waste recycled (MR), (kg) - the only waste in this 

category was paper bags for wastepaper, with the total weight of 21 

kg. 

Mass of waste subjected to other recovery processes (MIO), (kg) - 

the recovery process included potatoes (representing waste) 

destined for biogas plants, with the total mass of 92,000 kg. 

Mass of waste disposed (MU), (kg) - pallets, beyond repair, were 

subjected to the disposal process and accounted for a mass of 175 

kg. 

Share of recycled packaging in the total weight of packaging 

(UOR), (%) 

 

Share of returnable packaging in the total weight of packaging 

(UOZ), (%) - returnable packaging included big bags of seed 

potatoes and fertilizer and plastic bottles. 

 

 

Share of secondary raw materials produced in the total production 

(UOW), (%) - the weight of potatoes destined for biogas plants in 

relation to the volume of global production. 

 

Waste stream (SO), (%) - Management methods were marked as 1- 

reuse, 2 - recycle, 3 - dispose, 4 - recover. Packaging waste and 

secondary production were included. 

Reuse 

 

Recycling 

 

Utilization 

 

Recovery 

 

 

 

INDICATORS FOR A CIRCULAR ECONOMY 

 

Industrial waste reduction rate (WZO), (%) 

 

Internal waste management efficiency index (WSGW), (%) 

 

Potential reuse rate (WPPW), (-) 

 

Wastefulness indicator (WO), (%)  

 

 

GOZ target indicator (kg) - the input stream was all production 

materials such as paper bags, pallets and plastic boxes, and the 

return stream was paper bags, pallets and plastic boxes that could be 

reused. 

Input stream (SWE) 

 

Stream returning to circulation (SZO) 

 

GOZ TARGET INDICATOR 

 

The closed-loop economy is not provided at an equal level, the 

input stream is higher than the return-to-circulation stream. 
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6. Conclusions 

1. Waste logistics at the analyzed enterprise is carried out at a 

very high level, as evidenced by the high efficiency rate of waste 

management in the internal circulation - 95%.  

2. The enterprise generates a small mass of outgoing waste 

(paper bags for recycling, pallets for disposal, and potatoes for the 

biogas plant). This is confirmed by the waste rate, which is close to 

7%. 

3 The idea of a closed-loop economy has not been fully 

achieved for the use of transport packaging, as evidenced by the 

GOZ target indicator.  

4. To maintain a balance between incoming materials and 

outgoing waste, it would be necessary to use other materials in the 

structure of packaging so that it is reusable, as well as to invest in 

the quality of this packaging to increase its durability and resistance 

to mechanical damage. 

5. Adequate advance planning of demand and consideration of 

weather conditions would help minimize secondary production. 
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