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Beata Michaliszyn-Gabryś , Joachim Bronder and Janusz Krupanek *

Institute for Ecology of Industrial Areas, Kossutha 6 St., 40-844 Katowice, Poland;
b.michaliszyn-gabrys@ietu.pl (B.M.-G.); j.bronder@ietu.pl (J.B.)
* Correspondence: j.krupanek@ietu.pl; Tel.: +48-3225460-31 (ext. 284)

Abstract: Agriculture is an important sector of the European Union in social, economic and environ-
mental terms. To ensure the sustainability of the sector, improvements are needed in key operations.
Weeding is one of the most important activities affecting farm productivity, farmer safety, food safety
and security, and the state of the environment. New technical and organizational solutions are needed
to achieve the goals of the EU policy for sustainable agriculture. One of the advanced techniques
is laser-based weed control. It is important to fully understand the impact of the introduction of
these techniques on markets and agricultural practices in the context of sustainability. For this reason,
a social life cycle analysis (S-LCA) was carried out. The method applied in the study was based
on a participatory approach. The assessment was carried out from three perspectives: the general
society, the farmers and the business perspective in relation to agriculture. Expert interviews based
on questionnaires and workshops were conducted to gather opinions on the impact of new laser
technology on specific aspects of its implementation. The results show generally positive effects from
all perspectives, especially from the farmers’ perspective. From the farmers’ point of view, the most
favored factors influencing the widespread introduction of WLAT are the economic consequences,
the most important of which are the production costs associated with the introduction of the new
technology. According to business experts, the perspective of business development, with particular
emphasis on new prospects for businesses and development, is the most important factor. The quality
of life and the environment are most valued by society.

Keywords: precision agriculture; weeding; laser based system; sustainability; social life cycle
assessment

1. Introduction

Agriculture faces many challenges in the second decade of the second millennium.
These are of an ecological, social and economic nature. Agriculture must become more
productive due to the growing population and limited agricultural land. At the same time,
there are serious environmental threats related to climate change (droughts, floods) and
the impacts that need to be reduced, such as the reduction in greenhouse gas emis-
sions, biodiversity loss, and soil erosion and pollution. In economic terms, the rising
costs of agricultural production are an important factor for the future development
of agriculture [1].

Weed control is an important part of agricultural production that has an impact on
farm yields. Weeds are the most important biotic constraints. In general, weeds represent
the greatest potential yield loss for crops [2]. Weeds compete with crops for sunlight, water,
nutrients and space. They also harbor insects and pathogens that attack crops. The need
for new, more effective weed control solutions is driven by factors such as the following:
(1) strict regulations on chemical pesticides, (2) highly herbicide-resistant weeds, (3) lower
production costs in the long term.

There are many factors, including EU policy, that determine the need for new weed
control solutions. This is particularly true for the use of chemicals, including herbicides, in
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weed control. European policy tends to reduce or eliminate their use in agriculture. The
use of herbicides on organic farms is already banned or being reduced in Europe [1,3–5],
stimulating changes in the cultivation systems. In addition, consumer habits, expectations
and concerns about food safety are constantly increasing. Changes in production systems
are needed to meet these demands. Herbicide resistance, environmental concerns and
stricter regulatory requirements are increasing the need for more precise and site-specific
weed control strategies.

To meet the challenges, new technological opportunities are emerging in the agricul-
tural sector, including weed control. There have been significant advances in agricultural
technology and the development of new techniques. The integration of these techniques
with machine learning approaches enables the use of innovative tools to control weeds
more effectively in a site-specific approach [6,7]. These are both mechanical tools and
laser-based techniques that use high energies and are an alternative to the use of chemicals
to meet the challenges of sustainable production. The innovative precision solutions are
designed to detect, identify and successfully control problematic weed species. They make
it possible to maximize the effectiveness of weed control while reducing the potential
impact on the environment [8].

One of the newly developed weed control methods is laser-based weed control systems.
Proof of concept dates back to the 1970s [9]. A laser beam directed at weeds can be an
effective method of weed control, providing an alternative to herbicides [10]. A laser is
a device that emits light by optical amplification based on the stimulated emission of
electromagnetic radiation. Collimated laser beams can be focused on extremely small spots,
resulting in a very high irradiance. The divergence and shape of the beam can be adjusted
using optics to enable more precise energy delivery for weed control. A laser beam directed
at a weed plant heats the plant tissue, increases the temperature of the water in the plant
cells and thereby damages or kills the plant [11]. Different types of lasers were used for
experiments on weed control: the carbon dioxide laser (CO2 laser), the diode laser and
the fiber laser [6]. With both CO2 and fiber lasers, the light energy is strongly absorbed
on the surface of the plant, leading to fatal damage. Special attention has been paid to the
high-power thulium fiber laser. For weed control, a thulium-doped fiber laser emitting at
a wavelength of 2 µm is more advantageous, as the radiation penetrates deeper into the
plant tissue through the epidermis [11].

To achieve the high efficiency of a laser system, identification of the targeted weed
plants is essential. Artificial intelligence-based recognition tools make it possible to distin-
guish between weeds and crops in agricultural environments in real-time [12]. With more
advanced technologies, the meristem can be recognized with the help of high-resolution
cameras, and the positioning can be controlled with precise laser scanners [11].

The use of autonomous mobile platforms also increases the possibilities for more
robust solutions. Research into laser weeding technology has increased, and some field
robots are now entering the market (e.g., https://carbonrobotics.com/ (accessed on
4 February 2024)).

The widespread adoption of innovative tools such as laser-based weeding equip-
ment in agriculture may have far-reaching impacts on society on the one hand, and
socio-economic barriers to their adoption may occur on the other. New agricultural
technologies can bring potential economic and environmental benefits, but advanced
disruptive approaches aimed at applying new technologies can also be expected to have
societal impacts [13–16].

To fully understand and implement these novel strategies for weed control in agri-
culture, various issues need to be explored, as innovation encompasses many aspects:
technical, environmental, social and economic. It is important to understand how certain
solutions need to be combined in an efficient way; what impact they have on the environ-
ment, society and economy; and how effective they are in controlling weeds. In addition,
technological innovation affects organizational structures by disrupting markets, changing
the relative importance of resources, challenging the learning capacity of organizations
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and changing the terms of competition [17]. Technological innovation brings benefits to
society, but at a cost, as it is seen as an important factor in problems such as climate change,
ecological imbalance and increasing pollution, as well as an effective means of solving
environmental and sustainable development problems [18]. In addition, the diffusion of
technological innovations in agriculture should be better understood for specific agricul-
tural solutions. Diffusion of innovation is a process by which new agricultural technologies,
inventions and achievements spread from the source of innovation to the surrounding
environment and are adopted and utilized by most farmers and agricultural enterprises [19].
In contrast to technological innovation in industry, the object of agricultural innovation
has the characteristics of public goods or quasi-public goods, the process of agricultural
innovation has discontinuity and relative independence of innovation relations, and the
user system of agricultural innovation has unique characteristics [20].

Therefore, the introduction of innovations and technologies in the agricultural sector
is a complex mechanism [21]. The process of technology diffusion comprises several
phases: awareness, interest, evaluation, trial, adoption and confirmation. Technology
diffusion encompasses the creation, accumulation and dissemination of technological
knowledge through interaction between different actors. The process of innovation and
technology diffusion takes into account the aspects of community structure, culture and
farmer capacity [22]. Innovations include not only explicit, formal knowledge but also tacit
knowledge from learning by doing and the use [23]. According to Rogers’ ‘Technology
Diffusion Model’ and ‘Technology Adoption Life Cycle’, five ‘ideal types’ of the social
system are distinguished: innovators, early adopters, early majority, late majority and
laggards [24]. For the introduction of a new technique, the importance of relative advantage
for a new product or technology is indicated, as well as overall compatibility, relative ease
of understanding and adaptation, observable and tangible status, and ability to pass a
product test [25]. The pattern and trajectory of innovation are recognized as sector-specific
and even country-specific [23].

Technology transfer only brings an expansion of knowledge between companies, insti-
tutions and farmers with the transfer or exchange of technologies [26]. Technology transfer
in agriculture plays a crucial role in increasing farmers’ productivity and income generation.
It refers to the marketability of technology, the development of new technologies and their
commercialization [27]. The introduction of innovative weed control methods depends on
ecological, environmental and social aspects, among others [28].

Diffusion and transfer of innovation are hampered by barriers to the introduction
of technologies. The main obstacle is of an economic nature and is related to the costs of
introduction and the subsequent training and implementation costs [29]. For example,
larger farmers are more likely to adopt a particular innovation and there is a positive
correlation between farm profits and adoption, emphasizing the potential for cost
reduction [30]. In addition to economic barriers, there are also socio-economic, orga-
nizational, institutional and behavioral barriers [31]. Innovation can be influenced by
socio-economic factors such as the user’s age, level of education, gender and degree of
information [32]. Barriers to adoption are also technical issues related to equipment and
software, access to services and the lack of compatibility of equipment with existing farm-
ing practices. The institutional context itself may be important [33]. There are also physical
barriers related to the agro-ecological conditions of technology use. Cultural barriers (i.e.,
habits, consumer choices, market uncertainty), as well as limited institutional support,
can also be important [30]. Subsidies, as well as more indirect measures such as support
through information, can lead to increased adoption of new technologies [30]. Obstacles
related to the cognitive sphere should also be considered, emphasizing the importance of
the farmer’s perception [18,28,31,34,35].

New agricultural technologies generally and, in certain cases, have potential ecolog-
ical and environmental benefits. The advantages for farmers lie in the productivity and
profitability of the farm. The automation of machinery improves comfort and reduces the
environmental impact of agricultural activities [36]. It can influence demographic change in
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the sector [15,37], have an impact on development opportunities in rural areas and improve
the public image of agriculture. Innovation offers farmers the opportunity to adapt better
to the political requirements of environmental protection [16].

There is little research on the introduction of precision technologies in a broader
context [38,39]. The impact of this new agricultural model, which is based on a shift
from traditional to intelligent farming methods, has yet to be fully explored [13]. Issues
related to farmers’ social and business perspectives need to be clarified as part of the
implementation into wider agricultural practice. Further research is needed to understand
group behavior and collective action [30]. The socio-economic aspects of the introduction
of crop robots are not yet well-researched in this area. The growing interest in the use of
agricultural robots requires proper assessment to better understand the societal impacts,
including potential hazards and benefits. The complexity of agricultural sustainability
requires holistic assessments to understand the dynamic interactions between agriculture,
the economy, society and the environment [40]. Innovation is widely recognized as a factor
for sustainable development [36]. Therefore, a better understanding of the impact of new
technologies on sustainability is also needed [41].

To assess the level of sustainability, a number of tools have been developed to evaluate
different types of impacts resulting from the life cycles of goods and services. There are
many methods to analyze the impact of new technologies in agriculture on the different
dimensions of sustainability—economic, social and environmental. A comprehensive
overview of the methods was conducted by Barrientos-Fuentes and Berg [42]. In princi-
ple, sustainability in agriculture must be considered within the framework of life cycle
thinking (LCT) [43].

Within this framework, the social life cycle analysis (S-LCA) enables the assessment of
social impacts. It can be combined with life cycle assessment (LCA), which is applicable to
environmental goods and services, and life cycle costing (LCC), which is used to analyze
all relevant costs expressed in monetary terms.

The methodology of S-LCA is not standardized, as is the case with the environmental
and economic methods: life cycle assessment (E-LCA or LCA) and life cycle costing (LCC).
There is neither consensus on the methods of social impact assessment nor clarity on the
underlying concepts of social sustainability. As a result, many different methods have
been proposed, with different objectives focusing on different aspects [44]. Some of the
methodological approaches of the S-LCA are based on the knowledge of the experts and
their active participation [45]. This is due to the social effects, which depend not only on
the production processes themselves but often also on the behavior of the actors and the
specific contexts.

In this study, we conducted a social life cycle assessment to analyze the impact on
sustainability and identify the barriers and opportunities for laser-based weed control
methods. The aim of the study was to determine the impact of the use of laser-based
techniques in a broad social context on the sustainability of weed control in agriculture
from a life cycle perspective. It was carried out in accordance with the UNEP guidelines
for S-LCA: The Life Cycle Initiative of the United Nations Environment Program and the
Society for Environmental Toxicology and Chemistry (UNEP-SETAC) [46]. In this study,
we proposed a specific approach in which multi-criteria tools were used in an S-LCA
application based on expert knowledge in a qualitative and participatory way.

2. Materials and Methods

The subject of the study is a general concept for laser-based autonomous systems. Laser-
based weed control robots are being developed, and some are already commercialized [11].

In the study, we used the prototype of the WeLASER technology as an example
and proof of concept. The invention was developed, integrated and tested as part of the
HORIZON 2020 project “Sustainable weed management in agriculture with laser-based
autonomous tools—WeLASER”. It consists of a mobile autonomous platform, a laser
weeding device and supporting components. The WeLASER weeder is an autonomous
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mobile robot that uses a high-power laser for weed control. It is a complex solution that
uses autonomous systems, artificial intelligence (AI) and advanced geo-positioning. As
part of the WeLASER project, a weed control system with two lasers was tested to achieve
Technology Readiness Level 7 (TRL 7). In order to be marketed, the product must reach
Technology Readiness Level 9 (TRL 9) in further development.

We used the social life cycle assessment (S-LCA) in the study as a method that can
be applied to assess the social and sociological aspects of products and their actual and
potential positive and negative impacts along the life cycle. It considers the extraction and
processing of raw materials, production, distribution, use, reuse, maintenance, recycling
and final disposal. The S-LCA uses general and site-specific data, which can be quantitative,
semi-quantitative or qualitative. Although the S-LCA follows the ISO 14040 [47] framework,
some aspects differ, are more common or are expanded at each stage of the study.

We followed the UNEP guidelines, prepared by the United Nations Environment Pro-
gram Life Cycle Initiative—Society for Environmental Toxicology and Chemistry [46,48] in
relation to S-LCA, to define the general framework of the study. The UNEP guidelines pro-
pose a methodology for the preparation of life cycle inventories (info@lifecycleinitiative.org).
It should be noted that there is no agreed S-LCIA methodology for the selection of impact
categories and the measurement of indicators [49]. The UNEP guidelines proposed a
top-down approach to S-LCIA. Despite the importance of including social aspects in LCA
studies, no consensus has yet been reached on a specific methodology for S-LCA. Different
and sometimes divergent theoretical and practical approaches have been proposed [49,50].
Publications dealing with the social aspects of crop robots focus heavily on technology
and programming. Publications dealing with ecological or socio-economic aspects are rare
despite the overall growing interest in crop robots [51].

Therefore, in the current study, we considered a more robust approach, consistent
with the conceptual framework of LCT, which enables the prediction of the social conse-
quences of decisions related to the production, use and recycling of products [50]. A hybrid
approach combining top-down and bottom-up methods to determine the indicators was
applied following some authors [52]. In addition, we integrated a participatory approach
into the S-LCA [53,54] in order to obtain the opinions of the various interest groups and
identify relevant impact indicators on this basis. The applied approach to use a unique
assessment tool is based on two steps of an S-LCA [49], which are as follows: (1) selecting
groups of affected actors, categories, subcategories and their relationship to each other;
(2) determining the importance of each category and subcategory for a certain number
of different stakeholders. We used Multi-criteria decision analysis (MCDA) to assess the
impacts. The categories and subcategories were weighted based on calculations performed
using the analytic hierarchy process (AHP) approach. The study was conducted in the
years 2021–2023.

2.1. Methodological Concept

The methodological approach was structured according to the general scheme of
S-LCA in four steps: (1) definition of goal and scope; (2) life cycle inventory; (3) life cycle
impact assessment; (4) interpretation [55]. The expert-based methodology applied has a
semi-quantitative character with specific methods used for each step. The overview of
the method used in the study is shown in the following figure (Figure 1). The S-LCA of
laser-based weed control technology is as follows:

• Based on the general LCA framework [47];
• Integrates a participatory approach and multi-criteria analysis tools;
• Follows the recommendations of the Life Cycle Initiative of the United Nations En-

vironment Program and the Society for Environmental Toxicology and Chemistry
(UNEP-SETAC) [46,48].
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2.1.1. Goal and Scope Definition

To determine the key elements of the S-LCA, including its objective, scope key cate-
gories and subcategories of assessment, a literature review on the application of innovative
techniques in agriculture was conducted, and an interaction with stakeholders was carried
out in a participatory approach.

The overall objective of the study was to determine the potential impact of the
widespread adoption of laser-based techniques in agriculture, taking into account the
context of societal sustainability in their implementation from a life cycle perspective. The
study focused on the well-being and quality of life of farmers, society and businesses. The
WeLASER technique was used in the study as an example of the specific class of weeding
laser-based autonomous tools.
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A literature review formed the information base on which the specific methodology
tailored to the purpose of the study was developed. The review included peer-reviewed
literature from scientific journals and officially published literature, analyzing current
statistics and literature relevant to the contexts studied, as well as personal interaction with
precision agriculture experts.

Focus groups were formed to combine the expert knowledge with the opinions of
representatives of farmers, consultants, agricultural advisors, business representatives
(machinery dealers, food industry, and farming service providers), NGOs and public
administration. The aim was to involve representatives of different interest groups from
three perspectives: farmers, society and business in the process of identifying key areas of
impact assessment.

Four Focus Group Interviews (FGI) workshops were held as part of the WeLASER
project in the years 2021 and 2022. The workshops were organized online at the European
level and in three regional contexts: Poland, Belgium and Spain. Each of the groups was
attended by 15–25 representatives of business, non-governmental organizations, public
administration, farmers and farmers’ associations and research institutions (D1.3 available
at www.welaser.eu). The FGI workshops consisted of two parts: (1) structured discussion
and (2) SWOT analysis. The results of the SWOT analysis are presented and analyzed in
Tran et al. [56].

At the events, strengths, weaknesses, opportunities and threats of implementing laser-
based weed control systems in relation to specific stakeholder groups, societal sectors,
barriers, opportunities and benefits were identified, characterized and assessed. Unpub-
lished results from the structured discussion part of the workshops were also used in the
current study. Both sources provided valuable information for structuring the assessment
hierarchy. These were evaluated in conjunction with the results of the literature review and
formed the basis for the elaboration of the methodological details of the S-LCA approach.

In our assessment, we assumed that laser-based weed control technologies (unmanned,
autonomous weed control with laser energy) will be widely used in agricultural practice
in Europe. Weed control was considered an activity in the whole cycle of crop production
that enables the crop to be produced at a sufficient level according to current agricultural
practice. The scope of the assessment covered all potential applications of laser-based weed
control technology in agricultural cropping systems—to the best of the experts’ knowledge.

In our analysis, we considered social, ecological and economic aspects within the
framework of three social perspectives. According to [57], S-LCA considers “human
well-being” as an overarching social dimension. We defined three specific dimensions
(perspectives) related to the use of agricultural machinery in crop production: societal
quality of life, well-being from the farmer’s perspective, and corporate performance related
to economic interest and corporate responsibility within the life cycle of laser-based weed
control systems. The perspectives were unique to a specific group of stakeholders, and the
assessment was conducted separately for each perspective (Figure 1).

In qualitative terms, we focused our evaluation on the two elements that form the
system boundary:

• The life cycle phases of the machine robot, including production (need for critical
materials, use and disassembly of the robot);

• Crop life cycle (crop production and quality of processed food—consumer perspective).

In addition, in developing the categories (domains) and subcategories (fields) of the
assessment, 5 capital stocks, human, technical, financial, social and institutional factors,
were considered and taken into account [57] (Figure 2).

2.1.2. Inventory and Characterization Analysis

Based on the defined objective, scope and key questions identified in the previous
step, we conducted further analysis using qualitative (if available, statistical data) and
quantitative data. Direct measures were developed to conduct an assessment through
questionnaires with open-ended questions with evaluation metrics (5 scales). Secondary

www.welaser.eu
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sources were used in the development of the questionnaire and as structured background
material for the interviewer to moderate the discussion during the interviews. We de-
veloped questionnaires as a basis for direct expert interviews. Interview scenarios were
prepared to organize the discussion with the invited experts (Table 1).
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Table 1. Questionnaire structure with justification of its formulation.

Perspective Category (Domain)
Subcategory (Field) Literature FGI EU Policy

Farmers

Category: Health and working conditions

Subcategories: What impact will the use of devices such as an
autonomous laser weeder have on:

The farmer’s working time? [51,58–60] X [61]

Comfort of work? [51,58,59,62,63] X [61]

Work safety and accidents? [11,62,64–66] X [61]

Health conditions (chemical hazards caused by the use of chemical
plant protection products, back problems due to manual weeding)? [58,59,62,67–72] X [61]

Category: Economic consequences

Subcategories: What impact will the use of devices such as an
autonomous laser weeder have on:

Good quality agricultural products that meet customers’ needs? [73,74] X [61]

Farms’ productivity per hectare? [58,59,63,75] X [61]

Demand for seasonal/temporary workers? [76] X [61]

Production costs [14,77–81] X [61]

Category: Risk for farm operation

Subcategories: What impact will the implementation/purchase/rental
of devices such as an autonomous laser weeder have on:

Risks related to unexpected functional limitations of the device? [65,66,82–84] X -

Farmers’ liability for damage to third-party property caused by
the device? [65,84] X -

Risk of theft or damaging the device? - X -
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Table 1. Cont.

Perspective Category (Domain)
Subcategory (Field) Literature FGI EU Policy

Society

Category: Quality of life and environment

Subcategories: What impact will the use of devices such as an
autonomous laser weeder have on values determining the quality of
life due to the limitation of methods used so far (including current
weeding practices based on chemical plant protection products)?

Quality and safety of agricultural products? [73,85,86] X [61]

State of the environment [72,87–89] X [90,91]

Affordability of agricultural products for the society [92,93] X [61]

Category: Demographic consequences

Subcategories: What will be the impact of the availability of devices
such as an autonomous laser weeder on the following demographic

groups compared to the existing practice of weeding:

Young people’s interest in running a farm? [94–97] X [98]

Women’s interest in working in agriculture? [31,60,94,99–102] X [98]

The demand for low-skilled labor? [14,60,70,103] X [98]

Category: Just agriculture transition

Subcategories: What impact will the widespread use of devices such
as an autonomous laser weeder have on the following aspects of rural
transformation in the long term perspective compared to the existing

practice of weeding:

The agrarian structure of agriculture? [31,104–106] - [98]

Development of ecological (organic) farms? [107,108] X [109]

Economic diversification of rural areas? [60,110,111] X [98]

Business

Category: Profitability

Subcategories: What impact will the widespread use of devices such
as an autonomous laser weeder have on profits of the following

branches in the value chain compared to the existing practice
of weeding:

Profits of companies producing the machines [70] - -

Profits of agri-food and food processing industry? [112] - [61]

Profits of agricultural producers/farmers/producers groups? [112–115] X [61]

Category: Business risks

Subcategories: What impact will the production of devices such as an
autonomous laser weeder have on the following risks for the

manufacturers with regard to the producers of alternative weeding
machines

Manufacturer’s responsibility for product malfunctions
(complaints, service)? [116,117] X [118]

Manufacturer’s responsibility for the damage to the user or
third-party property caused by the device? [94] X [119]

Manufacturer’s risk for the supply chain interruption in
manufacturing processes? [120,121] - -

Category: Environmental performance of companies

Subcategories: What impact will the wide-scale production of devices
such as autonomous laser weeders have on the following

environmental aspects with regard to alternative weeding machines?
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Table 1. Cont.

Perspective Category (Domain)
Subcategory (Field) Literature FGI EU Policy

Demand for critical resources? [122] - [123]

Manufacturer’s responsibility for waste management of devices in its
post-consumption phase? [119] - [124]

Production pressure on the environment? [125,126] - [90]

Category: Perspectives of business development

Subcategories: What impact will the production and wide use of laser
weeder have on perspectives of business development:

Creation of new jobs? [76,83] X [1,61]

New prospects for the company’s development? [76,88,127] X [1,61]

Strengthening competencies of organizations, companies
and workers? [76,128] - [61]

X—issue indicated by the FGI participants as important.

Three expert groups were formed using a qualitative technique to include experts
in specified areas of experience. Taking into account the system boundaries of this study,
the following groups of experts were formed in accordance with the recommendations of
UNEP-SETAC [1]:

• Farmers and farm workers: people who cultivate their own and other people’s crops.
• Society: local community and European society representatives.
• Institutions that support the business sector in rural areas: business organizations and

support institutions that improve the knowledge and skills of farmers.

The structure of the expert groups is described in Table 2.

Table 2. Description of expert group and experts taking part in the process of assessment.

Perspective Description of Expert Group Expert NO Experts Description

Farmers

The experts are both farmers who run farms
(organic and/or conventional) and people who

collaborate and share experiences with
research institutions, industry, farmers and the

local community, who are members of
producer groups and/or perform various

functions, including an international network
dedicated to innovation-driven research in the

field of smart agriculture.

1 Polish farmer (organic)

2
Researcher, coordinator of the European

network dedicated to the promotion of smart
farming technologies

3 Danish Farmer (conventional)

4 Polish farmer (organic)

5 Farmer, representative of the Polish
agricultural production group.

Society

The experts are local activists, representatives of
NGOs and research organizations involved in
the development of cooperation networks for

the development of rural areas, as well as
European organizations. The experts are

committed to supporting sustainable rural
development, modernization and the

introduction of technologies and practices aimed
at improving high-quality and safe agricultural

and food products. They work with
organizations that promote agricultural practices
that have a positive impact on the environment.

1 researcher, representative of the International
Center for Research in Organic Agriculture.

2 Researcher, coordinator of the European network
dedicated to sustainable rural development.

3 President of the Regional Chamber of
Agriculture in Poland

4
Member of European organization focused on
organic farming, participant of international

working groups, local activist.

5 Manager of the Polish NGO whose activities
are focused on agricultural development
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Table 2. Cont.

Perspective Description of Expert Group Expert NO Experts Description

Business

The experts are representatives of companies
that provide innovative technological solutions
for farmers; advice on agricultural crops and

applied techniques and technologies, including
agricultural machinery; and training for

farmers. Some of them carry out research and
development work for the implementation of
innovative technologies in agricultural practice.

1
Representative of the company of European

coverage focused on the cultivation and sale of
agricultural produce.

2 Innovation broker, representative of innovation
network for Polish agriculture.

3
Representative of a Danish company providing

service and advice to farmers and
business operators.

4 Representative of a Polish company dedicated
to precision agriculture implementation.

5 Sales representative of the Danish company
dealing with innovative agricultural robots.

2.2. Approach to Impact Assessment and Interpretation of Results

As part of the WeLASER project, we conducted face-to-face surveys on the market
introduction of the weeding laser autonomous tools (WLAT), i.e., weed control systems
based on the application of laser technology, precise positioning, artificial intelligence
and an autonomous mobile platform. They took place in the year 2023. The aim of the
assessment was to evaluate the impact of the market introduction of WLAT on different
fields and domains of life, which were evaluated by experts from three perspectives. In
addition, the study aimed to determine the strength of the experts’ preferences between
the fields and domains, which was used in assessing the strength of the evaluated impact.
The weights calculated by the experts were used to re-estimate the evaluated impacts of
WLAT on the analyzed domains and perspectives. The perspectives included in the study
are as follows: farmers (P1), business (P2) and society (P3). Fifteen experts participated in
the study, five of whom represented each perspective.

The first perspective, P1, included farmers working on the farm.
The second perspective, P2, included a sales representative of companies; an inno-

vation facilitator in the agricultural extension center; a representative of the fruit and
vegetable processing sector; a representative of the company engaged in consulting, re-
search and development activities, training, and support for farmers; and a representative
of the consulting company providing best agricultural practices.

The third perspective included the coordinator of the organic food systems program
and a representative of the research organization, a representative of the NGO (network)
and the research organization, a representative of the Chamber of Agriculture (board), a
member of the board of the European organization working in the field of organic food
and farming, and a representative of the NGO.

Experts from these perspectives were asked about the topics relevant to them. The
topics were divided into fields, which represented specific questions, and domains, which
represented a set of questions. Thus, we have a 3-level structure of analysis.

The farmer’s perspective (P1) consists of 3 domains (D11, D12, D13).
Domain D11. Health and working conditions contain four following fields: F111. The

farmer’s working time; F112. Comfort of work; F113. Work safety and accidents; F114.
Health conditions.

Domain D12. Economic consequences contain four following fields: F121. Good
quality agricultural products that meet customers’ needs; F122. Farms’ productivity
per hectare; F123. Demand on seasonal/temporary workers; F124. Production costs.

Domain D13. Risk for farm operations contains three following fields: F131. Risks
related to unexpected functional limitations of the device; F132. Farmers’ liability for
damage to third-party property caused by the device; F133. Risk of theft or damaging
the device.
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The business perspective (P2) consists of 4 domains (D21, D22, D23, D24).
Domain D21. Profitability contains three following fields: F211. Profits of compa-

nies producing the machines; F212. Profits of agri-food and food processing industry;
F213. Profits of agricultural producers/farmers/producers groups.

Domain D22. Business risks contain three following fields: F221. Manufacturer’s
responsibility for product malfunctions (complaints, service); F222. Manufacturer’s re-
sponsibility for the damage to the user or third-party property caused by the device;
F223. Manufacturer’s risk for the supply chain interruption in manufacturing processes.

Domain D23. Environmental performance of companies contains three following
fields: F231. Demand on critical resources; F232. Manufacturer’s responsibility for waste
management of devices in its post-consumption phase; F233. Production’s pressure on the
environment.

Domain D24. Perspectives of business development contain three following fields:
F241. Creation of new jobs; F242. New prospects for the company’s development;
F243. Strengthening competencies of organizations, companies and workers.

The perspective of society (P2) consists of 3 domains (D31, D32, D33).
Domain D31. Quality of life and environment contains three following fields: F311.

Quality and safety of agricultural products; F312. State of the environment; F313. Afford-
ability of agricultural products for the society.

Domain D32. Demographic consequences contain three following fields: F321. Young
people’s interest in running a farm; F322. Women’s interest in working in agriculture;
F323. The demand for low-skilled labor.

Domain D33. Just agriculture transformation contains three following fields:
F331. The agrarian structure of agriculture; F332. Development of ecological (organic)
farms; F333. Economic diversification of rural areas.

The experts were asked to assess the impact of the weeding laser autonomous tools
(WLAT) on a given field, rating the impact on a five-point ordinal scale. The scale started
with 1 point for very negative impact, 2 points for negative impact, 3 points for neutral
impact, 4 points for positive impact and ended with 5 points for very positive impact.

Based on the results of the impact evaluation of 5 experts, the average impact on a
given field was calculated in the form of the arithmetic mean x using the following formula:

x =
1
n

n

∑
i=1

xi (1)

where n is the number of individual assessments (n equals 5), xi is the assessment of the
impact by one of the five experts.

Based on the average impact on the fields, the average impact on a specific domain
was calculated. Consequently, based on the average impact on the domains, the average
impact on a particular perspective was calculated.

In these calculations, n in Formula (1) stands for the number of fields in a particular
domain (first case) or for the number of domains in a particular perspective (second case).

When assessing the average impact (fields, domains or perspectives), the follow-
ing ranges were used to classify the results obtained: (i) 1.0 < x < 1.5—very nega-
tive impact; (ii) 1.5 ≤ x < 2. 5—negative impact; (iii) 2.5 ≤ x < 3.5—neutral impact;
(iv) 3.5 ≤ x < 4.5—positive impact; and (v) 4.5 ≤ x < 5.0—very positive impact.

The general approach of the analytic hierarchy process (AHP) [129–132] was used to
evaluate the experts’ preferences (priorities) expressed in weights (Figure 3).

For two hierarchical levels, domains and fields, the weights were calculated using
pairwise comparisons. A narrower and more detailed scale was used, as it was assumed
that irrelevant domains and fields were excluded before the survey was conducted. The
scale of preferences and the corresponding scores are shown in Table 3.

When calculating the weights, a consistency factor was calculated to ensure logical
consistency between the preferences. Each expert had to express their preference by
pairwise comparison of fields of a certain domain and by pairwise comparison of domains
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of a certain perspective. The weights themselves were calculated automatically in Excel
according to the procedure developed by the authors. In this way, the importance of a
particular field and domain for a particular expert was determined.
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Figure 3. General scheme of the applied analytical hierarchy process.

Table 3. The assignment of numerical rates to the preference scale.

Numerical Rate Scale of Preferences

1 Equal preference

1 1/2 Intermediate preferences

2 Equal to moderate preference

2 1/2 Intermediate preferences

3 Moderately preference

3 1/2 Intermediate preferences

4 Moderately to strong preference

4 1/2 Intermediate preferences

5 Strong preference

The weights calculated by the experts expressing the importance of a particular field
or domain were averaged. Formula (1) was used for these calculations.

After calculating the weights, let us call them expert weights, the next step was to
calculate the relative differences in the weighting values di according to the formula:

di =
we − wi

wi
(2)

where we are the expert weights, and wi are the initial values of the weights, calculated
according to the following formula:

wi =
1
n

(3)

where n is the number of fields (F) in a given domain (D) or the number of domains (D) in
a given perspective (P).

Standardized differences in the weighting values zi were used to assess the strength of
the evaluated impacts. These standardized differences were calculated using the formula:

zi =
di − di

s
(4)

where di is the arithmetic mean of the differences in the weighting values calculated for a
particular perspective, and s is the standard deviation of the differences in the weighting
values also calculated for a particular perspective.
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It was assumed that if zi < −1, it means that it is a weak evaluation; if zi > 1, it means
that it is a strong evaluation; otherwise, it means a normal strength of evaluation.

The weights calculated by pairwise comparison were also used to check whether
the introduction of preferences affects the evaluated impacts. The weighted means of the
impacts (x) were calculated according to the formula:

x =
n

∑
i=1

(x iwi) (5)

where xi is the score of evaluated impact, and wi is the calculated weighting for particular
field or domain. In this case, n is the number of fields in the domain or the number of
domains in the given perspective.

All calculations were performed with MS EXCEL 2019.

3. Results

The results relate to the three main objectives. Since the changes in the weights were
used to assess the strength of the impact evaluation, the description of the results begins
with the analysis of the weights and their changes. Thus, the first set of results refers
to the average preferences (weights) of the three perspectives for each domain and field,
representing individual questions and groups of questions. In Tables 4–6, we used the
symbols from Formula (2), i.e., wi denotes the initial weights, we is the expert weights and
di is the relative differences in the weights.

Table 4. Preferences from farmers’ perspective (P1).

Code Domains and Fields wi we di

D11 Health and working conditions 1/3 0.3257 −2.29%

D12 Economic consequences 1/3 0.4006 20.17%

D13 Risk for farm operations 1/3 0.2738 −17.87%

F111 The farmer’s working time 1/4 0.2204 −11.83%

F112 Comfort of work 1/4 0.2157 −13.73%

F113 Work safety and accidents 1/4 0.2900 16.01%

F114 Health conditions 1/4 0.2739 9.55%

F121 Good quality agricultural products that meet
customers’ needs 1/4 0.2483 −0.66%

F122 Farms’ productivity per hectare 1/4 0.1838 −26.50%

F123 Demand on seasonal/temporary workers 1/4 0.2307 −7.74%

F124 Production costs 1/4 0.3373 34.90%

F131 Risks related to unexpected functional limitations of
the device 1/3 0.4009 20.26%

F132 Farmers’ liability for damage to third-party property
caused by the device 1/3 0.2816 −15.52%

F133 Risk of theft or damaging the device 1/3 0.3176 −4.73%
Source: Authors’ calculation on the base of WeLASER project data.

Table 5. Preferences from business perspective (P2).

Code Domains (D) and Fields (F) wi we di

D21 Profitability 1/4 0.2868 14.72%

D22 Business risks 1/4 0.1935 −22.60%

D23 Environmental performance of companies 1/4 0.1907 −23.72%
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Table 5. Cont.

Code Domains (D) and Fields (F) wi we di

D24 Perspectives of business development 1/4 0.3290 31.60%

F211 Profits of companies producing the machines 1/3 0.4839 45.17%

F212 Profits of agri-food and food processing industry 1/3 0.1398 −58.06%

F213 Profits of agricultural producers/farmers/
producers groups 1/3 0.3762 12.86%

F221 Manufacturer’s responsibility for product malfunctions
(complaints, service) 1/3 0.4417 32.51%

F222 Manufacturer’s responsibility for the damage to the
user or third-party property caused by the device 1/3 0.2995 −10.15%

F223 Manufacturer’s risk for the supply chain interruption in
manufacturing processes 1/3 0.2588 −22.36%

F231 Demand on critical resources 1/3 0.2992 −10.24%

F232 Manufacturer’s responsibility for waste management of
devices in its post-consumption phase 1/3 0.3597 7.91%

F233 Production’s pressure on the environment 1/3 0.3412 2.36%

F241 Creation of new jobs 1/3 0.2115 −36.55%

F242 New prospects for the company development 1/3 0.4684 40.52%

F243 Strengthening competencies of organizations,
companies and workers 1/3 0.3201 −3.97%

Source: Authors’ calculation on the base of WeLASER project data.

Table 6. Preferences from society’s perspective (P3).

Code Domains (D) and Fields (F) wi we di

D31 Quality of life and environment 1/3 0.4183 25.49%

D32 Demographic consequences 1/3 0.2254 −32.38%

D33 Just agriculture transformation 1/3 0.3563 6.89%

F311 Quality and safety of agricultural products 1/3 0.2922 −12.34%

F312 State of the environment 1/3 0.3639 9.17%

F313 Affordability of agricultural products for the society 1/3 0.3439 3.17%

F321 Young people’s interest in running a farm 1/3 0.4173 25.19%

F322 Women’s interest in working in agriculture 1/3 0.3308 −0.76%

F323 The demand for low-skilled labour 1/3 0.2520 −24.40%

F331 The agrarian structure of agriculture 1/3 0.2550 −23.50%

F332 Development of ecological (organic) farms 1/3 0.4412 32.36%

F333 Economic diversification of rural areas 1/3 0.3038 −8.86%
Source: Authors’ calculation on the base of WeLASER project data.

3.1. Experts’ Preferences between Domains and Fields in Three Perspectives

From the farmer’s perspective, the most important domain is the economic conse-
quences (D12). It has increased in importance by about 20% compared to the baseline
(Table 4). Problems related to health and working conditions (D11) have not changed signif-
icantly in importance (loss of about 2%), and the least favored domain in this perspective is
risk to farm operations (D13). It lost about 18% in importance.

In the first domain (D11) of this perspective, the most preferred field (problem) is work
safety and accidents (F113). Its importance has increased by 16%. Health conditions (F114)
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have gained 9.5% in importance and are in second place in this group. Interestingly, comfort
of work (F112) is considered the least important, having lost 13.7% of its importance.

In the second domain (D12), production costs (F124) are considered most important.
With the recalculated weights, they have gained 35% in importance, which represents the
highest increase in this perspective. The highest loss of importance in this perspective
(26.5%) concerns the productivity of farms per hectare (F122) and is also the highest loss in
perspective P1.

In the last domain (D13) of this perspective, the highest increase in importance is
recorded for risks in connection with unexpected functional limitations of the device (F131)
(around 20%). The greatest decrease in importance relates to the farmer’s liability for
damage to third-party property caused by the device (F132) (approx. 15%).

Table 5 shows the original weights, the weights of the experts representing the
preferences from the business perspective (P2) and the percentage changes between the
two weights.

From a business perspective, perspectives of business development—D24 (approx.
32% increase in importance) and profitability—D21 (approx. 15%) are more favorable
domains, while business risk—D22 (approx. 23% decrease) and environmental performance
of companies—D23 (24% decrease in importance) are less favorable.

Within the first domain (D21), the most important field (problem) is the profit of
companies that manufacture machinery—F211 (approx. 45% increase in importance), and
the least important is the profit of the agricultural and food processing industry—F212
(58% decrease in importance). These two values represent the biggest change in the
importance of the field in perspective P2.

In the second domain (D22) of this perspective, it can be observed that the highest
increase in importance relates to the manufacturer’s responsibility for the product’s mal-
functions (complaints, service)—F222. This field has increased in importance by 32.5%. On
the other hand, the manufacturer’s risk for supply chain interruption in manufacturing
processes has lost the most importance—F223 (minus 22.4%).

In the third domain (D23), the changes in importance are the smallest in this per-
spective (P2). The highest increase in importance (7.9%) is observed for the manufac-
turer’s responsibility for waste management of devices in its post-consumption phase
(F232). The highest decrease in importance (approx. 10%) relates to the demand for critical
resources (F231).

In the last domain (D24) of perspective P2, we also observe considerable changes in the
importance of particular fields (problems). We note that in this domain, the most important
field is new prospects for company development—F242 (increase in importance by 40.5%),
and the least important issue is the creation of new jobs—F241 (decrease in importance
by 36.5%).

The third table (below) contains the initial weights; the expert weights, which represent
the preferences from the perspective of society (P3); and the percentage changes between
the initial weights and the expert weights (Table 6).

Within the third society perspective (P3), the domain of quality of life and environment
(D31) is rated as the most important. It has gained 25.5% in importance. The domain of
demographic consequences is the least important. Its importance has decreased by 32.4%.

Within the first domain (D31), the state of the environment is the most important and
has increased in importance by around 9.2%. The field (problem) of quality and safety of
agricultural products recorded the sharpest decline in importance in this domain at 12%.

Within the second domain (D32), the most important topic (field) is young people’s
interest in running a farm (F321), which is reflected in a 25.2% increase in importance. The
largest decrease in importance (by 24.4%) concerns the demand for low-skilled labor (F323).

In the last, third domain (F33) of the society perspective, the greatest increase
in importance (by 32.5%) was recorded for the development of ecological (organic)
farms (F332). The greatest decrease in importance relates to the agrarian structure of
agriculture—F331 (decrease of 23.4%).
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The highest average change in importance within the perspectives, calculated on the
basis of absolute values of changes in the importance of domains and fields, relates to the
business perspective (P2) and is 23.5%. The average change in preference within the society
perspective (P3) is 17.0%, and the smallest average change was calculated for the farmer’s
perspective—P1 (14.4%).

Of the domains, the highest average change in field preferences relates to profitability
(D21) and is 38.7%, while the second highest change relates to perspectives of business
development (D24) and is 27%; both domains belong to the business’s perspective.

3.2. Impact Assessment of Lunch of Weeding Laser Autonomous Tools (WLAT)
3.2.1. Farmers’ Perspectives on the Impact of the Introduction of WLAT on the Market

The score represents the average impact assessment based on the answers of
five respondents. In this perspective, 11 questions (on 11 fields) were asked, divided
into three domains. The table shows the average score for the impact, the evaluation of
the impact and the rating of the strength of a particular opinion in a particular domain
and field (Table 7).

Table 7. Farmers’ perspective. Impact assessment and evaluation of opinion strength.

Code Domains (D) and Fields (F) Impact Scores Impact Evaluation Rating of Strength

D11 Health and working conditions (average) 4.350 positive normal

D12 Economic consequences (average) 4.375 positive strong

D13 Risk for farm operations (average) 3.517 positive weak

F111 The farmer’s working time 4.200 positive normal

F112 Comfort of work 4.600 very positive normal

F113 Work safety and accidents 4.200 positive normal

F114 Health conditions 4.400 positive normal

F121 Good quality agricultural products that meet
customers’ needs 4.400 positive normal

F122 Farms’ productivity per hectare 4.500 positive weak

F123 Demand on seasonal/temporary workers 5.000 very positive normal

F124 Production costs 3.600 positive strong

F131 Risks related to unexpected functional limitations of
the device 3.750 positive strong

F132 Farmers’ liability for damage to third-party property
caused by the device 3.900 positive normal

F133 Risk of theft or damaging the device 2.900 neutral normal

Source: Authors’ calculation on the base of WeLASER project data.

Table 7 shows that farmers rate the effects of the weeding laser autonomous tools on
economic consequences (D12) and health and working conditions (D11) positively. The
average ratings for these two factors are 4.375 and 4.35, respectively. In terms of risk to
farming operations, farmers rate the impact of WLAT as positive to neutral (3.52), with a
slight bias towards positive (Table 7).

We can see that, from this perspective, respondents were consistently positive about
the impact of the WLAT lunch on the market. Two fields were rated very positively: comfort
of work—F112 (4.6) and demand for seasonal/temporary workers—F123 (5.0), and the
strength of the rating is normal in both cases. Out of 11 fields, 2 were rated as positive and
strong, namely production costs—F124 (3.6) and risks related to unexpected functional
limitations of the device—F131 (3.7). The only field that was rated neutral is the risk of
theft or damage to the device—F133 (2.9).
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Interestingly, farm productivity per hectare (F122), which was rated at 4.5, meaning a
positive to very positive impact, is simultaneously rated as weak in the opinion strength
assessment. This means that the experts expect a strong positive impact of WLAT on this
field, but this seems to be rather unimportant for them.

3.2.2. Business Perspective on Impact of the WLAT Introduction on the Market

In the case of this perspective, the score represents the average impact assessment
based on the answers of five respondents to 12 fields divided into four domains, each
domain comprising 3 fields (Table 8). The experts, from a business perspective, expect the
WLAT to have a positive impact on profitability (score 4.03) and perspectives of business
development (score 3.93). On the other hand, they expect negative effects on business risk
(2.0). The impact of WLAT on the environmental performance of companies is rated as
neutral (score 2.7).

Table 8. Business perspective. Impact assessment and opinion evaluation strength.

Code Domains (D) and Fields (F) Impact Scores Impact Evaluation Rating of Strength

D21 Profitability (average) 4.033 positive normal

D22 Business risks (average) 2.000 negative normal

D23 Environmental performance of companies (average) 2.700 neutral normal

D34 Perspectives of business development (average) 3.933 positive strong

F211 Profits of companies producing the machines 4.700 very positive strong

F212 Profits of agri-food and food processing industry 3.500 neutral weak

F213 Profits of agricultural producers/farmers/
producers groups 3.900 positive normal

F221 Manufacturer’s responsibility for product malfunctions
(complaints, service) 1.800 negative strong

F222 Manufacturer’s responsibility for the damage to the
user or third-party property caused by the device 2.000 negative normal

F223 Manufacturer’s risk for the supply chain interruption
in manufacturing processes 2.200 negative normal

F231 Demand on critical resources 2.400 negative normal

F232 Manufacturer’s responsibility for waste management
of devices in its post-consumption phase 2.800 neutral normal

F233 Production’s pressure on the environment 2.900 neutral normal

F241 Creation of new jobs 3.800 positive weak

F242 New prospects for the company development 4.000 positive strong

F243 Strengthening competencies of organizations,
companies and workers 4.000 positive normal

Source: Authors’ calculation on the base of WeLASER project data.

Analyzing Table 8, we see that from the business point of view (perspective), the only
very positive impact of WLAT is evaluated on the profits of the companies that manufacture
the machines (F211). The opinion for this field was rated as strong, which means that from
a business perspective, the experts firmly believe that WLAT will have a very positive
impact on this field.

All fields of the perspectives of the business development domain (D34) were assessed
as having a positive impact. Of these, only the impact assessment on the new perspec-
tives for the company development (F242), which was rated 4.0, was assessed with great
conviction by the experts.
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The experts in this perspective (P2) are also firmly convinced that WLAT will have a
negative impact on the manufacturer’s responsibility for product malfunctions (complaints,
service); it received a score of 1.8.

3.2.3. Society Perspective on Impact of the WLAT Introduction on the Market

In the case of the societal perspective (P3), the score represents the average impact
score based on the responses of five experts on the impact of WLAT on nine fields, divided
into three domains (Table 9). The experts representing the societal perspective expect
WLAT to have positive impacts on quality of life and the environment (D31), demographic
consequences—D32 (scores of 3.93 and 3.67, respectively), and neutral impacts on the fair
transformation of agriculture—D33 (3.47).

Table 9. Society perspective. Impact assessment and evaluation of opinion strength.

Code Domains (D) and Fields (F) Impact Scores Impact Evaluation Rating of Strength

D31 Quality of life and environment (averages) 3.933 positive strong

D32 Demographic consequences (averages) 3.667 positive weak

D33 Just agriculture transformation (averages) 3.467 neutral normal

F311 Quality and safety of agricultural products 4.000 positive normal

F312 State of the environment 4.800 very positive normal

F313 Affordability of agricultural products for the society 3.000 neutral normal

F321 Young people’s interest in running a farm 3.800 positive strong

F322 Women’s interest in working in agriculture 4.000 positive normal

F323 The demand for low-skilled labor 3.200 neutral weak

F331 The agrarian structure of agriculture 3.200 neutral weak

F332 Development of ecological (organic) farms 4.000 positive strong

F333 Economic diversification of rural areas 3.200 neutral normal

Source: Authors’ calculation on the base of WeLASER project data.

In perspective P3, only the impact of WLAT on the state of the environment (F312) was
rated as very positive (score 4.8). There are no negative ratings from the social perspective.
We also observed a strong opinion from the experts on the positive impact of WLAT
on young people’s interest in running a farm (F321) and the development of ecological
(organic) farms (F332), which were rated 3.8 and 4.0, respectively. It is worth noting that the
experts believe that WLAT will also have a positive impact on women’s interest in working
in agriculture—F322 (score 4.0). Interestingly, according to the experts, the introduction of
WLAT will have a neutral impact on the demand for low-skilled labor—F323 (score 3.2),
and at the same time, the importance of this field is not very high for the experts.

3.3. Changes in Impact Assessment after Applying Experts’ Preferences

In our work, we worked with ordinal data (in the Likert scale) to which numbers were
assigned. Moreover, due to the limited number of fields in a domain, which is three or four,
it is difficult to perform further statistical analysis. We have, therefore, limited our analysis
to average values (Tables 10–12).

Table 10. Farmers’ perspective. New impact assessment based on weighted means.

Code Domains Arithmetic Mean Weighted Mean New Evaluation

D11 Health and working conditions 4.350 4.341 positive

D12 Economic consequences 4.375 4.287 positive

D13 Risk for farm operations 3.517 3.522 positive

P1 Farmers perspective 4.081 4.095 positive

Source: Authors’ calculation on the base of WeLASER project data.
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Table 11. Business perspective. New impact assessment based on weighted means.

Code Domains Arithmetic Mean Weighted Mean New Evaluation

D21 Profitability 4.033 4.231 positive

D22 Business risks 2.000 1.963 negative

D23 Environmental performance of companies 2.700 2.714 neutral

D34 Perspectives of business development 3.933 3.958 positive

P2 Business perspective 3.167 3.413 neutral

Source: Authors’ calculation on the base of WeLASER project data.

Table 12. Society perspective. New impact assessment based on weighted means.

Code Domains Arithmetic Mean Weighted Mean New Evaluation

D31 Quality of life and environment 3.933 3.947 positive

D32 Demographic consequences 3.667 3.715 positive

D33 Just agriculture transformation 3.467 3.553 positive

P3 Society perspective 3.689 3.754 positive

Source: Authors’ calculation on the base of WeLASER project data.

3.3.1. Farmers’ Perspective: New Impact Assessment after Application of Expert Weights

The average score for WLAT’s impact assessment for this perspective based on the
results for domains is 4.08. This means that the impact from the farmer’s perspective is
assessed as positive (Table 10).

In the case of perspective P1, the application of the expert weights does not lead to
any changes in the impact assessment (compare Table 7 with Table 10). However, there are
some changes in the impact scores obtained. The score for health and working conditions
(D11) decreased slightly from 4.350 to 4.341, the score for economic consequences (D12)
also decreased slightly from 4.375 to 4.287 (decrease of 1.8%), while the score for risk for
farm operations (D13) increased from 3.517 to 3.522 (Figure 4).
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The overall score for this perspective, calculated using two levels of expert weights
(field and domain), increased slightly from 4.08 to 4.10 (0.4%).
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3.3.2. Business Perspective: New Impact Assessment after Application of Expert Weights

The average rating of the impact of the WLAT from a business perspective based on
the results for the domains is 3.17. This means that the impact from the business perspective
is rated as neutral (Table 11).

In the case of perspective P2, the application of the expert weights does not lead to any
changes in the impact assessment (compare Table 8 with Table 11). Applying the two levels
of expert weights increases the impact assessment score for the entire business perspective.
The score increased by 0.246, which corresponds to an increase of 7.8% compared to
the baseline.

We can observe changes in the calculated averages (Figure 5). The score for profitability
(D21) increased from 4.033 to 4.231 (about a 5% increase); the score for environmental
performance of companies (D23) and perspectives of business development (D24) also
increased from 2.700 to 2.714 and from 3.933 to 3.958, respectively, while the score for
business risk (D22) decreased from 2.000 to 1.963 (1.8%).
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3.3.3. Society Perspective: New Impact Assessment after Application of Expert Weights

The average score of impact assessment of the laser weed control system for society
perspective (P3) based on results for domains is 3.69. It means that from perspective P3, the
impact is assessed as positive.

The average score of the WLAT impact assessment for the society perspective (P3)
based on the results for the domains is 3.69. This means that the impact from the P3
perspective is assessed as positive.

If we analyze the table above (Table 12), we can see that the weighted averages are
greater than the arithmetic averages in all cases. The inclusion of expert weights in the
evaluation leads to a slight change in the calculated domain impacts. The average change
in score is 0.049, which is 1.4%.

However, this was enough to change the impact evaluation on just agricultural trans-
formation (D33) from neutral to positive. The score increased from 3.467 to 3.553, exceeding
the threshold for a positive rating (Figure 6).

The impact score for perspective P3 in terms of points increased slightly from 3.689 to
3.754, and in terms of impact evaluation, it remained the same (Table 12).

The pairs of bars in the charts representing the arithmetic mean and the weighted
mean differ slightly, illustrating the consistency of the WLAT impact assessments and the
strength of a particular opinion as determined by the experts (Figures 4–6).
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4. Discussion and Conclusions

Precise agricultural tools, if used wisely, can form the core of agricultural sustainabil-
ity. Sustainability in agriculture concerns the impact of production processes, materials,
energy, machinery and services so that they can be made more environmentally friendly,
economically profitable and socially acceptable [49].

Therefore, there is a need to develop more sustainable weed control means. Au-
tonomous vehicles equipped with lasers could be used as a sustainable alternative method.

The results of the S-LCA assessment for a broad implementation of the weed laser
autonomous tools in practice in Europe are overall positive. They are consistent with the
views that demonstrate the benefits of precision agriculture [58,60,76].

The WLAT has specific characteristics related to laser application, including risks,
operational requirements, life cycle characteristics, skills and competencies.

Comparing the results of the evaluation of the broad adoption of WLAT in agriculture
from the three perspectives, the evaluation from the farmer’s perspective is the most
positive. The least positive evaluation was observed from the business perspective.

From the farmers’ perspective, the impacts were rated positively in all areas exam-
ined. Farmers rated the impact of the laser weeding system positively in the categories
of economic impact and health and working conditions. In terms of risk to the farm,
farmers rated the impact of the WLAT as positive to neutral, with a slight bias towards
positive. This shows that the potential risks are manageable depending on the specific
agricultural conditions.

The experts were particularly positive about the impact of WLAT implementation on
the health and safety of farmers’ work and, to a lesser extent, on working comfort. They
believe that the impact on health due to the elimination of chemicals will be very positive.
However, it should be emphasized that the laser used in the technology may pose certain
health risks according to the literature. An important aspect is the replacement of human
labor by a robot, especially that performed by seasonal or temporary workers, so that the
problem of labor shortage can be solved. From a farmer’s perspective, production costs
are likely to have a positive impact. The experts assessed the effects from a long-term
perspective and expected a future decrease in investment costs. It also appears that the
use of WLAT does not increase the risks associated with unexpected functional limita-
tions of agricultural machinery. The risk of theft or damage to the equipment is assessed
as neutral.

From a societal perspective, the laser weed control system is expected to have a
positive impact on the quality of life and the environment. In this section, the evaluation of
the very positive effects of WLAT is assigned to the state of the environment. According to
experts, there will be a significant improvement in environmental conditions in agriculture
and biodiversity in the long term. In addition, experts believe that the introduction of
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innovative weed control technologies will improve the quality and safety of agricultural
products by eliminating chemical residues in agricultural products. The impact on the
affordability of agricultural products for society is seen as neutral.

In the demographic consequences section, a positive impact of the WLAT on young
people’s interest in running a farm and on women’s interest in working in agriculture is
noted. The WLAT will have a neutral effect on the demand for low-skilled workers, i.e.,
it will neither stimulate nor reduce the demand for this type of labor. In view of this, the
changes will not have a significant impact on unemployment.

In the section on the just transformation of agriculture in a societal context, we can
see that the introduction of WLAT to the market can also contribute significantly to the
development of organic farming. The effects on the agricultural structure of farming and
the ecological diversification of rural areas are assessed as neutral. It can be assumed that
the use of this advanced technology will not favor large farms and give them a significant
competitive advantage.

The overall result from the business perspective of the WLAT is considered to have a
generally neutral impact on the market of the four analyzed sections.

From the business perspective, a positive impact of the broad introduction of the
WLAT on the market is expected in the profitability section.

The impact on the profits of the companies manufacturing the machines was
considered to be very strongly positive, and the assessment of this opinion is strong.
On the other hand, the introduction of the laser weed control system is expected to have a
negative impact on business risk, particularly the risk associated with the manufacturer’s
responsibility for product malfunction and responsibility for machine maintenance. It was
also considered that farmers and agricultural producers would potentially benefit from the
introduction of the WLAT.

The technology should bring profits to WLAT producers and have a positive impact
on the economy in general. It is expected that the market launch of the WLAT will create
new jobs and increase the skills of employees in production, service, consultants, consulting
companies, sales and users.

According to experts, the environmental impact of the production phase of the device
could be higher than the production of the mechanical cultivators currently in use, but it is
considered neutral in the overall assessment. In addition, the demand for rare earth metals
will increase. The experts are concerned about the potentially high investment costs of
the device, which is why they point to the need to provide financial support and consider
the introduction of new business models. Waste disposal for manufacturers and pressure
on the environment were assessed as neutral but, at the same time, important factors of
business activities related to WLAT.

The evaluation of the importance of the selected factors by the experts made it possible
to weigh and revise the experts’ assessment of the effects. From the farmers’ point of
view, the most preferred factors influencing the widespread introduction of WLAT are the
economic consequences, the most important of which are the production costs associated
with the introduction of the new technology. According to business experts, the perspective
of business development, with particular emphasis on new prospects for businesses and
development, is the most important factor. The quality of life and the environment are
most valued by society.
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