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Abstract

One of the most important sources of the world development is energy and Battery
energy storage systems (BESS) have emerged as crucial components in transitioning
from conventional energy systems to more sustainable and environmentally friendly
alternatives. Despite BESS’s importance, the dissemination of knowledge about how
this technology function has not kept pace with its market development. Bridging
this knowledge gap has become imperative, and addressing this challenge, battery
diagnostics emerges as a viable solution. In this way, by investigating alternative sales
channels, specifically the utilization of resellers, the current study aims to enhance the
market penetration strategy for the optimal integration of battery diagnostics software
within specific ecosystems. It was explored both the potential benefits and challenges
associated with this business model resulting on the design of such strategy though
literature investigation combined with market experts interviews. Additionally, it
was evaluated the financial implications by considering the Total Cost of Ownership
(TCO) for electric bus owners, which sector showed a high degree of readiness for such
technological integration. As a result, it was revealed up to 33.24% in TCO reduction
through the implementation of this solution, with maintenance costs playing a pivotal
role on this process reaching up to 19.72% on one of the simulated cases, while the
battery life extension achieved a reduction of up to 15.17% in another case, confirming
the substantial advantages of adopting battery diagnostics technology, reaffirming its

favorable impact.
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Sammanfattning

En av de viktigaste kallorna till varldens utveckling ar energi och BESS har dykt upp
som avgorande komponenter i 6vergangen fran konventionella energisystem till mer
héllbara och miljovéanliga alternativ. Trots BESS betydelse har spridningen av kunskap
om hur denna teknik fungerar inte hangt med i marknadsutvecklingen. Att 6verbrygga
denna kunskapsklyfta har blivit absolut nodvandigt, och for att ta itu med denna
utmaning framstar batteridiagnostik som en héllbar losning. P& detta sitt, genom
att undersoka alternativa forsaljningskanaler, sarskilt utnyttjandet av aterforsiljare,
syftar den aktuella studien till att forbattra marknadspenetrationsstrategin for
optimal integration av batteridiagnostikprogramvara inom specifika ekosystem. Det
undersoktes badde de potentiella fordelarna och utmaningarna forknippade med
denna affarsmodell, vilket resulterade i utformningen av en sadan strategi genom
litteraturundersokningar i kombination med intervjuer med marknadsexperter.
Dessutom utvarderades de ekonomiska konsekvenserna genom att 6verviaga den totala
agandekostnaden (TCO) for elbussigare, vilken sektor visade en hog grad av beredskap
for sddan teknisk integration. Som ett resultat avslojades det upp till 33,14% i TCO-
minskning genom implementeringen av denna 16sning, med underhallskostnader som
spelade en avgorande roll i denna process och nadde upp till 19,72% i ett av de
simulerade fallen, medan batterilivslangden forlingdes uppnéddde en minskning med
upp till 15,17% i ett annat fall, vilket bekraftar de betydande fordelarna med att anvanda
batteridiagnostiksteknik, vilket bekraftar dess positiva effekt.

Nyckelord

Energilagring; Affirsmodell; Batteridiagnostik; Aterforsiljarmodell
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Chapter 1

Introduction

1.1 Background

Over the past few decades, the current energy system has experienced several
challenges, such as the two major oil crises in 1973 and 1978, high volatility in energy
prices, and ever-growing demand for energy [6]. Combined with this, more recently,
the political and economic tensions between Russia and Ukraine [7] and the COVID-19
pandemic [8] have highlighted how fragile the current organization of this system is.
Thus, it becomes imperative to implement measures to mitigate this vulnerability to

ensure that energy supplies are secure, affordable, and sustainable for all [8].

At the same time, the entire world is facing the pressure of mitigating the human impact
on the environment [9]. To address this challenge, many places in the entire globe are
actively searching for alternative energy sources, with lower carbon footprint. Thus, it
can be said that the future development of humanity is closely tied to the actions taken

in the energy sector [10].

In this context, the significance of BESS has grown as it plays a critical role in enabling
the penetration increase of alternative energy sources into the energy systems. For
instance, on the grid side, it facilitates the integration of renewable energy sources like
wind and solar into the power grid. Consequently, a deeper understanding of energy
storage technologies becomes essential [8]. However, usually this is not the scenario
that is found, often there is a lack of knowledge in this domain. Facts such as how each
battery cell chemistry responds differently to specific external and internal conditions

are virtually unknown in the final battery user universe [11].
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As a consequence, usually BESS experience lack of consistent monitorization of its
internal functionality, putting at risk all its activity. Therefore, battery diagnostics
could enter the market as a effective tool to ensure the effective functioning and
longevity of the batteries systems. By monitoring and analyzing internal and external
factors that impact battery performance, this tool can predict potential issues before
they escalate as well as optimize its performance by applying adjustments into the
system. This proactive approach prevents costly downtime and repairs, extends

battery lifespan, and enhances battery quality and safety. [11]

On the whole, this scenario illustrates pretty well the value proposition that such
technology brings into the table, however a fact can not be ignored: it is a new
technology and still little known in the market. For this reason, it is essential to
establish a well-defined strategy for this technology to succeed in such emerging
market [12]. Exploring different business model provides a overview of how a
product or a services can create, deliver and capture value for both customers and
stakeholders as it helps companies identify and prioritize their target market, develop
aligned marketing and sales strategies, as well as understand financial and operational
expectations. Overall, a well-defined business model empowers strategic decision-

making that drives growth and long-term success. [12]

Based on this background, the present work aims to provide valuable insights into
the feasibility of applying a reseller model into the battery diagnostics industry. The
findings of this study target to help the understanding of the demand for battery
diagnostics and identify potential advantages and challenges of the reseller business

model.

1.2 Problem formulation, purpose, and research

questions

The current energy system’s fragility, as evidenced by events like the oil crises and
geopolitical tensions, needs to be mitigated [7]. Simultaneously, the pressing issue
of climate change enhances the need to pursue new energy sources and sustainable
solutions [9]. In this scenario, BESS plays a crucial role in enabling the increase use
of more environmental-friendly technologies [8]. However, the lack of comprehensive

knowledge about energy storage technologies poses challenges and battery diagnostics

2
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can play an essential role in solving this problem. It can ensure the proper functioning
and longevity of this systems by identifying potential issues, optimizing performance,

and improving quality and safety [11].

In this emerging market, defining a clear business model is crucial for success,
as it helps to design strategies for an enhanced market penetration [12]. Based
on this fact, this thesis aims to explore the feasibility of applying a reseller model
on the battery diagnostics industry taking into consideration the SaaS approach.
For that, the battery’s market was explored through extensive market research and
ecosystem evaluation. Additionally, the development of a financial model was target as
complement material for an improved market access, as it aims to show the reduction
on the TCO for the battery owners that would adopt the battery diagnostics solution.
Thus, the study will include market research, business model evaluation and financial

modeling, leading to the following research questions:

« What are the advantages and challenges of the reseller business

model for a battery diagnostics company?

« What are the potential value offered of combining a battery

diagnostics with resellers as a sales channel?

« What are the possible impacts on the TCO for the battery users that
adopt battery diagnostics?

1.3 Case description

The case that will be developed during this study consists of a startup that is looking
for the best strategy to penetrate an emerging market. In this scenario, the company
aimed to explore the feasibility of implementing resellers as a key channel to enhance
its business model strategy. So, market research was conducted to identify the main
factors of utilizing such representatives as well as gather information for a better
understanding of this new market. The plan was to further extend this analysis by
performing a Business model evaluation and understanding the economic advantages
that the final customer would have by implanting battery diagnostics to its BESS. For

that, a SWOT analysis, ecosystem framework and TCO was explored.

Since batteries have a wide range of applicability, such as energy storage and

3
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transportation, which are deeply different, the potential TCO reduction simulation
module was developed based on the market that presented itself as most mature for
the battery diagnostics adoption from the interviews conducted. In this way, the input
data consisted of not only literature review, but also market specialist information.
Thus, the sector analyzed was the public transportation, in which the main actors
involved in the analysis were the battery lifetime and maintenance cost. Three different
standard electric bus were taken into consideration with different battery capacity;
rout operation; and investment demand in Germany. The same module can be easily

adapted to more specific cases of the public transportation sector.

In conclusion, this project aimed to address the growing market of batteries by
leveraging the potential of battery diagnostics. By exploring the feasibility of a reseller
business model and providing valuable insights, the project aims to support the

company’s success in this evolving industry.

1.4 Delimitations

For the market investigation, this project delimited as boundaries the battery
integrators, OEM, O&M, battery owners, as well as successful startups, and influential
multinational companies in the energy market sector. The main reason for this
selection was to understand not only the battery market but also the best strategy for

penetration success.

From the technical perspective, the analysis within this study focused on the main
effects of battery diagnostics on battery system application. By exploring this field,
the main goal was to provide a comprehensive understanding of the effects of applying
battery diagnostics to BESS, resulting in optimized usage and consequence financial

savings to the final consumer.

The time frame delimited on this study is focused on the present but also explores
the impacts on future periods, since the lifetime of the batteries was one of the main
factors studied. This means that discount rates were taken into consideration, but the
effect of currency fluctuations was excluded from the calculations. This scenario was
selected due to the influence that time has on the development of new technologies,

which usually has huge consequences on its financial factor.
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1.5 Outline

Table 1.5.1: Outline of the thesis.

| Chapter

| Content

1.Introduction

This chapter goal is to provide an overview of the research area,
highlighting its significance and interest. It also presents the
research questions that will guide the study.

2.Theoretical
Background

This chapter explores the empirical context of the research
area, providing essential knowledge about the applications and
functionalities of battery diagnostics and the reseller business
module surrounding them.  Additionally, the conceptual
framework that will be used to analyze the empirical data is also
exposed, providing a structured approach to the study.

3.Methodology

This chapter outlines the approach and design of the research,
explaining the chosen methodology. It describes the data
collection process and data analysis techniques employed,
ensuring the study’s replicability and reliability. Also, it offers
insights into the preliminary findings of the study.

4.Results and
Discussion

This chapter presents the results obtained from the study, along
with a comprehensive analysis of the findings. The results are
then interpreted and an in-depth discussion is presented.

5.Conclusion

This chapter presents the most important results and the main
conclusions are exposed. Additionally, some recommendations
for future work on this topic are also made.




Chapter 2

Theoretical Background

2.1 Energy Transition

The world is facing a crucial moment in its fight against climate change. The need
to accelerate decarbonization and meet climate goals has never been more present.
This is leading to a rapid and dynamic transformation in the way humankind live
and work, especially in sectors that were previously reliant on fossil fuels. To support
this transition, not only the energy sources but also the supporting infrastructure and
markets must evolve. On top of that, the recent energy crisis, driven by events such
as the COVID-19 pandemic and the conflict between Russia and Ukraine, has further

highlighted the importance of a resilient and sustainable energy market [13].

2.1.1 Energy Crisis

It is true that energy crises have occurred before, such as the oil shocks of the 1970s,
however, the world economy has never been as interconnected as it is today, amplifying
the impact. For this reason, the record increase in natural gas prices, generated by
the war between Russia and Ukraine, developed into an electricity price peak in many
markets all over the world. Thus, the soaring energy prices have led to a multitude
of negative consequences, such as a sharp rise in inflation, increased poverty rates
among households, decreased factory output, and, in some cases, complete shutdowns.
Economic growth has also been slowed down significantly, with some countries on the

brink of a severe recession. [8]

In this way, this conflict serves as a wake-up call to reorient energy geopolitics

6



CHAPTER 2. THEORETICAL BACKGROUND

by decentralizing the global energy system and accelerating the deployment of
renewables. As such, it is crucial to begin rethinking and redesigning energy strategy

to ensure a more sustainable and secure energy future [14].

Therefore, collaborative endeavors to fight the energy crisis have led to the expansion
of renewable energy sources in the electricity supply mix [15] and consequently the
intensification of the substitution of technologies or processes that used to rely on
fossil fuels [8]. However, the main renewable energy sources developed during the past
years, wind and solar, have a big issue, intermittency. It means that energy production
stops once the sun sets, or the wind stops blowing, making integration with demand
challenging. This fact leads to the need for backup power sources during periods of high
demand, which are typically based on non-renewable sources such as coal and natural

gas, both economically burdensome and environmentally damaging [15].

So, investing in energy storage systems is essential to manage the excess energy
produced during times of high production peaks in order to allow it is use whenever
the peak consumption times arise, avoiding energy loss and waste. Thus, without
such storage systems running alongside green energy systems, excess energy cannot

be harnessed efficiently [16].

2.1.2 The role of BESS

Undoubtedly, this shift toward a cleaner energy supply is intrinsically associated with
energy storage development [17]. Actually, estimates suggest that the global energy
storage market could grow up to 3,046 gigawatts and deploy an annual revenue of $554

Billion by 2035 [1], as can be seen in Figure 2.1.1.
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Global Energy Storage Market Forecast

Total market size, 2019 $59 billion 164 GWh
Total market size, 2035 $554 billion 3,082 GWh
CAGR 15.0% 20.1%

Total energy storage market forecast

Annual revenue (% billions) Capacity demand (GWh)
$600 4,000 -
$450 3,000 4
$300 2,000 -
$150 - 1,000
$0 - 0 -
'15"3 ‘é\,\ "Eil:b "p“f? "»‘;G *'15'9 '15?? "55:’ 16"% 'L‘S& P

.
B Mobility Stationary storage Ml Electronic devices }L.LD(

Figure 2.1.1: Projected annual revenue and capacity demand growth in global energy
storage from 2019 until 2035 [1].

Such prospects are based on the growing role that this technology plays in expanding
electricity as a primary energy source in sectors previously dominated by fossil fuels, as
it can be generated from renewable sources without emitting harmful pollutants [18].
Thus, their significance is expected to grow even further in the future, driven by the

expanding markets for stationary electricity storage and electric vehicles [17].

In the first sector, its main role is to regulate the impact of the increasing demand
on the power grid and handle hourly and seasonal variations in renewable electricity
supply while keeping infrastructures stable and reliable in the face of rising demand.
While, in the mobility sector, which accounts for almost one-six of the global Carbon
dioxide (C'O,) emissions, electric vehicles are the main bet technology to decarbonize
this market [8].

2.2 Battery Energy Storage Systems

In light of the transition towards renewable energy sources and the increasing
electrification of the transportation sector, the demand for batteries, particularly
lithium-ion technology, has witnessed significant growth. Currently, Lithium-ion
batteries (LIBs) dominate both the global grid-connected battery market, capturing
over 90% market share [19], and the Energy Vehicles (EVs) battery market,

monopolizing 63% of the total market value [20].
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2.21 Technological structure of a Battery

On the technical perspective, BESS is composed of battery cells that are assembled into
packs, forming a larger system. Various battery chemistries utilize different materials
and can exhibit varying efficiencies, resulting in low or high environmental impacts
based on their production, usage, and disposal [21]. The conventional approach
to battery design and performance engineering follows a “design, build, and test”

paradigm to meet specific use requirements and specifications [22].

On top of that, its performance is constrained by its deterioration over time caused
by the physical and chemical variations during its operation. This fluctuation affects
the expected battery life, energy storage capacity, and power density, which can lead
to damage, performance loss, or even failure [23, 24]. So, it is crucial to develop
accurate methods for monitoring and modeling techniques in order to fully leverage

their technical and economic potential.

For this reason, Battery Management System (BMS) are developed into this systems
and plays a critical role in maintaining the safe operation of the battery [22]. It actively
measures vital indicators including temperature, voltage, and current, enabling it to
effectively regulate and manage the battery system in strict adherence to established
safety protocols and standards [25]. However, this technology has limitations,
especially evident in the case of lithium-ion batteries, which operate with more

complex chemistries, necessitating more sophisticated controls [22].

The need for such analysis arises from the fact that the electrochemical processes
occurring within batteries exhibit strong nonlinearity, characterized by intricate
dynamics [26]. By limiting the BESS activity motoring to BMS systems, its control
is limited to models based on empirical correlations, which can work well initially, but

they tend to fail with the aging of the cells [22].

This variation is influenced by various factors at both the single-cell and macro-
systems levels, often with interconnected effects. As the system scales up from single
cells to modules and packs, the number of stress factors increases, intensifying their
interactions [26]. At the individual cell level, degradation factors in batteries originate
from thermodynamics and kinetics. These properties are influenced by environmental
conditions such as temperature and pressure, as well as the operating characteristics

like voltage and discharge rate [2, 27, 27, 28].
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When considering battery assemblies with a large number of cells arranged
topologically, additional factors come into play. These include the quality and
variability of individual cells, the presence of internal temperature gradients or
uneven heat distribution, and the imbalance among cells, all of which are critical
considerations for BMS. Other factors to account for are changes in contact resistance

over time and under various conditions due to factors like vibration and corrosion

[29, 30].

A good illustration of the magnitude of the amount of major degradation mechanisms
that can occur in a typical Li-ion cell can be seen on the following Figure 2.2.1
[2]. Nevertheless, most observations are obtained through post-mortem analysis or
characterization techniques, which are either expensive to implement or insufficient
for on demand diagnostics and prognostics [22]. To address this challenge, a new
strategy is required to fill this gap between real-life scenarios and laboratory testing,

which goes beyond the limitations of empirical models.
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Figure 2.2.1: Primary Aging Mechanisms in Li-ion Battery Electrodes (Highlighted in
Blue) [2].

2.2.2 Economical aspects

From the perspective of battery owners, not only technological concerns are raised,
but also the economical aspects, since battery failures not only result in overheating

and short-circuiting, but also pose logistics inconvenience and high replacement or

10



CHAPTER 2. THEORETICAL BACKGROUND

repair costs. This is evident in events like the Tesla and Chevy Volt battery fires
[31]. To prevent such failures and optimize maintenance schedules, advancements
in prognostics and health monitoring of LIBs are crucial. These advancements focus
on detecting faults, making corrections, and predicting the remaining useful life of the

batteries [32].

Efficient monitoring and diagnostics enable early detection of degradation, allowing
for proactive measures to prolong battery lifespan and improve overall performance.
Additionally, degradation modeling provides valuable insights into the behavior of
batteries, enabling effective planning and decision-making for battery substitution or
replacement. This comprehensive approach not only reduces reliance on new battery
production but also enhances the environmental sustainability of battery usage, since

it becomes possible to extend their lifespan by 10 to 50% [33].

By prolonging the use of a battery, owners can postpone the need for replacement or
even avoid purchasing a new system, resulting in substantial cost savings. This fact
holds particular importance as the cost of batteries remains a major barrier to the
widespread adoption of this technology. In certain sectors, the battery cost can account
as one of the most expensive parts of the systems. For instance, it can account for up to
one-third of the total cost of an EVs, and this expense can be even higher if the battery

needs replacement before its expected lifetime [34].

Therefore, the postponement of battery replacement can make the significant financial
impact for owners. This is exemplified by the notable decrease in the price of lithium-
ion batteries over the past three decades. In 2010, lithium-ion battery packs cost over
$1,200 per kilowatt-hour, but there has been an impressive 89% decline in real terms,
with prices reaching $132 per kilowatt-hour in 2021, representing a 6% decrease from

the previous year’s price of $140 per kilowatt-hour [35].

In this way, becomes interesting to find a method that can illustrate the financial
impact of optimizing the battery utilization and longevity on projects during its
lifespan. Thus, the TCO stands out as a tool able to provide an understanding of the true
cost of buying a good or services over its useful life [36]. This tool is specially attractive
on this scenario since its sensitive analysis can provide insights on the financial impact

from factors such as operational cost and maintenance [37].

11



CHAPTER 2. THEORETICAL BACKGROUND

2.3 Battery diagnostics

After deep diving into all this background associated with batteries, it is clear that the
need for a deeper understanding of this technologies is essential and battery diagnosis

emerges as an essential tool to fulfill this gap of information.

2.3.1 Structure and degradation process of a Battery

Understanding the battery aging mechanism and degradation model is pivotal for
estimating battery health and optimizing the current operating conditions, as well
as predicting future performance [38]. For instance, Figure 2.3.1 below is a perfect
example of how an accurate understanding of how batteries work can change the way
they are used. As it can be seen, if treated properly, the battery can have a much higher
capacity retention for a longer period of time. If charged from 75-65% of it is State of
Charge (SOC), the battery’s capacity do not reduce more than 10% after almost 8,500
cycles, while if charged from 100-25%, it is degradation goes much faster and reach
less then 80% after only around 4,500 cycles. In other words, a better battery usage,

can lead to a lifespan increased by up to 30 to 50%, with no substitution is needed

[3].
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Figure 2.3.1: Changes to the Battery usage profile influenced by stress [3].
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In the world of LIBs, the condition and operational effectiveness are primarily
evaluated based on the following performance indicators: State of Health (SOH),
Remaining useful life (RUL), and SOC. The first one is a widely used metric to gauge
the current performance of these power sources. It provides a measure of the battery’s
performance relative to a new battery and it is often considered the primary measure
of a battery’s end-of-life as many believe that once SOH reaches a certain threshold,
the equipment is no longer safe or optimal to use [39]. The common criterion is set at
80% of the residual capacity in relation to the original capacity. This parameter can be
obtained either through the BMS or through direct monitoring and data collection by

specialized devices [40].

Furthermore, predicting the RUL of the battery is essential for online battery
management, used car evaluation, and the assessment of battery residual value, since
it quantifies and forecasts the progressive deterioration of battery performance until
it reaches the failure threshold, indicating either the first occurrence or the initial
arrival time [41]. Standard extrapolation methods are inadequate for accurately
predicting RUL due to the nonlinearity of the battery’s fading characteristics. To
achieve accurate predictions, it is necessary to employ the dominant aging mechanism
and corresponding battery life model for different working conditions and fading

stages [38].

Finally, the third indicator, SOC, quantifies the percentage of remaining energy
(capacity) in a battery before it requires recharging, representing the limit of its useful
cycle. SOC is defined as the ratio between the remaining capacity and the current
maximum available capacity of the battery. This estimation plays a crucial role in
the rational utilization of batteries, preventing damage, extending battery life, and
enhancing the stability of energy storage systems. However, predicting and monitoring
this parameter is also really challenging due to the nonlinear and time-varying nature

of batteries, as well as their involvement in electrochemical reactions. [42]

Based on this background, it can be said that advancing monitoring and modeling
techniques can contribute to the optimization of battery usage, ensuring safety, and
improving its reliability. However, as mentioned before, most of the degradation
monitoring mechanisms lack the flexibility of been able to be applied during the system
usage. As a solution, the analyses can be made by collecting battery field data through

operational signals transmitted by Internet of Things (IoT) or other monitoring means
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to a software specialized on this data analysis [43].

2.4 Business Models

This combination of the software industry and clean technologies has created a
dynamic landscape where effective business models are crucial for the successful
penetration of battery diagnostics into the market [44]. In this context, SaaS emerges
as a compelling business model, particularly attractive to startups and small to medium
enterprises with innovative technologies, specially if combined with resellers as sales

channel.

2.4.1 Software as a Services

SaaS transforms software into a service delivered via the internet, leveraging cloud-
computing infrastructure to simplify technological complexity for the customer. This
approach enables companies to access the market at different steps of the supply
chain, overcoming barriers that new businesses may face when trying to reach the
end-consumer [45]. By offering customizable solutions and easy integration to already
existing solutions, SaaS eliminates infrastructure complexities and maintenance
requirements. This not only enhances accessibility to cutting-edge technology but
also provides companies with the flexibility to adapt and scale their offerings to meet

customer needs more efficiently [46].

2.4.2 Reseller Partnership model

As mentioned above, the access to the final customer is usually a challenge that need
to be overcome, so choosing the right strategy is one of the key points for the success
of a business. To do so, many companies choose to leverage partnership channels as
a strategic approach to expand their market reach and achieve broader penetration
[47]. By forming strategic alliances and partnerships, these companies can tap into
existing networks, capitalize on established customer relationships, and gain access to

new markets [48].

Channel partners encompass a diverse array of business entities, each with their
own unique characteristics and transaction-oriented operations. These partnerships

primarily aim to enhance supply chains and achieve economies of scale. Some common
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examples of channel partners include Value Added Resellers (VAR), resellers, and

distributors [47].

In the context of SaaS companies, the reseller partnership approach stands out and
involves collaborating with a third-party entity that promotes, sells, and distributes the
software to end customers. Acting as intermediaries, resellers leverage their existing
networks and sales channels to expand the market reach of the software provider. They
manage customer relationships, provide support, and earn a portion of the revenue

generated from sales [49].

This partnership benefits both parties, as the software provider gains increased
market penetration and access to new customer segments, while the reseller expands
their product offerings and earns additional and passive revenue streams. Strong
relationships and mutual support are crucial for the success of reseller partnerships in
the SaaS industry [47]. To visualise these integration possibilities and how this strategy
allows the software to enter the market from different directions of the supply chain,

the battery system ecosystem and the SWOT analysis can be explored.

2.4.3 SWOT analysis

Within the business strategy development context, SWOT analysis arises as an
import tool to provide an objective view of the organization’s internal and external
environment. The purpose is to indicate the reasons behind the current outcomes
and guide decision-making in exploring different approaches to achieve the desired

results. To facilitate the analysis, a matrix can be created with the following quadrants

[50]:

Strengths: Explores both tangible and intangible positive attributes that are

internal to the organization and within its control.

Weaknesses: Identify internal factors that might hinder the organization’s

ability to achieve its desired goals and might require improvement.

Opportunities: Focus on external factors that can contribute to the

organization’s growth and development.

Threats: External factors that are beyond the organization’s control and could

potentially jeopardize its mission or operations.
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2.4.4 Ecossystem

The concept of ecosystems has also been incorporated into the framework due to
prior research indicating that battery systems should be viewed as integral parts of a
larger ecosystem when formulating business models [51]. This choice is driven by the
objective of understanding the different entry points within the supply chain where

SaaS with a reseller as a sales channel can be effectively utilized.

It is a tool that helps to perceive the complex integration and connections between
actors in a business setting. Additionally, Ecosystems support on the visualization
of the value proposition that different actors can create together. It is especially
interesting to use this approach when the focus of the analysis is a new technology
because it highlights the effects that it can cause on the stability of the pre-existing

scenarium [52].

Moreover, understating how the connections and collaborations present in an
ecosystem can create more value is a key aspect to the development of new technologies
[53]. Thus, battery diagnostics is presented as the new technology and how this
innovation can integrate the BESS ecosystem is explored. Also it is important to
highlight that the ecosystem is intrinsically connected to the business model, so

changes in one leads to modifications on the other, as a cyclic iterative process

[54].

To capture how and what flourish by the utilization of battery diagnostics combined
with the reseller as a channel to reach the final customer, the framework for analyzes
was developed based on three main values in a business model: value proposition
(What is the value offered to customers); value creation (How is this value created)
and value capture (How is the value captured) [55, 56]. The main actors explored
are dived into five categories: Core Company; Reseller; End Costumer; Society; and
Environment. The two last ones are included in order to include a sustainability

perspective into the study.
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Methodology

3.1 Research design, strategy, purpose and

approach

This section of the thesis aims to outline the planned strategy for conducting the
present project in order to address the research questions. The research design for this
study will incorporate a combination of quantitative and qualitative methodologies,
using a sequential explanatory research strategy. This entails conducting qualitative
research first, followed by quantitative research to further elaborate on the findings

from the qualitative study [57].

The study began with a qualitative research with an exploratory nature, seeking a
deeper understanding of the market [19]. For that hypothesis were formulated in
order to be validated or disproven through market specialists interviews. To analyze
this data, an inductive method was employed, which aids in identifying patterns that
ultimately contribute to drawing conclusions. The primary objective was to construct
a theory based on the gathered data, thereby transitioning from specific observations

to more general insights [47].

The final purpose of this study was the evaluation of the feasibility of applying
resellers to the sales channel in the battery diagnostics industry based on SaaS model.
For a deeper exploration of this model, the frame work was applied into the most
prominent sector from battery diagnostics that was highlighted during the qualitative

research. Due to absence of real data availability regarding real life battery diagnostics
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advantages in such fields, a model was design with literature data [57].

3.2 Research process

The research process encompassed the various components depicted in the

accompanying Figure 3.2.1.

Literature Data Results &

overview collection Discussion

Literature research Gather data Retrieve necessary
information
s m
making
Compile the theoretical Extract information Critically evaluate the
background data

Figure 3.2.1: Thesis research process.

The research approach was inductive, because of this the research process was
streamlined, especially when taking into consideration the research analysis part of the
process. Since the results of the market research findings, business model design and
scenario modeling was dependent on one another, it was developed as consequence
input of the previous step of the project. A more detailed overview of the research

analysis process can be seen in the Figure 3.2.2.
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Results & Discussion

SWOT analysis Simulate module
Compare the different cases Apply framework

Apply outcomes to different Evaluate
markets values proposed

Figure 3.2.2: The comprehensive examination of the research analysis component
within the research process.

3.3 Data collection

The data utilized on the present study was gather from:
1. Market information from the interviews

2. Literature information for the module design

Market study interviews and literature overview

The data collected during the development of this step of the project served a
supportive role in the whole research process and analysis. Developing an effective
strategy for formulating and approaching the questioning process played a crucial role
in enhancing the reliability and validity of the outcomes [57]. Therefore, open-ended
questions were utilized to elicit detailed responses, encouraging participants to provide

comprehensive insights.

In this way, three main sets of open questions were developed to address specific
goals, including technology-related struggles, market developments, business models,
utilization of the reseller strategy, factors influencing business success or failure, and
the demand for battery diagnostics. A detailed list of questions, provided in Appendix
A, served as a guide during the interviews, which allowed for broader discussions and

identification of overlooked issues beyond the initial questionnaire.

The study involved interviewing 22 companies over a period of three months, online,
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with each session lasting approximately 30 minutes, a more detailed description of
the companies interviewed can be found on the Appendix B. Aiming to select valuable
interview participants for this study, a systematic approach was employed. Firstly,
stakeholders from the battery market, including battery producers and users, were
identified and mapped. This step aimed to gain insights into the various perspectives
and strategies employed within the industry. Additionally, successful startups were
included in the selection to understand the strategies they utilized to achieve their

current level of success.

For instance, an interview was conducted with an energy aggregator operating as a
software company. This startup, originally based in Spain, actively seeks expansion
opportunities in new markets, including Sweden. The primary objective of this
interview was to gain an understanding of the strategies employed by this company
to expand its network and establish itself as a SaaS company within this new market
environment. Additional examples of companies that were interviewed include a fleet
management platform provider, a project development firm specializing in large BESS,
and a battery integrator. By adopting this comprehensive approach and selecting
a diverse range of participants, the study aimed to capture valuable insights into
various aspects of the battery market, startup strategies, and potential dynamics with

resellers.

In this way, the companies interviewed can be classified depending on the company

size [58] and energy market presence/influence as pictured in Figure 3.3.1

Market Industry
influencers leaders

High

Company size
(Number of employes)

Exploratory Growth
ventures prospects

Energy Market Presence / Influence High

Figure 3.3.1: Companies interviewed classification.
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Every interview was recorded and transcribed into text files for further analysis using
otter.ai automatic transcription tool. The obtained findings served as the foundation
for conducting a comprehensive business model analysis, combined with the literature
background, which was used mainly to improve and consolidate the understanding
of the results. Subsequently, the focus was placed on investigating the economic
benefits associated with the possible impact on the TCO that the electric bus sector,
which emerged as the most prominent during the interview process, could have by

implementing battery diagnostics on its operations.

Literature information for the module design

As mentioned above, through the analysis of interview results, a particular sector,
namely the electric bus industry, emerged as the most prominent and mature user of
battery technology. This sector became the primary focus for designing the module,
which will be further discussed in the following sections. To facilitate this analysis,
the TCO was employed as a tool to understand the expenses associated with the

procurement of goods or services throughout their useful lifespan [59, 60].

It comprises two key components: Capital expenditure (Capex) and Operational
expenditure (Opex). Capex refers to one-time costs, such as procurement expenses
for EVs. On the other hand, Opex includes recurring costs, such as operational and
maintenance (O&M) expenses and electricity costs [36]. So, the relevant data was
gathered from various sources, including research articles, reports, manufacturers’
websites, and online platforms for vehicle sales and purchases [4, 61, 62, 63, 64, 65].
Additionally, the accuracy of not only the inputs but also the outputs was verified by

consulting experts in the battery sector.

As a result, a sensitive analysis was performed comparing not only different vehicles
but also to what extent the impact that extending battery life and reducing vehicle
maintenance costs would have on the TCO. For this calculations, it was assumed as
standard that all the vehicles would have a projected lifetime of 12 years and a residual
value of 15% at the end of its useful life to align with regular industry practices, as

literature lacked specific data on this matter [66].

The analysis assumed the standard recharging process to take place overnight at the
depot, as it was confirmed during the interviews that most electric buses are overnight

chargers and different charging strategies was not the main focus of the analysis.
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Additionally, no residual value for the charging stations was considered for the analysis
and it was assumed that only one charger would be required per vehicle [4]. All the

standard information regarding the charging stations can be found on the following

table 3.3.1:
Table 3.3.1: Charging Station costs [4].
| Parameters | Value |
Charging station installation € 10,000
Charging station price € 40,000

Moreover, it is crucial to note that certain aspects of the model can vary significantly
depending on the location being evaluated. For instance, parameters such as electricity
price and government grants play an essential role in Battery electric bus (BEB)
projects. To provide a specific focus, Germany was selected for the analysis. In this
context, it was assumed that grants would cover 80% of the additional investment
costs compared to diesel buses and 40% of the full investment costs for the non-public
infrastructure required for operation would be covered by the federal government
[65]. The electricity price was set at €0.28 per kWh, with an annual increase of 1.53%
factored into the calculations [64]. A discount rate of 4% was applied to the financial

analysis [4].

On the battery side, the initial estimated lifespan was set at 6 years [62], which
implies that one battery replacement would be required during the bus’s operational
period. A residual value of 5% was considered for the battery [4]. Additionally, it was
anticipated that there would be a yearly cost reduction of 8% in the battery’s price due

to technological advancements in the field [66].

In terms of the operational aspects, three different buses were taken into consideration,
even though the calculations conducted can be applicable to other similar examples.

Table 3.3.2 shows the basic information from each vehicle.
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Table 3.3.2: Vehicle specifications [5, 4].

Solaris Urbino 12 | Solaris Urbino 18 | Bozankaya Sileo S12
electric electric
City Oberhausen Braunschweig Bremen (Germany)
(Germany) (Germany)
Total distance drive | 93,600 km/year 78,000 km/year 93,600 km/year
Battery 200 kWh/Li-ion | 125 kWh/Li-ion | 230  kWh/Li-ion
Specification (Lithium Iron | (Nickel- (LFP/C)
Phosphate Manganese-Cobalt
(LFP)/graphite (C)) | (NMC)/Lithium-
titanate-
oxide (LTO))
Battery Cost in T € 200,000 € 187,500 € 138,000
Fuel Economy 0.90 kWh/km 1.30 kWh/km 0.88 kWh/km
Vehicle cost (w/o | € 300,000 € 532,000 € 280,000
bat.)

Lastly, in terms of maintenance, two categories were distinguished: annual scheduled

and unscheduled maintenance costs. The first one covers regular, anticipated repairs

and was estimated to be €4,500 / quarter [4]. The second parameter, the unscheduled

maintenance costs, account for unplanned repairs and servicing, estimated at €0.46 /

km [67].
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3.4 Research analysis

The research analysis was divided into three parts: interview findings, business model
evaluation, and module design. The first parts consists of collecting and analysing
data obtained from conducted interviews. The second part focuses on evaluating the
business model using SWOT structure and a conceptual framework. Lastly, the third
part encompasses the development of a module based on the results, assumptions and

findings from the previous two components.

3.4.1 Interview findings

As previously exposed, as start point the data required to be processed. In this
way, it was employed a systematic analysis based on the principles of comparative
case study research [68]. Following this module, the primarily data collected from
the conducted interviews was systematically organized to categorize the information,
facilitation recurring themes and patterns across the answers gathered identification.
A data analysis followed, where comparisons were made, and contrasting elements
were examined to reveal insights into the relationships and causal factors influencing

the research topic.

3.4.2 Business model evaluation

As next step, the business model evaluation was conducted by applying the interview
outcomes in combination with literature review where relevant theory was studied. In
this way, the analysis process involved design a SWOT matrix and the construction
of the ecosystem, which allowed for a deeper understanding of the business strategy
transformation before and after implementing the studied model. Finally, the value-
based framework was applied to the obtained data, providing valuable insights and

conclusions.

3.4.3 Module design

As final part of the present study, the financial advantages of using battery diagnostics
was explorer since results could be used not only to the final battery users, but also
could be given as sales material to the resellers. Conclusionary data was extracted from

the interviews and complementary data needed was gathered from various sources,

24



CHAPTER 3. METHODOLOGY

including research articles, reports, manufacturers’ websites, and online platforms for

vehicle sales and purchases [4, 64, 65, 62, 61, 63].

Based on this, a module was developed using Microsoft Excel, and a sensitivity analysis
was conducted using the Hypothesis t-test tool. The aim was to calculate the TCO
and understand the potential financial impacts of implementing battery diagnostics
on average electric buses in Germany. Two key components were considered: Capex
and Opex. Capex refers to one-time costs, such as initial investments. While, Opex
includes recurring costs, such as operational and maintenance (O&M) expenses and
electricity costs. The literature has explored various TCO methods, and Equation 3.1

was selected to calculate the TCO per kilometer for the chosen battery user segment
[36]:

T7CO  (PC— gf5w)CRF + 5 3,0, (25

@+~ 4"

km AKT

(3.1)

where

Purchase cost of the vehicle (PC)

Residual value of the vehicle at the end of the vehicle’s life (RV)

Capital recovery factor (CRF)

Annual operating cost of the vehicle (OAC)

Annual kilometers travelled (AKT)

Discount factor (r)

lifetime (in years) (N)

Additionally, the capital recovery factor is calculated based on the following Equation

3.2

r(1+r)N

DA R S
ChR (1+r)N -1

(3.2)

To develop this scenario modeling within the system boundaries of the thesis, the

following differentiated parameters for each scenario was explored.
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Table 3.4.1: Variable input data for scenario modeling.

Input data

Description

Line distance (km)

How many kilometers the vehicle drive during a year

Vehicle
cost (w/o bat.) (€)

Investment

The cost of the vehicle without the battery in the beginning
of the studied period

Battery Investment | Two investments were consider into the project’s lifetime:

cost (€) the first at the beginning of the project, and the second when
the battery replacement becomes necessary.

Fuel Economy | It quantifies the energy efficiency of a vehicle, representing

(kW/km) the amount of energy consumed per kilometer traveled by

the vehicle.

The input was calculated in excel in the following way:

RV Charging .
PC BCETL CRF station | * Vehicle | + Battery1 | +| Battery2
AOC = | Electricity Stzheduled Un§cheduled
maintenance maintenance
AKT Days per Total kilometers
year driven driven per day

Figure 3.4.1: Process of calculating the input data for each study case.

Finally, from this results, the sensitive analysis was by applying Hypothesis t-test

varying the following parameters:

Table 3.4.2: Sensitive analysis data for scenario modeling.

| Input data | Description |
Battery lifetime Period in which the battery can effectively function before
its substitution is needed.
Maintenance Economical resources applied to keep the

vehicle operational and in good working conditions during
its lifetime.

Lastly, to ensure the credibility of the module’s results, both the inputs and outputs

were validated by consulting experts in the battery sector and cross-referenced with

information from the literature.
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Results and Discussion

4.1 Interview findings

This section aims to develop the main results achieved from the conducted interviews
to assess the viability of utilizing resellers as a sales channel, focusing on the its
advantages and challenges, as well as exploring the market demand of such technology.
To enhance the clarity of this strategy’s potential for market penetration across various
segments of the supply chain within the battery system ecosystem, it was further
developed a comprehensive SWOT and ecosystem analysis. Additionally, it was
developed a complementary financial model aimed at improving market access. This
model illustrates the reduction in TCO for battery owners who opt for the battery

diagnostics solution, providing a comprehensive view of its economic benefits.

4.1.1 Reseller as a sales channel

Based on extensive market research and the interviews conducted, several consistent
trends emerged regarding the implementation of reseller as a sales channel, many of
which not exclusive to SaaS model. Out of the 22 interviews conducted 12 of them
had as main focus their Business module approach, while the remaining 10 aimed
for insights from the battery market landscape. However, as the interviews were
conducted in an open manner, when favorable, questions related to the other topic

were also explored.
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Advantages of using reseller

The study findings highlighted the substantial impact of adopting resellers as a sales
channel on the company’s business model. By applying the comparative case study
methodology, it was possible to visualize the similarities and differences between the

answers provided by each interview.

Based on this schematic, seven of the interviewed companies emphasized the potential
for achieving economies of scale and venturing into new markets by strategically
partnering with the right reseller. It was heavily justified by the fact that a reseller
can offer access to local market insights, knowledge of relevant legislation, and an
established client base. So, an efficient market penetration strategy can be design

without the need of applying substantial capital investment.

A compelling illustration was provided by a company belonging to the industry leaders
group (Fig. 3.3.1), highlighting the significant impact of strategic partnerships on their
sales process. By teaming up with selected partners, the core company streamlined
its operations, concentrating solely on engaging with these key collaborators. As
a result, they not only saved time but also alleviated the burden of individually
analyzing numerous clients. Once an optimized process was established, it could
be standardized and consistently applied to similar clients, leading to heightened

efficiency and continuous enhancements in the business model.

Moreover, in the case of companies utilizing SaaS and/or Platform-as-a-service (PaaS)
as their business model, around 83% of them expressed a common sentiment: "Why
invest in developing something that another company already excels in and that
is not a core aspect of our business?”. This statement stems from the ease that
these business models bring of integrating complementary solutions into their final
product, combined with the possibility of avoiding financial resources expenses on the
intensive development efforts. Typically, these companies evaluate whether investing
in a new project would yield sufficient economic benefits for their end product. If
not, they recognize that integration with an existing solution is the more favorable

approach.

As the majority of these companies expressed willingness to integrate other software
solutions into their final products, it was showcase a complementary relationship

through partnerships. Such collaborations can also be viewed as strategic moves
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within the market, as they can help dispel misconceptions about competitors and
their offerings. This sentiment was shared by two companies, one from the market
influencers and the other from the exploratory ventures section (Fig. 3.3.1). Both
emphasized that such integrations can be used as valuable market tools, clarifying
misunderstandings and demonstrating that they are not direct competitors with

certain companies, despite what some may assume.

Furthermore, forming partnerships proves to be highly advantageous, especially when
introducing a new product into the market. The comprehensive case study analysis
revealed that teaming up with reputable resellers significantly enhance the product’s
credibility, thereby elevating the company’s position within the industry. These trusted
partnerships can act as potent marketing instruments, attracting a larger customer
base and solidifying the product’s position in the market, particularly when target
clients may not yet recognize their demand for the solution. Thus, if properly selected,
reseller can generate confidence in potential customers, increasing the likelihood of

embracing and adopting the proposed solution.

Finally, the commission-based structure of reseller partnerships emerged as a
compelling aspect during the interviews. This approach not only minimizes constant
costs but also motivates resellers to actively promote and sell the software. The
comparative analysis highlighted that this win-win scenario results on a cost-conscious
sales approach, because it hinders the labor demand for the main company while
motivates the partner to actively promote and sell the software, as their earnings

directly correlate with the revenue generated.

Challenges of using reseller

On the other hand, during the comparative case study research analysis, also several
challenges related to implementing reseller partnerships were identified. These

challenges are particularly prominent in the context of relatively new technology.

One significant obstacle is the need to educate and persuade potential customers
about the value and benefits of investing in new technologies. Startups interviewed,
in particular, emphasized the importance of making a positive first impression and
personally transmitting their unique solution’s value to clients. "Making a positive first
impression is crucial since potential clients may be unfamiliar with the solution” one

of them said. Complementary, It was also stated by another respondent that "No one
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sells better our product them ourselves”. Thus, educating and convincing potential
customers about the value of investing in new solutions proved to be a significant
hurdle, so making a positive first impression and establishing a strong reputation is

essential for the success of the business.

Additionally, six of the interviewed companies expressed concerns about potential
waste of time and resources resulting from partnerships with organizations that do
not align with their objectives. Mismatched reseller networks or involvement in
impractical projects can compromise the time-saving advantage of having a reseller
handling the sales process. Effective lead qualification and ensuring alignment with
the company’s expertise were identified as essential steps to maximize the benefits of

reseller partnerships.

From a technical perspective, five companies with highly technological products, not
necessarily related to the battery field, highlighted the need for a high level of sales
expertise in their sales process. Finding partners with a deep understanding of the
technology became crucial. However, acquiring such specialized skilled labor can
be challenging and may require significant resources investment for training and
certifying new recruits. The non-transferability of these skills further complicates the
partner selection process. In this scenario, one interviewee shared their experience
of developing an academy training program for partners, covering both technological
and service aspects, to address issues with resellers lacking technical know-how.
Nonetheless, they acknowledged that this approach can be time-consuming and

financially demanding for the company.

4.1.2 Battery diagnostics market

To gain insights into the battery diagnostics market and design a suitable strategy, a

more battery market focused analysis was conducted.

Battery integrator

Interviews with battery manufacturers yielded varying responses, offering valuable
perspectives from different players in the industry. Two major enterprises and one
small company were interviewed. Among the larger enterprises, it became evident that
they were less inclined to integrate external battery solutions into their products, since

they expressed interest on developing their own in-house solution.
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On the other hand, the smaller company was more receptive to the idea of partnering,
given their limited budget and resources. Integrating a software solution into
their existing battery management system appeared appealing, as it would enable
them to offer enhanced functionalities without the need for extensive development

efforts.

These observations suggest that the battery diagnostics market is maturing, with
larger companies recognizing the demand and investing in proprietary solutions,
while smaller companies present promising opportunities for partnerships due to their

resource constraints and openness to collaboration.

Battery users from the stationary sector

Moreover, the study also focused into the perspective of Battery users, involving
interviews with seven different companies, four from the stationary sector and three
from the mobility sector (for further details, refer to Appendix B). The participants in
the stationary sector shared that, although their batteries, with an average age of two
years, have not experienced significant issues so far, they are beginning to anticipate

potential future concerns.

For instance, one company expressed their concern regarding the possibility of reduced
warranty cycles on their batteries if they cannot effectively control the operating
temperature range. Operating the batteries outside the recommended temperature
range for extended periods could result in a significant decrease in the guaranteed
number of cycles (from 5000 cycles to 3000 cycles), potentially impacting warranty

claims.

An additional concern aroused from power plant operators. The three companies
interviewed from this sector shared their worries about the future functionality of their
batteries. Their specific concern centers around bidding a certain capacity and the
potential consequences of failing to meet it due to battery aging, which could result in

penalty fees.

As aresult of these analysis, similar conclusions to those found in the battery integrator
market can be drawn. The battery users from the stationary sector indicate a growing
awareness of the necessity of implementing battery diagnostics into their systems,
although a consistent demand is yet to materialize. Hence, despite its potential as

an appealing market for battery diagnostics application, specially given its size and
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structure, its maturity is still in the developmental stages. In this way, meanwhile the
real demand is not a reality, the identification of early adopters emerges as an strategy
to initiate the introduction of battery diagnostics and start the establishment of the

solution’s reputation within this market.

Battery users from the mobility sector

When focusing on the mobility sector, three enterprises were interviewed, consisting
of two large companies and one smaller business. A common speech among all of them
was the acknowledgment that they already face real problems with their batteries. As
an example, the small enterprise, in particular, reported a battery cracking after just
three months of use, while the two larger companies, with only two years of battery

use, already experienced capacity reduction, necessitating replacements.

This fact holds a significant aspect in the current landscape, since unlike in the past,
batteries are the most expensive component of the vehicles, surpassing tires costs.
Consequently, the need for battery replacements can lead to significant financial
concerns and even pose a obstacle to the growth and development of the electric
mobility sector. As a result, they expressed keen interest in extending the lifetime of
their batteries and reducing its maintenance demand. By doing so, they are not only

seeking economic benefits but also working on their sustainability objectives.

Moreover, another shared concern among these battery users was the impact of the
aging of its systems on its operations. For all of them, it was really important to
fulfil promises regarding vehicle performance, similar concern reported by power plant
operators. If a certain vehicle is advertised to run a specific distance, it must meet those
requirements. The seamless operation of their entire business relies on this assurance,
as one of the companies emphasized: ”I want my bus to operate today with the same
capacity as it had yesterday”. Thus, this reliability is crucial for maintaining customer

satisfaction and ensuring consistent service delivery.

Lastly, one of the companies pointed out an interesting fact: leasing fleet companies are
starting to demand a minimum SOH to accept the return of their leased vehicles. This
additional point indicates that the need for monitoring batteries is arising from various
actors across the mobility supply chain. This observation leads to the conclusion that
the integration of battery diagnostics with a reseller as a sales channel holds significant

potential for success in this sector, even though it is more fragmented compared to the
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previously discussed stationary sector.

4.2 Business model evaluation

4.2.1 Analysis SWOT

In this context, to summarize and gain a deeper understanding of the key aspects
associated with implementing resellers for battery diagnostics using the SaaS strategy,
a SWOT analysis was conducted. As a result of the data collected from literature and

interviews, the following matrix was design:

Strengths Weaknesses
Redundant data and services +  Control limitations
Horizontal and vertical scalability *  Resellers dependency
Market expansion * Training and support demand

Convenience for final consumers
Market credibility

Quick time to market

Cost efficiency

Opportunities Threats
Expansion of operations in different markets * New Technology — Final clients unaware of
Strategic collaboration solution’s need
Reseller performance

‘Wrong first impression presentation
Waste of time with the wrong costumers

Figure 4.2.1: Strategic SWOT Analysis: applying resellers for battery diagnostics using
the SaaS strategy.

As it is portrayed, the main strength of applying reseller partnerships is the possibility
of allowing a smoother entry process through several different entry points into the
market. The combination of commission-based reward structure, ease integration
to already existing solutions, and concentrated contact points makes this approach
highly appealing within the context of the case under study. This structure brings
the opportunity of expansion without the need of intensive resource investment, if the

collaboration is strategically successful.

Nevertheless, it is also necessary to acknowledge some possible threats that may affect
the performance of this strategy, which means that the company needs to be prepared
for them. Since it is a new technology that is being taken into consideration, the lack
of knowledge weighs heavily on resellers’ performance, as they will often be the first

ones to put the end-costumer in contact with the proposed solution. Additionally, an
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improper selection of partners could lead to misguided market penetration, resulting

in time and effort wastage.

The challenges of educating customers, demonstrating value, finding qualified
partners, and avoiding mismatches weaken this strategy. By addressing these
challenges head-on, it can be unlocked the benefits of reseller partnerships in this
industry. To ensure that this partnerships are successful, it can be said that it is
crucial to establish a concise set of criteria that potential companies must fulfill to
be part of the reseller program. Additionally, understanding each partner’s position
within the explored ecosystem is essential to mitigate the challenges identified during
the interviews and enhance the prospects for fruitful collaborations. By carefully
classifying and studying potential resellers, the company can proactively avoid many

of the challenges and pave the way for a successful business.

4.2.2 Ecosystem analysis

Based on all the results exposed on the Interview findings section, battery users in the
mobility sector appear to have significantly higher potential for the entry of battery
diagnostics using resellers, as it was reported that they already presented problems
with their batteries, as well as interest in enhancing their batteries sustainability and

economy.

For a better visualisation of the potential of this market, the following figure was design

to show its current and potential growth:
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Global Market for

. Li-ion Mobility Batteries
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78.98¢ 124.88€ 253.4B€ 2030
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SAM !
Market TAM

Figure 4.2.2: Research and Markets electric buses industry growth forecast.

The Total Available Market (TAM) was defined as the overall global Lithium-Ion
battery market [69]. Within this market, the automobile market size, which is the
Serviceable Available Market (SAM), accounts for approximately 32.37% of the total
in 2022 [69]. The expected growth rate for the Automobile Market is projected to be
around 18.9% by 2030 [70]. Finally, the target market represents approximately 65%
of the SAM with a Compound Annual Growth Rate (CAGR) of 26.5% by 2030 [69].
Thus, it can be stated that this market’s potential is substantial, making it attractive

for implementing the current studied business strategy.

In this way, as starting point, for a better understanding of the integration and
connections between the main actors of this market, the ecosystem from Fig. 4.2.3 was
structured, emphasizing the key stakeholders expected to be more suitable for adopting
battery diagnostics through the combination of SaaS with resellers as a sales channel

within the electric buses sector.

By incorporating resellers as a sales channel, the opportunities for the battery
diagnostics software to enter the electric bus supply chain significantly expand,
enhancing the success probability of this technology. One possible reseller could be
the battery integrator, since they are responsible for implementing the BMS into the
system, which is the main source of data for the battery diagnostics. Nevertheless,
as discussed in the previous section, entering this sector may present challenges

due to major battery integrators pursuing in-house battery diagnostics solutions.
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Battery
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h 4
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Figure 4.2.3: Illustration of the Ecosystem Prior to Implementing the Reseller
Channel.

To overcome this, the strategy involves identifying smaller integrators that lack the

necessary resources or inclination to develop such a solution.

Second entry point could be through the Original Equipment Manufacturers (OEM)s.
They are responsible for installing the batteries in EVs, including the battery-car
interface. By doing so, they can effectively demonstrate to their stakeholders the
significance of adopting battery diagnostics on their vehicles. Having access to vital
information about how the battery should be utilized and understanding its lifespan
within warranty conditions becomes crucial for OEMs to confidently market their

products to customers.

Finally, the operators play a dual role in the ecosystem. Not only could they act as end-
customers of the battery diagnostics software, but they can also function as potential
resellers. This is because they engaged in the day-to-day performance of electric
buses, ensuring their efficient functioning and successful integration into the broader
transportation network. By incorporating the battery diagnostics software into their
offerings, they can further enhance their services by providing security, transparency,

and immutability to hold EVs’ owners accountable for proper battery use.

By combining this information, the ecosystem would then be structured according to

the figure below:
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Figure 4.2.4: Illustration of the Ecosystem implementing the reseller channel.

4.2.3 Value proposition, creation and capture

This business model stands out from conventional ones as it allows solutions to be
integrated into various supply chain stages, not just limited to the end-consumer. As
mentioned on the Interview findings section, the main value that the introduction of
resellers brings to the core company is significant cost savings through economies of
scale and a commission-based structure that minimizes constant expenses, while also
saves time through sales process standardization, enabling a focus on core business
activities. Additionally, Collaborating with the right reseller partner can significantly
boost credibility, enhancing product reputation and attracting more customers,
playing a crucial role in the successful introduction of a new technology to the market,

without the necessity of expanding the company’s workforce excessively.

From the the reseller perspective, an important aspect of the value proposition is the
low or no risk that this partnership brings, as there’s no initial investment needed
to develop the solution. Also, as the internal product development could take years,
by acting as a reseller, the company can immediately access the market without the
risk of losing the opportunity window. Additionally, by acting as a mediator in the
ecosystem, resellers can generate recurring revenue in exchange for connecting with

clients. Finally, by integrating this solution into the reseller’s final product adds value
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to their offering.

For the end-customer, having the option to access the solution through other supply
chain stakeholders can be viewed as a convenient and efficient solution to their
problems. By integrating the new technology into the final product or services from a
already established provider, the end-constumer will have easy access to this solution
and will not have the need to start a search in the market from scratch. This can result

in time-saving and effort for the end-customer.

Moreover, this business model benefits the society and the environment by facilitating
more end customers’ access to battery diagnostics, fostering technology knowledge,
and promoting optimal use of BESS. This leads to fewer accidents, increase TCO,
reduced O&M costs and operational risks, and promotes the technology accessibility
for the final customer since it will allow the development of more economical battery

systems.

Finally, extending battery lifespan also can be seen as a way of reducing natural sources
exploration by decreasing the demand for new battery production. These aspects are
crucial for advancing electrification in the mobility sector, which rely on reliable and

efficient battery functionality.

The evaluation of the value proposition can be summarized in the following table:

38



CHAPTER 4. RESULTS AND DISCUSSION

Table 4.2.1: Value proposition, creation and capture evaluation.

| Value proposition

\ value creation

| value capture |

Core Company

Concentration on
core competencies
Time efficiency
Credibility

Internal process
standardization
Higher market
penetration
Access to a bigger
network

Commission-based
structure

Cost savings on
labor and sales
process

Reseller

Low investment risk
Quick time to market
Value added to the
final product

Incorporate a
solution that is
already in the market
so no need to
develop it inside

Passive revenue

No initial investment
> Commission-based

structure

Solution already
integrated into a

sources exploration

Convenience service or product
End Costumer already in use, Cost savings
Flexibility avoiding a search
from the scratch in
the market
Knowledge Sharing | Provide training and
and Training support to end-users
Society Increasing Enhancing solution | Cost savings
opportunities for awareness and
electric mobility understanding
Increasing
olp pOI‘.tunltf.Sl.fOI‘ F?tendlng ;tl)at’Fery h Less resources spent
Environment electric mobility 1fespan reducing the on product
development need for new battery development
Reduction of natural | production P
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4.3 Module design

As the business model evaluation exposed, applying resellers into the battery
diagnostics sales strategy based on SaaS has a huge potential to create extensive
value. However, it is important that this value is effectively created, so exploring its
economical benefits appears to be essential. Thus, the TCO reduction was estimated

and the following results were obtained:

Maintenance

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

0.00% 1.97% 3.94% 5.92% 7.89% 9.86% 11.83% 13.80% 15.78% 17.75% 19.72%
1.81% 3.78% 5.75% 7.72% 9.69% 11.66% 13.64% 15.61% 17.58% 19.55% 21.52%
3.41% 5.38% 7.35% 9.32% 11.29% 13.26% 15.24% 17.21% 19.18% 21.15% 23.12%
15% 4.83% 6.80% 8.78% 10.75% 12.72% 14.69% 16.66% 18.63% 20.61% 22.58% 24.55%
20% 6.11% 8.08% 10.05% 12.02% 14.00% 15.97% 17.94% 19.91% 21.88% 23.86% 25.83%
25% 7.26% 9.23% 11.20% 13.17% 15.14% 17.11% 19.09% 21.06% 23.03% 25.00% 26.97%
30% 8.29% 10.26% 12.23% 14.20% 16.17% 18.15% 20.12% 22.09% 24.06% 26.03% 28.01%
35% 9.21% 11.18% 13.16% 15.13% 17.10% 19.07% 21.04% 23.02% 24.99% 26.96% 28.93%
45% _ 10.04% 12.01% 13.99% 15.96% 17.93% 19.90% 21.87% 23.85% 25.82% 27.79% 29.76%
40% _ 10.78% 12.75% 14.712% 16.70% 18.67% 20.64% 22.61% 24.58% 26.55% 28.53% 30.50%
50%  11.43% 13.40% 15.37% 17.34% 19.31% 21.29% 23.26% 25.23% 27.20% 29.17% 31.15%

aweoe
2=

Battery life time

Figure 4.3.1: TCO reduction analysis for Bozankaya Sileo S12 electric bus model.

Maintenance
0% 5% 0% 5% 0% 5% 30% 35% 0% 45% 50%
o% [1000% | 181% | 361% | 542% | 723% | 9.03% | 10.84% | 12.65% | 14.45% | 16.26% | 18.07%

D 5% 2.40% 4.20% 6.01% 7.82% 9.62% 11.43% 13.24% 15.04% 16.85% 18.66% 20.46%
.E 10%  4.52% 6.33% 8.13% 9.94% 11.75% 13.55% 15.36% 17.17% 18.97% 20.78% 22.59%
= 5% 6.41% 8.22% 10.03% 11.83% 13.64% 15.45% 17.25% 19.06% 20.87% 22.67% 24.48%
& 20%  8.11% 9.92% 11.72% 13.53% 15.34% 17.14% 18.95% 20.76% 22.56% 24.37% 26.18%
= 5% 9.63% 11.44% 13.25% 15.05% 16.86% 18.67% 20.47% 22.28% 24.09% 25.89% 27.710%
E' 30% 11.00% 12.81% 14.62% 16.42% 18.23% 20.04% 21.84% 23.65% 25.46% 27.26% 29.07%

3% 12.23% 14.04% 15.85% 17.65% 19.46% 21.27% 23.07% 24.88% 26.69% 28.49% 30.30%
45%  13.33% 15.14% 16.95% 18.75% 20.56% 22.37% 24.17% 25.98% 27.79% 29.59% 31.40%
&% 14.31% 16.12% 17.93% 19.73% 21.54% 23.35% 25.15% 26.96% 28.77% 30.57% 32.38%
50% 15.17% 16.98% 18.78% 20.59% 22.40% 24.20% 26.01% 27.82% 29.62% 31.43% 33.24%

Batte

Figure 4.3.2: TCO reduction analysis for Solaris Urbino 12 electric bus model.

Maintenance

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

0.00% 1.60% 3.19% 4.79% 6.38% 7.98% 9.58% 11.17% 12.77% 14.36% 15.96%
2.25% 3.85% 5.44% 7.04% 8.63% 10.23% 11.83% 13.42% 15.02% 16.62% 18.21%
4.24% 5.84% 7.44% 9.03% 10.63% 12.23% 13.82% 15.42% 17.01% 18.61% 20.21%
15% 6.02% 7.62% 9.21% 10.81% 12.41% 14.00% 15.60% 17.20% 18.79% 20.39% 21.98%
20% 7.61% 9.21% 10.81% 12.40% 14.00% 15.59% 17.19% 18.79% 20.38% 21.98% 23.58%
25% 9.04% 10.64% 12.24% 13.83% 15.43% 17.02% 18.62% 20.22% 21.81% 2341% 25.00%
30% 10.33% 11.93% 13.52% 15.12% 16.71% 18.31% 19.91% 21.50% 23.10% 24.69% 26.29%
35% 11.48% 13.08% 14.68% 16.27% 17.87% 19.47% 21.06% 22.66% 24.25% 25.85% 27.45%
45% 12.52% 14.11% 15.71% 17.31% 18.90% 20.50% 22.10% 23.69% 25.29% 26.88% 28.48%
40% 13.44% 15.03% 16.63% 18.23% 19.82% 21.42% 23.01% 24.61% 26.21% 27.80% 29.40%
50% 14.24% 15.84% 17.44% 19.03% 20.63% 22.22% 23.82% 25.42% 27.01% 2861% | 3020%

28R

Battery life time

Figure 4.3.3: TCO reduction analysis for Solaris Urbino 18 electric bus model.

Firstly, from a broader perspective, the results show that the implementation of battery
diagnostics in electric buses can lead to a considerable reduction in TCO reaching
up to approximately 30%. This finding was corroborated by specialists in the field
during the interviews and further validated through relevant literature, such as the

study by Kumar et al. (2020) [71]. Among the simulated vehicles, the Solaris Urbino
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12 demonstrated the highest overall savings of 33.24%, while the Solaris Urbino 18

showed the lowest reduction of 30.20%.

A noteworthy observation is that the best-case scenario proposed (a 50% increase
in battery lifespan and a 50% reduction in maintenance costs) shows consistent
improvements across all vehicles. The difference between the best and worst scenarios
is only 3.04%, highlighting the consistency and effectiveness of the technology’s

improvements.

Moreover, by analyzing the different vehicle scenarios, it can be noticed that the
maintenance costs consistently have a more significant impact on TCO reduction
compared to extending the battery lifespan. This insight is particularly interesting
as it aligns with the market’s preference for faster results. Customers generally seek
immediate benefits rather than waiting to observe considerable impacts on their
businesses, in this specific case around six years - the predicted standard lifespan of

batteries).

Now taking a closer look at specific cases, it becomes evident that the battery price is
a significant influencing factor on TCO. The more expensive battery, from the Solaris
Urbino 12 eletric bus model (priced at €200,000 [4]), achieved a 15.17% reduction in
TCO by extending its lifespan by 50%. While the less expensive one, from Bozankaya

Sileo S12 model (priced at €138,000 [4]), experienced an 11.43% reduction.

Furthermore, since maintenance costs are directly related to a vehicle’s mileage, it
is expected that buses with lower annual mileage would incur lower maintenance
expenses. As a result, the optimization of battery usage, which directly impacts
maintenance cost reduction, had less influence on TCO for vehicles with lower mileage.
However, while both the Solaris Urbino 12 and Bozankaya Sileo S12 were considered
to have similar yearly mileage, their maintenance cost reductions varied between
each other. This variation can be attributed to the differing weight of maintenance
costs in their overall TCO. Consequently, the Bozankaya Sileo S12 achieved a more
substantial reduction (19.72%), as maintenance costs had a greater overall impact on
the calculations compared to other expenses, while the Solaris Urbino 12 demonstrated

an estimated reduction of 18.07%.

In conclusion, the implementation of battery diagnostics in electric buses offers
promising potential for substantial reductions in TCO. Thus, adopting battery

diagnostics represents a valuable strategy for businesses seeking immediate financial
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benefits and long-term sustainability in the electric bus sector.
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Conclusion

5.1 Conclusion

« What are the advantages and challenges of the reseller business

model for a battery diagnostics company?

The combination of reseller partnerships with a battery diagnostics company
based on a SaaS strucure, offer numerous advantages including expanded reach,
cost savings, credibility, and flexibility. By embracing these partnerships, the
company can enhance their market presence, provide tailored solutions, and
drive sustainable growth. But also important to acknowledge its challenges, such
as educating customers, demonstrating value, finding qualified partners, and
avoiding mismatches. By addressing these challenges head-on, it is possible to

fully unlock the benefits of reseller partnerships.

In this scenario, the development of a concise set of partner criteria that a
company must fulfil in order to be a fit for the partnership program emerges as
essential for our partnership program’s success. Classifying and studying these
characteristics become a tool to avoid most of it the challenges mentioned map.
First, it would be important to make sure that the partner has the technical
know-how required; if necessary provide training and standardised material
to guarantee accurate dissemination of information to end customers. Also,
develop internal Key Performance Indicators (KPIs) to evaluate the partner

motivation for integrating the solution; since different stakeholders of the

43



CHAPTER 5. CONCLUSION

ecossystem have different needs and goals. Thirdly, the scale and market
presence of potential partners need to be explored to understand if they have
the right network that could lead to the access of the right customers. Finally,
the perception of the other company in the market needs to be evaluated, since
this aspect can also be extrapolated to the core company image; so selecting
established entities could bust the credibility and position a company with a new

technology as a pioneering authority.

« What are the potential value offered, combining a battery diagnostics

with resellers as a sales channel?

Combining battery diagnostics with resellers as a sales channel based on
SaaS offers a multifaceted value proposition. This innovative business model
goes beyond conventional approaches by enabling solution integration across
different supply chain stages, not solely targeting end-consumers. It brings
significant advantages, such as cost savings, streamlined sales processes, and
enhanced market credibility. These collaborations facilitate a smoother market
entry, minimizing risks, and allowing immediate access to a wider customer
base. Moreover, the end-customers benefit from convenient access to solutions
integrated into established products or services, saving time and effort. Beyond
commercial gains, this model contributes to societal and environmental benefits
through increased technology accessibility, reduced accidents, optimized cost-
efficiency, and minimized resource demand, crucial for advancing sustainable
businesses. By extending battery lifespan, the model also supports eco-
friendliness by hindering the need for new battery production, a attractive aspect

for electrification progress.

« What are the possible economical benefits of using battery

diagnostics?

The implementation of battery diagnostics in electric buses offers significant
potential for economical benefits since its application can lead to a reduction
on the TCO of up to around 30%. This finding is consistent across various
simulated vehicle scenarios, demonstrating the effectiveness of the technology’s
improvements. Notably, maintenance costs have a more significant role on the

impact of the TCO reduction compared to extending battery lifespan, presenting
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reductions ranging from 15.96% to 19.72%, aligning with market preferences
for more immediate results. However, it is also important to mention that the
increase of the batteries lifespan also plays a essential role on the TCO variation
since it generates a reduction on it from 11.42% to 15.17%. In conclusion,
battery diagnostics adoption offers a valuable strategy for businesses seeking
both immediate financial benefits and long-term sustainability in the electric bus

sector.

5.2 Future Work

Further research is recommended to extend the ecosystem analysis into the battery
users within the stationary sector. The exploration of this other ecosystem is
crucial due to the unique landscape presented by each sector, involving distinct
stakeholders and varying entry points for the technology. Additionally, an emphasis
should be placed on developing strategies to effectively spread the battery diagnostics
concept into the market by educating potential customers about the compelling value

proposition of the technology.

From a technical standpoint, the integration of the developed model with battery
degradation profiles holds significant promise. This fusion has the potential to
yield profound insights and an enriched understanding of the economic implications

associated with this technology.
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Appendix A

Interview Questions

Business models

Can you describe your current business model, including how you generate

revenue and who your target customers are?

How did you arrive at your current business model, and what factors influenced

your decision?

What do you see as the biggest strengths and weaknesses of your business model,

and how have you addressed any challenges you’ve encountered?

How do you acquire new customers, and what strategies have been most effective

for your company?

Have you ever considered offering additional services from a third part combined

with yours or adding your services to another company’s product?

— Ifno: Have you considered this as a potential sales channel, and if so, what

factors influenced your decision?

— If yes: What criteria do you typically use when selecting and how do you

evaluate potential partners?

— What level of training, support, and resources would you expect from / give

to a reseller partner?

« What do you see as the key benefits and challenges of partnering with a third-

party services provider, as opposed to developing your own in-house solution?
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« What potential risks or concerns do you have about (becoming / using) a reseller

for products or services, and how could you address these concerns?

Battery Users

« How long are you on the market?

« How long are you using batteries?

« How much capacity do you have installed?

« Did you ever need to change the battery before the recommended due date?

« Have you ever experienced any issues with the batteries you use? If so, what were
they?

« What are the biggest challenges you face when it comes to managing and

maintaining your batteries?
- How important is battery health and performance to you and your organization?

« How important is it to you to prolong the lifespan of your batteries, and what

impact would this have on your business operations?

« Are you aware of any battery diagnostic tools or services that are currently

available on the market?
« Have you ever used a battery diagnostic tool before?

— If yes: Would you consider purchasing a battery diagnostic service or
tool through a reseller, or would you prefer to purchase directly from the

manufacturer?

Battery manufactures

« How long are you on the market?

« What types of batteries do you produce, and what is the typical lifespan of these

batteries?
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« How long and how do you monitor if the client is using the battery properly?

« How doyou currently sell and distribute your battery products, and have you ever

considered offering additional services such as battery diagnostics?

« Did you ever recommend to a client any kind of monitoring system to their

batteries?
« How do you currently test and diagnose the health of your batteries?

« Have you ever considered offering a battery diagnostic tool or service to your

customers?
— If not: Why not?

« How do you see the market for battery diagnostics evolving in the next few years,

and what opportunities do you see for growth?
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Interviews Information

Companies details

Table B.0.1: Detailed information from the interviewed companies.

Company field Size Market Contact Business | Battery | Battery
Entry | Person Position | models | Users | manufactures
Operation Project Manager
software Small 2020 |and  Business X X
platform Developer
Business
Energy Development
technology Large 1987 | Manager for X X
company Energy
Transition
Design,
manufacturer Technical
and Medium| 2012 | Business X
operator of wave Developer
energy farms
Digital platform ) .
for financial | Large 2012 Financial X
) Planning Analyst
services
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Cell and battery

design and | Small 1996 | Sales Engineer
manufacturer
Software and
statistical )
) Project
models Medium| 2021
) Developer
for virtual power
plant operator
Oil & gas energy Strategy Analysis
Large 1999 )
company Advisor
Solar  thermal
Strategy
energy )
Small 2009 | and Partnerships
technology ]
Associate
company
Industrialization
Project
Battery cells
Management /
manufacturer Large 2016 o
. designing a
and integrator _
stationary
energy storage
Environmental ) Chief Executive
. Micro 2021 i
services platform Officer (CEO)
Grid operation )
Small 2020 | Sales Engineer
software
BESS and Solar
Small 2018 | CEO
energy solutons
Strate
Battery ) Y .
Medium| 2015 | and Partnerships
Integrator )
Associate
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Wind and solar

park opperator

and Engineering, ) )
Junior  Project
Procurement, Large 1999
Manager
and
Construction
(EPC)
Sustainable ) i
) ) Chief Operating
lifestyle products | Medium| 2010 i
Officer (COO)
brand
Wind and solar
park opperator | Large 2005 | Project maneger
and EPC
) ) Oil and Gas
Engineering and
Upstream
Software Large 2010 )
Business
developer
Develpment
Renewable
energy product
manufacturer )
) Medium| 2016 | CEO & Founder
and operation
software
provider
Electric vehicle Project
Small 2016
manufacturer management
BESS opperator )
Micro 2022 | CEO & Founder
and EPC
Fleet Manager
management Large 2016 | Business
platform Development
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Electric vehicle

manufacturer

Large

1989

Software Design
and
Development -

Manager
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