
Chapter 2
Smart and Connected Product Business
Models

Sezi Cevik Onar and Alp Ustundag

Abstract A business model describes the value offered by the company. Business
models have a significant impact on the success of the business. Smart and con-
nected products, which connect the physical objects by using sensors and com-
munication technology, change the nature of traditional businesses and business
models. The value propositions, revenue streams, and technologies offered with
these smart and connected products are different from the traditional business
models. In this chapter, we define the key features of smart and connected product
business models and reveal the successful real life cases with this framework.

2.1 Introduction

The fourth industrial revolution is realized by the combination of numerous
physical and digital technologies such as sensors, embedded systems, cloud com-
puting and Internet of Things (IoT). Regardless of the triggering technologies, the
main purpose of industrial transformation is to increase the resource efficiency and
productivity to increase the competitive power of the companies. The transforma-
tion era, which we are living in now, differs from the others in that it not only
provides the change in main business processes but also reveals the concepts of
smart and connected products by presenting service-driven business models.

According to Osterwalder et al. (2005), the business model is a description of the
value a company offers to one or several segments of customers and of the archi-
tecture of the firm and its network of partners for creating, marketing, delivering
this value and relationship capital, and generating profitable and sustainable rev-
enue streams. A successful business model should have four fundamental building
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blocks (1) the customer value proposition that fulfills an important job; (2) the profit
formula that lays out how your company makes money delivering the value
proposition; (3) the key resources that value proposition requires; and (4) the key
processes needed to deliver it (Innosight 2017). In the harsh competition of today’s
business world, only the companies developing the right business models can be
successful. The companies having innovative business models can transform
businesses, create new markets and unlock significant growth.

With the rise of IoT, the growing number of smart and connected products
entered into the market, change industry domains and the structure of competition.
With service-driven business models, they are reshaping industry boundaries and
creating entirely new industries (Porter and Heppelman 2014). Smart, connected
product capabilities can be grouped into four categories (PTC 2017):

• Monitor: Sensors and external data sources enable monitoring of the product’s
condition, operation, and external environment to generate alerts and actionable
intelligence.

• Control: Software built into the product enable control and personalization.
• Optimize: Monitoring and controlling capabilities enable optimization algo-

rithms to enhance product performance and perform remote service and repair.
• Automate: Combination of monitoring, controlling and optimization capabilities

enhanced with software algorithms and business logic allows the product to
perform autonomously.

Smart and connected products having enhanced capabilities allow the radical
change in business models. A shift from a product-based to service-centric business
models has emerged (Porter and Heppelman 2014). This transformation forces the
companies to differentiate their value chain alignment, set new strategic decisions to
cope with competition, redefine the organizational structure and change their
application success factors.

Value propositions, revenue streams, and technologies are the primary deter-
minants of smart and connected product business models. In this chapter, we
propose a business model framework for smart and connected products. In this
framework, the main determinants are classified with relevant cases.

The rest of the chapter is organized as follows: Sect. 2.2 briefly explains the
nature of business models. In Sect. 2.3, the key business model components of
smart and connected products are given. The proposed framework is provided in
Sect. 2.4. Conclusions and further suggestions are given in the last section.

2.2 Business Models

Business modeling is a useful tool that makes current processes in the system less
costly, more efficient and satisfying profit expectation with excellent progress.
Business modeling is determining a company’s priority value about customer
expectation, developing methods by forming foundations about determined priority
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and progress of working on providing continuity to these methods. As many
entrepreneur acts could not have satisfied the expectation of current era, they were
not able to stay alive. Entrepreneurship is meaningful when it fulfills a necessity.
Modeling this need on a particular value provides continuity to a company.
Businesses that do not progress with specific methods and systems have limited life,
as they cannot take work under control in today’s world. According to scientific
researches, there are various business models. However, as each company has
developed its model on its priority, no particular model is applicable for every
company. This project involves information about existing models and progress of
applying existing models. A deep research about models shows that they provide
holistic approaches to businesses and reveal the research needs in details.

In literature, different studies focus on various values. Some authors have sup-
ported the idea of focusing on customer demands, and some supported the idea of
focusing on determination of the company. A business model is a comprehensive
tool to understand the way of doing the business of the firms and to analyze their
performance and competitive strategies through the design of their products or
services offered to the market. Business models also help for a full scanning of a
firm. With a business model, a person can understand a company’s costs to pro-
duce, the value they offered to the market and which strategy they follow to
communicate with the consumers. The business models are the value propositions
that explains how the company meets the customer needs (Kim and Mauborgne
2005). A business model is a system of interdependent activities that enlarge the
boundaries of an organization (Amit and Zott 2001). The companies should realize
customer expectations and they should build up a new business model structure
based on the value created.

Weisbord (1976) defines purpose, structure, relationship, reward, leadership,
helpful mechanisms as the key components of a business model. According to Amit
and Zott (2001), the blue ocean strategies and business models can be classified as
across alternative industries, strategic groups and chain of buyers, complementary
offerings, emotional and functional appeal. The value proposition, value creation,
delivery, and value capture are considered as the key components of a business
model. In the value proposition, the company decides which product/service they
offer to their consumers and which customer segment they have. The last thing to
do in the first part is choosing the way of communicating with the customers. The
company analyzes what they have for these customer segments and how they
implement their business regarding their resources, channels, partners and tech-
nology. After all these processes, in the last part, the company should introduce its
cost structure and determine its revenue streams to defray this spending.

Osterwalder and Pigneur (2010) synthesize the business models in the literature
and develop a comprehensive template for business models. In this model, there are
five key components of a business structure, infrastructure, offering, customers,
finances, and resources. The beginning of building the model should be with
Customer Segments part. Before analyzing their strategy and activities, companies
should define which customer segments, they target. They should make a seg-
mentation of the customers according to their importance and then choose the best
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target group for the following steps. The next step should be valued proposition.
Each firm should focus on value, which affects the customers to improve a new
business strategy. This value should be determined according to the understanding
of the client expectations. After detecting the value proposition, the company
should decide which channels they use to provide these benefits for the customers.
The next step will be customer relationships. In this part, the company should
define their way of communicating with their customer. The company should
decide, whether it be a face-to-face meeting or via calling and so on. After eval-
uating the customer parts, the company should define the revenue streams, which
shows the things, or activities, which will make money. The next stage should be
detecting the key partners. During this business, the company can need to do same
partnerships with other companies or some foundations. Companies should define
these partners. After these parts, the critical part called key activities should be fill
in. Next step is setting action plans to reach this customer segment with supplying
particular value via detected channels to gain the aimed revenue stream. After a
well-designed action plan, the company should control its key resources if it is
enough for the short and long-term plans or not. The last stage is determining cost
structure, which is the total spending of this model.

Successful smart and connected product business models differentiate from the
traditional business models regarding the value propositions, revenue streams, and
the technologies.

2.3 Key Business Model Components of Smart
and Connected Products

Business models are the management tools that facilitate creating, enlarging and
retaining business value. In the recent years, there is a significant interest in smart
and connected business models, especially IoT business models, since they enhance
competitive advantage (Wirtz et al. 2016). There are many challenges of these
business models. For instance, connecting different devices and developing stan-
dards or maintaining information security are some of the challenges of smart and
connected business models (Hognelid and Kalling 2015). Business models are the
tools that help to overcome these difficulties. In this section, the key components of
smart and connected business models are examined.

Guo et al. (2017) evaluate the impact of the business models of an IoT on the
business value. They classified business models as novelty-centered, efficiency-
centered, lock-in centered and complementary. Novelty centered IoT business
models focus on creating new markets, new services or innovations. Efficiency
focused IoT business models try to increase the efficiency of transactions. The
objective of these models is to fasten, simplify, eliminate errors and improve the
transparency of a transaction. Lock-in centered IoT business models try to enlarge
transaction volume and increase customer loyalty by various ways such as
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customizing, improving safety and reliability. Complementary based IoT business
models provide additional goods/services that are more valuable together. Bujari
et al. (2017) reveal the capabilities and limitations IoT technologies. IoT business
models along with some factors such as security and privacy are considered as the
factors that affect IoT usage. Weinberger et al. (2016) claim that IoT enhances
industries and supply chains by shortening optimization cycles, testing processes
and increasing the quality, flexibility, and efficiency. The IoT business models are
classified into six groups namely, remote usage and condition monitoring, object
self-service, digital add-on, digital lock-in, product as a point of sales and physical
freemium.

Dijkman et al. (2015) adopted business canvas model to the IoT business models.
In this study, key partners in IoT models are hardware producers, software devel-
opers, and other suppliers, data integration, launching customers, distributors,
logistics and service partners. The main activities are customer development, product
development, implementation/service, marketing/sales, platform development,
software development, partner management, logistics. Key resources are physical
resources, intellectual property, employee capabilities, financial resources, software,
and relations. Value propositions are newness, performance, customization, getting
the job done, design, brand/status, price, cost reduction, risk mitigation, accessibility,
convenience/usability, comfort, and the possibility for updates. Customer relation-
ship components are personal assistance, dedicated assistance, self-service, auto-
mated service, communities, and co-creation. Channels are sales-force, web sales,
own stores, partner stores, and wholesaler. Customer segments are mass market,
niche market, segmented, diversified and multi-sided platforms. Cost structures are
product development cost, IT cost, personnel cost, hardware/production cost,
logistics cost, marketing, and sales cost. Asset sale, usage, rental, subscription,
licensing, installation and advertising fees are the main revenue streams.

2.4 Proposed Framework

The smart and connected business models can be classified based on value
propositions, revenue stream, and the offered architecture and technologies. Value
proposition categorizes the values created with business models. Revenue stream
shows how the business model creates income and the used technologies can be
explained under three layers, namely, the physical layer, connectivity layer, and
digital layer. Combinations of these futures create benefits for the customers.

2.4.1 Value Proposition

The smart and connected product technologies significantly transform the core
business models. They not only provide cost reductions but also create new revenue
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streams. These business models offer four primary values. In this chapter, the value
propositions of smart and connected product businesses are classified based on Guo
et al.’s (2017) classification as follows:

• Novelty

Novelty refers to the new market, new services and innovation. IoT applications
enable firms creating new markets, new services, and innovations. Not only the IoT
solutions that enable creating new business models but also the IoT Platforms
themselves can be considered as novel business models.

Watson IoT Platform enables manufacturers to develop personalized adaptive
robots. Similarly, Libelium provides an IoT Platform that allows connecting various
devices located at different locations and gather data from these devices. Cities,
agriculture systems or water resources can be managed by using Libelium platform.
Microsoft IoT Platform provides a range of solutions to connect, analyze and
optimize the usage of industrial equipment and devices in the factories. This
platform can significantly enhance the workplace safety.

AT&T Connected car turns the vehicle into a Wi-Fi hotspot. Keeps the car
connected to a network even during the trip. Users can do video streaming, web
browsing, and Internet radio via Car’s network.

• Efficiency

The smart and connected product business models that bring efficiency make the
transaction faster, simple, transparent and eliminate errors. The primary goal of
smart and connected product applications can be increasing the efficiency of
transactions. The efficiency can be improved by making the transaction faster,
simple or increasing its dependability and transparency. Increasing efficiency
usually the first step of implementing embedded systems. Therefore, efficiency is
the most common benefit sought in IoT businesses.

For instance, IoT embedded vibration sensors developed by Intel can track the
vibration in bridges and provide reliable data for maintenance planning which may
increase the reliability of constructions. Nest Thermostat developed by Nest Labs
tracks user behaviors and decreases heating and cooling costs by adjusting the
desired room temperature before the owner arrives at home. It also connects with
the energy companies and enables these companies to optimize their production
levels based on the consumption information.

• Lock-in

Smart and connected product applications allow firms to enlarge transaction
volume for existing customers and increase customer loyalty. They can provide
affiliate programs or virtual communities. These applications can enhance cus-
tomization, repeat usage, customer retention, reliability, and transaction safety.

Amazon Dash Button is a Wi-Fi connected device that reorders product with the
press of a button (https://www.amazon.com/Dash-Buttons). These dash buttons are
paired with pre-selected products. Pushing the button is enough for a reorder. This
smart and connected product enables repeat usage of the pre-selected items.

30 S. Cevik Onar and A. Ustundag

https://www.amazon.com/Dash-Buttons


Sentrian (Platform) is a remote patient monitoring platform analyzes bio-sensor
data and sends patient-specific alerts to clinicians and learn from their feedbacks.

• Complementary

Complementary based IoT business models provide additional goods/services
that are more valuable together. Cross selling and effective bundling are available
with these business models.

Amazon Dash Replenishment Service enables automatic reordering for products
such as laundry detergent for washing machines or ink cartridges for printers. These
embedded replenishment services give automatic orders before the last load. It uses
the Amazon’s customer service systems such as payment systems and authentication.

Similarly, Moov is a fitness wearable with an artificial intelligent based personal
coach.

2.4.2 IoT Value Creation Layers and Technologies

The IoT is a widely used term for a set of technologies, systems, and design
principles associated with the emerging wave of Internet-connected things that are
based on the physical environment (Holler et al. 2014). An IoT architecture consists
of three main layers which can be called as physical, connectivity and digital layers
(Andre 2015). In this section, Streetline Smart Parking Soluiton will be used as an
example to explain how the value creation layers are formed. Streetline is a smart
parking company using IoT technologies which help to solve parking issues by
delivering smart data and advanced analytics to its customers (Streetline 2017).

• Physical Layer

At the physical layer, sensors and micro-controllers work together to provide one
of the most important aspects of the Internet of Things (IoT): Detecting changes in
an object or the environment, allowing for capture of relevant data for real-time or
post-processing. Sensors are used for detection of physical changes including
temperature, light, pressure, sound, and motion. They are also used for detection of
the logical relationship of one object to another(s) and the environment including
the presence/absence of an electronically traceable entity, location or activity
(Research and Markets Report 2016). Actuators are other critical devices at the
physical layer which are used to effect a change in the environment such as the
temperature controller of an air conditioner.

As an example in Streetline Smart Parking Solution at the physical layer,
ultra-low power sensors detect the status of parking spaces and communicate
through a wireless mesh network. The mesh network is built using a series of
unobtrusive and easily installed repeaters, placed on locations like streetlights and
telephone poles, to form a canopy above the targeted area. Meter Monitors can be
installed in legacy single-space meters to detect payment and wirelessly integrate
the meter into the network (Streetline and IBM White Paper).
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• Connectivity Layer

The connectivity layer is responsible for connecting to other smart things, net-
work devices, and servers. Its features are also used for transmitting and processing
sensor data (Sethi and Sarangi 2017). IoT devices connect and communicate using
various technical communication models and technologies such as IP networks,
3G/4G, Bluetooth, Z-Wave, WiFi ZigBee, RFID or NFC (Internet Society IoT
Report 2015).

• The device-to-device communication model represents two or more devices that
directly connect and communicate between one another, rather than through an
intermediary application server.

• In a device-to-cloud communication model, the IoT device connects directly to
an Internet cloud service like an application service provider to exchange data
and control message traffic.

• In the device-to-gateway model, or more typically, the
device-to-application-layer gateway (ALG) model, the IoT device connects
through an ALG service as a conduit to reach a cloud service.

• The back-end data-sharing model refers to a communication architecture that
enables users to export and analyze smart object data from a cloud service in
combination with data from other sources.

In Streetline Smart Parking Solution, the sensors are tied into municipality Wi-Fi
networks using a device-to-gateway model at the connectivity layer.

• Digital Layer

Digital layer stores, analyzes and processes huge amounts of data that comes
from the connectivity layer. It can manage and provide a diverse set of services to
the lower layers. It employs many technologies such as databases, cloud computing,
and big data processing modules. It is also responsible for delivering application
specific services to the user. It defines various applications in which the IoT can be
deployed, for example, smart homes, smart cities, and smart health (Sethi and
Sarangi 2017).

In Streetline Smart Parking Solution, at the digital layer, machine-learning
techniques are deployed to merge multiple data sources into an integrated data set
for real-time parking guidance. The data analytics capabilities are used to improve
accuracy and provide a comprehensive city-wide view of parking utilization.
A suite of mobile and web applications enables each key stakeholder in the parking
ecosystem.

Table 2.1 shows the characteristics some smart and connected business model
cases. Both businesses to business (B2B) and business to customers (B2C) business
models are considered in this table.
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2.5 Conclusion and Further Suggestions

This chapter presents research that leads to a framework for smart and connected
product business model. Using an enhanced literature review, we define the main
determinants of a business model and specific types these main determinants.
Subsequently, we classified the smart and connected product cases based on the
main determinants.

In the literature, few studies that focus on smart and connected product business
models. This chapter fulfills this need by defining the key features, value propo-
sitions, revenue streams, and technologies. This chapter can guide future smart and
connected business models.

Although our study yields new and insightful results for smart and connected
product business models, a more comprehensive approach can be applied to see the
different applications in various markets. A qualitative study can be implemented to
show the correlations among the key determinants.
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