
 
Abstract—Climate changes, global population growth, rise 

of the oil price and sustainability issue are pushing the 

automotive industry to redefine the concept of mobility. The 

solution seems to be the battery-powered electric vehicles. 

Business models related with EV mobility have already been 

developed but the still unstable EV market will bring out to 

new possible options and related new business models. This 

paper aims to illustrate a simple methodology to analyze 

current EV business models and start to rethink about them in 

order to develop possible improvements or directly design new 

solutions. All the systems that act in the electric-based mobility 

will be considered as a global system, using a holistic approach. 

The methodology is based on two correlated analysis: the 

morphological box analysis and the scoring methodology. In 

the end, the whole method is applied to two different EV 

business cases and the results will be discussed.  

 
Index Terms—Electric vehicle, business model, 

morphological box, scoring method. 

 

I. INTRODUCTION 

A. Development of Electric Market Concepts 

The world is facing right now one of the biggest 

challenges in the whole human history: climate changes, 

pollution, global population growth, removable energy and 

rise of the oil prize are some of the factors pushing the 

global economy into a new dimension. The automotive 

industry has been dominated by the internal combustion 

engine for more than a century. Unfortunately now the 

situation is changing. Road transportation today is 

responsible for a significant and growing share of global 

CO2 emissions, especially in the fast growing countries. The 

diesel vehicles and gasoline, major emitters of nitrogen 

oxides (NOx), carbon dioxide (CO2) and micro particles can’ 

t be a response to the needs of durable mobility by land 

transport.   

This reason, connected with the rise of the oil prize and 

the significant increase in the global ecological sense, is 

pushing governments, OEMs, energy providers and 

associations to find out a new and innovative mobility 

system. In this moment the electric cars (EVs) seem to be 

the definitive solution for a sustainable and “green” mobility 

concept [1].  

They can reduce the dependence from oil, set to zero 

engines’ emissions and can positively answer to the new 

global environmental preoccupations. All the R&D 

departments – both of OEMs and battery manufacturers – 

now are mainly focused to build a technical solution that 

will emerge as a “standard” with performance and costs that 
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can satisfy the requests from the market. On the other side, 

OEMs, battery manufacturers, government institutions, 

energy providers and entrepreneurs are working together to 

find out business models to introduce in the market the 

electric vehicles in order to satisfy customers’ needs and 

overcome some problems related with costs and battery 

duration [2]. The traditional business model used in the 

automotive cannot be applied: electric mobility is different 

from combustion engine based one. The product, the 

features, the usability are different and new for the 

customers; so it’s fundamental to design new business 

models that can help the transition from oil-based mobility 

to electric mobility, giving to the customers the same 

satisfaction level plus more benefits[3], [4]. 

This paper aims to propose a structured methodology for 

a strategic and global analysis of new EV business models, 

especially related with service-oriented ones. The results of 

this approach are a simple and graphic representation of the 

business model structure, correlated with a global score 

useful to compare and evaluate different business models.  

         

II. METHODOLOGY 

The method proposed in this paper is an instrument to 

analyze business models in the field of electric vehicles. The 

approach used is a holistic and structured method [5]. This 

methodology is composed by two different techniques for 

system analysis: 

 Morphological box analysis 

 Scoring method (AHP approach based) 

This approach is more adaptable to service-oriented 

business models because it takes in account not only the 

system composed by electric vehicle and battery, but also 

the infrastructure and the integration with the power grid [6]. 

However the analysis can be applied also to other business 

models – for example whole EV selling or whole EV 

leasing – but some criteria in the procedure have to be 

ignored and set to zero.  

A. Morphological Boxes 

The morphological analysis is a technique for exploring 

all the possible solution to a multi-dimensional, non-

quantified problem complex. It breaks down a system, a 

product or a process into its essential sub-concepts, each 

concept representing a dimension in a multi-dimensional 

matrix. Thus, every product is considered as a bundle of 

attributes. The approach begins by identifying and defining 

the parameters (or dimensions) of the problem complex to 

be investigated, and assigning each parameter a range of 

relevant “values” or conditions [6].  

According to the literature [7]-[9] about this topic, it is 

possible to design three different morphological boxes, each 

for one of the three main drivers identified: 

 Vehicle & Battery (Table I) 
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 Infrastructure system (Table II)  System services that connect the electric vehicle with 

the electric grid (Table III) 

TABLE I: VEHICLE & BATTERY SYSTEM MORPHOLOGICAL BOX (BETTER PLACE) 

 
 

TABLE II: INFRASTRUCTURE SYSTEM MORPHOLOGICAL BOX (BETTER PLACE) 

 
 

TABLE III: INFRASTRUCTURE SYSTEM MORPHOLOGICAL BOX (BETTER PLACE) 

 
 

B. Scoring Method 

The scoring method is a technique to obtain with a 

mathematical procedure the “global score” of the business 

model analyzed. The “global score” can be considered as an 

index that defines how much one parameter’s alternative of 

the business model could combine with other parameters in 

an optimal way. In a general view, this “global score” 

highlights how much a business model is innovative and 

able to offer benefits to the customers. Using this approach 

it is also possible to understand the rank of priority of the 

different alternatives, and the relative influences between 

them.  
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The mathematical theory used for the scoring method is 

quite similar to the one used for the Analytic Hierarchy 

Approach (AHP). The equation (1) represents the 

summation of all the parameter`s score (from 1 to n), each 

multiplied by the score of the selected alternative.  

               
 
                         (1) 

where: 

GS = Global Score 

  = parameter (from 1 to n) 

      = alternative selected from the business model analysis 

(from 1 to n) 

In case of multiple alternative selections for one 

parameter – that could happen especially in the 

Infrastructure System where different typologies of power 

supply can be used at the same time – the equation needs to 

be modified in order to consider this hypothesis. So the 

multiple alternative selection equation (2) results as: 

              

 

   

                            

 

   

 

where: 

GS = Global Score 

  = parameter (from 1 to n) 

     = multiple alternatives selected from the business model 

analysis (from 1 to m) 

The approach for the pairwise comparison between the 

parameters (1st level) is based on the same theory used in the 

AHP methodology. Once the hierarchy has been constructed 

starting from the elements showed in the morphological 

analysis, the experts start a series of pairwise comparisons, 

based on Saaty`s scale [10], between the parameters in order 

to define the relative influence / importance with the global 

system. Saaty in [10] clearly proofs that the best way to 

assign a prioritization between the parameters pi starting 

from the pairwise matrix is to solve an eigenvalue 

problem          . In fact, evaluating the principal 

eigenvector normalized of the matrix, it is possible to 

understand the ranking between all the elements analyzed. 

The eigenvalue problem can be solved using dedicated 

software or specific algorithms – for example the Power 

Iteration Algorithm. 

Regarding the evaluation of the series of alternatives for 

each parameter, it has to be done by the same experts that 

worked on the parameters’ evaluation. The goal for the 

evaluation is the “importance” of each alternative in relation 

with the main parameter. The experts can provide a global 

“importance” evaluation for each alternative using a 5-level 

scoring scale. The key factors that have to be taken in 

account by the experts for the “importance” evaluation are: 

 Technological factors 

 Innovation 

 Business implementation 

 Possible customer satisfaction and benefits 

 

III. APPLICATION OF THE METHODOLOGY 

In this Section the complete methodology exposed in the 

previous one will be applied to two different business 

models: Better Place and “whole EV selling” model. The 

inputs for the morphological analysis are provided by the 

evaluation of the two case studies and by the analysis of the 

value proposition and proposed commercial offer to the 

customers.  

A. Better Place Case Study 

Unlike traditional business models, in the Better Place 

case [11] study the ownership of the batteries is separated 

by the ownership of the vehicle. In fact the owner of the car 

is the customer and the owner of the battery pack is the 

company, which is responsible also for the purchase from 

the battery producer and the provision. This service is 

charged to the customers in the form of a rate for kilometer. 

This means that the vehicle is used only by its owner, while 

the battery pack, due to the swapping feature, is used by 

several customers. In this way it is possible to turn the high 

investments for the batteries and to share the costs between 

several customers, overcoming then one of the biggest 

obstacles for the adoption of EV mobility in this moment. 

Regarding the infrastructure system [12], Better Place is 

very flexible. Alongside the convention charging way with 

wired connections – in private, semi-public and public 

places – the concept of battery switch stations is 

implemented in the Better Place offer and this one is 

probably the most innovative idea regarding this business 

model. The battery switch station is in fact the Better Place 

answer to one the biggest and actual problem of EV 

mobility: the electric car’s limited driving range. Otherwise 

this solution is relative more expensive and complex – 

especially from the technical side – compared with other 

common solutions provided by other companies (PHEV, 

rapid charging). The communication type can be provided 

in unidirectional and bidirectional way – of course the 

bidirectional one is more suitable for the implementation of 

system services [13]. However the communication type and 

the power connection are subjected to the network type, 

technical and legal imitations in force of the specific 

country where the business model is applied. The idea of 

Better Place to provide grid management and in-car 

communication system determines the need of back-feeding, 

bidirectional communication regarding information flow 

and especially a complex system of real-time 

communication between vehicle and Better Place central 

stations. Invoicing system services is done via rate paid per 

kilometer and the metering is realized at the charging station 

during recharging phase, due to technical limitation. The 

Better Place business model is still relative unclear 

concerning system services [14]. Different prequalification 

requirements in reserve energy market and communication 

protocols for controlling electric cars on the grid – which 

are in development but still not defined as a common 

standard – are the most important issues regarding this point. 

The situation about the type of energy input is quite 

complicated because it involves different factors: economic 

factors (private and public investments in renewable energy), 

technical ones and also political ones, especially regarding 

the country policy about the development of future energy. 

After some experts’ interviews, the data have been 

collected and analyzed according to the scoring 

methodology illustrated before. The ranking/prioritization 
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between the parameters of each system is showed in the 

tables below (Table IV).  

TABLE IV: PRIORITIZATION SCORES FOR THE PARAMETERS 

 
 

In the Vehicle & Battery systems, the two most important 

parameters are the Type of billing and the After-sales service 

provider. In the EV mobility business, the billing, especially 

the one related with the battery, is fundamental because it 

represents the biggest investment share for the customers. 

Furthermore the after-sales services are becoming every day 

more important and essential for the customers – the 

automotive industry is not more only product-oriented but is 

evolving to a more complex system where the services have 

the same relevance of the product itself. Customers are 

always more careful about after-sell services offer regarding 

normal ICE vehicles, and it will be amplified for the electric 

vehicles. On the other side, the Exclusiveness of use has a 

low importance, and it is in line with new automotive trend, 

as battery swapping or car sharing. 

Regarding the Infrastructure system, the Type of power 

supply and the Accessibility are predominant. In fact they 

are the two factors closer to the current problem that slows 

the adoption of EV mobility: the limited driving range. Also 

the Billing type has an important impact because the energy 

source, together with the correlated infrastructure services, 

has to have a competitive price for the customers and has to 

justify economically the switching from oil to electricity. 

The others parameters have less importance because they 

are more related with the infrastructure technical 

implementation and so they impact mainly on the 

technological side, not on customers and marketing offer. 

In the System Services, parameters with the highest rank 

are the Type of system service and the Type of power input. 

The first one is relevant because it mainly define the 

typology of possible services offered by the vehicle-grid 

integration (from a technical point of view) and the level of 

service delivered to the customers. The second one is mostly 

relevant not only for the technical side – how to generate the 

electricity for the EV – but also for the image impact on the 

customers and the social responsibility of the company. Of 

course, a company that promotes an EV business model 

where the electricity is entirely provided by renewable 

energies has a great impact on the customer and can 

improve its image on the market.  

Appling the (2) to the Better Place case study, it is 

possible to evaluate the global score of the whole system. 

The results are highlighted in the table (Table V) – the 

scores related to all the alternatives, after the experts 

evaluations, are not reported in this paper due to the huge 

amount of data.  

 

TABLE V: VEHICLE & BATTERY SYSTEM MORPHOLOGICAL BOX (WHOLE EV SELLING MODEL) 

 
 

B. Whole EV Selling Model Case Study 

The whole EV selling business model is a “product-

oriented” model and it is the classic business model used for 

selling combustion engines vehicles. The only difference 

from the ICE application, is that for the EV business the 

battery can be sold together with the vehicle or can be 

acquired by the customers in other ways, for example with 

leasing contract from a leasing company or a battery 

provider. In this paper will be considered the simplest 

solution, where the electric vehicle, together with the battery, 

is sold by the EV Manufacturer to the customers, with the 

auto dealer as intermediary. 

In this case study, will be considered only the Vehicle & 

Battery System; the other two systems are not include in the 

analysis because they are covered in the whole EV selling 

business model – however the customers could sign specific 

contracts with other providers for the energy delivery and 

related services. So the analysis in this case is simpler and 

the morphological box associated to this business is showed 

below (Table VI).  

In the whole EV selling business model, the owner of the 
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vehicle and the battery is the customer; it means that he is 

the only one with the exclusiveness of use. The payment for 

the entire equipment is done at the beginning when the 

whole vehicle is bought. The after sales service provider is 

the car manufacturer; it provides after sales services for both 

vehicle and battery.  

 
TABLE VI: GLOBAL SCORE OF BETTER PLACE MODEL 

 
 

The scoring method uses the same scores for the 

prioritization of the parameters but, since the selected 

alternatives for the Vehicle & Battery System are not the 

same, the score of the alternatives will be different. So it 

will be used the (1). The results are highlighted in the table 

(Table VII). 

 
TABLE VII: GLOBAL SCORE OF THE WHOLE EV SELLING MODEL 

 
  

C. Comparison between the Results 

The comparison between the results shows that the Better 

Place business model is more economically/technically 

efficient than the whole EV selling model and it is able to 

provide greater benefits to the customers. This result is quite 

predictable because, during this first stage of adoption of 

EV mobility, the offer of a complete service package of 

services by an independent provider – not only the vehicle 

and battery – is more convenient for the customers and 

should be more suitable to the current EV market status. 

Furthermore the fact that Better Place manages the whole 

system (vehicle & battery, energy delivery and grid 

integration services) should lead to an efficient/globally 

integrated system and this will deliver to the customers an 

important benefit. On the other side, the whole EV selling 

models forces the customers to a greater economical 

investments and to find other possible providers for the 

related services – energy delivery and integration services. 

So, if Better Place will maintain its offer and develop it 

properly, the Better Place appeal on the customer will be 

higher and successful. Analyzing the scores associated to 

Vehicle & Battery Systems, the one related with the vehicle 

is the same in both business models but Better Place has a 

higher score in the Battery System due to its different offer, 

especially related with the battery swapping feature.  In fact 

this solution leads to a different Type of billing where the 

customers can pay in relation with the real use of the battery 

and so they don`t need to purchase the battery. As well the 

multiple Exclusiveness of use generates the chance to split 

the initial batteries investment of Better Place around 

different customers, with high benefits for everyone. These 

are the main reasons for the higher score of the Better Place 

business model compared with the whole EV selling model. 

 

IV. CONCLUSION 

This article develops a methodology to analyze business 

models in the field of electric mobility. The methodology is 

based on morphological boxes and scoring method. Using 

this instrument, it is possible to analyze different business 

models related with electric vehicle using a holistic 

approach, taking in consideration not only the vehicle and 

battery system but also the energy delivery and the 

integration between all the factors. The result is a visual 

representation of the main features of the specific EV 

business model, correlated with a global score that 

represents the global evaluation, based on technical indexes 

and possible benefits for customers. The methodology has 

been applied to two different case studies: the Better Place 

business model (service-oriented) and the whole EV selling 

model (product-oriented). The result shows that the Better 

Place model is more suitable for the current EV market 

status and is able to provide greater benefits to customers 

due to its offer of a services package able to integrate all the 

components of the EV mobility concept. In fact the service-

oriented business model seems to be more suitable for the 

EV mobility than the traditional product-oriented model: the 

customers can interface with only one independent provider 

and buy in one step all the equipment and services needed 

for the electric-based mobility.  

This approach is first step for a strategic business model 

evaluation and it has to be used only to define a preliminary 

overview, without wasting too much time or money. It 

should be used to understand which ones are the most 

critical parameters that could affect the business model, 

which ones are the possible strengths and the weaknesses 

and where it is possible to increase the business 

effectiveness. Of course this methodology has to been 

followed by a deep and detailed business analysis of the 

most relevant parameters individuated. Starting from the 

results obtained, is possible to rethink about the structure of 

the business model and try to find out some new possible 

solutions to improve the current offer.  
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