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Abstract. In Poland, the market of electric field tractors is practically non-existent.
There are individual models in offers dedicated to the agriculture made by foreign
producers. However, these offers are presented mainly at agricultural fairs. The article
presents the research on the needs of farms for electric tractors and presents the
possibilities of developing electro mobility in this sector of the economy. Questionnaire
was presented, data were collected from those working in the agricultural sector. The
data will be used to gauge attitudes and opinions towards alternative power systems
implemented in agriculture.
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1 Introduction

The reduction of oil sources, the increase of environment pollution and the intensification of
climate changes have led the whole world looking for alternative fossil energy sources for
more efficient usage [1]. Energy intensity of transport is a current topic around the world [2].
At present, the drives of vehicles use energy that is largely bounded in fossil fuels [3, 4].
Based on the ever-increasing demands that are placed on each of the transport sector, these
resources are gradually depleting and are not unlimited [5-7]. Renewable energy sources in
agriculture more and more are being talked about. Incorporation of electric drives in tractor
and agricultural machinery presents advantages in terms of increased energy efficiency and
expanded functionalities [8]. Possibilities to improve work efficiency and reduce fuel
consumption, and thus reduce exhaust emissions from agricultural tractors, were presented
in research [9-11]. Magalhaes et al. in the paper [12] described the main researches with
proposals to overcome the problems of implementing electric tractors, as supply and
electricity storage. They present technical and economic comparisons between conventional
tractors with ICE, and moreover electric tractors are discussed. Tomasikova et al. [13] in
research work describes modelling and simulation of the vehicle physical model and analysis
of transport mechatronic system properties. The model includes also other blocks, which are
used to show measured outputs and control blocks, that make the vehicle mechatronic
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systems controllable according the driver model inputs [13]. Agricultural technology based
on the achievements of the automotive industry and implemented in cars technologies is often
used nowadays in agricultural vehicles. Two development trends of agricultural tractors can
be seen. One of them is a hybrid drive combining the advantages of an internal combustion
engine with electric motors. The second development trend is the production of tractors with
purely electric drive. That is why complex technologies used in them justify the cost of the
vehicle — in most cases the cost of the hybrid vehicle is two times bigger than that of a
conventional vehicle and matches the cost of the electric vehicle. Prototypes of electric
machines have been created for several years. Some manufacturers believe that in the future
electric tractors will become cheaper than traditional tractors due to environmental
requirements, which are becoming stricter. Mcfadzean and Butters [14] reported on the basis
of calculations that, the cost of charging an all-electric system capable of producing the
required output of the practical tests would be higher than the cost of diesel for the same
output. In pursuit to lower the levels of toxic exhausts, Fendt, German manufacturer of
agricultural equipment has shown the public on recent Agritechnica fair in Hanover their first
electric tractor, model €100 Vario [15]. First examples of €100 Varios are believed to be on
the roads — or farms — in the year 2018 [15]. John Deer has been testing prototypes for several
years and also has an electric tractor. More details about diesel-electric and electric
agricultural tractors we can found in this references [15-17]. We can expect a real war in the
market of electric tractors in the coming years. Because investments in electric drive are
another natural step among manufacturers.

One of the advantages of the electric drive is, for example, the lack of emissions at the
place of use. An electric motor compared to a traditional internal combustion engine
generates less vibration and noise. This is a special advantage mainly at night and in the
residential area. The electric drive allows, above all, precision in the control of the vehicle.
However, the ideal electric tractor, despite many attempts to make and test it, still lies in the
sphere of challenges. The main problem that is hindered by is the electrical capacity of the
battery, because a few hours of one-time operation is too short for most of the hosts to carry
out their field tasks. The necessity of recharging the battery causes a stoppage at work, during
which the farmer exposes himself to a waste of time, which is also connected with agro-
technical periods.

In Poland, the market of electric agricultural tractors is practically non-existent. There are
individual models in offers dedicated to the agriculture of foreign producers. However, these
offers are presented mainly at agricultural fairs. On foreign markets one can meet agricultural
machines produced by large concerns equipped with electric drives, such as the Massey
Ferguson 9280 Delta combine harvester, Fendt X harvester, CASE IH ProHybrid EECVT
tractor, Caterpilar D7WE crawler tractor. In contrast, in the case of passenger cars, every
major automotive company currently has such a vehicle produced in series. It is a good
prognosis for electric drives to have a significant market share in the future in the agricultural
machinery sector as well.

Currently, in Poland, the Energy and Development Departments is working together on
the act on electro mobility, which is to regulate the entire market. Pilot projects are being
carried out to develop electro mobility in individual voivodships. In the opinion of many
experts, electric vehicles can become popular in Poland, if macroeconomic conditions are
created for this purpose. This applies not only to the individual vehicle market but also to the
public transport buses. Electric vehicles will also be a vital element in future smart urban
transport systems [18]. In the case of electric vehicles, energy intensity of traffic constitutes
smaller part of the consumed energy than in the case of vehicles with ICE [19]. Fuel savings
in hybrid vehicles oscillate between approx. 30% in comparison with the vehicles with
internal combustion engines [20].
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Another issue is the need to promote and awaken awareness among farmers about the
benefits of using electric agricultural tractors. Tax incentives would also encourage farmers
to invest in such machines. Undoubtedly, investments in charging infrastructure and tax
incentives for zero-emission car buyers are necessary for the development of electro-mobility
in Poland. Most authors agree that innovative technologies can effectively facilitate the
reduction of emissions and lead to sustainable development [18]. At the same time,
technological progress needs to be supplemented by behavioural and cultural changes
concerning mobility patterns and preferences [18]. This last issue seems to be the most
difficult task.

2 Agricultural tractors market

Overall farm tractors market is highly fragmented in nature characterized by more than 300
companies with numerous brands and joint ventures across the globe [21]. Major farm tractor
manufacturers have been striving extensively in order to maintain their market position.
Entering into joint ventures with local tractor manufacturers has been one of the key strategies
adopted by tractor manufacturers from North America and Europe regions [21]. The
competition is expected to become more intense with the revival of farm tractors market
during the forecast period from 2018 to 2026 according to the research study conducted by
Credence Research [21].

This study (Fig. 1) presents the main division due to the tractor's power output without
distinguishing the type of drive source. However, the presented graph shows another
important part of the market (autonomous tractors). In this segment, the drive sources can be
varied, but the electric drive is particularly important, ensuring the perfect precision of
vehicle control.
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Fig. 1. World agricultural tractors market [21]

In Table 1., structure of the agricultural machinery industry in the European Union in
2014 was presents.
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Table 1. Structure of the agricultural machinery industry in the European Union in 2014 [22]

Country Turnover (€m) Number of companies | Number of employees
Germany 12,348.7 637 40,166
Italy” 9,224.4 1,908 29,120
France 5,124.9 589 16,806
United Kingdom™ 2,978.8 478 6,362
Nethelads 2,384.2 337 7,400
Belgium 2,205.5 142 4,980
Austria 2,058.5 116 6,271
Poland 1,748.0 478 16,420
Sweden 1,551.9 200 4,527
Spain 1,370.5 701 7,163
Finland 1,096.5 144 4,346
Czech Republic 693.2 291 7,405
Denmark 564.2 160 3,561
Hungary 483.4 145 5,196
Slovakia 177.7 52 1,381
Ireland™ 147.2 36 1,051
Slovenia 146.5 59 1,201
Portugal 124.7 192 1,238
Greece 103.3 358 1,661
Romania 98.5 69 2,205
Croatia 91.0 58 1,098
Estonia 79.2 27 648
Bulgaria 28.7 54 1,103
Latvia 27.0 21 645
Lithuania 233 11 486
Cyprus 5.9 11 55
Luxenburg 0.0 0 0
Malta 0.0 0 0
Total EU (28) 44,886 7,274 172,495
Number of employees (* Italy: 2013, ** United Kingdom 2010, *** Ireland 2013) — Source Eurostat

The agricultural machinery sector reveals a highly specialised Europe with 10 countries
totalising 80% of the number of companies and jobs in the manufacturing sector and
generating 91% of turnover in the European Union [22]. The first place in the agricultural
machinery industry in the European Union production is taken by Germany with a turnover



MATEC Web of Conferences 244, 03005 (2018) https://doi.org/10.1051/matecconf/201824403005
ITEP’18

of €12 bn, and more than 40,000 employees. Second one is Italy with a total of €9 bn, and
29,000 employed. France is the third producing country with a turnover of €5 bn, and 16,000
of employees. Poland with the number of 16,000 employees is the fourth country in terms of
highest number of employees, but in eight place regarding turnover - €1.74 bn, in the
agricultural machinery industry in the European Union in 2014 (Table 1.).

Figure 2 presents the European production of agricultural tractors divided by the tractors
power between 2007+2014. European production of agricultural tractors amounted €7.9 bn
in 2014 decreased by 7.9% compared to 2013 [22]. This reduction affects all power segments.
This category represents 25% of the total value of agricultural machinery produced in Europe
[22]. As we can see, the largest production was achieved in 2008, just before the global
banking crisis.
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Fig. 2. European production of agricultural tractors [22]

The global agricultural tractors market is trying to recover from its current state of
regression with a global market value of US$ 8.15 bn in 2017 and anticipated to exhibit a
growth with a CAGR of 5.7% from 2018 to 2026. The global demand for food grains is
expected to rise from 3 billion tonnes in 2010 to a staggering 4.5 billion tonnes in 2050. In
2017, Deere and Co., world’s second largest farm equipment and tractor manufacturer (by
sales) registered growth in sales in past four years. The aforementioned incidents are clearly
highlighting the revival of the tractor market in the following years.

3 Methodology

The purpose of the work was to analyse the awareness of farmers and the needs of farms for

electric tractors. In addition, a view on the development of electro mobility in Poland was

presented. The following research methods were used in the work:

- a questionnaire survey using a paper questionnaire was carried out on 40 farm owners of
both sexes, in different age groups,

- analysis of collected data and their presentation by graphical method.

The research part was elaborated on the basis of a survey among farmers in the Lubelskie
and Swietokrzyskie voivodships. The survey was conducted on a group of 40 respondents
and contained 12 questions with the possibility of single and multiple choice. The
respondents participating in the study were of both sexes and belonged to different age
categories. Respondents had the opportunity to choose the answers from among the listed
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and one open question, in which the respondents could express their opinion on electric
tractors. In addition, the research part includes a presentation of the results of the survey,
their analysis, and a summary.

4 Analysis of the survey results

The following figures present a graphic interpretation of the results of the survey. Figure 3a)
presents the results regarding the age of the respondents, and in Figure 3b) the division by
gender. The questionnaire was attended by seven people aged 2030, five people between
31+40, seven people between 41+50, seventeen people between 51+60, and four above 61
years. 40 people took part in the study, of which five were women and thirty-five were men.
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Fig. 3. Share of survey participants relative to: a) Age of respondents, b) Gender of respondents

Figure 4a) shows the type of education held by the respondents. Figure 4b) shows the
period of running a farm by respondents expressed in years.
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Fig. 4. Share of survey participants relative to: a) Type of education held by the study participants,
b) Period of running a farm

As it can be seen in Figure 4a), two of the respondents have basic education, fourteen
vocational, seventeen secondary and seven higher. Data analysis regarding the period of
activity (Fig. 4b)) is presented as follows: in the 1 + 10 year range, the farm is run by ten
people, seven in the range of 11 + 20 years, and twenty-three people over 20 years.

Figure 5a) presents data on the size of the farm. In turn, Figure 5b) contains data on the
production profile of farms run by respondents.

Analysing the data presented in Figure 5a), it can be seen that the largest number of
people, thirty two respondents work on the farm of size from 1 + 30 ha, five in the range of
31+ 60 ha, one 61 +~ 90 ha and two above 90 ha. In most of the farm production profile (Fig.
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5b)) is directed at field crops, as many as thirty-two farms. Five farms specialize in
horticultural crops, two in fruit and shrubs and eight specializing in animal husbandry.
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Fig. 5. Share of survey participants relative to: a) The size of the farm given in [ha], b) The
production profile of farms

Figure 6a) presents the number of tractors used on the farm. In the Figure 6b) presents
data on the planned purchase of a tractor this year by respondents.
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Fig. 6. Share of survey participants relative to: a) Number of tractors used on the farm, b) Planned
purchase of a tractor this year

Depending on the profile of the farm and its area, farmers use machines of various power
and sometimes need several agricultural tractors. As shown in Figure 6a), up to 4 machines
are mostly used in the analysed farms. Among the respondents, sixteen people use one tractor,
in the range of 1 to 4 tractors use twenty respondents, and above four tractors, four people.

The analysis of the plans for the purchase of a new tractor in the current year is presented
in Figure 6b). The purchase of a new agricultural tractor was confirmed by four people, thirty
respondents said that they are not planning to buy, and six respondents have not yet made a
decision.

The following figures (Fig. 7 and Fig. 8), the results of the questionnaire regarding
purchase preferences of agricultural tractors by respondents and their knowledge of
electrically driven tractors are presented.

When buying a new tractor (Fig. 7a)), sixteen people by the engine power, eleven looks
at innovative solutions, and twenty-two people looks at the price. According to twenty-seven
respondents, the most important criterion that guides the purchase of a new tractor is the
comfort of work. It is very good that the majority of respondents are comfortable working.
This shows their high awareness of health protection in the work environment.
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Answers to the question on knowledge of electric tractors among farmers is shown in
Figure 7b). Fourteen people met with the concept of electric tractors, but only three knew
what this type of drive consists of. Most respondents, that is twenty-six people met with this
issue for the first time.
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Fig. 7. Share of survey participants relative to: a) Categories that the respondents follow when
buying a new tractor, b) Knowledge about electric tractors

Response to the question about the feelings of respondents in connection with investments
concerning the introduction of agricultural electric tractors for use are presented in Figure
8a). For sixteen respondents, this investment is extremely useful and necessary for farms, for
eight the investment is unnecessary due to the purchase of traditional tractors. Eleven people
have no opinion on the subject, while five people had different opinions. They complained
about the lack of specific information about electric tractors, the poor range of their batteries
and too high price for tractor that can work only a few hours.
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Fig. 8. Share of survey participants relative to: a) Respondents' feelings caused by the investment
involving the introduction of electric tractors, b) Decision to buy an electric tractor

Asking the respondents the question "Would you decide to buy an electric tractor?", the
authors of the survey expected a negative answer, due to the earlier answers about buying a
new tractor, the majority of respondents did not plan to buy a new machine (see the results
in Figure 6b)). The result turns out to be different. 18 people have expressed a desire to buy
an electric tractor. This is a surprising result and can be an example of the fact that Polish
farms are ready and open to implement the concept of electro mobility in agriculture.
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5 Conclusions

In the case of electric tractors, in order to be able to talk about a real competition for diesel
tractors, they would have to provide a full working day without interruption to recharging.
Current solutions that allow only a few hours of work are sufficient only for orchards or
green-houses. Moreover, analysing the answers of the respondents when asked whether they
are planning to buy a new tractor in the near future, the majority, as many as 75% of
respondents replied firmly — no. This is due to the fact that they have already invested in
machines with a traditional drive. However, This does not mean, that electric-powered
tractors are a distant future on farms. They are an optimistic herald of changes in the market
moving towards the environmental performance and energy efficiency of farms, and the
elimination of current restrictions is probably a matter of a few years. John Deere expects
that the electric motors will require much less maintenance than a diesel engine [16]. They
will also provide and last longer [16].

The decision on whether to invest in an electric tractor is a decision that everyone should
take on their own. If someone needs a zero-emission ecological tractor for horticultural or
greenhouse works, the choice may seem right, and guaranteeing a significant increase in
demand for electric tractors should prompt domestic and foreign investors to build an
industry that generates electric vehicles and their components in Poland. As was shown at
the beginning of the work (Table 1), Poland is one of the leading countries in terms of
employment in this sector.
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