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Abstract

This article presents a business model of a smart apiculture ecosystem. The domain of apiculture
is considered to have a crucial impact on other branches of agriculture. The aim of the research
is to provide a business model for a specific smart environment. This model is developed
through a structured analysis of existing apiculture solutions, focusing on their technological
components, value propositions, and target user segments. A comparative analysis is conducted
using the Lean Canvas methodology to identify common strengths and shortcomings. Based on
the findings, a new business model is proposed that integrates solar-powered hives, sensor-
based monitoring, and real-time data analytics. The model is designed to support both
professional and hobbyist beekeepers, as well as educational and research institutions,
contributing to the broader adoption of smart agriculture technologies.
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1. Introduction

Meeting the global demand for food supplies is a constant challenge in agriculture and requires
constant improvement in agricultural processes [15]. The introduction of IoT devices and the
creation of smart environments enable us to use technological improvements in otherwise
traditional agricultural processes to optimize the quantity and quality of crop production [4].

The aim of this paper is to provide a wholesome business model for smart apiculture
solutions. To provide a base for a developed business model, existing solutions in the related
field will be analyzed, and conclusions incorporated into business model development.

Among the various branches of agriculture, apiculture holds a uniquely critical role due to
its ecological and economic impact, most notably through the bees pollination, which directly
affects crop productivity and biodiversity [21]. Widespread concerns over increasing bee
mortality and declining colonies have raised alarms about the sustainability of current practices
[10]. These challenges demand innovative, technology-driven solutions to enhance the
monitoring and management of bee colonies. Recent advancements in precision agriculture
have introduced several smart apiculture systems that enable remote tracking of hives and
environmental parameters critical to colony health [16], [20]. Building upon this technological
foundation, this study aims to develop a comprehensive and scalable business model that
supports the integration of such systems into modern apicultural practices.

The following section explains the role of smart devices in agriculture, focusing on the
benefits in apiculture. It provides information about their influence on changes in business
models. Business models of existing apiculture solutions are analyzed to provide background
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for smart apiary business model development. Section 3 presents a developed smart apiary
business model, using Lean Canvas as a suitable approach for innovative ideas and products.
Each segment is covered in detail with subsequent explanations. Lastly, the article draws main
conclusions from both comparative analysis and the developed business model and provides
future steps in research regarding the topic of smart apiculture.

2. Related work

The introduction of smart devices has proven its value across a wide range of domains,
including agriculture, industrial manufacturing, environmental monitoring, and others. These
devices are equipped with advanced sensing, processing, and communication capabilities that
enable the continuous monitoring of numerous critical variables throughout the entire lifecycle
of production processes [12], [17]. The large volume of generated data allows for
implementation of data-driven decision-making models, which can improv precision,
adaptability, and strategic planning [19]. In addition, smart devices often possess actuation
functionalities to respond to changes in real time [9]. This significantly enhances automation,
reduces the need for human intervention, and improves overall operational efficiency.
Furthermore, the interconnected nature of smart devices, typically using Internet of Things
(IoT) architectures, ensures seamless communication and coordination between different
system components [6], [8].

Introduction of precision agriculture through satellite navigation, remote sensing, and data
analytics, enabling more efficient and targeted use of resources. Agriculture 4.0, also known as
smart or digital agriculture, builds upon these foundations by incorporating advanced
technologies such as artificial intelligence, IoT, robotics, and big data [7], [18]. These tools
enable real-time monitoring, automation, and data-driven decision-making, supporting more
sustainable and resilient agricultural systems [11], [13]. As global challenges such as food
security, climate change, and resource scarcity intensify, integrating smart technologies
becomes vital for ensuring future efficiency and sustainability [13], [19]. Agriculture 5.0 is
emerging as the next paradigm shift, aiming to further enhance productivity and sustainability
through hyper-personalized, Al-driven, and connected farming systems [5].

Beyond traditional crops and livestock farming, apiculture is also experiencing a
technological transformation through the adoption of smart agricultural practices. Smart
apiculture, or precision beekeeping, integrates conventional beekeeping methods with modern
technologies such as [oT sensors, artificial intelligence, and data analytics to enable real-time
monitoring of hive conditions, bee behavior, and environmental parameters [4], [16], [24].
These systems allow beekeepers to make timely, informed, data-driven decisions regarding
hive health, nutrition, and disease prevention, ultimately improving colony survival rates and
productivity [2], [20].

Smart agriculture, driven by the adoption of IoT devices, Al-powered analytics, and cloud-
based platforms, is reshaping traditional agricultural business models. Instead of relying solely
on input-output efficiency and ownership of physical assets, farms are increasingly adopting
service-based and platform-driven models [8], [12]. Access to smart technologies is often
provided through subscription schemes, pay-per-use arrangements, or bundled service
contracts, reducing upfront capital investment and increasing scalability [1], [6]. This shift
enables more dynamic and data-driven value propositions, where success is measured not just
by production volume but by optimized input usage, environmental sustainability, and
responsiveness to real-time data [3], [23]. Digital platforms facilitate collaboration between
farmers, technology providers, and data analysts, creating integrated ecosystems where value
is co-created and continuously adjusted. As a result, agricultural enterprises are moving toward
models prioritizing flexibility, automation, and continuous service delivery [8], [22].

2.1. Business models of existing apiculture solutions

A comparative analysis of existing apiculture solutions and their respective business models
was conducted. It focuses on validating the idea and assumptions of the smart apiculture
following the segments of the Lean canvas, as more suitable alternative for early-stage solutions
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compared to the traditional Business Model Canvas [14]. Analyzed solutions vary in technical
scope, scalability, and marketing strategy, but they use similar principles such as modular
design, real-time monitoring, and multi-channel revenue generation.

In order to systematically evaluate the strategic positioning of emerging smart apiary
solutions, a SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis was performed
based on previously conducted business model analysis. The results, outlined in Table 1,
highlight the main internal capabilities and limitations, as well as external factors that could

influence the development and competitive positioning within the market.
Table 1 SWOT Overview of Smart Apiary Competitors

Strengths Weaknesses
Global bee behavior dataset for research and education e High initial R&D and prototyping costs
Modular, standardized, and scalable hardware ¢ Potential onboarding complexity for novice
Solar-powered autonomous monitoring users

Real-time analytics via web and mobile apps
Multi-stream revenue model (hardware, subscriptions,
data services)

Opportunities Threats
e Growing demand for smart agriculture and precision e Rapid technological advancements by
beekeeping solutions competitors
o Rise of urban beekeeping and small-space farming trends | e Low-cost competitors attracting entry-level
¢ Funding opportunities from biodiversity and customers
sustainability initiatives o Challenges with sensor durability and field
o Partnerships with agri-tech platforms for data integration robustness

3. Business model for smart apiculture

Based on the analysis of the business models of existing solutions in the smart apiculture
domain, a smart apiary business model is proposed. A detailed description of each segment of
the Lean canvas is provided below, where each segment is emphasized in bold.

Analysis of existing smart apiary solutions highlighted several challenges (problems),
including the lack of behavioral data on bees under different environmental conditions and
difficulties in detecting early signs of disease, swarming, and excess mortality. Traditional
beekeeping remains labor-intensive and inefficient, while urban environments lack scalable
solutions suitable for hobbyists and non-experts. Our model addresses these problems by
offering real-time insights, early warning capabilities with detailed explanations, and broad
accessibility.

Customer segmentation in the current market is often narrow, targeting either
professionals or small-scale hobbyists. Building on these insights, our model intentionally
spans a broader range, including commercial apiaries, scientific and educational institutions,
and individual users with little or no prior experience. This diverse targeting enables wider
adoption and supports not only production-focused beekeeping but also scientific research and
educational activities.

The unique value proposition of the proposed model lies in its integration of efficient hive
management with the generation of global bee behavior datasets for science and education.
While existing solutions often focus on monitoring alone, we aim to provide a comprehensive
tool for decision-making, sustainability, and research support. This dual focus strengthens both
individual user benefits and the broader scientific community’s understanding of bee ecology.

The proposed solution is based on autonomous smart hives equipped with solar-powered
sensors that monitor sound, temperature, GPS positioning, and others. Real-time analytics can
be accessed through the web and mobile applications. Thus, ensuring easy and continuous
access to viable data. Modularity and standardization provide scalability, while open data
paradigms support researchers and educators.

To maximize market reach, the proposed model combines direct online sales, social media
promotion, and partnerships with universities, NGOs, and environmental initiatives. In
addition, participation in startup accelerators is planned to increase exposure and credibility.

Revenue generation structure ensures sustainability. Income will be generated from
direct hardware sales, subscriptions for analytics services, and additional data services for
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researchers and agri-businesses. Licensing opportunities are also considered to enable scaling
to larger operators and to further diversify the business model.

The cost structure reflects lessons learned from competitors, focusing heavily on research
and development. That includes hardware prototyping, software development, and cloud
infrastructure. In addition to research costs manufacturing, logistics, marketing, and customer
support costs are also examined, those are all essential for maintaining product quality and
expanding market reach.

Key performance indicators are deployment numbers, data quality, user engagement, hive
health improvements, and honey yield per hive. Tracking retention and conversion rates will
provide valuable insights for continuous optimization. Collecting structured customer feedback
will further help refine both the product and the service ecosystem over time.

Finally, an unfair advantage is built around the creation of a global dataset on bee
behavior, combined with scalable, modular hardware that supports open science initiatives.
Unlike many competitors that focus solely on practical functionality, our model supports
collaboration with scientific, educational, and environmental stakeholders. This positioning
creates long-term value not only for individual users but also for the broader community
interested in biodiversity and sustainability.

4. Conclusions

This paper introduces a business model for smart apiculture that aims to address inefficient
practices in traditional beekeeping and hive management, while expanding the availability of
behavioral data on bee colonies. Based on a comparative analysis of existing solutions, a Lean
Canvas model was proposed, featuring solar-powered smart hives, real-time analytics, and
modular hardware tailored for both professionals and hobbyists.

The proposed model offers a scalable and user-friendly solution that facilitates hive
management while contributing to scientific research and environmental sustainability. By
collecting high-resolution behavioral and environmental data, the system enables early
detection of issues such as disease or swarming. Furthermore, the integration of the open data
paradigm allows research institutions and educators to utilize collected insights for long-term
ecological studies and practical training. This dual orientation, supporting individual
beekeepers and the broader scientific community, positions the model as a valuable tool within
the domain of precision agriculture.

Scaling the proposed system introduces new challenges related to interoperability,
standardization, and integration with existing infrastructure. Seamless deployment can be
restricted by sensor variations, data formats, and different connectivity standards. To address
those challenges, the model should prioritize usage of open protocols, modular architecture,
and align with existing industry standards. Also, collaboration with other stakeholders in
standardization initiatives is essential in ensuring long-term compatibility and sustainability.

Future work includes pilot testing of the proposed solution in diverse field conditions, with
an emphasis on system robustness, data accuracy, and user experience. In addition, further
research should focus on integration with broader agri-tech ecosystems, such as pollination
forecasting platforms or precision crop management tools. Long-term efforts will also explore
the potential of smart apiculture in biodiversity monitoring, informing public policy, and
contributing to climate resilience through pollinator protection strategies.
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