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Abstract  
This paper presents the introduction of smart feeder services based on electric and automated shuttle 
buses in Norway. Research activities and collaboration between public and private actors gain 
knowledge on how automated vehicles may contribute to improved public transport by providing last 
mile feeder services. A brief presentation of three specific pilots is given, followed by a section on 
how we are developing viable value networks for the feeder service and acceptable business models 
for the involved actors. Finally, the evaluation approach for addressing benefits and impacts for users 
and society is described, including assessment of constraints and prerequisites for beneficial 
implementation of smart feeder services in the future transport systems. The governmental ambition is 
to achieve a seamless and high-quality public transport, which represents an attractive and realistic 
alternative to private cars, and thus contribute to improved mobility for all citizens and a green shift in 
travel behaviour, traffic planning and urban development.  
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Introduction  
Mobility is essential to modern urban areas. With the world facing serious climate challenges, it is 
necessary that future mobility is ensured by environmentally friendly forms of transport. There is a 
common expectation that electrified and automated vehicles will be of crucial importance and 
represent a fundamentally change in mobility and how transportation is being performed. The 
technology push is significant, as the automotive industry and technology providers are in head of a 
rapid technology development, while the transport authorities and political community are captivated 
by promising benefits on improved safety, efficiency and mobility for all citizens.  
 
The Norwegian urban transport policy it based on an objective stating that the growth in passenger 
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transport in the cities is to be handled by public transport, cycling and walking (the zero-growth 
objective). Compared to the flexibility of private cars, public transport modes suffer from a “first and 
last mile problem”, preventing a seamless door-to-door transport service. Fulfilment of the 
zero-growths objective is therefore depending on a more competitive public transport solution. The 
introduction of automated vehicles may constitute a solution to this first and last mile challenge by 
establishing efficient and reliable feeder services to cover the first and last mile and thereby increase 
access to the public transport system. Integrating smart feeder services as part of high capacity public 
transport systems will thus offer door-to-door transport, which increase the attractiveness of public 
transport compared to the use of private cars.  
 

 

Figure 1 – Smart feeder services increase access to public transport system by providing seamless 

door-to-door trips 

 
Norway has recently implemented a legislation enabling the testing of automated vehicles in mixed 
traffic, and several pilots are already being prepared around the country. These pilots focus on both 
feeder and shuttle services. From a transport authority perspective, it is important that automated 
vehicles will become a part of the public transport system, instead of a replacement of conventional 
private owned cars. It is thus important to facilitate for a successful implementation of such vehicles, 
and to integrate them in the overall public transport planning. A successful implementation will 
furthermore require identification and overcoming of potential barriers in terms of technical, legal, 
organizational and/or societal challenges.  
 
These issues are addressed in an ongoing research project following the automated vehicle pilots in 
Norway, the SmartFeeder project. The SmartFeeder project overall goal is to extend the public 
transport system with automated electric feeder services, which enable seamless door-to-door travels 
and thereby contribute to a green shift in passenger transport. The SmartFeeder project comprise a 
collaboration between public and private partners with funding from the Norwegian Research Council 
for the project period 2017-2020. The consortium is led by the National Railway Directorate, with the 
National Public Roads Administration, Acando, ITS Norway and SINTEF Research Institute as 
partners. 
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This paper presents the ongoing SmartFeeder activities in Norway and how we are building applicable 
knowledge for implementing smart mobility services in the future transport systems. A brief 
presentation of three specific pilots is given, followed by a section on how we are developing a viable 
value network for the feeder service and acceptable business models for the involved actors. Finally, 
the evaluation approach for addressing benefits and impacts for users and society is described.      
 
SmartFeeder pilots in Norway  
The introduction of smart feeder services in the Norwegian transport systems is already happening. 
During the last couple of years, there have been extensive activities with automated shuttle buses at 
level 4 (SAE J3016, 2016) being demonstrated at 23 test sites with approximately 21.000 passengers 
across the country (by Nov 2017). As the legal framework for testing of self-driving vehicles on public 
roads becomes effective by January 2018, several consecutive large-scale deployments are in the 
pipeline. The SmartFeeder project will primarily gain experience and build knowledge from three 
progressing pilots: 
 
The ForusShuttle pilot    
The ForusShuttle pilot is located in an industrial area outside the city of Stavanger in the western part 
of Norway. The test area is exposed to quite harsh weather conditions, with a lot of rain, wind and fog, 
but with relatively little snow during winter time. An automated shuttle bus from EasyMile (EZ10) has 
been tested on a closed test track for 12 months with regards to technology reliability and traffic safety 
issues. Supplementary sensory equipment from MobilEye is installed to enhance object recognition. 
Targeted testing of traffic safety performance in interaction between the smart feeder service and 
pedestrians, bicyclists and other vehicles are completed, followed by risk analysis of a specific test 
section on the public roads in the area. The next phase of pilot activities in mixed traffic on public 
roads are ready to be launched as the legislative framework comes into force in January 2018. The 
initial public road test site will comprise a 600 meters long road section with mixed traffic and three 
junctions, connecting about 3.000 employees to the ordinary public transport system by covering "the 
last mile". The pilot aims to extend the distance and number of shuttle buses during the autumn/winter 
of 2018.  
 
The pilot activities place emphasis on user interaction and public acceptance. Effort has been put in 
user involvement and marketing, involving an inviting attitude towards public and private visitor 
groups and demonstrator activities during the initial test phase. Different aspects of user acceptance 
will be further enhanced in upcoming evaluation studies.    
 
The Kongsberg pilot 
The Kongsberg pilot is located in Kongsberg city in the eastern part of Norway. The test area 
comprises a closed circle test track and a 2.5 km public road test section in mixed traffic, including a 
Control Operation Centre. Aiming to put the first automated shuttle bus on the public roads in 2018, 
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the test site will serve passengers between the main railway station and the business and college area 
in town. The area has a typical Nordic winter climate with extreme cold and snowy winters.   
 
Business development and application of innovative solutions in public and private collaboration are 
constituent parts of the Kongsberg activities. The pilot aims to achieve industrial growth through 
applied autonomy in the transport system, focusing among other factors on system engineering, value 
network, technology innovation and cyber security. Moreover, the pilot will bring experience and 
requirements for operating electric and automated shuttlebuses in Nordic winter climate. The 
Kongsberg pilot is also involved in the Sohjoa Baltic project funded from the EU Interregional 
development fund (www.sohjoabaltic.eu). 
 
The Ruter pilot  
The Ruter pilot is run by the public transport agency in the capital area of Norway (centred in Oslo). 
The pilot differs from the other two SmartFeeder pilots by having a higher-order system approach to 
the deployment of smart feeder services. Instead of gradually testing and extending the pilot test site 
vehicle-by-vehicle, the Ruter pilot will deploy a coordinated fleet of automated shuttle buses 
(approximately 20-50 vehicles) in an urban area. The pilot activities aim to prepare the public 
transport agency and customers for future mobility services in an integrated mobility (ex.”MaaS”) 
perspective. The Ruter pilot has initially conducted technology readiness analysis and prepared the 
terms for tendering innovative smart feeder services in an open market. Large-scale deployment is 
scheduled for the autumn 2018. 
 
The pilot activities will focus on benefits and impacts for users, transport systems and the society. 
Upcoming evaluation studies on user acceptance and travel patterns will bring knowledge on how 
electric and automated smart feeder services may contribute to a safer, more efficient and 
environmentally sound transport system in the future.    
 
The SmartFeeder value network 
A generic value network model has been developed for the SmartFeeder concept. The SmartFeeder 
service is defined as the complete set of services enabling a user (customer) to benefit from a chain of 
transport services, where the first and/or last segment in the chain concerns the transport of the user 
from a point, e.g. home or work location, to a public transport node. It is also assumed that the 
vehicles used for the SmartFeeder service will be electric vehicles (EVs). The model is based on the 
service domains that will be part of the SmartFeeder service, e.g. transport infrastructure services, 
charging services and other ITS services (e.g. traveller information services). 
 
The basis for the model is the conceptual model for value networks described by Allee in 2005 (Allee, 
V., 2005). The value network is defined as a web of relationships that generates economic value and 
other benefits through complex dynamic exchanges between two or more individuals, groups or 
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organisations. Any organisation or group of organisations engaged in both tangible and intangible 
exchanges can be viewed as a value network, whether private industry, government or public sector. 
The value networks cover more than just transactions around goods, services and revenue (Allee, V., 
2000). It also covers the knowledge and intangible value or benefits. Hence, the values in a value 
network are grouped in the following (Allee, V., 2000): 

• Goods, services and revenues that covers exchanges for services or goods, including all 
transactions involving contracts and invoices, return receipts of orders, request for proposals, 
confirmations or payment. Knowledge products or services that generate revenue are part of 
the flow of goods, services and revenues.  

• Knowledge which covers exchanges of strategic information, planning knowledge, process 
knowledge, technical know-how, collaborative design, policy development etc. which flow 
around and support the core product and value chain 

• Intangible benefits that covers exchanges of value and benefit that go beyond the actual 
service and that are not accounted for in traditional financial measures, such as a sense of 
community, customer loyalty, image enhancement or co-branding opportunities 

 
This paper focuses only on the tangible values like goods, services and revenues (payments). 
Knowledge and intangible values are not included in the analysis for simplicity reasons and lack of 
information. Figure 2 below shows the different service domains that are part of the SmartFeeder 
service based on a more holistic and value network viewpoint. 
 

 

 

Figure 2 – Service domains in SmartFeeder 

The Transport services have been divided into two groups: 1) Feeder services which is the transport 
service with automated and electric mini buses (the transport of a person from his home or work to a 
public transport node) being the core part of the SmartFeeder service and 2) other transport services, 
e.g. bus, tram and train services between public transport nodes. The Transport services domain 
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includes the roles and value flows that provides the transport service, in this case the Feeder service 
defined as the transport of a person from where the person requested the transport service, e.g. at his 
home or working location, to a public transport node, e.g. a bus terminal or a metro or railway station.  
 
The Transport infrastructure services domain includes the roles and value flows related to the 
provision and operation of transport infrastructures that are made available for the operation of the 
transport means, e.g. electric mini buses, used for the provision of the feeder service. The transport 
infrastructure could be public roads, private roads or areas, dedicated roads for the SmartFeeder 
service only and it could be parking areas/garages (public or private) for the transport means when not 
in operation. The parking areas/garages could be combined with the Charging service infrastructure, 
see below.  
 
The Charging services domain includes the roles and value flows related to the provision of charging 
facilities and services for the transport means used for the SmartFeeder service.  
 
The Services related to transport means domain include the provision of the transport means (vehicles) 
and maintenance and repair services of the transport means, e.g. the electric mini buses. The Feeder 
service operator will purchase or lease the vehicles but there is also a need for monitoring and 
maintaining the vehicles that should not be underestimated, e.g. in-vehicle ICT systems and batteries. 
 
The ITS services domain includes roles and value flows for the different types of ITS services that will 
be part of the SmartFeeder service, e.g. traveller information systems and booking and ticketing 
systems.  
 
The Support services domain covers roles and value flows related to the different support services 
needed for the provision of the SmartFeeder service. Some service examples are communication 
services and ICT services, e.g. cloud services, and transport means cleaning services. 
   
Service domains and roles 
For each service domain, a set of roles and value flows have been defined. As an example, the Feeder 
service domain has three different roles. The simplified value network between the three roles is shown 
in Figure 3. The Feeder service manager gives the Feeder service user access rights to the service. In 
return, the user pays the service manager for the access rights. The user presents his access rights to the 
Feeder service operator, e.g.by validation of service rights stored on a smartcard or smartphone when 
entering the transport means used for the feeder service. In return, the Feeder service user is able to 
benefit from the feeder service, e.g. transport from his home to a railway station. The Feeder service 
operator collects information on the feeder services provided and sends the information to the Feeder 
service manager that receives payments from the users. 
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Figure 3 - Value flows related to the provision of the Feeder service 

The value network methodology 
The three pilots that are associated with the SmartFeeder project have different approaches concerning 
the implementation of the different service domains. The main objective of the SmartFeeder generic 
value network is to have a common platform for describing the different approaches in the three pilots. 
The generic value network will both be a guide for the pilots when planning and implementing the 
pilot schemes and it will enable a comparison between the three pilots when it comes to evaluation of 
the value networks. The approach defined by the project is as follows:   

• Define a generic value network model for SmartFeeder and similar services enabling 
seamless door-to-door travels for customers in public transport (first and last mile services) 

• Apply the model on the three different pilots that the research projects follow 
•  Apply the model on other existing pilots and feeder service concepts outside Norway 
•  Evaluate the generic model based on the application of the model on the pilots and other 

external pilot and systems 
 

Building knowledge on impacts from the SmartFeeder activities 
Technological innovations hold a potential to change the way transport is performed, giving rise to 
previously unknown possibilities, but also new challenges as well. The rapid technology development 
and the great societal anticipations place great demand on policy makers that must make strategic 
long-term plans as new technologies and services become available. Important decisions are however 
often based on limited empirical evidence on what the true impacts will be. To obtain beneficial 
impacts for users and society, policy makers are in urgent need of knowledge to increase the 
understanding on how smart feeder services should be developed and implemented in the future 
transport systems. Consecutive impact assessments of the progressing SmartFeeder pilots generate 
applicable knowledge based on the pilot experiences and accomplishments. Constraints and 
prerequisites for beneficial implementation of smart feeder services are addressed, including technical, 
legal, organizational and societal challenges. The evaluation activities will result in specific policy 
recommendations for future development and deployment.   
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The evaluation methodology 
The SmartFeeder project has developed a framework for impact assessment within a theory-based 
evaluation approach driven by a conceptual model of how the feeder services are expected to operate 
in each individual pilot, see figure 4.  
 

 
Figure 4 – Schematic illustration of the theory-based evaluation approach 

 
The influence of contextual factors is included, as it is recognized that potential barriers and success 
factors are likely to mediate the outcome. Although using a common evaluation framework, the 
individual study designs need to be tailormade for each individual feeder service and test site. A 
combination of quantitative and qualitative evaluation techniques is employed. The purpose of the 
SmartFeeder evaluation methodology is to generate applicable knowledge in order to increase the 
understanding of how the smart feeder services operate and contribute to immediate change and 
long-term impacts on safety, environment, travel patterns and public acceptance. The strengths of this 
theory-based approach are discussed in Lervåg (2017) and include the assessment of causal effects that 
produce knowledge on why the SmartFeeder service works or not, and what parts of the 
implementation and contextual factors that contribute to the observed impacts. Furthermore, it has a 
formative capacity to include the incremental improvements throughout the feeder service life cycle, 
contributing to efficient use of development and implementation resources in the pilots. An additional 
advantage is the practicality and methodological flexibility, which leverage the data samples and 
research material by combining theory-based and experimental analyses. 
 
Implementation scenarios 
The pilot evaluations will generate applicable knowledge for development of realistic scenarios for a 
future public transport system that includes smart feeder services. These scenarios will cover aspects 
like how different transport modes should collaborate to obtain efficient and attractive door-to-door 
services, transport schedules, terminal location and facilities, viable value networks and business 
models, as well as innovative public transport management. The public partners in the SmartFeeder 
project aim to implement the project results and recommendations into governmental strategic 
transport plans, and thus ensure a rapid large-scale implementation. The overall goal is to achieve 
wider impacts in terms of increased mobility for all citizens regardless of private car ownership and a 
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green shift in travel behavior, traffic planning and urban development.   
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