
The Internet of Things start-up business model for 
smartization of urban transportation serving Base of the 

Pyramid consumers 
 

Mohammad Jahanbakht 
Department of Industrial, Manufacturing, and Systems Engineering 

The University of Texas at Arlington 
Arlington TX 76019 

Mohammad.Jahanbakht@uta.edu 
 

Mohammad Tondro 
Management of Technology and Entrepreneurship Department 

Allameh Tabataba'i University 
Tehran, Iran 

M_Tondro@atu.ac.ir  
Department of Industrial, Manufacturing, and Systems Engineering 

The University of Texas at Arlington 
Arlington TX 76019 

Mohammad.Tondro@uta.edu  
 

Abstract 
 

The advances in the Internet of Things (IoT) and connected objects in recent years have created a paradigm shift in 
automotive systems, enabling more intelligent, safe, efficient, and comfortable transportation. The majority of the 
added value of these services was attained by consumers in developed countries. The mass-market consumers in 
developing countries, known as the Base of the Pyramid (BoP), were primarily excluded from capturing these added 
values. This study examined startup businesses that provide IoT services to BoP consumers. We conducted a case 
study in Iran, a country that experienced rapid population growth in the last 40 years, yet due to stagnated economic 
growth development, smart transportation systems remained unaffordable to consumers. However, in recent years, 
new IoT startups have emerged in Iran that offer smart transportation solutions. The focus of this study is to understand 
the adaptations made to the business model of these startups. We surveyed 250 individuals related to intelligent 
transportation systems namely from academic startups and incubators, automakers, component makers, services, and 
software solutions. The result of this study helps to provide nuances on business model innovations in the supply-side 
and demand-side of the value chain that enabled offering technology-based solutions to the mass market. 
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1. Introduction 
The advent of the Internet created a revolution in computers and how they were operated. The Internet quickly 
established itself as an excellent platform for resource sharing. Little by little, industries, organizations, and 
universities joined this huge database and they have also added information to this extensive network. Today, the 
Internet is large extensive information infrastructure, the primary purpose of which is to provide information via a 
global network of information infrastructure (Paiola and Gebauer, 2020). The Internet improved with increasing 
efficiency from providing information on the content to services, social media and has finally empowered the Internet 
of Things (IoT) that have made the connection between human and machine possible as shown in “Figure 1: The 
evolution of the Internet from its early stage to the Internet of Things”. The IoT further enabled a new stage of industry 
evolution called Industry 4.0. 
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Figure 1. The evolution of the Internet from its early stage to the Internet of Things 

Considering the significant growth of IoT technology and the importance of the role of the related businesses in the 
smartization of urban transportation in developing countries, this study investigates and analyzes the factors affecting 
the IoT business model in this sector and the role of its components. The primary consumer base of the product offering 
is the mass market in developing countries or what is defined by prior literature as the base of the pyramid (BoP) 
(Landrum, 2007). Although the BoP market renders a great opportunity with at least 4 billion people and is referred 
to as the next frontier market, offering BoP consumers poses unique challenges for firms. With most of the BoP market 
on less than $4 per day, affordability is a prime challenge. Most of the BoP population resides in areas with poor 
accessibility and infrastructure, such as urban slums or fringe cities. A survey of a few successful strategies in BoP 
markets reveals that the traditional business models should drastically be altered and adapted to cater to the demands 
of mass-market consumers, especially when these services are knowledge-based. Yet, technologies such as IoT act as 
an external enabler for firms and open a window of opportunity through which firms leapfrog. Therefore, they are a 
unique opportunity to narrow the gap in reaching out to BoP markets. 
 
2.  Literature Review 
The technological changes have enabled industries to solve problems and priorities of societies and use their capacity 
to create economic value. In developing countries, various challenges hinder the capture of such economic value. 
However, an educated workforce in these economies and business model innovations facilitated the technological 
change to trickle down to specific sectors of the economy and trade. These business model innovations the of allow 
new value-added services, which disrupts the existing business processes and traditional business structures. The 
technological changes, especially in IoT technology, have paved the way for new generation of technology-based 
startups. Prior literature suggests that create and deliver value to customers is their business model (Teece and Linden, 
2017). Research reviews different component of the business model and a widely adopted business model framework 
is offered by Osterwalder as nine building blocks, known as business model canvas (BMC) (Osterwalder et al. 2014). 
 
Indeed, every company has a business model, whether it expresses it or has it in its heart. A business model performs 
two essential functions: value creation and value capture, including value creation and value capture mechanism 
(Chesbrough, 2007; 2010). It has attracted more attention from management researchers interested in explaining the 
performance of companies and their competitive advantage. Some existing business model literature focuses on 
creating value in network markets and shows that organizations create value with their partners (Metallo et al. 2018). 
Hence, business model innovation is often more important than developing a good idea or new technology for a 
company to survive and compete (Chesbrough, 2007). 
 
In recent years, in most service industry companies, technologies such as the Internet of Things (IoT), cloud 
computation, big data, and data analysis have made it possible to innovate their strategies, to implement new business 
models (Paiola and Gebauer, 2020). The Internet revolutionizes process organization by networking robotic and 
automated devices, the development of the Internet and technology creates a continuous network of people, machines, 
and companies. The constant sharing of value-creating processes makes it possible to produce a competitive, fully-
customized product for the buyer (Nagy et al. 2018). The term IoT subsequently evolved and by 2014, it encompassed 
a spectacular variety of sensors and devices, ranging from piezoelectric, solar panels, thermoelectric, and a multitude 
of others (Skilton and Hovsepian, 2017). It should be added that the IoT has created a paradigm shift that enables 
companies to develop value-added services with a network of devices, improving their service business models and 
sustaining a healthier customer relations (Sun et al. 2018). The IoT technology and in a broader context the Industry 
4.0 evolution offers improved infrastructure and systems in which machines can connect through internet platforms 
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in the enterprise and the results of which facilitates new product innovation (Lee, 2019). New technologies, such as 
autonomous driving, IoT, and e-mobility, enable novel services like mobility-on-demand, personalized driving 
experiences, and advanced safety measures (Cohen & Kietzmann, 2014). Additionally, in the last two decades, the 
concept of "smart city" has become widespread in business, government, media, and academic literature, referring to 
the use of various technologies, including ICT (Caragliu et al. 2011). 
 
As the concept of the IoT evolved, faster, more powerful and sophisticated sensors were developed, and technology 
morphed into a personal tool as well as a professional one. Recent reports suggest that the number of IoT-connected 
devices increased from 500 million in 2003 to more than 50 billion in 2020 (Shaw et al. 2021). In parallel, the volume 
of venture capital investment in the IoT sector reached more than $ 25 billion in 2018 (see for instance Capiello, 2018). 
The IoT became a practicable tool to serve operation management and technologies adoption in various sectors 
including the urban transportation management. One of the most important goals of smart urban transportation is to 
meet operative and strategic objectives to provide innovativeness in various areas of urban transportation smartization. 
Smart transportation systems had a broad impact on people’s lives since their scope is to improve transportation safety 
and mobility and to enhance productivity through advanced technologies. (Anagnostopoulos et al. 2006).  
 
The IoT focuses on the aggregation of information and the use of different sources of information. Data can create 
value in a linear value chain and make it possible to create value as a continuous process and cycle. One of the most 
critical ways to absorb this process is to create a discrete but interrelated information value cycle. “Figure 2: The value 
cycle of the Internet of Things” shows the IoT value cycle processes in startups businesses. This accumulated 
information could serve to enhance informed decision making. 
 

 
Figure 2. The value cycle of the Internet of Things 

A key challenge to capture the added value in developing countries is to address unique market challenges to adapt 
the business model towards the Base of the Pyramid (BoP) consumers. The aspects of the BoP customers was first 
laid out by Prahalad’s seminal works (Prahalad and Lieberthal, 1998) and was addressed by several studies that studied 
the BoP market afterwards (e.g. Jahanbakht et al., 2021). The concept of Base of the Pyramid (BoP) refers to the 4.5 
billion people who earn per capita incomes below $8 per day, a the minimum considered necessary to maintain a 
decent life ( Prahalad and Hart, 2002). The BoP indexes in developing countries, as target community includes most 
of the customers studied in this research. This study will investigate how value for the IoT service businesses is created 
for the BoP customers in the smart urban transportation sector. 
 
3. Research Methodology 
IoT technologies are very influential on companies' business models providing related services and products, including 
startups. This research triangulate few in-depth comparative case studies in accordance with prior studies (e.g. 
Calabrese et al. 2021). The case-by-case method allows for a more robust results compared with those relied on a 
single case study, this method allows for cross-analysis of collective case studies.  
Following prior studied on methodological research (Voss et al. 2002), in-depth analysis of the collected data, such as 
interviews with CEOs, elite groups, and finally IoT experts, is the leading supporter in our research. The theoretical 
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sampling approach emphasizes on companies with the most compliance with the research criteria of this study. The 
general framework of the paper is based on the study of the business model canvas (BMC) according to the same 
research background. After reviewing the literature and research background, the experimental research method was 
used to determine the structure of the nine blocks of the BMC. Accordingly, we employed a Sequential Exploratory 
design method in the initial phase of the analysis and further conducted a thematic analysis of the interviews to 
generate insights based on grounded theory (GT) (Clarke and Braun, 2014).  
 
It should be added that startup businesses in the IoT sector are still in a state of ambiguity and have not discovered 
their business model (Blank and Dorf, 2012). Value creation is different for start-ups; the main reason for this is the 
approach of the owners of these businesses, who define value differently. These companies still do not know exactly 
how successful their product is and who their customers are more than how they will create value by offering the 
product to their customers. The main focus of analysis is on the value creation of these startups in that connects to 
their rival private and government organizations and businesses on one side and the consumers and market on the 
other side. There is a strong link between the two sides in creating value for start-up success (Ulaga, 2003) as depicted 
in “Figure 3: Value Creation for Business success”. 
 

 
Figure 3. Value Creation for Business Success  

 
4. Data Collection 
We believe a case study in Iran serves as a suitable palette for this research for two reasons. First, we observe a 
significant surge in IoT technology and the businesses empowered by this technology in recent years in Iran (Babadi, 
et al. 2017). This is partly due to a sufficient supply of educated workforce in ICT and partly due to a sharp increase 
of entrepreneurial activities in the country in the recent years. Second, with a sizeable population and market growth, 
the demand for affordable technology-based solutions is rapidly growing in Iran. However, the average purchasing 
power of consumers in Iran remained less than $6,000 to buy a new car. Therefore, an opportunity emerged in recent 
years to address the demand for affordable IoT based smart transportation solutions for the mass market.  
 
In recent years, Iran experienced rapid population growth, from 37 million in 1979 to over 85 million in 2021, while 
infrastructure growth remained underdeveloped and class contention skyrocketed (Rahiminia et al. 2016). The total 
number of vehicles in Iran soared from around 4 million in 2001 to 37 million in 2021, While there is a significant 
demand for smart and connected transportation services, affordability remained low and average price for a car is 
$6000, and connected and smart vehicles are scarce. However, in recent years, new IoT startups emerged in Iran that 
circumvent smartization of transportation by offering $200-$500 IoT-based parts and services to be installed on 
existing vehicles and enable drivers to capture some values of connectedness. The focus of this study is to understand 
the adaptations made in the business model of these startups.  
 
In this study, the research plan includes various stages, such as examining the characteristics of urban transportation 
systems in Iran and its growing needs for intelligent development and smartization. We studied for knowledge-based 
start-up businesses, which started working within the past three years in this sector. These businesses are increasingly 
offering new IoT based solutions in both business to business (B2B) and business to consumer (B2C) models. We 
first made a list of the related IoT start-ups businesses sourced from a national database on registered science and 
technology startups. All selected start-ups are divided into four sections, include businesses, governmental 
organizations, final consumers, and IoT developers and shortlisted five startups all of which had at least one product 
offering as of 2019. All these companies aim to develop smart urban transportation due to the low-income indicators 
in Iran that most people cannot use up-to-date smart devices and vehicles.  
 
5. Results and Discussion 
We first categorized the startup businesses into four sections based on the research framework as well as the 
characteristics of the studied target population. Although these companies all have the same goal of creating IoT-
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based devices, software, or applications for the smart urban transportation, their customer and product offering scope 
are distinctly different. This classification is illustrated in “Figure 4: Classification of IoT startups based on BoP 
consumers” which includes a two by two matrix, whereby the vertical axis shows corporate versus mass market and 
the horizontal axis shows high versus low diversity of product portfolio. Accordingly, four categories emerge: startups 
that focus on B2B model, startups that focus on B2C model / mass market, startups that focus on hardware 
development (i.e. no final product solution), and finally startups that focus on government customers.  
 

 
 

Figure 4. Classification of IoT startups based on BoP consumers (Top-down axis demonstrates mass market versus 
corporate market and right-left axis identifies low versus high diversification of product offerings) 

 
The BoP consumers render low purchasing power and they valuate solutions for smartization of their urban 
transportation vehicle namely a car or a bus with via IoT products or solutions (Abraham, 2012). In order to cater 
towards the BoP consumer demands, startups focus on improving their IoT product offering through upgrading new 
IoT technologies and customization of their products portfolio. Therefore, having a solid business model becomes a 
key success factor. As previously described, the interview questions of this research are taken from the model of 
Osterwalder (Osterwalder and Pigneur, 2010). We framed the current state of the startups’ business model based on 
the nine blocks within BMC. According to the research method, an oral interview and a questionnaire were taken from 
the companies' CEO and/or key personnel such as technical director, responsible for the intelligent mobility 
businesses. These interviews were conducted in approximately one hour and conducted from 60 in-depth interviews. 
Interview questions from professionals, experts, and key personnel were focused to cover each of the nine blocks of 
BMC, deep dive into value proposition, cover start-ups’ team and organization and finally general questions on 
motivations as to why they chose IoT smart mobility. These four categories are shown in “Figure 5: Interview 
questions sections for the elite group” below. We further obtained screening and demographic questions for each of 
the respondents. 

 
 

Figure 5. Interview questions sections for the elite group 
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Additionally, we conducted a survey among a larger group of various IoT stakeholders encompassing startups, 
established companies, local government, academic professionals.  
 
Based on the research aims, the results indicate that, since 2018, the smart vehicles and smart urban transportation 
emerged as a hot topic in the society and experienced a promising growth within the low-income customers market in 
Iran. According to the results of this research, new innovative IoT devices offered by the local start-up businesses 
successfully created an impression within the target community that they can upgrade their cars for $200-$500 and 
assess the added features as cost effective and valuable that enable them to use smart features for better driving and 
lowering their vehicle costs. The findings of the survey further show that the use of IoT technology in urban 
transportation is quickly expanding. The number of consumers, sales contracts, and collaboration with knowledge-
based businesses sharply grew to more than 300 percent from 2019 to 2020 according to the official published report 
(ISTI, 2021). A considerable portion of this growth was due to the expansion of ridesharing and Internet taxi service. 
 
Results from self-report suggest a that firm’s investment in advertising for the products offered has grown 
exponentially, and by extension, the level of consumer awareness grew and firms reported a favorable and satisfactory. 
On the other hand, end-users who have not traditionally been interested in using technology-based products who are 
referred to as early majority in new technology adoption seemingly show signs of interest and request more familiarity 
with the new devices and products. The results showed that more than 84% of the survey respondent to the online 
questionnaire mentioned the necessity of using IoT platforms for the target population of the BoP. Furthermore, 73 % 
of respondents believe that the government support is essential for IoT start-ups since the technology is at a nascent 
stage in Iran.  
 
Another trend in this market over the last year has been the increase in investment and the entrance of nationally 
credible accelerators to develop new IoT smart transportation-related businesses. Unofficial reports indicate further 
new investment in this market has increased by more than 1,200 % in the first half of 2020 compared with the prior 
year. The top management that we interviewed unanimously believed that their business would experience growth in 
the coming years and planned to invest in human resources development and have made every effort to foster learning 
and promote collaboration with other market participants. The smart transportation innovation ecosystem evolves 
qualitatively and quantitatively, with businesses as a key player in this market. The aggregated results of BMC analysis 
of interviewed firms is presented in “Table 1: The IoT start-up business model (BMC) for smartization of urban 
transport based on BoP target group”.  
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Table 1. The IoT start-up business model (BMC) for smartization of urban transport based on BoP target group 
 

 
 

6. Conclusion 
The study's findings provide empirical evidence to develop a model in innovative mobility businesses that offers value 
to low-income BOP consumers. This study adds to the growing body of research on smart urban transportation by 
focusing on the low-income mass market, a segment that has largely remained unstudied. Analysis of BMC reveals 
significant outcomes and offer solutions, particularly in customer relationship paths, key activities, key resources, and 
value propositions. The proposed business model, for example, states that companies should invest more in new ways 
of communicating with consumers, such as social networks and essential Internet services. One of the most significant 
findings of this study is that our research contributes to business model adaptations in urban transportation for the 
mass market consumers in developing countries. Furthermore, the most important approaches that knowledge-based 
companies operating in the IoT sector should take are to pay special attention to customer relationship processes, value 
propositions, key activities, and key resources. 
 
This research study can play a role in filling the gap of literature related to smart mobility business models as a starting 
point for future research, considering the obtained characteristics and emergence of smart mobilities technologies in 
developing countries. This study also targets a community that has previously received less attention in creating value-
creation strategies for businesses in articles with a technological approach. 
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