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Abstract: Corporate Mobility as a Service (CMaaS) is a type of Maa$S that enables mobility within
as well as to and from a worksite for employees. The expected benefits of CMaaS$ are to support a
shift towards more sustainable and more effective work-related transport activities. There is a lack of
knowledge regarding the impacts of CMaa$S and how its performance should be measured. This paper
proposes an evaluation framework to measure CMaaS impacts at a system level. The proposed
evaluation framework is then applied to evaluate a real CMaaS deployment in Sweden. This paper
contributes to knowledge building and guidance to support policy and decision making for CMaaS
development and implementation in the future.

Keywords: corporate mobility as a service; system level; impact; framework

1. Introduction

A large part of our daily traffic flow can be attributed to people commuting to and from work.
Based on datasets from 52 countries, [1] reported that the time spent on commuting varies from 39 min
to 97 min with an average commuting time of 69 min. Commuting times are anticipated to become
longer as cities continue to grow and people relocate to live further and further away from the city
center due to housing shortages and high rents [2]. Some companies have started to provide a variety
of transport services to make commuting to/from work easier for their employees, considering that
commuting satisfaction may influence employees’ productivity [3-6].

The authors of [7] described how Mobility as a Service (MaaS) can be applied within a company’s
context for commuting and work-related travel, given that Maa$ is considered to have the potential for
providing an efficient and sustainable transport system [7]. Research [8] defined this specific type of
MaaS as Corporate Mobility as a Service (CMaaS), which fulfills the criteria of MaaS [9] and offers
mobility services to specifically cater to the transport needs of employees within a company (in this
paper, we use the word company to denote the organization that offers the CMaaS service). There are
mainly two ways of operating CMaa$; first, it is provided and operated by the beneficiary company,
and second, the beneficiary company pays for different mobility services in collaboration with a third
party provider [8]. The type of services in CMaa$S could be limited, and in some cases, transport
services could be fully paid by the company. By providing a well-planned service combined with
accessible range of transport modes and well-designed infrastructure, CMaaS could have the potential
to enable efficient mobility to/from and within work for all employees of a company. This would in
turn increase work efficiency and help achieve the company’s sustainability goals [8].
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MaaS concepts have been discussed broadly since it was first introduced by [10]. Several previous
studies [11-13] of Maa$S have focused on individual travel impacts. However, there has not yet been
much discussion on the impacts on the economic side of the users, impacts for operators, or the
wider well-being and social impacts of the MaaS system. The authors of [14] presented a multi-level
evaluation framework that can be used to systematically assess the environmental, economic, and
social impacts of Maa$S on individual, organizational, and a societal level. This framework, however, is
illustrated on a theoretical and hypothetical case only. There is a lack of empirical evidence where their
proposed framework has been applied to evaluate the impacts. Further, many of the abovementioned
studies only focus on general Maa$S service context.

MaaS is a complex and dynamic sociotechnical system. The development and operation of
MaaS involves a range of actors and a range of variables that may affect each other directly or
indirectly. For example, actions that the individuals take impact the organizations and vice versa.
In order to understand, anticipate, and prepare for impacts of Maa$, it is crucial to understand these
interdependencies, and to take an integrated system-level approach. However, not many previous
studies have reflected upon the system-level impacts of MaaS.

This paper aims to contribute to this research gap by introducing a framework for evaluating
CMaaS impacts, applying the framework to a CMaaS pilot, and discussing how the findings can be
generalized to other MaaS systems. Although it is operated within a specific company’s context, CMaa$S
is still a complex system as it involves a range of actors that interact with each other directly or indirectly.
Actors include employees at the individual level, employer and transport (Cmaa$S) providers/operators
at the company level, and the city where the company is located at the societal level. For a company
that operates CMaaS, it is crucial that the CMaa$S system not only improves the travel experience and
work efficiency for its employees, and the sustainability goals of the company, but also is financially
viable. Hence, it is crucial for the CMaaS operators to have a thorough, robust, and practical evaluation
framework to investigate the impacts of the services systematically. In particular, the objective of this
paper is to:

1.  Identify Key Performance Indicators (KPIs) to evaluate the impacts of CMaaS.

2. Develop a system-level evaluation framework that can show the interactions among individual,
company, and societal levels with the intention of providing feedback to the companies.

3. Apply this system level evaluation framework to a CMaaS pilot to gain insight into the impacts
of a CMaaS system.

As CMaaS is still relatively limited in number of applications, this paper also briefly discusses how
the evaluation framework can be generalized to other MaaS services. The rest of the paper is structured
in the following way: Section 2 provides the state-of-the-art related to CMaaS. Section 3 describes the
theoretical thinking underlying the proposal system level evaluation framework. Section 4 shows
how the evaluation framework functions by applying it to a CMaaS pilot in a large factory in Sweden.
Section 5 discusses the results and concludes the paper with remarks and future work.

2. State-of-the-Art

Maa$ was first introduced by [10], stating that Maa$ is a distribution model to deliver what
the user needs in their everyday travel. The concept of MaaS could be easily adapted to different
contexts and perspectives such as user needs, business models, sustainability effects, and improving
the efficiency of the transport system [9,15]. MaaS is a user-centric, on-demand service that brings
together different elements of transportation [16,17]. Among those elements, three essential ones
are: transport modes, Information and Communication Technology (ICT), and payment [9,18,19].
MaaS$ integrates different service providers, offering the user a wider range of transport modes through
one interface [12]. MaaS can be seen as a complex interconnected system that forms a network of
services open for multiple actors [20]. It is considered to have the potential to enable flexible shared
mobility and to reduce congestion, emissions, as well as private vehicle use [21,22].
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As MaaS is gaining popularity, companies are tapping into its potential by providing a certain
type of shared mobility solutions to make commuting easier for their employees. For example,
IKEA in Sweden has been providing shuttle buses for its employees who commute longer than two
hours, and short-term shuttle buses have also been provided to employees due to disruption of the
transport system [23]. Google has been providing shuttle buses for more than 1200 employees who
commute 2 hours daily from the San Francisco Bay area to Silicon Valley [24]. Recently, Google has
also offered support to employees using carpooling and bike sharing. Amazon and Microsoft also offer
employee shuttles in Seattle [25]. In Malaysia, several universities are providing shuttle services to
both employees and students, aiming to decrease commuting by private cars [26].

There are three main reasons that initiate a company to provide solutions to ease the hassle of
employees’ commuting [27,28]. First: The company’s main activity location is in a remote area that
is far away from the concentrated residential areas which lack well-connected transport solutions.
Second: This specific type of transport service or subsidies can be seen as a strategy to attract a specific
type/group of employees. Third: It helps the company’s employees to beat the uncertainty and stress
surrounding the commuting rush and can improve the employees” work efficiency and productivity.

In many abovementioned cases, the provided transport service tends to be limited to one specific
type, i.e., shuttle bus. The services are typically fixed to a particular timetable with a specific set of
stop locations. Most of those services are only accessible to a limited number of people. Even so,
these companies could be potential early adopters for applying more mobility services from a MaaS
system since they are willing to address the diverse travel needs of people for work-related travel in
the company [29]. According to [8], when MaaS is applied within a company’s context, it is defined as
CMaaS. They pointed out that CMaaS fulfills the criteria of MaaS whilst offering mobility services to
specifically cater to the transport needs of employees within a given corporation.

One of the common issues in MaaS$ is the commercial competitiveness due to different transport
providers and operators engaged in offering the same service to the users [30]. The engagement of
multiple service providers in MaaS makes it difficult to be operated and implemented [18]. It is expected
that CMaaS could avoid operational issues of general Maa$S as the service is either provided by the
company itself or by a third party and is only limited to employees. Service providers and operational
actors in CMaasS are less complicated, which could be easier to operate compared to general MaasS,
although implementing CMaaS could still be time-consuming, costly, and facing barriers.

A couple of studies that investigated service design and employees’ travel behavior towards
CMaaS have been found [8,31]. The authors of [8] found that in order to implement CMaa$, there is
a need to integrate the service with external modes of transport and reform the current laws and
regulations that restrict the development of the service. There is also a need to integrate the company’s
policies and regulations that seem to be clashing with the usage of the CMaa$ system. They pointed
out that taking an integrated perspective to understand the users’ attitudes towards CMaa$S will help
identify various other aspects that influence the users’ daily travel. The authors of [31] investigated the
users’ attitudes and expectations towards CMaa$ service. The authors identified two classifications,
being car-oriented and shared-mobility-oriented, by using latent segmentation analysis. Based on the
users’ interest, the need for a flexible, well-informed system was highly valued and the willingness of
giving up private car ownership was noticed.

Nevertheless, understanding CMaa$S only from service design and users’ attitudes is not enough
to fully understand the impacts of it. There is a risk of conflicts that may arise between the service
provider (i.e., the company) and employees because of different needs, expectations, and requirements
from CMaa$S. Taking only one perspective to understand the impacts of a complex system like CMaa$S
will not be sufficient. It is important to consider all perspectives in order to stimulate a company to
provide a flexible integrated mobility service that the company, the employees, and the society can
benefit from. Furthermore, insights from the impacts of CMaaS can be used to resolve challenges in
implementing general MaaS.
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There is a need to measure the impact of CMaa$S based on system level [20,32]. The framework
proposed by [14] is based on MaaSiFiE (Mobility-as-a-Service for Linking Europe [14]) and IRIMS
(Institutional Frameworks for Integrated Mobility Services [33]). It was developed to support the
roadmap for implementation of Maa$S in Sweden [34], an initiative by the Swedish government’s
cooperation group for ‘Next Generation Travel and Transport’. In [14], it is described how the
framework and the KPIs identified can be applied to a general business-to-customer (B2C) Maa$S
scenario. In this paper, the KPIs and framework developed by [14] are adjusted for the evaluation of
CMaaS systems. The following section describes the methodology of how the evaluation framework is
modified and how the system level impacts of CMaa$S can be identified.

3. Methodology

The previous sections confirm that there is a need for a system-level framework for the evaluation
of CMaaS. A crucial step in creating such a framework is to select a set of Key Performance Indicators
(KPIs) in order to measure the performance of the CMaaS system. Using the selected KPIs the evaluation
framework is constructed for individual, company, and societal levels in order to evaluate possible
impacts as well show how these impacts influence each other at an integrated system level. Finally, in
order to demonstrate how the evaluation framework can be used, we apply the framework to a real
CMaaS pilot that was launched by a company in Sweden.

3.1. Selection of KPIs

KPIs are qualitative and quantitative measures that are used to assess a service and to successfully
achieve goals and strategies set by the organization [35,36]. KPIs can provide inputs for setting
priorities, generate critical information that helps decision-makers detect potential problems and make
amends to the objectives and goals [37]. The intention of using KPIs in this study is to utilize its ability
to assist and advise decision-makers in the process of implementation of CMaaS. It is important to
choose versatile indicators that are clear and strong and can be successfully applied in various research
contexts [38].

The selection of KPIs was based on a literature review and state-of-the-art analysis that was
conducted by using a range of strategic transport policy documents from EU and Swedish policies.
Additionally, studies that have defined and/or applied KPIs in measuring urban mobility, sustainable
transportation, and MaaS were also used. The documents were identified by using ResearchGate,
Scopus, and Google Scholar along with snowball method (The snowball method is a technique that
helps in finding relevant literature using a key document and its bibliography as a starting point).

VZa7i VZa7i Y7 7

The search was based on the keyword’s “transport”, “sustainable transport”, “mobility”, “passenger
“indicators”, “quality”, “service”, and “impact assessment”.

The European Union strategies paint a general picture of basic requirements for quality of
passenger transport. The most common indicators identified were flexibility, reliability, satisfaction,
sustainability, quality of life, and costs [39—-41]. The Swedish parliament states that transport policy
should support sustainable, socio-economically efficient, and long-term transport provision for citizens
of Sweden [42].

In order to achieve this, Swedish Transport Administration 2011 states that indicators of transport
should consider aspects related to improving accessibility, health, environment, and safety aspects
of the transport system [43]. The potential of MaaS to create, capture, and deliver value for relevant
stakeholders is also an important factor to consider [44]. A summary of the most commonly occurring

indicators identified from the related literature are presented in Table 1.
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Table 1. Summary of most commonly used key performance indicators (KPIs) in the literature for

measuring urban mobility, sustainable transportation, and Mobility as a Service (MaaS).

Category of Indicators Description References
White Paper on transport: The future development of
the common transport policy, 1992;
White Paper on transport: European transport policy
. for 2010: time to decide, 2001;
Value and experience of .
. Green paper: towards a new culture for urban mobility,
. travel such as, comfort;
Quality of travel 2007;

reliability; flexibility;
satisfaction

Weisbrod & Weisbrod, 1997b;
Markovich & Lucas, 2011;
Kamargianni et al., 2015
Karlsson et al., 2017

Travel Costs

Individual or household
costs of travel

European Commission Communication: Developing
the citizens network, 1998;

Weisbrod & Weisbrod, 1997b;

European Commission Communication: Keep Europe
moving — sustainable mobility for our Continent, 2006
Kamargianni et al., 2015;

Karlsson et al., 2017

Accessibility

Availability, access and
distribution of facilities
and services

European Commission Communication: Developing
the citizens network, 1998;

Geurs et al., 2009;

EU 2013;

Burrows et al., 2015;

White Paper on transport: European transport policy
for 2010: time to decide, 2001

Kamargianni et al., 2015;

European Commission Communication: Keep Europe
moving — sustainable mobility for our Continent, 2006
Green paper: towards a new culture for urban mobility,
2007;

Karlsson et al., 2017

European Commission Communication: A sustainable
future for transport: Towards an integrated,
technology-led and user-friendly system, 2009

Business Models

Effective business model
indicators referring to type
of value creation, economic
profits, value offered to the
customer, service pricing
and management.

New job opportunities are

Weisbrod & Weisbrod, 1997a;
Bocken, N.M.P. et al., 2014
Cascajo, 2005;

Karlsson et al., 2017

EU 2009;

Ringenson et al., 2018

Karlsson et al., 2017;
Weisbrod & Weisbrod, 1997a;

Employment created due to the Kamargianni et al., 2015;
transport service. Cascajo, 2005;
Weisbrod & Weisbrod, 1997b;
Influence of travel on Markovich & Lucas, 2011;
functions of life for society Karlsson et al., 2017;
Quality of life and its individuals such as Axhausen, 2008;

health, time use, recreation
etc.

Kamargianni et al., 2015
Swedish Transport Administration, 2011
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Table 1. Cont.

Category of Indicators

Description

References

Infrastructure and
Land use

Required area or costs for
transport services such as
bus stops, parking spaces,
roads etc. and use of space

White Paper on transport: The future development of
the common transport policy, 1992;

EU 2009;

Geurs et al., 2009;

Green paper: towards a new culture for urban mobility,
2007;

Rodrigue 2017

European Commission Communication: Developing
the citizens network, 1998;

Karlsson et al., 2017

Travel behavior

Individuals’ travel
preferences and habits
such as kms travelled, no.
of trips, choice of transport
modes etc.

Cascajo, 2005
Karlsson et al., 2017
Ringenson et al., 2018

Energy use &
Emissions

Consumption of fossil fuels
of transportation &
Pollution due to use of
private vehicles for
example: CO, emissions
affecting air quality due to
petrol and diesel vehicles

European Commission Communication: Developing
the citizens network, 1998;

Weisbrod & Weisbrod, 1997b;

Action Plan on Urban Mobility, 2009;

Cascajo, 2005;

European Commission Communication: A sustainable
future for transport: Towards an integrated,
technology-led and user-friendly system, 2009

EU 2009;

A European vision for Passengers: Communication on
Passenger Rights in all transport modes, 2011

EU 2013;

- Rodrigue, 2017;

- Burrows et al., 2015;
- Karlsson et al., 2017

As CMaaS is a variation of Maa$S that is implemented within the context of a workplace,
the category of indicators mentioned above are applicable to measure the impacts of CMaa$S. The above
identified KPIs are classified into individual, company, and societal levels, which is in line with [14].
Each of these three levels are further classified into economic, environmental, and social dimensions.
The selected KPIs have the features of universality and generality and relate to each other directly
or indirectly. Figure 1 below illustrates how the KPIs have been distributed in the three levels and
the three dimensions. Each specific KPI is further linked to certain targeted measurements that
connects to the CMaaS system. This relationship tree is set up as the foundation for constructing the
evaluation framework.

3.2. Definition of Evaluation Framework

Based on the selection of the KPIs and the configured relationship, the evaluation framework
is constructed on different levels. In doing so, the framework is not only able to evaluate different
plausible impacts of CMaaS implementation at the individual, company, and societal levels but is also
able to show how these impacts influence each other at an integrated system level. The individual
level in this study refers to the employees within a company using CMaaS services. The company level
refers specifically to a company that adopts CMaaS services. The societal level refers to the local city in
which such a company is located. The innovative aspects of the proposed evaluation framework are
twofold. First, it extracts features from a general MaaS evaluation framework [14], and modifies and
fits these features into a CMaaS context. Second, the framework evaluates impacts at a system level by
examining how the economic, environmental, and social dimensions interacts and how the individual,
company, and societal levels influence each other.
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- Total number of trips per individual per month
- %of travel costs per monthly income
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/ Individual
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~~ Environmental Boniigions
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Land Use
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—t+— Accessibility

\_. Quality of Travel

- Percieved value of services within work

_ Satisfaction of transport services for work related

travel

_ Percieved accessibility to transport services for

work related travel

- CO; emissions of the company

- Fossil energy use of the company
- Business opportunities for CMaaS
- CMaaS Profitability

- CMaa$ Scalibility

- Job opportunities

- Total emissions

- Total fossil energy use

- Profits from CMaaS

- Total new CMaa$ corporates

- Infrastructure

- Accessibility to CMaa$S

- Overall adoption of CMaaS

Figure 1. Specific KPIs chosen to measure system impacts of Corporate Mobility as a Service (CMaaS).
3.2.1. Framework at the Individual Level

This level captures the employees’ travel behavior and travel patterns while using CMaaS. The
KPIs chosen to evaluate impacts at the individual level are described in Table 2.

The three dimensions are color coded for better illustration, in which green represents the
environmental dimension, blue represents the economic dimension, and yellow represents the social
dimension. The color codes are in line with [14] and are consistent for the rest of the tables and figures
in the paper. The descriptions on what specific measurements are of interests are given in the right
column of the tables.

Asisillustrated in Figure 2, KPIs for travel behavior and quality of travel such as total work-related
travel per employee per month, means of transport, and satisfaction with the transport services are
mainly reflected on the economic dimension. The employees’ decision on whether to use the provided
CMaaS services depends on the degree to which the service is perceived to fulfill the user’s transport
needs and satisfactions, and vice versa, which reflects upon the social dimension. The travel behavior
and the perceived value varies among employees and choices made by each individual will reflect
on the environmental dimension, like induced CO, emissions and fossil energy consumption. A key
component in the individual level is the incentives for sustainable travel that can be provided to
employees for adopting CMaaS.
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total travel % of multimodal
4 Hay total no. of
Jindividual B
st trips/individual/
month

perceived value
of services
within work

% travel costs/

monthly income

.

satisfaction of
transport
services for
work related
travel

perceived
accessibility to
transport services
for work related

I Environmental Dimensions travel
B E:conomic Dimensions L j

Social Dimensions

Figure 2. Interactions among environmental, economic, and social dimension on the individual level.

Table 2. KPIs identified on the individual level with descriptions of the measurement.

Category of Indicators KPI Values Description

total travel/individual/month total number of trips that were made

number of multimodal trips combining the
Travel Behavior % of multimodal total no. of following traffic modes within one travel:
trips/individual/ month Public transport CMaaS Services, Personal
Car, Walk

the total monthly cost of individual /
household daily travel including: Cost of
% travel costs/ monthly income public transport ticket (s), Cost of car incl.

Travel Costs gasoline, parking, Cost of car rental, Cost of
taxi ride
. . . to what extent the user perceives that the
perceived value of services within . .
work options provided by the transport system
are worth the cost in SEK.
Accessibilit perceived accessibility to transport to what extent the user’s needs for travel
y services for work related travel are fulfilled
. . . to what extent the user finds that the
. satisfaction of transport services for . . .
Quality of travel transport system is designed in a way that
work related travel ! L
makes it easy to reach destinations

3.2.2. Framework at the Company Level
A company that adopts CMaa$S services could be the service provider and/or operator, or the
company could have a third party that design, deliver, operate, and manage the CMaa$S services.

The KPIs chosen to evaluate impacts at the company level are described in Table 3.
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Table 3. KPIs identified on company level with descriptions of the measurement.

Category of Indicators KPI Values Description
amount of CO, emissions per kilometer

L CO, emissions .
Energy use & Emissions driven
fossil energy use amount of fossil fuel per kilometer driven

to what extent the service leads to new
business opportunities
assessing the ability of the company’s

business opportunities for CMaaS

Business Models MaaS scalability business model to cost-efficiently grow
net profit margin, i.e. a ratio of total
CMaaS profitability revenue minus costs divided by total
revenue
. -, to what extent the service can lead to new
Employment job opportunities jobs

One of the most important aspects of this level, as is shown in Figure 3, is the sustainability
objectives within the company. The company can offer services that include more environmentally
friendly transport modes and more energy-efficient vehicles for employees at the individual level.
Decisions made by the company will have an impact on employees and vice versa. Impacts on the
social dimension link directly to the economic dimension. The business opportunity, the profitability,
and the scalability of CMaaS are associated with the number of new jobs that are created due to the
introduction of CMaas$ services.

fossil energy

r I(f(').,emissions -~ I
: use

= '’ .
mmP a“} .S business CMaaS CMaaS
sustainability ) < . opportunities | <~—— a2 a0
objectives : 2 scalability profitablity
1 % for CMaa$S &
. Environmental Dimensions jol-,
[ Fcoromic Dimensions opportunities

Social Dimensions
Figure 3. Interactions among environmental, economic, and social dimensions on the company level.

3.2.3. Framework at the Societal Level

In this paper, the societal level is assumed to be the local city/town in which the company is
located in. This assumption is mainly due to two reasons: first, impacts on the societal level are the
accumulated impacts at a larger scale. Second, since CMaaS pertains to work-related travel operating
within the company’s boundaries, it is difficult to observe impacts at a larger societal scale such as a
region. The KPIs chosen to evaluate impacts at the societal level are described in Table 4.
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Table 4. KPIs identified on societal level with descriptions of the measurement.

Category of Indicators KPI Values Description

total CO, emissions total CO, emissions per kilometer driven
total fossil energy use total fossil energy use travel per year
total new employees are employed in

Energy use & Emissions

Business Models profits from CMaaS companies / organizations related to CMaa$S
Employment total new CMaaS corporates taxes from CMaaS operation
Infrastructure & Land . land area or cost used for bus stops, roads,
infrastructure . . . .
Use electric charging points, parking lots, etc.
to what extent thy i hes different
Accessibility accessibility to CMaaS O what extent the serviee reaches ditieren
user segments and user groups
. . to what extent do users accept and adopt to
lity of travel 11 adopt: f CM .
Quality of trave overall adoption of CMaaS the new CMaaS services

The framework at the societal level, as is shown in Figure 4, suggests that if one company has
economic benefits from CMaa$S, more companies may also start providing and/or operating CMaaS.
The adoption of CMaa$, accessibility to CMaa$S for non-employees, and repurposing of infrastructure
facilities would then have impacts on the social dimension. The environmental impacts at the societal
level still address the CO, emissions and fossil energy consumption in transportation but with a focus
at the local city.

A

total total fossil
CO, emissions energy use
A A

-

total new TP
= ” profits from -«
CMaa5 CMaas k'

companies

society’s
sustainability
objectives

.

p §

overall

P accessibility to| e—— adoption of

infrastructure CMaaS P

[ Environmental Dimensions

[ Economic Dimensions K K J j

Soclal Dimensions

Figure 4. Interactions among environmental, economic, and social dimensions on the societal level.

3.2.4. Framework at the System Level

The system level in this paper is an integration of the individual level (employee), the company
level, and the societal level (local city). To evaluate the impacts of CMaaS, it is crucial to address
these three levels simultaneously, as they relate to each other in various ways. The relationships
among these three levels depend upon various factors. Hence, it is necessary to reconsider these
relationships and the outcome of these relationships at a system level. The focus on the system level is
to examine the relationships among CMaaS$ scalability, profitability, CMaaS-related job opportunities,
perceived accessibility, employees’ satisfaction, and overall adoption of CMaaS. Therefore, rewards and
incentives stimulating employees for sustainable travel is a crucial part at the system level. Figure 5
illustrates the system level framework and captures how the impacts could relate to each other.
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v h

co, fossil energy bumtncs‘f. CMaaS CMaaS job
emissions use OPROTIULS scalability profitablity opportunities

for CMaa$S
{ L !

]

}

total work l.’tﬂeg‘ WOLk N % travel costs/ percieved value percieved accessibility to satisfaction of
related travel rE':«?nh dlfnf:‘zeﬁ" monthly Income of CMaas transport services for work transport services for
. y

company’s
sustainability
objectives

incentives
for
sustainable

/individual services within related travel work related travel . |
ravel

/month transport work
g modes/ month . A

e 7
— R

total CO, total fossil total new profits from . accessibility to i £
emissions energy use CMaas CMaas Infrmtnachare CMaas 2 gi:‘j“:;c’

soclety’s
sustainability
objectives

[ iovionmental Dimensions
[ Ecoromic Dimensions

Soclal Dimensions

Figure 5. Interactions among environmental, economic, and social dimensions on the system level.

Employees’ satisfaction of the provided CMaasS services at the individual level will influence
the CMaasS profitability at the company level. Simultaneously, the CMaaS scalability decided at the
company level influence how the employees perceive the accessibility of the services. Given the central
role as end users, how employees perceive the economic value that CMaaS could bring will lead to a
change of their travel choices and further influence the overall adoption the CMaaS at the societal level.
At the societal level, if the accessibility to CMaa$ is well perceived by the individuals, they will increase
the use of services for work-related travel. A mutual influence between the company level and the
societal level is also captured, since if the job opportunities increase with the company due to CMaaS$,
the city would support for more CMaaS companies to increase economic growth and social welfare.
The society’s sustainability objective and the company’s sustainability objectives closely influence the
employees as the end users of CMaaS. Based on the interactions of the impacts, certain target decisions
can be made to improve the implementation of CMaaS.

3.3. The MaaS Pilot

In order to demonstrate how the evaluation framework can be used, we applied the framework
to a real CMaaS5 pilot that was launched by a company in May 2018 in Sweden. The company has
15,000 employees with 70 office complexes and facilities spread over the estate with buildings being at
least 5km apart. The CMaaS service is provided and operated by the company with a large workspace
covering around four-square kilometers. The company’s aim is to offer a sustainable transport solution
to/from and within work, which is accessible, attractive, and effective for its employees, and to reduce
the use of cars in order to free up space from parking lots and reduce fossil energy use. The CMaa$S
service is offered via a user-friendly travel app which allows planning and booking trips for the
commuter buses, taxis, e-bikes, and shuttle buses with real time information. The CMaaS service
provides 3 internal taxis, 14 small shuttle buses, 40 e-bikes, and a mobile application, as is shown in
Figure 6 as illustrated by [8]. It also offers six commuter buses to and from the city. The e-bikes are
spread among four bicycle stations and the shuttle buses are operated on three routes with 20 stops.

After one-year operation of the CMaaS service, a survey was designed to understand the change
of the travel behavior for employees in experiencing the provided services. The survey consisted of
questions on demographics, daily travel behavior including using the CMaaS5, and attitudes towards
the CMaaS services and the equipped app. The survey was distributed via email to 1995 employees
through the company’s human resource department. It was conducted between July to September
2019, and 422 responses were received. Table 5 summarizes the basic findings from the survey.
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Table 5. Respondent Characteristics.

12 0f 18

Variable Count (n = 422)

20-29 69

30-39 117

Age 40-49 112

50-59 104

60-69 20

Male 285

Gender Female 137

1 78

2 123

Household Size 3 71

4 120

5 or more 23

Yes 404

Access to driver’s license No 18

Yes 346

Access to car in the household No 76
1 2

2 0

Days/week at workplace 3 4
4 23

5 384

Private car as a driver 280

Private car as a passenger 49

Commuter bus (offered by the company) 59

Travel Behaviour Public Transport 100
(transport alternatives normally used Own bike 74
W?;?rgﬁnvry;i?g E-bike (offered by the company) 4
Taxi (offered by the company) 3

Shuttle bus (offered by the company) 18

Walk 38

Other 10

Private car as a driver 179

Private car as a passenger 47

Commuter bus (offered by the company) 33

Travel Behaviour Public Transport 13
(transport alternatives normally Own bike 31
usedxﬂﬁﬁlcxgrgming E-bike (offered by the company) 70
Taxi (offered by the company) 53

Shuttle bus (offered by the company) 262

Walk 170

Other 13
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Figure 6. The services provided in the CMaa$ pilot by a company in Sweden (Source: [8]).

4. Evaluation Results

We apply the framework on the system level in Figure 5 to the pilot mentioned above and calculate
the values of the KPIs. The data used for the KPIs calculations are based on the employee survey and
also the operational data provided by the department that operates the service.

The data from the user survey provided information for measuring travel behavior, accessibility
and quality of travel on the individual level. It was found that the CMaa$ services account up to 44%
of trips within work per month with the satisfaction rate of 75% as is shown in Table 6.

Table 6. Measured values of KPIs on the applied CMaaS pilot.

Variable KPIs KPI Values
total work/related 2%
travel/individual/month
Personal car as a passenger 21%
Taxi (offered by the company) 6%
% of work-related Shuttle bus (offered by the 30%
journeys with different company)
transport modes/ month Walk 20%
Individual Other 15%
E-bike 8%
Perceived accessibility to
transport services for 22% (overall)
work related travel
App 18% strongly satisfied
Satisfaction of transport Taxi (offered by the company) 19% strongly satisfied
services for work related
travel Shuttle bus (offered by the 34% strongly satisfied
company)
E-bike 22% strongly satisfied
CO, emissions 144 kgCOz/VehiCle/month
Fossil energy use 5.47 liters/vehicle/month
Organizational CMaasS scalability Level 2
Job opportunities 0.1%

Twenty-two percent of the respondents also felt that their accessibility to the transport services
provided by CMaaS was good. If the company provides incentives for the users, it is possible to
encourage 21% of the respondents to shift from private car use to the CMaa$ services. The data from
the operational department provided information for fossil energy use and emissions on the company
level. With the current CMaa$S operation, 14.4 kg CO,/vehicle/month of emissions are produced along
with 5.47 L/vehicle/month fossil energy use. If the vehicles can be more environmentally friendly in
the provided CMaaS, the emissions and fossil energy use of the company can be reduced. Although
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the CMaaS$ services provided by the company are largely utilized by its employees, 21% of employees
still found their personal cars as a more reliable, flexible, and convenient option in comparison to the
CMaaS services for daily commute.

In order to help users, shift from their personal vehicles to the CMaaS services, companies need
to add information, and increase accessibility and reliability to the service so that the users can plan
and fulfill their trips more efficiently. In the beginning of the services, it may be helpful to provide
incentives to the employees to encourage the shift from private car use to share modes. In the long
run, this can not only help the company fulfill the corporate sustainability goals but also help the
society in building sustainable transport systems. In order to get the specific quantification of the
influences, we need to make a list of assumptions, such as the adoption rate of the service. As for
operational cost and profits of the services, it is challenging to gain access to data regarding costs and
profits due to the General Data Protection Regulation. It is also noted that, although the framework is
able to show how the KPIs interact with each other at different levels, it could be difficult to clearly
show the positive or negative influences as these KPIs are dependent on multiple factors. For example,
employees’ satisfaction of transport services for work-related travel influences the CMaaS profitability.

However, it is ambiguous in this case since the company is paying for all services and it is
impossible to get access to the financial data due to confidentiality. The same ambiguity is identified
between CMaaS profitability and job opportunities. If a company applies the evaluation framework
itself with the KPI values using their own data, it is possible to clear the ambiguity and reveal the
impacts. Based on these assumptions and the data gathered, the positive or negative influences among
the KPIs in the system level are illustrated in Figure 7 It is found that if the employees are highly
satisfied with the transport services provided in the CMaaS service, it has a positive influence on how
the employees perceive the value of the services. This in turn has a positive influence on the overall
adoption of CMaaS at a societal level.

+|8 overall adoption

accessibility

+

of CMaaS [ to CMaas

Maal +
B N

+| ] perceived value total new
v ol CMaaS + CMaa$S
services within corporates
work
CMazs ariblbuous ST e |
profitability opportunities | 4
+.

@ N CO, emissions
5: + at corporate
] level

. . |
[l irdividual level satisfaction of transport
a5 o \ services for work related 5 —
Company level - el perceived accessibility of
[l societal level | transport scrvices for

B Fovironments] Dimensions *

I conomic Dimensions .

work related travel

Soclal Dimensions
Figure 7. Results of the evaluation framework showing the system level impacts of the CMaa$ pilot.
5. Discussion and Conclusions

MaaS is considered to have the potential for enabling sustainable travel, although much empirical
evidence is needed to show the real system impacts of MaaS. Some companies have started to adopt
Maa$, in a service that is known as Corporate Mobility as a Service (CMaaS), as a solution to provide
employees with more flexible and integrated transport services for travel to/from and within work.
The cost of operating a CMaaS service usually relies on the company. The policy and decision-making
that is needed for developing and implementing CMaaS is very sensitive to the company development
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and employees’ satisfaction. The impacts from CMaaS may influence a larger scale of the society as
well. Therefore, it is crucial to evaluate the services and its impacts systematically.

The results of the constructed framework and applying the framework on the specific CMaaS pilot
shows that the framework can help service providers and operators evaluate the impacts of the services.
The complex interactions and influences within the system level can be captured and evaluated. This is
important for decision making for the service implementation and adjustment, especially in the early
phase of the services. The framework was able to capture the negative and positive influences among
the KPIs at a system level. The system level evaluation takes key components within CMaaS as a whole
and reveals the interactions among different levels (individual, company, and societal) and different
dimensions (environmental, economic, and social). Apart from the influences, the framework can also
show how the KPIs interact with each other and form a complex relationship within the system, as is
shown in Figure 7.

CMaasS could have the potential to improve the commuting experience for employees to travel
to/from and within work, and ultimately aid in the shift towards sustainable transport modes when
combined with certain travel incentives. One crucial limitation was found that the output of the
framework highly depends on the data input. A more detailed quantitative evaluation requires a higher
level of data information. If there is lack of data, the impacts could not be evaluated, the framework
could fail to show the impacts.

However, this does not limit the framework to be generalized and applied to other Maa$S pilots.
On one hand, this shows the common challenge in conducting evaluation in real scenarios due to
data limitation. On the other hand, it highlights the importance of taking a systematic view from the
beginning to enable the evaluation on a system level. If KPIs are measured with good data support,
the system level impacts with all possible interactions can be evaluated, as is illustrated in Figure 7.
The identified KPIs and the proposed framework can be modified and applied to various corporate
settings and generalized to other Maa$ evaluations. However, the level of complexity of the framework
may vary due to the type of Maa$S and the requirements of evaluation.

We conclude the paper with the following main takeaways:

(1)  The system level impacts of CMaa$S evaluated by the framework could support the companies in
making better decisions based on the positive and negative impacts for adopting and implementing
the service system.

(2) When combined with travel incentives provided by the company, CMaaS has the potential to
improve the commuting experience for employees traveling to, from, and within work.

(3) The identified KPIs and the system level framework can be modified and applied to various
corporate settings and can be generalized to other MaaS impact evaluations.

(4) With support of good data for the KPIs chosen, the framework could be used in various other
corporate contexts as well as other type of MaaS impact evaluation in general.

For future work, based on data and information from other CMaaS$ pilots, additional KPIs could
be identified and added to the framework that could help generate knowledge and guidance to support
decision-making for MaaS development and implementation in general.
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