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Introduction: With the much-needed transformation from linear to more circular resource flows, it is imperative for enterprises to understand their financial prospects. Transforming towards Product-as-a-Service (PaaS) with circular elements introduces new considerations that must be addressed to ensure profitability and sustainability. However, there is a lack of comprehensive financial assessments based on empirical cases to guide companies in assessing the lucrativeness of their transformations. This paper addresses this gap by proposing a simple-to-use and flexible financial assessment model for PaaS, helping practitioners identify the conditions necessary for financial viability from both provider and user perspectives.Methods: Grounded in transdisciplinary research, this study focuses on a construction machine manufacturer's transformation from a traditional one-off sales business model to PaaS. The transformation is analysed through the development of a life cycle costing financial assessment model that addresses relevant cost drivers.Results: Using discounting methods, the model can help practitioners generate scenarios to identify feasible solutions for profitable PaaS setups. Additionally, the paper presents an analytical procedure to identify conditions for a financially viable PaaS. The procedure includes scenario-based analysis that accounts for systemic changes often necessary for successfully realising PaaS.Discussion: By following the proposed procedure, along with the financial assessment model, manufacturers can streamline their financial assessments to identify necessary changes. For the analysed case company, the modelling results indicate that it must redesign its products for PaaS to outperform its previous business model.Keywords: product-service system (PSS), transformation, assessment, circular business model, sustainability, remanufacturing
1 INTRODUCTION
Product-as-a-Service (PaaS) is a style of offerings where a manufacturer gets paid by providing the product functions over time while maintaining the ownership of the product (Geissdoerfer et al., 2018; Sakao, 2022). Thus, PaaS economically incentivises the manufacturer to use the product with its fuller technical lifespan, typically via multiple contracts with end users. PaaS is a special type of product-service system (PSS) (Belkadi et al., 2020; Brissaud et al., 2022), which is an augmented system for manufacturers and was heralded as among the most promising measures towards a resource-efficient and circular society (Tukker, 2015). PaaS, through its potential to enhance financial performances (Kaddoura et al., 2019), attracts manufacturing businesses in various product sectors (Matschewsky et al., 2020; Yang and Evans, 2019). Moreover, an increasing number of companies have indeed offered PaaS in various product sectors.
Like any other business offering, PaaS needs to be assessed for financial viability during design before being introduced to a specific market (Averina et al., 2022). Its financial performance depends on various engineering factors, on top of the revenue, such as the production cost, the product lifespan, and the time required for maintenance, which often have interplays and interdependencies (Brissaud et al., 2022). It is highly complex just to calculate the financial performance of PaaS, especially when the complexity of the product is high. Furthermore, finding a win-win condition in the vast solution space for the provider and the user is an engineering challenge. Industry needs support for the assessment and analysis that goes beyond calculating the cost for manufacturing a product, as typically done in a one-off sales-based business model. However, after reviews of the literature (Golinska-Dawson et al., 2023; Vogt Duberg et al., 2024), it was concluded that a gap exists in practical yet theory-based support for manufacturers’ identification of the financial viability of PaaS. Therefore, this paper fills the gap with the aim of proposing a simple-to-use and flexible financial assessment model for PaaS and helping practitioners identify the conditions of financial viability, addressing relevant cost drivers and their interlinkages from a life cycle perspective. To do so, transdisciplinary research is used to develop and validate the proposal: a case is taken from a company based in Europe that manufactures and sells construction machines used by businesses.
The contributions of this paper to the literature are three-fold: (1) an industry-usable yet science-based model for PaaS financial assessment that is developed on a spreadsheet software (provided as Supplementary Material); (2) a procedure, using the proposed assessment model, to identify the conditions for the financial viability of PaaS both from the provider and user perspectives; and (3) an account of a complex product manufacturer’s successful application of the model and approach with a real-life case in industry.
2 RESEARCH MOTIVATIONS
Financial assessment and evaluation are essential in designing any new business offering before its introduction to a market (Averina et al., 2022), and PaaS offerings are no exception (Mahut et al., 2017; van Loon and Van Wassenhove, 2020). Models are needed for the transparency of the assessment and effectiveness in archiving the decision-making rationale. The widely used models are labelled as life cycle costing, and these create a systems perspective of an offering’s cash flows through the product life cycle stages (Westkämper et al., 2000). Although these models are neither standardised (Kambanou, 2020) nor well-established in the scientific literature (Kanzari et al., 2022), they have been effectively used in manufacturing for decades (Haanstra et al., 2021; Janz et al., 2005; Sakao and Lindahl, 2015).
A small but increasing body of PaaS research based on industry cases has shown a variety of relevant aspects of financial assessments of PaaS for manufacturers. They can be summarised into two categories. The first one refers to the needed perspectives of both the provider and user. PaaS business models are relatively new to potential users and must be attractive from their perspective (Rexfelt and Hiort af Ornäs, 2009), meaning that finding win-win situations between stakeholders in the value network is recognised an important task (Peillon et al., 2023). The second category originates from the complexity of the calculations. Product design is highly influential on the firm’s profits (Hidalgo-Crespo et al., 2024; Kuo et al., 2019); it is, therefore, sensible to propose the use of computer-aided engineering (CAE) environment for such assessments (Bertoni and Bertoni, 2020). Moreover, the costs for services are uncertain (Erkoyuncu et al., 2011), because they are influenced by stochastic events such as product malfunctions and the wide geographical distribution of end users. These cost variations significantly influence the profitability (van Loon and Van Wassenhove, 2020). Additional complexity also exists because these service costs depend on product design. To adequately address the situations, a framework for cost estimation with systems thinking was shown useful (Rodríguez et al., 2022).
For manufacturers to grasp the difference between a one-off sales-based business model and a PaaS model during the design stage, it is necessary to provide manufacturers with transparent and user-friendly assessment methods. The existing methods to estimate costs for PaaS or related offerings in literature can be categorised into two. One tends to provide comprehensive assessment methods that sometimes cover all three sustainability pillars but are often too generic or abstract for reliable decision-making on the financial aspect (Luthin et al., 2024). The other adopts parameters too detailed against accessible data in practice (Bressanelli et al., 2019a; van Loon and Van Wassenhove, 2020). Thus, literature reviews (Golinska-Dawson et al., 2023; Vogt Duberg et al., 2024) concluded that a gap exists in practical yet theory-based support for manufacturers’ identification of the financial viability of PaaS. This observation is in line with a conclusion by another review (Kanzari et al., 2022); only a few assessment methods applicable during the design phase were reported. Moreover, several case-based research studies advocate for further research on real cases (Bressanelli et al., 2019a; van Loon et al., 2022; Vogt Duberg and Sakao, 2024). This is the gap that this paper aims to fill.
3 PROPOSAL – FINANCIAL ASSESSMENT MODEL FOR PAAS
3.1 Defining the sales and PaaS business models
In the financial assessment model, a PaaS business model is compared to a one-off sales business model. The one-off sales represents the business as usual, serving as the base case that PaaS must outperform. Henceforth, these business models are labelled Sales and PaaS, respectively. In Sales a product user purchases a product and obtains ownership of it. A warranty is provided for a certain period, during which the provider must provide free-of-charge repair or product substitution in case of failures. In this paper, several use cycles are compared. When assuming a product life of a solely one-use cycle, the product is manufactured and then maintained and repaired when needed, and at the end of life, it is recycled or disposed of. Outside of the warranty period, the user must either perform all maintenance activities without the involvement of the provider or pay the provider a fee for the service. When assuming more than one use cycle, remanufacturing is performed at the end of use of each cycle. In cases where all cores (def. used, disposed or broken product intended for remanufacturing) cannot be acquired or cannot be remanufactured, the corresponding number of products are manufactured instead.
In the PaaS model, the setup is similar, but with the exception that the user does not obtain ownership of the product, and all running costs are covered by the PaaS fee. The provider schedules maintenances, performs repairs, and is responsible for all other activities to provide PaaS to the user. At the end of use, the cores are acquired for remanufacturing and reinstated into another use cycle without any major effort by the provider. The acquisition cost solely depends on the effort to transport the cores to the remanufacturing facility, where the core is restored to its original specification, condition, and performance. In this process, the cores can also undergo upgrading to sustain their attractiveness on the market. At the end of life, recycling is performed. From the user perspective, there is no difference between having new or remanufactured products as their performance is the same, and as such, the PaaS fee is equal for the two product types.
3.2 The basics of the financial assessment model
The financial assessment model used in assessing the prosperity of the PaaS model in relation to Sales is based on net present value (NPV) and total cost of ownership (TCO). Both approaches utilise discount rates to capture the fluctuation of the monetary value over time; that is, future monetary flows are not valued the same as current flows. This assessment provides two perspectives: the provider perspective (the OEM; original equipment manufacturer) and the user perspective (the customer). The dual perspective is reasonable since it is easy to create a PaaS that delivers high value for the provider by increasing the PaaS fee. However, since the PaaS fee also affects how the customer perceives the offering (cf. Akbar and Hoffmann, 2018; Hanemann, 1991) in relation to Sales and competitors, an increased PaaS fee lowers the attractiveness of the offering from the customer perspective, thus lowering their willingness to pay. For the assessment in this paper, the complexity of the perception of products and willingness to pay is relaxed by assuming that the customer selects an offering based on the lowest TCO. In practice, this assumption ignores additional benefits of PaaS, such as hassle-free operation (cf. Akbar and Hoffmann, 2020; Sánchez-Fernández et al., 2009; Zauner et al., 2015), the precise prediction of the cost, a lower amount of payment recurring over time, and asset-freeness in the financial bookkeeping, meaning that the benefits of PaaS will be underestimated.
In order to create a flexible spreadsheet-based NPV and TCO model, the rows and columns of the sheet were utilised to facilitate the variability of every parameter. In this model, the input columns in the spreadsheet have two different bases depending on how frequently the input parameters vary over time. If the parameters are (1) constant within each use cycle, the columns represent cycles, while if (2) the parameters vary within a shorter time, the columns represent this period instead. Given the first example, the principle is illustrated in Table 1. Each use cycle [image: image] has a length [image: image] that specifies the time from start to finish of the use cycle. For each cycle, there is also the cumulative length [image: image] that tracks the time of all previous cycles and potential downtime [image: image] between cycles. The basic examples of downtime between cycles are remanufacturing lead times, transport lead times, and time to sell another PaaS. As such, the columns of Table 1 represent the columns of a spreadsheet application and how the cycles are aligned. For other parameters, [image: image] and [image: image] represent how constant values within a cycle are inserted.
TABLE 1 | Examples of how the parameters of different cycles are inserted into the spreadsheet application.
[image: Table 1]The NPV for the provider is based on subtracting discounted costs from revenues; see Equations 1, 2, while for the user, it is primarily based on costs; Equations 3, 4. The description of the parameters is provided in the nomenclature. The sole exception is in the Sales model, where the sales of cores from the user to the provider are present, and thus, the total value of costs is reduced by the buy-back or sell-back value of core acquisition.
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The parameters in Equations 1–4 are scaled based on the discount and scaling factors provided in Table 2. As such, each parameter is multiplied by its corresponding factor. In the equations, two different discount factors are used, one for the provider [image: image] and one for the user [image: image], to allow for possibilities for alternative guaranteed rates of returns. To show the similarities between the two cases, [image: image] is used as a neutral discount factor, calculated based on a discount rate [image: image] as in Equation 5. The conversion between the discount factor and rate is to make the equations more condensed.
[image: image]
TABLE 2 | The parameters used in the financial assessment model and their corresponding discount and scaling factor to discount the values over time. Four scenarios are indicated by the signs ■, □, ●, and ○ as defined at the bottom.
[image: Table 2]Discounting methods, such as NPV, are based on discounting individual transactions to capture their value in today’s terms. Hereafter, the term transaction value is used to label all cash flows, both revenues and costs. Such transactions [image: image] could appear as the following finite series at various points in time. Given constant values and [image: image], or as reasoned with the constant values within each cycle, a geometric sum can be applied to derive an equation easily inserted in a spreadsheet. In the Equation 6 example, it is assumed that the transactions are constant (e.g., [image: image]) and occur at the end of each time period (e.g., end of a month) and continues periodically until the end of the cycle.
[image: image]
This principle is used for all the aggregated discount factors, as presented in Table 2. The difference lies at which point in time each transaction occurs. This is further elaborated upon in the subsections dedicated to the parameters. By using this discounting method, comparing alternatives of different lengths is not possible without tweaking the values to use the same point of reference. In this paper, the method equivalent annual annuity (EAA) is applied to overcome this. By using EAA, one transaction value is equally distributed over a determined timespan [image: image]. For reasonable comparisons, the [image: image] should be set to the least common denominator based on the cycle length of the alternatives. This ensures that all costs within a use cycle have occurred within the timespan [image: image]. For example, if [image: image] is lower than the cycle length [image: image], a remanufacturing cost at the end of the cycle influences the EAA value even though it has not occurred within the proposed timespan.
The EAA is derived by inverting the geometric sum, given that [image: image] and [image: image], as in Equation 7. In this case, it is assumed that all EAA values occur at the end of each time period, hence the [image: image] instead of [image: image].
[image: image]
3.2.1 Repair transaction
The repair parameter corresponds to the process that occurs after a product failure. Repair returns the product to the intended condition. In PaaS, the user is provided free-of-charge repairs throughout the use period unless the product is used beyond its intended purpose or mismanaged. As such, the provider is responsible for all repair-related costs. In Sales, there are multiple options for how a repair is conducted, for example, by the provider or the user. A user can order and pay for a repair from the provider, meaning that the provider has both costs and revenues related to the repair activity. Furthermore, if there is an active warranty period (i.e., [image: image] is fulfilled) at the point of failure, the user is eligible for free-of-charge repairs, and thus the provider has costs but no revenues. The arrangement depends on a given case. For example, it can be assumed that there is a warranty provided in Sales, and outside of the warranty, the user performs the needed service without the involvement of the provider.
The point of failure is based on a mean time to failure (MTTF) estimation labelled as [image: image] and a probability that the failure occurs within the cycle. The failure probability has the role of a scaling parameter changing the repair transaction value per cycle with a corresponding percentage. In the financial model, these values are deterministic, meaning that the parameter values in the model are not estimated based on a probability density function. Given these circumstances, the discounted repair transaction is described by Equation 8 where if [image: image] then [image: image] otherwise [image: image].
[image: image]
3.2.2 Maintenance transaction
The maintenance transaction covers planned activities to keep the product operating at its expected capacity. Such activities could be service checks, minor repairs, and the replacement of wearing parts. To discount the maintenance transactions, a time between maintenances (TBM) is calculated using the cycle length [image: image] and the planned number of maintenances [image: image] within a use cycle:
[image: image]
The TBM determines the point in time when the maintenance activity occurs, and the transaction is registered for the provider and user. In PaaS, the base case is that the maintenance is included in the PaaS fee, meaning that the transaction is limited to the provider. Meanwhile, in Sales, the user maintains the product without provider involvement. These setups are not fixed in the model and can easily be tweaked to explore different scenarios where the provider, for example, sells different maintenance packages. Using the geometric sum, similar to Equation 6, the discounted maintenance is described by Equation 9. Given a scenario where the provider profits from maintenance, the markup parameter in the equation is positive ([image: image]).
[image: image]
3.2.3 Remanufacturing transaction
In the two business models, the remanufacturing process provides additional lives for the end-of-use products. In addition to the remanufacturing process cost, the total remanufacturing cost is impacted by the core acquisition activities and success rates. Typically, all cores cannot be acquired from the use phase for remanufacturing (Östlin et al., 2008a; Zhou and Gupta, 2019). There are several reasons for this, for example, the user preventing the provider from acquiring the core or the core not fulfilling the expected quality requirements for achieving a successful remanufacturing process (Gaur et al., 2017). To create a lucrative remanufacturing process, remanufacturers tend to set requirements on the condition of cores to keep the remanufacturing efforts to reasonable levels through inspection, sorting, or screening activities (Ridley et al., 2019; Wei et al., 2015). Another perspective is the remanufacturing yield (cf. van Loon and Van Wassenhove, 2018), which is interpreted as the ratio of cores that can be reprocessed into remanufactured products. Even though inspection activities are performed, some cores are filtered out during the remanufacturing process due to unexpected issues. In some cases, these cores can be cannibalised (cf. Atasu et al., 2010; Guide and Li, 2010), meaning that components are extracted and used to remanufacture another core. As such, the remanufacturing yield is the rate or probability that a core can be remanufactured and implies that the core acquisition cost is present, but either another core must be acquired or a new product must be brought in. In this model, product cannibalism on the component level is not considered.
In the financial assessment model, the remanufacturing core collection rate [image: image] and remanufacturing yield [image: image] are used to simplify the complexity of the core acquisition and remanufacturing process by increasing the core acquisition and remanufacturing process cost proportionally with the probability of each activity being unsuccessful. It is assumed that [image: image] always indicates successful acquisition and process activities. As such, the additional costs are covered while keeping the modelling complexity low. For PaaS, these activities are assumed not to influence the user as the ownership of cores and products are retained by the provider. In Sales, however, the proposed model supports buy-back or voluntary-based closed-loop supply chain relationships, meaning that the user can sell their cores to the provider (cf. Östlin et al., 2008a), thus lowering their TCO. Depending on the scenario, the remanufacturing acquisition and process are either at the start of a cycle or at the end, depending on whether a manufacturing activity is present, as in Equations 10, 11, respectively, by adapting the Boolean parameter [image: image].
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3.2.4 End-of-life transactions
At the end of life, it is assumed that the products undergo either recycling or disposal activities. As long as the provider keeps the ownership of the product, that is, through PaaS, the proposed model assumes recycling over disposal. The model has a simplified view of these two activities as they only induce a single transaction influencing the NPV or TCO value. In a more complex model, the material resources from recycling could be integrated into the manufacturing or remanufacturing process. As such, recycling and disposal are assumed to be outsourcing activities for the user and provider.
Since product cannibalism and core acquisition were not modelled extensively within the remanufacturing system, cores that do not reach the remanufacturing process or are of insufficient condition are redirected into the recycling or disposal flows. Hence, the recycling cost [image: image] is impacted by the recycling collection rate [image: image] and remanufacturing yield [image: image]. The disposal cost [image: image], as directed to the user, is to cover transactions related to storing the product indefinitely or transporting and recycling it. The collection rate [image: image] handles disposal instances where the core disappears, while Equations 12, 13 describe the discounting and scaling of these transactions.
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3.2.5 Other transactions
The remaining transactions in the proposed model are built on the same principles described for the maintenance, repair, remanufacturing, and end-of-life activities, where the point in time determines the discount factor. For example, administrative transactions for managing PaaS occur both at the start of a use cycle and periodically; see Table 2. The use of this activity is to manage activities related to setting up PaaS between the user and the provider, as well as manage planning, support, and other types of administration throughout the use cycle. The commission is a transaction between the provider and a potential third-party actor who manages the sales activities of Sales and PaaS to the user. In this model, it is assumed that this transaction occurs at the start of a use cycle, but by using a discount factor similar to the one for PaaS management administration, this can easily be adapted according to needs.
Similarly, the PaaS fee [image: image] is a periodic transaction regardless of the contract length between the provider and user, while in Sales, the sales price for new [image: image] and remanufactured [image: image] products is the purchase transaction between them. The sales price is derived based on a manufacturing cost that covers all transactions from preceding product life cycle phases with an added mark-up value similar to the mark-up for the maintenance transaction, and the PaaS fee is calculated based on the total cost with a mark-up value up to an upper limit; see Equation 14. The cap of the PaaS fee allows for dynamic scenarios and prevents the PaaS fee from reaching unrealistic levels.
[image: image]
These transactions depend on the manufacturing-to-remanufacturing ratio. For example, if there is a remanufacturing process activity, there is also a sold remanufactured product, and vice versa. In cases where the collection rate and remanufacturing yield induce non-binary values, the model provides an average scenario, as shown in Equation 15.
[image: image]
As such, the sum of the remanufacturing and manufacturing, as well as the sales activities, always equals one unless exceptional cases are introduced. This case also implies that the remanufacturing and manufacturing values are discounted based on the same point in time.
3.2.6 Transport transactions
The transactions for transports occur at the same time as their corresponding activity, and, therefore, they are discounted using the same factor. It is assumed that the lead time between forward and reverse transports for maintenance and repairs has a negligible impact on the results or that the transaction occurs decoupled from its activity in practice; therefore, the lead time aspect has not been integrated for all activities. For other instances, a lead time parameter should be implemented to postpone the transaction for reverse transports, similar to how products are transported to and from the user at the start ([image: image]) and end of a PaaS cycle ([image: image]); see Equation 16.
[image: image]
Which of the provider and user covers the transport cost is determined by modifying a decision parameter. See Table 3 for a description of the Sales setup. For PaaS, the same principle was adopted. However, repairs are utilising the same transport option as for maintenance given the assumption that the point of the transaction is fixed, but the transport activity in practice is flexible. For instances where this is not an accurate representation, the discount factor and number of transports should be modified in the Supplementary Material. As such, if a product fails, the maintenance activity could be performed prematurely or be postponed, preventing repairing a product, and then shortly after, taking it back for maintenance. The repair transport transactions are dependent on whether there is an active warranty. For the base case, it is assumed that the provider covers warranty-related transport costs.
TABLE 3 | The number of transports for the provider and user in Sales.
[image: Table 3]3.3 An approach to identify the conditions for the financial viability of PaaS
For an OEM to identify the financially viable conditions under which the PaaS outperforms its business-as-usual business model, while also reducing costs for the user, an iterative seven-step procedure is proposed; see Figure 1. The seven-step procedure is designed to systematically lead an OEM towards the conditions where PaaS can be offered more lucratively for the provider and at a lower cost for the user. The intention of the procedure is also to support in replicating the methodological approach to reach the analytical results.
Step 1: The procedure begins with describing the proposed PaaS. This step is necessary as the business model’s elements must be defined to be interpreted in a financial assessment. The more detailed description, the more accurate outputs the financial assessment, provided sufficient input data are accessible or estimated.
Step 2: Using the description and data inputs, the cost structure of both the business-as-usual and PaaS is calculated, with and without using NPV. The cost structure corresponds to all the cost elements or drivers within each business model. Note that the cost structure should separate cost drivers from different stages of the business model. For example, in PaaS, several use-phases exist, with certain costs being more prominent in specific phases. The cost structure provides information about each cost driver’s impact level on the total cost.
Step 3: For the provider’s perspective, revenue streams are critical to ensure a profitable and competitive business model. Therefore, all revenues must be calculated considering the entire product life cycle. For the user perspective, this step is similar to Step 2 as there are not many revenue streams. However, revenues can occur from, for example, sales of cores. Here, the cash flows over different life cycle lengths are made comparable using costing techniques, such as the EAA as covered in Section 3.2.
Step 4: The financial overview is then used to extract most influential cost drivers on financial performance. These are selected for the scenario analysis. Due to the high influence, modifying them significantly impacts the business model’s performance.
Step 5: The scenario analysis is based on the influential cost drivers and knowledge of the business practice, which means that it is not mere mathematical exercise but involves engineering activities. Each driver is modified within a predetermined range, either by reasonable estimations or all possible values. This provides insights into the cost driver’s impact on financial performance and indicators of its sensitivity and robustness.
Step 6: If the scenario analysis indicates that values benefit both the provider and user, these cost drivers are selected for the further analysis. The same applies for drivers that moves the values in the right direction or if combinations of the scenarios likely achieve synergetic effects.
Step 7: The last step is to reassess the provider’s profitability and user’s total cost of ownership regarding the scenario combination in relation to business-as-usual business model. If a win-win solution space is identified for both the provider and user, it must be investigated whether reaching this state in practice is feasible and what the requirements are. If a win-win solution space is not found or if it is not robust, realisable, or unsatisfactory, there is a feedback loop back to Step 4 to select other cost drivers to analyse.
[image: Figure 1]FIGURE 1 | The seven-step procedure for identifying conditions for financial viability. Note: Potential interventions refer to relevant changes possible to be implemented in PaaS and require knowledge of the business practice, such as modifying product component durability and introducing regular inspection services.
4 APPLICATION TO THE FALADOR CASE – EUROPEAN MANUFACTURER OF CONSTRUCTION MACHINES
4.1 Case company and PaaS
The case company–hereafter called Falador–is a well-established OEM and provider of high-quality machines in the construction business-to-business industry. Like many other enterprises (Calzolari et al., 2021; Skärin et al., 2022), Falador is applying an increasingly advanced sustainability strategy. This company is interesting from a research perspective as it is currently developing a circular business model while continuing to focus on the manufacturing of high-quality products. The new business model shifts from one-off sales to providing products through a subscription, utilising an access-based circular business model (cf. Bocken et al., 2016), specifically a PaaS business model. In the PaaS business model, the customer gets access to the products, while Falador keeps the ownership and performs maintenance throughout the product life cycle. Due to the professional, heavy-duty work environment of Falador’s products, the products are prone to wear and deterioration. Moreover, despite regular maintenances, the lifespan of the products is relatively short. However, many of the expensive components outlast the life of the whole product, but due to the current business model, the embedded value of these components has not been fully utilised. This situation is caused by a typical product design where components’ technical lifespans significantly differ from each other in a product.
Falador has a plan for how PaaS should be realised. However, due to being profit-driven, the profitability of the new offering must be assessed before a realisation. Naturally, when introducing a service in addition to a product offering, new types of costs are induced (Kambanou and Sakao, 2020). These costs are added to existing costs, such as manufacturing and forward logistics, thus making the initial costs higher. To realise higher or comparable profitability to Sales, there are benefits in retaining the value of the returning products at the end of the use period (cf. Jensen et al., 2019; Nasr et al., 2018). Two major approaches for end-of-use management are remanufacturing and refurbishment (EMF, 2015), and these can retain the value embedded in products regarding material and energy, hence making them preferable over, for example, recycling (Gharfalkar et al., 2015; Kurilova-Palisaitiene et al., 2023). Nevertheless, from a sustainability perspective, considering not only environmental factors but also economic ones, the returning products must be reprocessed in a way that secures a sufficient return on investment (Östlin et al., 2008b). This was the aspect that interested Falador most. To promote the new business model internally, sufficient insights were needed on whether PaaS could provide any value. Even though a lower environmental footprint was expected to be achieved with PaaS due to a higher level of circular flows and through remanufacturing and refurbishment (cf. Sundin and Lee, 2011), Falador has to stay competitive and profitable on the market to secure its competitiveness long-term. As such, the financial insights in this paper have high practical applicability as they influence Falador–a major OEM in the construction machine industry–to adopt circularity practices. The successful implementation of the PaaS model would not only change Falador’s operations but influence the whole value network from suppliers to competitors by adopting higher levels of circularity.
When the collaboration with the case company Falador started, the ideas for the PaaS were conceptual, without any pilot activity prepared. The financial assessment model was, therefore, developed to consider the ideas and utilised, to a high degree, experts within Falador to provide parameter values for the inputs that could not directly be received from the Sales model. Certain values were based on the service, maintenance, and repair activities of the products to gain parameter values for failure rates, maintenance intervals, and remanufacturing, to name a few. Moreover, for example, the discount rate was derived from the expected return of investment rate from alternative investments. The parameter values used, and the results from the financial assessment, are direct consequences of the Falador case study and the information the company provided. Moreover, the most uncertain parameter values in the model for Falador are related to the cost of remanufacturing, PaaS management, repair, and maintenance, as these represent estimated values of a future business model implementation. Given the analytical procedure outlined in Section 3.3, the modelling results are intended to calibrate expectations with reality by providing insights into business model performance based on specific inputs. Thanks to the model’s flexibility, once more accurate data, such as PaaS management and maintenance costs, are collected, these new input values can be incorporated into the model for more precise insights. This scenario approach on Falador highlights potential solution-spaces (or potential outcomes) for the business model development, guiding the company (or others) towards achieving a win-win state. In this paper, a single product model and its PaaS setup are addressed. This example has been selected as it covers most of the features of the PaaS ideas of Falador.
The financial assessment is based on the commercial spreadsheet software Microsoft Excel to provide a flexible assessment model that companies can use internally without dedicated software support or advanced modelling expertise, thus providing a high level of usability and applicability. The software application was also selected to provide a high level of transparency of the internal model logic as it was perceived to provide a high level of confidence at Falador that the model delivers reliable results. As such, Falador or other companies using this model can easily view the linkages between inputs, assumptions, and outputs to create an understanding of the performance of PaaS and Sales, respectively. In the financial assessment, as presented below, the two business models are kept as similar as possible to create a basis for informed decision-making to provide a more profitable PaaS than its forerunner. View the financial assessment model in the Supplementary Material.
4.2 Transdisciplinary research methodology
The research approach applied in this study follows the framework of transdisciplinary research, as outlined by Lang et al. (2012) and further developed, e.g., by Renn (2021), Schaltegger et al (2013). The investigation of Falador also followed the case study guidelines by Yin (2018). The research team and OEM representatives worked in iterative interactions with their own purposes to the common goal of developing circular, resource-efficient, and effective solutions. To establish a collaborative partnership, both parties identified a shared interest in addressing the OEM’s challenge through research-based solutions. The OEM presented a specific problem, and the researchers offered their expertise to develop a solution. The research aimed to realise a PaaS business model, as described in the above introduction, which required the development of a calculation model for financial assessments.
The research team engaged in a series of 26 interactions with the OEM, each lasting 30–60 minutes. These interactions served as a platform for semi-structured discussions, where both parties reviewed progress and exchanged ideas. The research team posed semi-structured questions focusing on the envisioned PaaS business model, OEM characteristics, and model design. During the research, data was collected from these interactions, which provided insights into the development at the OEM and the thought process that led to different business model-related solutions. Additionally, these interactions shed light on the internal struggles within the OEM to find ways to motivate the positive effects of new ideas related to a CE and demonstrate how these ideas could lead to positive balance sheet outcomes.
Based on the data collected, an analytical net present value-based financial assessment model was developed using the commercial spreadsheet software Microsoft Excel. The research team presented this model to the OEM for review and validation. On the OEM side, the model was assessed using product expertise and other product- and operation-related datasets. Furthermore, the model was applied in a remanufacturing pilot case to validate its results. The OEM provided feedback and inputs, enabling the research team to refine and improve the model’s accuracy. Developing the financial assessment model and its subsequent validation through expert input and real-world application formed a crucial part of the research process. The contributions of this paper, thanks to this research process, are insights into how to perform scenario-based financial assessments to pinpoint lucrative business opportunities. They also shed light on the potential positive outcomes associated with adopting CE-related ideas.
5 RESULTS OF APPLICATION TO FALADOR’S CASE
The perspective used in this paper is at the decision point for providing (or engaging in) a PaaS instead of a product purchase. Therefore, this paper focuses on comparing Sales and PaaS in terms of the direct profitability (NPV) of the provider and the usage cost (TCO) of the user. The product reliability and user behaviour are considered identical between the two business models, which is a limitation. The intention of this comparison is to identify possible feasible settings where PaaS outperforms Sales in terms of profit for the provider and TCO for the user. Other possible benefits from either of the business models are beyond this comparison. This perspective and the scope are expected to inform OEMs of key information, despite the limitation, especially for OEMs considering implementing PaaS. The procedure follows the seven-steps in Figure 1, whereas the first step corresponds to the case description in Section 4.1.
5.1 Provide a financial overview for each business model
For Falador, both non-discounted and discounted values were used when disseminating the results. While non-discounted values might not accurately represent today’s value of the transactions, they were useful for discussing the assumptions of the assessments as constant values across cycles are easier to grasp. In this paper, only the discounted transaction values were considered. As the second step of the procedure, Figure 2 depicts the base case discounted costs of PaaS and Sales for three equally long use cycles.
[image: Figure 2]FIGURE 2 | NPV-based discounted PaaS and Sales costs for the provider over three use cycles. The bars show the discounted costs from cradle to grave.
From the PaaS perspective illustrated in Figure 2, the provider has the new PaaS management and maintenance cost that do not appear in Sales. The new PaaS management cost is necessitated because the PaaS model is emerging at the case company. The maintenance is a cost borne by the user in the Sales case without the provider’s involvement and is shifted to the provider. In PaaS, the provider ensures that the product is running according to its specifications, meaning that it also bears the cost of maintenance. Ultimately, the PaaS fee covers these maintenance costs, resulting in indirect costs for the user. Figure 3 shows the EAA of PaaS and Sales for the three different use cycles by distributing the costs equally over the offering’s length. This approach allows us to compare offerings of different time lengths, as covered in Section 3.2. In Figure 3, the EAA cost values of Figure 2 correspond to the bar with three cycles of the provider PaaS and Sales, respectively. Moreover, since the PaaS provider is responsible for ensuring a high service level (low risk for downtime due to failure) as part of the offering, the maintenance frequency is set higher than in Sales, leading to higher maintenance costs. The higher cost is also related to the user in Sales being, to a larger extent, able to perform minor maintenance operations onsite without requiring large inputs or transports of the products.
[image: Figure 3]FIGURE 3 | Equivalent annual cost for the PaaS and Sales model scenarios with one, two, and three use cycles. Note: Each bar corresponds to one product life cycle from cradle to grave. 1, 2, and 3 for the average of one, two, and three cycles, respectively.
For the provider and user, given the base case parameter values for the scenarios in Figure 3, the total cost of PaaS is for all instances higher than Sales; note that the maintenance cost in Sales is disregarded here. Therefore, if the TCO, except its own maintenance cost, is the criterion for choice, then Sales is always preferable over PaaS. The PaaS option becomes more economical for the user when the PaaS fee is reduced; however, as indicated in Figure 4, when reducing the PaaS fee by 15% or more of the base value (i.e., 0.85 or lower on the PaaS fee), Sales is financially more advantageous for the provider. This assessment corresponds to the third step of Figure 1.
[image: Figure 4]FIGURE 4 | (A) The NPV-based profits of the Sales and PaaS models for the provider and (B) the TCO for the user. The solid white line shows the profit from the PaaS contract over three use cycles, while the striped lines show the Sales profit over one, two, and three Sales cycles, respectively. When the PaaS line falls within the blue (win) area, PaaS outperforms Sales for all Sales cycles. The solid line does not reach the blue area for both (A) and (B) simultaneously, indicating a win-win state for the provider and user is infeasible.
5.2 Create scenarios by modifying the influential cost drivers
To achieve Falador’s pursued benefits of providing the new PaaS business model, other means are necessary to reduce the product life cycle cost in the PaaS model. These reductions are primarily related to the use phase, as the other phases of the business models are assumed to be identical. Therefore, the influential cost drivers should be analysed (Step 4) and then using these to create scenarios (Step 5). For this case, one alternative was to modify the cycle length of the PaaS contract to identify whether the results could be altered to achieve a win-win scenario from both the provider and user perspectives. Figure 5 shows the PaaS-to-Sales ratio for the EAA and TCO when scaling the base-case PaaS cycle length. Here, as described by Equation 14, the PaaS fee is dynamic based on the total cost and caps at an upper limit, which corresponds to the point of each curve where the scale is 1.1.
[image: Figure 5]FIGURE 5 | Relative PaaS-to-Sales performance by modifying the PaaS cycle length. Note: A ratio of one indicates the break-even point, where PaaS and Sales are equally profitable for the provider (EAA) or costly for the user (TCO). The three lines show the influence of having one, two, or three Sales cycles. The line for two Sales cycle reaches the blue (win) area, where PaaS outperforms Sales for both (A) and (B) at contract length between 2.2 and 2.6. This area is highlighted in grey.
The longer the cycles, the lower the PaaS costs per time for the provider since, for example, start-up, manufacturing, remanufacturing, and maintenance costs are distributed over a longer period (longer cycles are assumed here to result in a longer time between maintenance sessions, as the number of maintenance sessions is assumed to be unchanged). As such, this analysis showed the impact of providing products of longer lifespans. In this case, there is a win-win scenario achievable (TCO ratio <1; EAA ratio >1) at two sales cycles within the PaaS contract length interval 2.2 to 2.6; see the highlighted (by shading) area in Figure 5. See also Figure A1 for the other two cycles. As such, Falador can introduce measures to motivate a longer lifespan, for example, through redesigns to make the products more durable. However, since the narrow interval width in Figure 5 causes a low advantage for PaaS (less than 1.2 times better than break-even on the vertical axis for the EAA ratio and more than 0.8 for the TCO ratio for either perspective), the robustness is modest: slight deviations from the base case can cause PaaS to lose its advantage, and, therefore, it is unreasonable to solely rely on the cycle length in this case. As Figure 6 depicts, neither can Falador rely on the remanufacturing cost as a beneficial TCO ratio does not coexist with a beneficial EAA ratio, meaning a lower remanufacturing cost does not have a significant impact.
[image: Figure 6]FIGURE 6 | Relative PaaS-to-Sales performance by modifying the PaaS remanufacturing cost. Note: A ratio of one indicates the break-even point, where PaaS and Sales are equally profitable for the provider (EAA) or costly for the user (TCO). The three lines do not reach the blue area for both (A) and (B) simultaneously, indicating a win-win state for the provider and user is infeasible.
In Figure 7, the influence on the provider EAA and user TCO by modifying the maintenance cost is shown. While Falador’s priority of the two business models could be altered through different maintenance costs, the TCO of PaaS is always higher for the user. Consequently, through the maintenance cost alone, the user would, from a cost perspective, always prefer the Sales model. Therefore, as with the remanufacturing cost, to make PaaS lucrative from both the provider and user perspectives, other measures need to be implemented simultaneously to reduce the product life cycle cost of PaaS sufficiently.
[image: Figure 7]FIGURE 7 | Relative PaaS-to-Sales performance by modifying the PaaS maintenance cost. Note: A ratio of one indicates the break-even point, where PaaS and Sales are equally profitable for the provider (EAA) or costly for the user (TCO). The three lines do not reach the blue area for both (A) and (B) simultaneously, indicating a win-win state for the provider and user is infeasible.
5.3 Enable financially viable PaaS by combining scenarios to reach synergetic effects
As shown in Figures 2, 3, the PaaS management and maintenance are the recurring transactions that influence the total product life cycle cost the most. On one hand, the PaaS management cost could be reduced independently of the product by, for example, creating more automated and streamlined management of PaaS. However, this is difficult to achieve on a short-term basis since the optimisation can only be performed once sufficient experience has been obtained. The PaaS management cost per product is also high due to the PaaS offering initially targeting a small share of the total turnover, and it is yet to be synchronised with the current Sales management system, meaning that PaaS bears additional management costs compared to Sales. However, since this is an internal and specific constraint of Falador, and since PaaS should be lucrative even during the initiation phase, this aspect is not further discussed in this paper. On the other hand, the maintenance cost is influenced by the durability and quality attributes of the product. In a traditional Sales model, these product attributes should satisfy the expectations of the customer to ensure recurrent purchases at the end of life, at least from the perspective of maximising long-term profit (Rivera and Lallmahomed, 2016). The incentive for the provider to reduce the usage cost is more apparent in the PaaS model (Kjaer et al., 2019; Tukker, 2015), since it must ensure that the product is in working condition at all times to guarantee high customer satisfaction and low use-phase costs for the provider. In the case of Falador, many of the components in its products are prone to wearing, meaning that regular maintenances are required. However, this requirement could be relaxed by introducing certain measures, such as redesign for higher durability or ease of maintenance (Bocken et al., 2016). Currently, there is a low amount of data accessible for Falador to analyse for design and durability improvements. This is a consequence of the current low interest for the use phase due to not having an incentive to provide even higher durability and due to an inability to track products without retaining ownership.
When introducing PaaS with retained ownership, easier access to cores (Guidat et al., 2014; Sundin and Bras, 2005), and higher incentives to care for products after the point of sales (Kjaer et al., 2019), there are high possibilities for introducing product redesigns based on real-use scenarios that improve the quality of products and their durability. While the individual modifications of the cycle length, remanufacturing cost, and maintenance cost are unable to provide robust scenarios where PaaS is preferable (as part of Step 5), viewing them simultaneously can provide directions for how PaaS and the product could be redesigned (Step 6 and 7). Since both the cycle length and maintenance cost affect the TCO and EAA ratios synchronously (compare Figures 5, 7, i.e., a maintenance cost lower than 0.8 improves the TCO for all contract lengths while contract lengths longer than 1.2 provide all maintenance costs), a combination of longer PaaS cycle lengths and varied maintenance costs, as in Figure 8, could provide a scenario where PaaS leads to a win-win state for both the user and provider. These combinations are reasonable to achieve as high product durability correlates with longer product lives, lower maintenance requirements, and potentially lower maintenance costs. Hence, the highlighted area in Figure 8 is the PaaS win-win solution space that Falador should aim for. As discussed earlier, a similar analysis and conclusion could also be achieved by modifying the PaaS management cost.
[image: Figure 8]FIGURE 8 | PaaS-to-Sales (A) EAA and (B) TCO ratios with modified cycle length and maintenance cost. Values lower or equal to one imply that the Sales is preferable from a provider (EAA) perspective and the PaaS model is preferable from a user (TCO) perspective. This break-even point is labelled by the right arrow sign →, while infeasible solutions are labelled by bullet points ●.
Furthermore, to reduce maintenance costs (cf. Kumar and Krishnan, 2017), existing repair and maintenance data from Falador was collected and analysed. This analysis complemented product development durability insights of the products with the performance in the use phase. Moreover, the maintenance procedure could more accurately be determined by linking the probability of failure on an individual component basis; compare the work by Diallo et al. (2017). Previously at Falador, such procedures were primarily based on expertise judgements and recommendations from the product development phase. Work is also being conducted to utilise this data to adapt the maintenance, repair, and remanufacturing procedures based on different usage behaviours (cf. Gavidel and Rickli, 2017). For example, Falador has experienced, like other providers [e.g., Moeller and Wittkowski (2010), Tunn and Ackermann (2020)], that rented products tend to be used with lower cautiousness relative to user ownerships unless there is a punishment mechanism implemented in the offering. This is believed to be important to acknowledge in the PaaS model since with a known product end of use, it could be the case that the user is less likely to attempt to apply measures to prolong the product’s lifespan, given that there is no incentive for them to be careful. Naturally, the cautiousness could be incentivised by introducing deductions or similar if the product is returned in a state lower than the providers’ expectations. However, this could increase the risk awareness of the users and redirect their purchase intentions towards other safer offerings.
6 DISCUSSION
6.1 Financial assessment model
The proposed financial assessment model was shown effective to support the OEM, Falador, in developing an access-based business model, namely, PaaS (Section 5). This model is transparently provided in the Supplementary Material in an open science spirit so that it can be revisited by other researchers and practitioners for further advancement and dissemination of the knowledge. The model (Section 3) was shown to be able to address the needed level of PaaS complexity (including both provider and user perspectives) in a practitioner-friendly manner as well as run on the data available in practice. The transdisciplinary research approach was an enabler to the quality of the model: the researchers and the OEM exchanged data and expertise beyond their internal boundaries to successfully show how life cycle costing could answer the questions posed by industry. Falador indeed stated significant benefits: “The researchers helped us to develop a calculation model, much faster and much more realistic than we could do on our own.” The calculation results showed that it is not lucrative for Falador to substitute the current one-off sales business model without introducing additional measures that reduce the total product life cycle costs of its products. This is the case due to, among other things, the professional heavy-duty working environments of the products and the high PaaS management and maintenance costs partly caused by the inexperience of managing PaaS offerings. These cost types tend to be pronounced in PaaS, as indicated in other adoption cases of baby prams (Mont et al., 2006), water heaters (Kuo et al., 2019), and washing machines (van Loon et al., 2022; van Loon et al., 2020).
6.2 Procedure including scenario analysis
Another major contribution is the structured scenario analysis represented by the seven-step procedure (Figure 1) building upon the financial assessment model. The procedure was demonstrated useful on Falador’s circumstances in Section 5. It is innovative with identifying the conditions for the financial viability of PaaS within the vast possible solution space described by a high number of parameters, compared to the extant literature (Alamerew and Brissaud, 2020; Sauve et al., 2023; van Loon et al., 2020; van Loon et al., 2018). The power of scenario analysis is highly relevant, because a mere introduction of PaaS to manufacturing that has been optimised for the one-off sales-based business model is often economically unfeasible (as explained in the previous paragraph); see also e.g., Kambanou et al. (2024), van Loon et al. (2022). Moreover, combining multiple scenarios (the sixth step of the procedure) is important to take advantage of the interdependencies of elements in the system and introduce systemic changes on the system. The systemic changes are often perceived too risky and as a major barrier for PaaS or the like; hence, the proposed support could be significant to help industry make such changes. Furthermore, the procedure has potential to contribute to the standardisation of structuring and developing assessments for practitioners, given the call for research towards standardisation by other authors, for example, Bressanelli et al., 2019a; Kanzari et al. (2022); van Loon and Van Wassenhove (2020).
6.3 Account from industry
The documented application to Falador provides a rich account for PaaS development with quantitative financial terms for the systemic changes that were argued essential for a circular economy (Bressanelli et al., 2019b; Kurilova-Palisaitiene et al., 2024; Schultz and Reinhardt, 2022; Wiesmeth, 2020). The scenario analysis showed that by using the base scenario of Falador, the Sales model outperforms PaaS from the TCO user perspective, indicating that there are few incentives for a cost-minded user to prefer the PaaS option. This is related to the emergence of new types of costs related to the management of PaaS. To reach a stage where both perspectives–provider profitability and user cost–provide a win-win scenario for PaaS, systemic changes were required. Here, it was shown how a feasible scenario where PaaS outperforms Sales can be achieved by, firstly, prolonging the PaaS contract cycle length and, secondly, keeping the maintenance cost within certain intervals; see Figure 8. These modifications relate to both product redesigns and adaptations of the PaaS business model in realising feasible win-win solutions. As shown in the Falador case, as in other studies (Mont et al., 2006; Rodríguez et al., 2022; Tunn and Ackermann, 2020; van Loon et al., 2022), the PaaS management and maintenance costs are more pronounced in PaaS relative to Sales. This is caused by requiring additional management of the products throughout the use period related to tracking, takeback, different customer behaviour, and ensuring high user satisfaction. Consequently, with the higher level of OEM responsibility to ensure short downtimes and high accessibility, the maintenance cost is higher as well. In the Falador case, the PaaS management costs are based on the existing organisational structure and software solutions and are decoupled from product-specific costs; therefore, further investigation of them has not been within the scope of this paper. This perspective related to the long-term impact and decision-making is recommended for future research. The remaining primary cost drivers are considered in the scenario analysis to identify the feasible solutions.
6.4 Further possible improvement
To realise the above-stated scenarios in a real-life industry case, refining the maintenance policies and redesigning the products are necessary to improve their durability, which results in a longer time between maintenance instances and a reduction of the maintenance cost. Naturally, such redesign measures also influence the remanufacturing and manufacturing costs of the products. Typically, remanufacturing processes benefit from high quality as more cores can be restored to the required specifications and with less effort (Steinhilper and Weiland, 2015). Furthermore, guidelines for design for remanufacturing also tend to lower the effort for maintenance and repair (Hatcher et al., 2011; Ijomah et al., 2007). For manufacturing processes, higher quality tends to imply higher manufacturing costs (Farooq et al., 2017; Verma and Boyer, 2010), that is, cost increases that should be considered in the analysis as well. This paper has not considered this in the financial assessment, as it is prioritised to identify whether the new business model is lucrative compared to the business as usual, or which measures should be focused on to ensure that it is.
6.5 Limitations of this research
The scenario-based analysis under the case study has a set of limitations, due to its modelling assumptions. The identical failure distributions of products in the PaaS and Sales business models is one; others are company-based demands, for example, a maximum cap level of the PaaS fee that otherwise is set completely by a bottom-up approach; see Equation 14. While the identical failure distribution might not be the case due to different use patterns within the business models (Moeller and Wittkowski, 2010), estimating more representative distributions is difficult due to the lack of data. Typically, products under PaaS contracts experience higher failure rates, partly due to lower perceived responsibility for the product (Tunn and Ackermann, 2020). Consequently, this assumption likely favours Sales, implying a slight underestimation of PaaS performance. However, the developed model, supports differentiated failure rates, provided such data is available. While the modifications of the parameters in the scenarios highlight the potential outcome and reduce the uncertainties, there might be an effect on the cost of repairs, maintenance, remanufacturing, and, thus, end results. The current literature on the topic does not provide sufficient support for more accurate estimations. Moreover, the choice or estimation of the maximum cap of the PaaS fee for Falador significantly impacts the ratio between provider and user benefit. It should, therefore, be set by high cautiousness as finding the sweet spot is challenging. In Falador’s case, the cap was set high enough to reliably cover the cost structure of the base case while also being reasonable according to Falador’s perception of market acceptance. For example, in Figure 5, a lower PaaS fee cap would reduce or eliminate the win-win area, as the right-hand side of the figure in (a) would shift into the area of lose, making a win-win state infeasible. Meanwhile, the user in (b) would gain increased benefits. Consequently, despite the model and case having a cost-centric focus, the outcome also depends on the perceived value of the offering (cf. Kambanou et al., 2024; Petänen et al., 2024). Thus, it is also important to consider the results in relation to the additional value PaaS typically provides such as ease of use, accessibility, or convenience (cf. Akbar and Hoffmann, 2020; Sánchez-Fernández et al., 2009; Zauner et al., 2015). In this paper, these additional benefits are likely to underestimate the value of PaaS relative to Sales. However, this is not a limitation of the model itself but rather a reflection of the selected inputs. Therefore, when applying similar assessments to other companies and disseminating the results and potential effects, the inputs and assumptions must be clear and transparent to provide reliable insights. Lastly, the validation in this paper was based on a single case, which means that application to more cases is needed to increase the generalisability of the proposed solution.
7 CONCLUSION
This paper presents a financial assessment scenario analysis directed towards supporting OEMs in changing their business to access-based business models, that is, PaaS. This transformation does not come without engineering challenges due to the inherent uncertainties of PaaS, for example, estimations of service requirements and product usage, and additional costs linked to the management of the offering. Firstly, the paper presents a financial assessment model for PaaS alongside its Supplementary Material. This model is generic and can be adapted to specific PaaS setups. Secondly, the paper proposes a systematic procedure that stepwise guides OEMs to build an analysis for identifying the financial viability of PaaS relative to their businesses as usual. The model and procedure were applied to a European manufacturer of construction machines, and for this case it was concluded that, among others, financially viable solutions are possible, but design modifications of its products were necessary for achieving a PaaS more lucrative than its business as usual and less costly for its customers (the users). Further generalisability of the case results is beyond this study. Thereby, they were shown useful for decision making in manufacturing practice for PaaS. A significant part of the contribution lies in the industry-usability and its usefulness for practical applications in identifying the financially viable conditions for PaaS.
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