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Abstract: Agricultural labor is physically demanding, tedious and often carried out in unfavorable conditions, making it suitable for 

robotization. Due to climate change and the swift increase of the human populace on Earth, the hunger is becoming increasingly an issue 

(currently, around 2 billion people suffer from malnourishment). With the aim of maximal efficiency of the production of plant food, an 

accelerated introduction of robotics in the field of agriculture is required (Agriculture 4.0). 
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1. Introduction 

 

According to latest global reports[1], it is time for the global 

community to get prepared to meet the emerging challenges 

connected to increase in demographics, limited natural resources, 

climate changes which reduce the productivity in agriculture, 

inefficiency of food waste, poverty and hunger. All these problems 

are strongly connected with the agricultural field and the limitations 

in food production using the traditional means of planting, weeding, 

harvesting and delivery. Living in the era of high-tech and artificial 

intelligence, it is a common responsibility to be used cross-industry 

approach to tackle the demanding problems with fruits and 

vegetables production.  

The present article aims to explore the current state of 

technological development in the agricultural sector and offer 

relevant solutions for development of the sector in Bulgaria. For 

the purpose there are estimated and compared the production 

results of two approaches in agriculture- the conventional and a 

technology aided. 

 

2. Solutions for the examined problem 

 

In this section are described the trends in the development of the 

farming sector which are mainly connected to the means of 

technology which enables replacement of manual monotonous 

unskilled labor, ensures quality management and guaranteed origin 

of production, reduces dead times, eliminates resellers, reduces 

delivery time to end customer and ensures costs optimization for 

production and delivery per 1kkal fruit or vegetable. 

With the rapid developments in the world of Industry 4.0, the 

creation and usage of robots in agriculture[2,11] for almost the 

entire lifecycle of production, harvesting and delivery to customers 

(consumers), is also on the rise. Modern unmanned means of 

transport allow for the delivery of fruits and vegetables over long 

distances and for fresh consumption in accordance with the 

Mediterranean diet – consumption no later than 72 hours after 

harvesting from the plant[1]. 

A variety of agricultural robots[3,4] exist - for ploughing, 

preparation of the soil for planting, environmentally friendly 

fertilization, irrigation, pest control, weeding, harvesting and 

delivery (by mobile ground and aerial robots – drones). Robots are 

developed for specific types of fruits and vegetables and according 

to their varieties or sorts[5]. The existing agricultural robots are 

being rented, sold or augmenting human labour [6] on the lands, 

where fruits and vegetables are grown. It is typical that with the 

usage of robots in agriculture, the output of production increases 

manifold, while the costs associated with the production decrease 

also manifold.  

 

 
Figure 1 Robots used in the agriculture 

Agriculture 4.0 is an element of Industry 4.0 and the leading 

topic is the robotization of the production processes. Mobile robots 

are also used as means of transport of equipment, heavy loads, 

manpower and are capable to work under water, on water, on the 

ground, underground and in air and sometimes as a combination of 

some of the above conditions. They can be operated manually or be 

left to operate autonomously with a given route. Drones, which are 

aerial robots, are used around the globe and in Bulgaria for the 

purpose of precision agriculture, mainly to optimize the production 

of field crops. Electric autonomous tractors and combine harvesters 

are also being developed and integrated[1].  Precision agriculture is 

a concept based on observations and measurements (usually done 

by satellite imaging and/or drones to asses crop health and parts of 

the crop which need special treatment by robots) as well as 

decisioning in the area of crop farming, which, overall, aims to 

increase monetary gain while decreasing costs. This concept needs 

to be applied to other areas of agricultural production as well. 

Drones and ground robots are used in the logistics and delivery in 

multiple countries around the world – e.g. for the delivery of pizza 

in London, medicine in hard to reach areas in Germany, library 

books for students in Sidney, Australia, etc. Drones are used in first 

aid in Italy. Robots are also used in livestock management, with 

focus on biofuel and natural fertilizer production, but also in the 

process of rearing the animals themselves. 

By means of soilless growing – hydroponics and specifically, 

aeroponics, entire complexes are in operation for the production of 

fruits and vegetables, which are designed to be grown vertically, 

indoors, require 90% less water than usual farming [1] and 

harvesting is done 365 (366) days, 24 hours, 7 days of the week. A 

successful experiment is carried out in the German EDEN-ISS 

greenhouse in Antarctica where fruits and vegetables are grown 

without the need of sunlight or soil as a test run for harsh conditions 

and with the aim that humanity can one day grow food on Mars and 

on the Moon. Such a station can, of course, be adapted so as to 

function in desert areas on Earth[2]. NASA are also growing food 

on the International Space Station [12]. 

By the end of the 1990s’, agricultural robots are 

experimentally developed for the harvest of fruits and vegetables 

in open spaces. [1] By today, there are many such robots in Japan, 

Australia, Israel, South Korea, the USA[12], France, Germany, 

Spain and other countries. [8,9] The harvesting of strawberries is a 

main goal of robotics due to its long harvesting period, e.g. in the 

state of California, the harvesting period of strawberries can get up 

to 210 days per year. Many other robot harvesters exist for other 

plants, which have a much shorter harvesting period[12].  
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Figure 2 Delivery drone 

 

 
Figure 3 Contemporary technology used in farming production 

Due to the climate conditions, the best tasting fruits and 

vegetables are grown on the Balkan peninsular, in Bulgaria and 

more specifically, on territory of the Thracian Plain. The fast and 

timely transport by EVTOL drones could increase the area of 

transport of fresh product to about 6000 kilometers, while at the 

same time decrease the energy requirements for the transportation. 

By now, the energy involved in the delivery of a certain quantity of 

farming product outweighs by orders of magnitude the energy 

required to produce and energy the consumer obtains by eating the 

food when calculated in kkall (kilocalories).  

Despite the high output, on their own, harvesting robots are not 

efficient from the point of view of the entire process of growing, 

harvesting and delivery. Optimal output can be achieved by 

integrating robotics in each stage of the process or lifecycle of crop 

production7. This can be made possible by the creation of 

Integrated Complexes for eco-friendly growing in the open, 

including harvesting and delivery of fruits and vegetables for fresh 

consumption. 
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3. Results and discussion 

As a basis, one can take a Small Integrated Production 

Complex for strawberry production. Production capacity: 

pessimistic projection of the capabilities of such a complex: Plants 

per decare (1000 m2) – 12500; Weight of a single fruit – 10 grams; 

Number of fruits per plant – 25; Harvesting period per strawberry 

sort – 24 days; Number of harvests – 8, where for each harvest, 

about 3 days are required; For the 3rd till the 6th harvest, 4 

strawberries are picked per plant; The output of 1 decare – 3125 

kilograms. The time required per manipulation of a single fruit by 

a manipulator – 6 seconds / usual required time for the 

manipulation of one single fruit is 3-5 seconds/ where the minimal 

time of a manipulation of a fruit can also be shorter than 1 second. 

The way the time of a single manipulation cycle is calculated is 

a sum of the following: time required to evaluate the ripeness of a 

fruit, grasping the pedicel and cutting it, moving the fruit to the 

place required for an additional quality check, performing an 

additional quality check, placing the fruit in a proper container for 

storage, moving the manipulator system towards the next fruit. 

The yield i.e. fruits handled per hour: 6 kilograms by a single 

manipulator robot arm (a combine – 48 kilograms); 24 hours of 

harvesting per single Combine – 1152 kilograms; 3 day harvesting 

period of a single Combine – 3465 kilograms; 24 day harvesting 

by a single Combine – 27648 kilograms; Area of a 24 day 

harvesting period or a single sort – 8.85 decares; Per 5 sorts giving 

fruits from March till June (included) or a harvesting period of 120 

days – yield would be 138240 kilograms. The area required for 

such a produce would be 44.25 decares. With a second round of 

fruit growth of 2 sorts or with an area of 17.7 decare, but with an 

yield of up to 50% of the main yield, the overall output per year 

increases by 27656.25 kilograms. Overall, the output per calendar 

year would be 165896.25 kilograms of a single production 

Combine. 

For comparison: for the yield of 165896 kilograms of 

strawberries by human labor: weight of a single fruit – 10 grams; 

number of fruits per plant – 25, number of plants per decare – 

8333; By using mulching film and with dripping irrigation, 

possible production per decare – 2082 kilograms; Time required 

per manipulation – 6 seconds; output of a single picker – about 600 

fruits or about 6 kilograms; A single picker can pick about 36 

kilograms of strawberries per 6 hour shift (usually, a picker can 

pick from 26 to 52 kilograms) or otherwise put – 864 kilograms 

per 24 hour period; Harvesting a decare requires 2.5 workers. To 

pick 16589 kilograms of strawberries, one therefore needs 27649 

man-hours, where the area required would amount to 66.4 decares; 

For a single strawberry sort, 13.28 decares are needed and the 

workers required would be 32; The power of a worker is estimated 

at about 80W. For a 6-hour work day, a worker spends from 6000 

to 8000kJ of energy. The energy required per 24 hours by a person 

is 16000 kJ to 20000kJ. Additionally, along with the pickers, 8 

workers are needed to take away the produce, which has just been 

picked. These 8 workers can, at the same time, load and unload the 

transport vehicles. Three workers would be required to drive the 

transport vehicles, three people to perform quality checks on the 

produce, about 4 workers to place labels on the packaging of the 

produce. Overall, one would need about 50 workers to produce 

165896 kilograms of strawberries. Otherwise put, a single 

Production Combine would replace 50 workers needed to pick 

strawberries for fresh consumption. 

Comparative analysis by manual preparation of the areas 

needed: Forming beds – 8 man-hours; laying the drip irrigation 

system – 2 man-hours; Planting – 27 man-hours; Mulching – 5 

man-hours. Overall – 42 man-hours per decare. To prepare 66.4 

decares – 2789 man-hours are needed; Required number of plants 

for the production area of 66.4 decares – 553125 plants. With an 

average yield from a decare of land for the production of seedlings 

– 40000, therefore for the production of seedlings, 13.83 decares of 

land would be needed for both cases. 

An important clarification would be that the Production 

Combine (a mobile robot) consist of a single platform, by the 

change of the modules by which the robot operates or manipulates, 

the robot turns into a harvesting one, a tillage one, a planting one; 

one which cares for the plant at the stage of vegetation, etc. The 

second platform, also a mobile robot, serves to deliver empty 

packaging and to take away the picked and packaged produce out 

of the growing area to the third platform, to which the aggregation 

module is attached, the management system and the temporary 

storage areas for empty packaging and ready packaged 

produce[10]. 

This technology is analogous with the assembly line with the 

following changes – „a broken assembly line” [10] (lines i.e. beds, 

on which the plants are situated, are immobile); the manipulators 

are moved from the Production Combine by pacing – analogous to 
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the double acting pneumatic cylinder or the principle of movement 

of the caterpillar (bionics). 

To put this Integrated Complex into practice, an International 

Consortium (an association, joint-stock company) could be 

founded, which would create a Technological Agricultural 

Robotics and Natural Energy Resources Park. 

The municipality of Dimitrovgrad has one of the richest soils 

in the country and the Thracian Plains. The soils are mostly of the 

“black earth” variety, with 416.6 km2 or 73.39% being agricultural 

lands. The land resources given create favorable conditions for 

growing plants and rearing animals. Water basins provide a 

relatively good potential, as does the lack of activities that pose a 

risk to the ecological balance and these are strategic resources to 

the municipality. They are also a part of the natural capital and 

provide a potential for development. Traditional plant farming has 

significantly decreased and takes up about 10000 decares. The 

reason for that is the lack of workforce, the tedious and 

monotonous labor, lack of markets and etc. 

The strategic placement of the municipality is: 

- almost at the center of the Thracian Plains 

- in the area of the Economic zone called Trakia 

-crossing European transport corridors 9 and 10 (highway 

Trakia and the road Rousse – Alexandropoulos), 

-crossing the railway of the Sofia – Svilengrad with the railway 

of Rousse – Podkova 

-the existence of a former military airport (which is currently 

unusable) 

-the existence of an agricultural market, created by a European 

project (it is currently not functioning) 

-the existence of unusable municipality buildings 

-project for the building of the Dunav- Aegean highway, going 

through 2 municipalities and which is a part of the Aegean – Baltic 

corridor (this project could be supplemented by an aerial highway 

for cargo flights by EVTOL drones). By this aerial highway, 

Scandinavian countries could enjoy fresh produce as well. 

 

4. Conclusion 

On the basis of the facts presented so far, as well as the 

Sustainable Development Goals (SDGs), agreed upon 3 months 

before the Paris Agreement – Agenda 2030 of the General 

Assembly of the UN as well as the accepted Strategy for the 

Digitalization of Agriculture by the Council of Ministers of the 

Republic of Bulgaria, the most suitable place in the Thracian Plains 

for the creation of the Technological Park of Agricultural Robotics 

and Natural Energy Resources, would be the territory of the 

municipalities of Haskovo and Dimitrovgrad, due to their proper 

natural capital. 

This Technological Park is to be created by an international 

group under the European Union, the Republic of Bulgaria, the 

Municipality of Haskovo and Dimitrovgrad. A possible architecture 

of the International Consortium should consist of the following: 

-A FABLAB – a factory for the creation of prototypes. 

-An enterprise for the creation of bio-degradable packaging 

-An enterprise for the creation of bio-fertilizer and its 

derivatives 

-Special teaching facilities for the training of workers, which 

create and use the robot Complexes, 

- other units serving the common purpose. 

The authors believe that by the abovementioned means, it will 

be created a pilot project which will give ground for preparation of 

the Bulgarian agricultural sector to set up according to the latest 

market demands of Industry 4.0 era as well as to increase the 

competitive potential of the European Union in the sector. 
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