152

Smart environments

Outcome Bbased Business Models Influenced
with Internet of Things — in Agriculture

Milo§ Lonéar

Microsoft Azure
Vienna, Austria
milos.loncar@microsoft.com

Dejana Kresovié

Securities Commission
Republic of Serbia
Belgrade, Serbia

Zeljko Bolbotinovié

Tekijanka d.o.o.
Kladovo, Serbia
zeljko@tekijanka.com

dejana.kresovic@sec.gov.rs

Stefan Radojici¢

Faculty of Organisational Sciences
University of Belgrade
Belgrade, Serbia
mscsradojicic@gmail.com

Abstract—Industry 4.0 technologies and overall digitali-
zation have accelerated the adoption of servitization models
in the manufacturing industry such as outcome-based busi-
ness model. While this model is gaining traction in the manu-
facturing space, there is little understanding of its applicabil-
ity in other industries, in particular in agriculture. The aim
and subject of this case study provides the main findings of
the analysis of the feasibility of applying outcome-based busi-
ness model in the agricultural sector, specifically winemak-
ing. Result of the study confirm that the use of outcome-based
business models in agriculture is still in the infant stage be-
cause of the many parameters in this industry that cannot be
controlled. Therefore, the application of outcome-based busi-
ness model in this sector can best take place following several
modifications that are indicated in the paper.

Keywords - Outcome-based business model, Internet of
Things, market maturity, technical readiness, agriculture.

[. INTRODUCTION

The focus of this research is the applicability of out-
come-based business model (OBBM) in the agricultural
sector. The agriculture sector is still in the early phases of
its digital transformation [1]. Consequently, this is a sec-
tor that is yet to explore the full potential of the OBBMs.
One of the key obstacles for more rapid digital transforma-
tion of agriculture are the up-front costs of the hardware
and software required for establishmentment of the so-
called smart farming practices [2,3]. To that end, OBBM
might be a good choice for accelerating the introduction
of data-based practices in the agriculture sector as service
providers would offset the up-front costs in exchange for
potentially higher earnings through revenue sharing with
farmers. However, several issues have to be addressed be-
fore such business models are applied in the agriculture
sector. These issues include the impact of climate variabil-
ity on the yield, quality of the crops, the required energy
resources such as water and energy used for irrigation, and
the ability to continuously monitor all relevant operations
in the field and act promptly on deviations.

Previous research has shown results on the use of
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OBBM in the manufacturing industry, however, there is a
lack of research on the use of OBBM outside of the man-
ufacturing industry, specifically the agricultural industry.
The overall research goal of this study was to understand
the applicability of outcome-based business contracts in
agriculture. The main research objectives of this study is to
indicate a set of recommendations related to the modifica-
tion and customization of OBBSs from the manufacturing
industry for the agricultural sector.

At the very beginning of the paper, the business model
of OBBM and the basis of its foundation are presented.
After that, within the same chapter, the readiness of the
market to accept an innovative and new business process,
as well as the application of technology and the develop-
ment of digitization in the agricultural sector, was shown.
In the fourth chapter, the subject, sample and objective of
the case study are presented. In addition, research methods
and models of the use of OBBM in the agricultural sector
are presented. In the fifth chapter, the results of research on
the use of OBBM in the specific case of digital transforma-
tion in the vineyard sector are presented. In the sixth chap-
ter, the interpretation of the obtained results, as well as the
limitations and shortcomings of this research, is presented.
In the last part, the results of the case study, implications
and a proposal for future research are presented in order
to reduce the barriers to the adoption of technology by the
agricultural sector.

II. THE OBBM AND DIGITALIZATION OF AGRI-
CULTURE

A. The OBBM and its Values

Introduction of OBBM largely relies on using digital
solutions in conjunction with the physical products which
are the main offer of the vendor to ensure that these phys-
ical products are used in line with the agreements. Hence,
the application of Industry 4.0 technologies such as IoT,
Artificial Intelligence (Al), serverless computing, edge
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and cloud computing are crucial for implementation of
outcome-based business models. Application of OBBM
can occur in all business operations, production processes
and services where data collection, data analysis, data op-
timization, and data-based decision-making can be used to
control the conditions relevant for achievement of desired
outcomes.

Values likely to be created due to the use of OBBM
include growth, efficiency, and effectiveness [4]. The main
goal of this business model is to identify mutually agreed
value propositions that will define the value or business
opportunities to create and ways of distributing the value
between customers and providers. Providers will assume
greater responsibility by providing guaranteed enhanced
performance of the products and services.

There are three value drivers identified for value cre-
ation transformation in OBBMs [5]. These value drivers
are information transformation, behavior transformation
and material transformation. This study emphasizes that
for a successful business contract based on an outcome, it
is vital to have a value-driven alignment of people, infor-
mation, and material. Additionally, there must be a perfect
alignment of information and behavior among the custom-
er and vendors for a contract to succeed. Otherwise, there
will be no value creation nor distribution according to the
established business plan.

OBBM is based on a digital servitization system that
establishes a multi-dimensional collaboration between
various types of business models that exist in a value sys-
tem. These diverse business models are operated by raw
material suppliers to final customers. Digitalization helps
to create a collaboration among these business entities to
produce an optimal outcome to end customers [6]. Over-
all digital servitization makes value creation and value
capture more effective and efficient. Businesses can now
achieve a more preventive and proactive approach toward
their maintenance processes with the help of the digitiza-
tion of business processes and activities [7].

B. Market Readiness for OBBM

The market acceptability of any innovative and new
business model depends on its ease of implementation and
adaptiveness. As OBBMs largely depend on the digitaliza-
tion processes, the successful implementation of techno-
logical applications is a crucial factor to make the OBBM
market-ready. Another element to making the OBBM
more adaptive to the market acceptability is to understand
the market needs and to perfectly align the model to cus-
tomers' needs. However, it is difficult to determine the ex-
act needs of customers [7,8]. Expected value creation for
the customer may not be achieved or might be degraded
for a lack of understanding of customer pain points and
deficient processes by the service provider. Ganguly and
Euchner (2018) argue that business firms have to evaluate
new business model opportunities more carefully accord-
ing to the needs of customers and then sign a deal with

digital business solutions. Market acceptability and readi-
ness to adopt OBBM largely depends on the effectiveness
of solutions provided by the providers to its customers.
Providers can consider a robust financial formula to en-
sure correct profit distribution. As miscalculations or no
calculations can lead to a business failure and ultimately to
market failure as well.

Financial clarity and understanding are also crucial for
the digitalization of businesses to become market-ready.
This is because revenue streams are not fully linked and
proportional to the cost structures as in the traditional busi-
ness model [9]. Further, it is common for new entrants to
established markets to readily adopt OBBM than incum-
bent players who are afraid of losing control of the whole
value creation process. Those incumbent companies prefer
owning assets and investing in equipment rather than pay-
ing for outcomes that OBBM offer.

Market acceptability of OBBM models depends on
the removal of the challenges of adoption before effective
and seamless implementation into business activities. This
means that businesses need to understand every change in-
troduced by OBBM and its core digitalization processes
for successful implementation of the service model and
increase its acceptance by the market. Commonly, a huge
digital change brings radical changes to the core business
activities and core business values like value creation, val-
ue delivery, and value capture [6]. For instance, digitaliza-
tion enables the manufacturing firms to use new kinds of
capabilities like data analysis and software management to
create value according to the customer's operational needs.
These new capabilities are critical to the survival of new
OBBMs and their ability to deliver the value created [10].

However, many companies do not have clear processes
and have to face inertia or resistance from within the or-
ganization when they try to develop digital solutions for
business processes beyond mechanical equipment [11].
Hence, it is foremost and vital to eliminate this inner or-
ganizational resistance to the adoption of digitalized busi-
ness processes and therefore ultimate adoption of OBBM.
From a technical perspective, companies need to develop
smart products that are capable of being remotely mon-
itored and controlled and for this task previous machine
producers need to become software development compa-
nies as well or have very tight relationships with some of
the IT companies that could help them in this journey. As
noted by [6] data scientists are becoming a very impor-
tant asset to any company that is looking into changing its
business models toward more digital ones such as OBBM.

C. Digitalization of agriculture

In the agriculture sector, management of irrigation, fer-
tilizer utilization and overall nutritional status management
are crucial. Agriculture needs variable rate application of
inputs according to variable changes in climate, soil, and
moisture for different agricultural products at different ge-
ographical locations. IoT technologies based on sensors
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have high usage in collecting data from agricultural fields
[12]. The proper use of collected data from the farms is
necessary to arrive at the right decision at the right time.
IoT technologies are useful in highlighting the usage of
soil and topography monitoring with proximal sensors to
map useful data regarding soil moisture level, soil temper-
ature, bulk density, and soil matrix [12,13]. Climate mon-
itoring is majorly done by weather stations or rain gauges
in new world vineyards.

The study conducted by Balafoutis et al. (2017) finds
that the site-specific applications of technologies can help
with achieving these objectives and emphasize that ex-
cessive nutrient and water supply can damage the health
of the soil, and agriculture products as well as loss to the
farmers with excessive cost and low-quality output. An ex-
ample of digitalization of agriculture is the use of Precision
Viticulture (PV) techniques. These are techniques that fa-
cilitate data collection and analysis promoting data-based
decision-making [14]. PV covers the overall agricultural
management activities from the operation of machinery to
optimum use of inputs like fuel, fertilizer, water, and pes-
ticides, as well as an assessment of the quality of output
[12]. These techniques help in producing maximum yield
with high-quality produce and low cost for inputs. This
study shows the marked difference in quality and quantity
parameters due to PV adoption in two different vineyards
from the traditional agricultural methods.

In further reviewing the role of digitalization in agri-
culture, sensors can give detailed information about the
soil features in variable fields [13]. By testing soil pa-
rameters at several points and with the use of advanced
techniques for interpolating we can come to quite precise
information for any spot that is of interest in the huge ag-
ricultural fields. This paper suggests the application of dif-
ferential management techniques to reduce the variability
in different fields.

Further, the Internet of Food (IOF) 2020, H2020 DEM-
ETER and Atlas provide insight into the digitalization
of agriculture [15]. These projects explored and validate
various [oT and data analysis components and solutions
to demonstrate the key role of digital technologies in trans-
formation of European agriculture [15]. Through a num-
ber of usage scenarios and pilots (potato production pro-
cessing, pig health tracking; poultry chain management,
intelligent fruit logistics, irrigation and fertilization man-
agement, grazing cow monitoring, etc.) the projects have
demonstrated digitalization of agriculture is both possible
and required. At the same time, it was shown that there
are still a number of challenges that have to be overcome,
of which the costs of introducing digital solutions ranks
very high. This was shown by the DEMETER’s farmers
survey which indicated the barriers to smart farming tech-
nology adoption. Besides cost, other points of concern for
adopting digital technology for farming include the lack of
resources and data privacy [15].

An additional technology that can be helpful for the
outcome-based agriculture produce is robotic technology

which is most useful in agricultural farms where the level
of mechanization is very high. Robotic pruning and cano-
py management can save huge labor costs and efforts and
hence results in more profit for the producers [16]. Anal-
ysis of field variables can be used by the technology de-
velopers to focus on particular field tasks and develop and
apply the appropriate technology accordingly [16]. Unfor-
tunately, the H2020 project such as AgRobofood is coming
to an end.

[II. METHODOLOGY

A. Research Question

The research question addressed in this study is the fol-
lowing:

= RQI1: What are the applications of OBBM in the agri-
cultural sector?

B. Research Method

This was a qualitative research study. This is a research
method that facilitates the study of a phenomena and is es-
pecially useful in addressing questions regarding the why
of something [17]. The study entailed exploring the phe-
nomena of OBBM application in the agricultural industry
following its success in the manufacturing industry. Thus,
this encompassed conducting some comprehensive assess-
ments of the use of this model. By using the qualitative
research method this study provided insight into the expe-
rience of applying OBBM in the manufacturing industry
and then agriculture.

C. Research Process

The research process of this study involved the follow-
ing key steps: pre-study, literature review, and case studies.
The pre-study was an initial step of this paper conducted to
identify the research gap [18]. This research gap refers to
the lack of research on the use of OBBM beyond the manu-
facturing industry. The second step of the research process
involved conducting a review of the literature. This was
done to identify the findings of previous studies on OBBM
application. The final step in the research process involved
the description of the case studies. The case studies illus-
trated a newer application area in the agricultural sector.

D. The sample used in Case Studie

The following case study weas used to achieve the re-
search objective:

= A group of vineyards located in Montenegro running
digital transformation pilots.

The vineyards case study leverages IoT and Machine
Learning (ML) technologies to improve farming opera-
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tions. Thus, this case provides a very good example of the
digital infrastructure that can be expected in vineyards and
of the monitored parameters as the important factors in set-
ting up OBBM based collaboration.

IV. RESULTS

A. Results of Case Study: Smart vineyards case-Agri-
cultural industry

The vineyard use case is analyzed based on a deploy-
ment of a vineyard management digital solution in Monte-
negro (see Figure 1).

The deployment includes devices with a set of sensors
for monitoring environmental parameters:

B air temperature,

= relative air humidity,

® rainfall,

= Jeaf wetness,

= radiation,

= wind speed,

® soil moisture, soil temperature and soil electro-conduc-
tivity (EC), and

® the number of insects caught in pheromone traps

The expectation was that the use of this digital tech-
nology will result in better prediction of grape discases,
reduced use of pesticides, reduced workload for people
working in the vineyard, and eventually improved grape
quality and increased yield.

Figure 1. Map showing the vineyard

The monitored area covers 25 ha.

= Represents weather station, 1 in the whole monitored
area.

® Represents smart pheromone trap, 5 per the whole mon-
itored area.

= Represent devices equipped with sensors for monitoring
soil conditions, 6 per the whole monitored area.

Data from all devices is collected via two LoRa gate-

ways and sent to the cloud, where it’s processed, and vis-
ualized. Data about the grapes such as the grape type and
planting date are also stored in the cloud. Based on the
measurements from the vineyard, taking into account the
industry best practices, and vegetation status timely rec-
ommendations are generated by the solution. This system
demonstrates the role of technology in fostering the appli-
cation of OBBM in agriculture. This is because the tech-
nology in the system helps users to establish conditions for
the best outcomes in planting grapes. In the smart vineyard
there is also a weather station. The weather station is used
to collect environmental parameters such as air tempera-
ture, relative air humidity, rainfall, leaf wetness, radiation,
wind speed, wind direction, and active radiation. Based on
these data items and appropriate algorithms/receipts, cal-
culations and recommendations for grape spraying against
different kinds of diseases and insects are done. Further,
notifications on activities to be done are created and sent to
the vineyard keeper, and once he executes them, the result
of the spraying operation is made accessible in the cloud.
Thus, this further illustrates the application of OBBM
through technology that enables grape which helps in pre-
venting disease in the vineyard a significant outcome. This
means that the vineyard keeper can utilize the data attained
from the algorithm and notifications to take up activities
that will prevent disease such as spraying the crops as ear-
lier mentioned.

The smart vineyard can also include the use of a smart
pheromone trap. The trap can be used for monitoring grape
moth activity calculating their number daily. Based on this
information the order for their spraying can be executed.
It is quite easy to install this device, but maintenance is re-
quired depending on the number of grape moths collected
on the plate. Consequently, it will be necessary to change
the plate with glue every few days up to a few weeks.
Additionally, the pheromone sensor requires replacement
every 4-6 weeks. This further fosters OBBM use in the
vineyard because it enhances the chances of an outcome of
crops that are disease free because of the automatic moni-
toring of grape moth.

There are sensors for monitoring soil moisture
(ECH20, Teros 10) deployed at two depths (25 and 50 cm)
covering the main part of the root zone in a smart vineyard.
Sentek sensor measures soil moisture, soil temperature
and EC at 6 depth, each 10 cm. By combining measured
moisture with soil characteristics, grape requirements for
water through the vegetation and forecasted temperature
and precipitation instructions for activities to be undertak-
en are created (when to spray, what type of fungicide to
use). This is essential in fostering an outcome of adequate
moisture of the crops further demonstrating the significant
role of OBBM in agriculture.

Because of the use of digital technology discussed
above, the expectation is there are several parameters ex-
pected to improve. For instance, vineyards should experi-
ence improvement in yield following the implementation
of digital technologies. This increased yield is because of
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the reduction of loss due to disease prevention.

Further, there should be some improvement in energy
costs. Another expectation is the improvement in water
costs. Additionally, the implemented technology will also
reduce pesticide usage. Thus, all these outcomes illustrate
the key benefits of the integration of OBBM in agricul-
ture. The OBBM integration illustrate that there are ways
of monitoring various parameters of interest in agriculture
and viticulture. Therefore, this can serve as the basis for
the introduction of OBBM that can very beneficial to win-
emakers. This is because OBBM can help winemakers to
introduce technology more easily. For instance, OBBM
in the vineyard reduces the cost of introducing and main-
taining sensors and weather station. Additionally, there are
some parameters that are difficult to control in agriculture
such as temperature and precipitation. This explains the
reason it was easier to introduce OBBM in the manufac-
turing industry compared to agriculture. In agriculture the
introduction of OBBM can take place successfully follow-
ing certain modifications.

Further, the implementation of OBBM enabled via dig-
ital technology enhances the agricultural activities in the
vineyards through additional benefits. These benefits in-
clude considerable savings in the use of pesticides. OBBM
also fosters the reduction of the damage caused by diseases
through a process of early recognition of symptoms. All
these serve to increase yield by reducing damage to the
grapes because of disease.

V. DISCUSSION

A. OBBM in Agriculture

The case study on the vineyards demonstrates that
there is the possibility of using OBBMs in agriculture
through the collection of data, but there remain challenges.
This is via the introduction of digital technology that can
to a small extent contribute to better outcomes for the vine-
yards despite the uncontrollable parameters. Implemen-
tation of OBBM will require adding various elements of
technology to the current farm management system. This
includes the application of precision technologies together
with big data analytics. This will be essential in fostering
efficiency in agriculture which will be an outcome of in-
creased profitability. The vineyard case study identified
some examples of precision technology including sensors.
At the same time, the way that farmers will be utilizing
Big Data will significantly contribute to further improv-
ing farming outcomes and the use of OBBM. Therefore,
the implementation of OBBM in agriculture will make the
farming process futuristic by making the focus be on the
outcome. Through OBBM it will be possible to make agri-
culture as per the vineyard case take place in a disease-free
environment. That is, in instances in which there will be
more yields of crops. The case study on the vineyard has
shown that following the use of the right technology then

outcome-based farming can become a norm in agriculture.
While the use of OBBM in agriculture still feels a long
way from emerging as the norm as demonstrated in manu-
facturing it is not impossible to attain.

B. Obstacles and Solutions to OBBM Implementation

However, the implementation of OBBM in the agri-
cultural industry unlike the manufacturing industry is not
an easy process because of challenges related to the appli-
cation of this model. This is because the agricultural in-
dustry entails parameters that are beyond control unlike in
manufacturing. Some of these parameters are climate, the
amount of annual rain, and possible diseases to crops. For
this reason, it becomes difficult to determine the outcomes
that emanated from the use of the intelligent solutions ap-
plied based on the OBBMs. This is significant because the
use of OBBMs in agriculture cannot with certainty illus-
trates the gains.

At the same time, major obstacles also become appar-
ent for the digital technology implementation, and trans-
formation from traditional product-based business mod-
els to OBBM. These challenges are ranging from proper
utilization of digitalization technologies, organizational
changes, changed relationships, and financial measures to
understanding accurate needs and requirements of custom-
ers as well as business opportunities and future risks re-
lated to proper adoption and implementation of advanced
technologies.

The success of OBBMs depends on the effective im-
plementation of advanced technologies and a perfect align-
ment of relationships between people, systems and tech-
nologies. Companies must ensure digital business models
address true customer needs, align with internal strategies,
and maintain a judicious balance between risk and reward.
Companies can decide upon the value proportion, creation
and delivery mechanism in advance before any agreement
is reached between business providers and customers. Oth-
erwise, it often creates friction and disagreement among
customers and service providers later.

Compensation is a huge factor to work upon. Innova-
tive value distribution methods can be explored for pay-
ment. Outcome-based businesses can be compensated
with two methods: payments for availability or payment
for economic performance. In the first method of payment
which is paid for availability, customers pay the suppliers
for the product utilization irrespective of its economic out-
put. The second payment method depends on the econom-
ic results gained by the customers as a result of enhanced
product performance by the suppliers. Payment by eco-
nomic value encouraged suppliers to perform effectively in
more operations and make them more responsible for the
customers' needs. The advancement of technologies has
huge potential to deepen the usability of outcome-based
business models in businesses.
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VI. CONCLUSION

A. Conclusion

This study aimed to understand the scope of the possi-
bility of using OBBM in the agriculture sector following
its successful application in the manufacturing industry. As
a result, the agriculture sector was explored as how it is
responding to the industry 4.0 technologies like IoT, data
analytics, cloud computing and other advanced technol-
ogies as a base to achieve outcome-based business con-
tracts. However, the use of OBBM in agriculture is still
in the infant stage because of the many parameters in this
industry that cannot be controlled. Therefore, the applica-
tion of OBBM in agriculture can best take place following
several modifications to overcome the challenges posed by
the uncontrollable parameters.

B. Implication

The findings of this study were instrumental in demon-
strating the extent of the market maturity and technical
readiness for the adoption of [ocT-OBBM based in agricul-
ture. Based on the analysis of the state of the art and the
agriculture industry case studies, this study shows that it is
possible to use OBBM in agriculture. However, in apply-
ing loT-based OBBM it is essential to carefully review the
scenario. This means that users must carefully review the
conditions under which OBBM can be utilized and validat-
ed to ensure protection for users and businesses.

Collaboration, integration and perfect alignment are re-
quired not only between the service providers but among
the systems, processes, information, management, tech-
nologies, people, and overall internal and external busi-
ness environment. In using digital technology that fosters
better outcomes in agriculture such as the reduced use of
pesticides there should be more collaboration and integra-
tion between service providers and farmers. This includes
creating an agreement for the value proposition, value cre-
ation and value delivery after farmers utilize the technol-
ogy. Thus, this will demonstrate to farmers the benefits of
using OBBM.

Technological deployment is the main factor and
prerequisite that can help in the achievement of these
above-mentioned alignments. Hence, the main hurdles for
technology implementation and adoption can be removed
for smooth and flawless data and information collection,
analysis and usage. Addressing these obstacles includes
constantly monitoring and providing compensation.

C. Future Studies

Implementing OBBMs beyond manufacturing is diffi-
cult as shown by the case of agriculture. This study has
demonstrated that a successful application of OBBMs in
agriculture is challenging as it depends on several factors

which cannot be easily controlled. However, it remains
important to continue research into the potential of using
OBBM in agriculture as a way of lowering barriers for
technology adoption by farmers. This will serve to expand
the literature and reveal additional cases where the use of
OBBM is successful. For instance, there can be additional
research conducted regarding the application of OBBM in
the agriculture sector. This is a sector in which the use of
OBBM remains at an infant stage.
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