Table 1: Studies investigating the relationship between RMT and servitization
	Paper
	Brief description
	Benefits identified

	[6]
	Explores customer expectations of remote maintenance services in the medical equipment industry.
	Customization, reduces physical distance

	[7]
	An overview of intelligent machines in industrial companies describing types of services provided, differentiated by technical and organizational architecture.
	New services and revenue streams 

	[8]
	Studies the impact of smart products on companies’ operations and organizational structure.
	None

	[20]
	Investigates factors that characterise the organisational application of RMT in the context of servitized strategies.
	None

	[23]
	Introduces four basic business models available to product manufacturers considering smart services.
	Removal of unpleasant surprises, richer and closer customer relationships

	[24]
	Investigates challenges of using remote diagnostics in two manufacturing companies.
	Risk reduction

	[27]
	Studies strategic choices faced by manufacturing companies considering smart products.
	Increases product reliability

	[28]
	Examines how digitalization capabilities enable value co-creation in a servitizing process in manufacturing firms. 
	None

	[34]
	Investigates how ICT in general can enable service differentiation in manufacturing companies.
	More accurate and proactive maintenance plans

	[35]
	Investigates how three digital technologies (the Internet of Things, could computing, and predictive analytics) support the service transformation of manufacturing companies. 
	None

	[36]
	Explores factors that enable and constrain the use of RMT in servitization context.
	None

	[37]
	Explores institutional and capability barriers to smart services.
	None

	[38]
	Shows results from a survey of German machine tool manufacturers which present problems of Teleservices.
	Remote detection of errors or faults, better preparation

	[39]
	Identifies critical dimensions of service innovation in manufacturing firms.
	Security and responsibility

	[40]
	Explores the concept of downstream shift, in the context of machinery manufacturing industry, and the role of remote technologies in that shift.
	Learning about customers and their business, cost reduction

	[41]
	Explores how remote diagnostics influences value creation in manufacturing industry.
	Direct access to product usage data

	[42]
	Surveys the UK manufacturers to investigate the adoption and use of diagnostic and prognostic technology.
	None

	[43]
	Describes the development of two simulation-based tools that explore the relationship between prognostics and health management technologies and servitization in the machine tool industry.
	None

	[44]
	Proposes a discrete-event simulation-based model for predicting system availability that integrates sensor data from a condition monitoring system.
	None


Table 2: Case study companies, operating environments, customers supported, products and services provided
	Case study company
	Aerospace Co.
	Equipment Co.
	Marine Co.
	Transportation Co.

	Interviews conducted
	6
	6
	7
	8

	Main products
	· Civil and defence jet engines
	· Rolling bearings

· Seals

· Mechatronics

· Lubrication systems
	· Marine propulsion systems

· Power generation and distribution equipment

· Offshore drilling drives

· Onboard drives
	· Rolling stock (passenger and high-speed trains, trams, locomotives and equipment)

· Systems and Signalling

	Main services

(arranged from simple to more complex)
	· Engine support services (proactive in-service engine management, overhaul shop maintenance and the collection and management of engine data) 
	· Bearing refurbishment and alignment services

· Maintenance services

· Condition monitoring services

· Integrated maintenance solutions

· Proactive reliability maintenance
	· Installation and commissioning

· Repair and refurbishment

· Spare parts and training

· Maintenance and field services

· Retrofit

· Support and remote services (see Table 3)
	· Spares supply

· Technical support and spares supply (TSSS)

· Fleet maintenance

· Fleet management

	Customers served
	· Civil and defence aerospace worldwide
	· UK process industries (chemical, paper, etc.)

· Energy industry in UK (on- and off-shore wind turbines)
	· Oil & Gas worldwide 

· Cruise & Ferry worldwide 
	· UK train operators


Table 3: RMT systems used by the case study companies
	Aerospace Co.
	Equipment Co.
	Marine Co.
	Transportation Co.

	A jet engine is permanently fitted with 25-30 sensors which collect data on different aspects of the engine performance, including: pressures, temperatures, fuel flow and fuel temperatures, oil flow and oil temperatures, debris and chip detectors on oil systems, and vibration sensors. All sensors are multi-purposed as they are also used to control the engine and provide indication of its performance to the pilot. The data are acquired by engine control unit and shared by the RMT system. Transfer of the data is done by a system after each flight. This system transmits five reports via VHF radio or satellite links. The reports are: (1) takeoff report, (2) climb report, (3) cruise report, (4) report triggered in case of unusual conditions, and (5) summary report. 
	Already in 1970s they started to investigate and apply condition monitoring technology. Since then they have been at the forefront of bearing condition monitoring technology and have recently acquired a number of technological companies (making e.g. portable instruments for monitoring and data collection, on-line monitoring systems, software algorithms, etc.) to reinforce and extend this capability. Compared to other three case companies, Equipment Co. is the only company that even sell its RMT systems. They offer a wide range of possible solutions from customised wireless solutions with many sensors and channels to monitor the entire plants (e.g. paper or steel mill), to portable handheld equipment to walk around the plant with to collect the necessary data.
	Remote services by Marine Co. are on three levels: (1) Troubleshooting (on-demand connectivity to assist in remotely diagnosing a failure), (2) Preventive (scheduled data collection and data analysis), and (3) Continuous (continuous monitoring for critical alarms and status of products onboard the vessel). The latter includes first two levels. Two key RMT systems enable the remote services: Remote Diagnostic Services (RDS) and Propulsion Condition Management System (PCMS). Both are built on the same platform, yet they support different systems and remote services. RDS supports troubleshooting and problem diagnostic on electronic and electrical equipment for Oil & Gas customers. PCMS is used only on propulsion equipment, which is primarily targeted for Cruise & Ferry customers.
	RMT systems have been present on Transportation Co. trains for years. They gained their importance as the company started to be more involved in services. The RMT system currently in use was developed from older train management and control systems. One of those systems, used by most of their fleet, is CAS. This system collects data from a number of train subsystems (e.g. brakes, engines, gear boxes, HVAC, batteries, power supplies, doors, toilets, etc.) and is programmed to send the data once a day unless dialled in manually. Newer trains have a different system which is capable of providing real-time data. Data collected either from CAS or the new system is then transmitted by a system which enables transmission of data from entire fleet to whoever needs it.


Table 4: Case study findings and implications – summary
	Finding
	Content

	Finding 1
	Although not resulting from RMT directly but from the value propositions enabled by it, outsourcing risks is recognised as the key benefit of RMT. RMT promises to avert a potential risk (of product fault or failure) thus averting disruptions to service delivery.

	Finding 2
	The ability of RMT to remotely detect and diagnose problems with products in service has brought a number of efficiency and effectiveness benefits. These are: more accurate, focused, and proactive maintenance plans; reduction of time to troubleshoot the problem; reduction of costs of planned and unplanned maintenance; and reduction in interference with properly functioning equipment, so reduction in incidents of unwanted induced faults.

	Finding 3
	RMT provides companies with the wealth of data about the performance of their products in service and how customers interact with them. This suggests that RMT has a great potential to be customized to a number of situations. For example: in negotiating new contracts, for new product development and improvement, or for further service innovation.

	Finding 4
	RMT promises to avert a potential risk (of product fault or failure) thus averting service disruptions to customers. This creates a challenge of determining the benefits of preventing service disruptions that may have occurred if RMT was not there. The challenge is to prove and to determine the benefits of preventing an event that never happened.

	Implication
	Content

	Implication 1
	RMT is only an element in an intertwined web of other resources that in tandem deliver services. That is, RMT-enabled services are formed by the interactions of diverse elements. This creates difficulties in determining the proportion of services that can be attributed to RMT.

	Implication 2
	RMT does not have innate functionality. The benefits resulting from its use are not properties of RMT but properties of interactions this technology is constituted element. The benefits from RMT-enabled services are emerging from these interactions and do not belong to RMT. There is unpredictability in determining the benefits from RMT-enabled services.

	Implication 3
	There is no such thing as finished RMT-enabled service only an evolving one. This evolution is greatly enabled by RMT’s general lack of functionality. Without knowing what the RMT will be used for we will not be able to determine the exact benefits from its use. The lack of functionality is an important catalyst for further evolution of RMT-enabled services.


