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Abstract: Everything as a Service (Xaa$S) is commonly understood as the general tendency to
replace sales contracts with service contracts. Most research in this area agrees that Xaa$ is
a trend, but it points to many drivers. It could be strategies improving customers’ expense
model, servitization strategies, customer feedback, mass customisation, and machine
learning. However, we do not find contributions considering the relationship between XaaS
and economies of scale. When sales contracts are replaced by service contracts, ownership
is elevated from the customer to the provider. Thus, possible benefits from economies of
scale linked to the ownership of products are then also elevated from the customer to the
provider. In this article, we consider the claim that economies of scale may be an underlying
driver of the XaaS trend. A review of 140 firms shows that the products with the greatest
potential for economies of scale are the ones most frequently provided as a service. This
suggests that economies of scale linked to ownership are an underlying driver of XaaS.
Thus, ownership-related economies of scale may be a predictor of XaaS.
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1. Introduction

Everything as a service (XaaS) refers to cases where contracts for the sale of products
are substituted by service contracts. Suppliers retain ownership when products are rented,
leased, or licensed to customers'. This trend originated in the software industry in three
variants at the start of the century. The introduction of broadband and cloud computing
led to the emergence of “Software as a Service” (SaaS) in 1999 [1] Then, “Infrastructure
as a Service” (IaaS) and “Platforms as a Service” (PaaS) appeared around 2010 [2,3]%.
According to Fortune Business Insights [6], the global XaaS market will experience a CAGR
of 24.4% between 2022 (market size: USD 560 bill) and 2030 (market size: USD 3200 bill).
Similar growth rates are estimated by The Business Research Company [7].

The literature on XaaS refers to several drivers of this growth. However, no contribu-
tion is found considering economies of scale as a driver of XaaS. Economies of scale appear
when the cost of producing an additional unit of output of a product decreases as the
volume of output increases. (e.g., [8]). We will consider whether economies of scale may be
involved in the transition from an owner economy to XaaS. This refers to a change where
the ownership of a product is elevated from the customer level to the provider. Ownership
advantages linked to economies of scale at the customer level may be multiplied when
suppliers retain ownership, given the hierarchical structure of most supply chains.

Xaa$ is distinguished from the Product Service-Systems (PSSs) where suppliers “in-
corporate additional services” [9] or “generate new value streams to gain closer contact
with customers not reachable by mere hardware improvements” [10] (p. 289). In PSS, this
change is not limited to adding services or “servitization”; it includes an integration of the
value streams generated by the product and services supporting the product [11]. However,
PSS does not necessarily involve the transfer of ownership as in the case of XaaS.
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When the transformation from buying products to renting products started to be ob-
served outside of the domain of the software industry, it was referred to as “selling perfor-
mance” versus “selling goods” [12-14]. It was also referred to as “Product as a Service” [15]
or as “Everything as a Service” (XaaS) [16-19]. Transactions are increasingly about a right to
dispose of within an agreed, or open-ended, period®. Examples of tangible products affected
by XaaS are copy machines (e.g., [20]), entrance mats (e.g., [21]), drink dispensers at the
workplace (e.g., [22]), tyres for automobiles (e.g., [23]), jet engines for aeroplanes (e.g., [24]),
and antibiotics (e.g., [25,26]). Lately, we even see manufacturers offering “preinstalled func-
tionality as a service”. Functionality which is already present in the product is unlocked
when customers pay subscription fees. This is described in a case study of BMW [27].

This article starts by considering the general advantages linked to XaaS in the literature.
Then, we take a closer look at the possible role of economies of scale as a driver of XaaS
and possible reasons for omitting economies of scale as a driver in the literature. A review
of 140 firms within the NACE codes that appeared most frequent in the literature review,
support thesis that economies of scale linked to ownership is an underlying driver of XaaS.
Finally, implications from this finding is considered.

2. The Literature on Xaas
2.1. Advantages of Xaas

For more than 40 years, consultants and researchers of business strategy have argued
that suppliers in the software sector should offer their products as a service [12,13,16,17,28].
This trend has spread to material products being offered as a service as well*. The academic

literature points to at least nine advantages of offering products as a service (the Xaa$S trend)
(see Table 1).

Table 1. Nine advantages of XaaS mentioned in the literature.

Advantages of Everything as a Service (Xaas) in the Literature

Advantages Authorsl
1 Improves customers’ expense model Stahel [12], Lin et al. [30], Benlian & Hess [31], Janssen
& Joha [32]
2 XaaS is well adapted to servitization, which may Vandermerwe & Rada [33], Neely et al., [34], Forbes
boost sales Insights [28], Raddats et al. [35], Han et al. [36],
Systemiq, [19]
3 Systems for customer and product feedback are easier =~ Rabetino-et-al. [37], Krancher et al. [38]
to implement
4 Mass customisation is easier to implement. Goldhar & Jelinek [39], Pine [40], Pine et al. [41]
Xaa$ is well adapted for implementing machine Chui et al. [42], Cognite [43], Halleberg & Martinac
learning and Al [44], Sousa et al. [45], Kunz & Wirtz [46]
6  Increasing flexibility and reducing risks Stahel [13], Ardagna et al. Ardagna et al. [47], Manvi &
Shyam [48], Tsai et al. [49]
7 The suppliers have an incentive to produce Banerjee et al. [16], Deloitte [17], Migliorato, L. [50],
higher-quality products Forbes Insights [28]
8 More time-efficient use of products Ellen Macarthur Foundation [51], Schulze [52],
Aboulamer [53]
9  Incentives for prolonging the life-cycle of products Ellen Macarthur Foundation [51], Aboulamer [53],

Baumgartner & Rauter [54], Lacy & Rutqvist [55],
Vermunt et al., [56].
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cAn immediate effect of providing a product as a service that was formerly sold is
that it may improve the expense model. No major investment is required for the customer.
The initial costs are equivalent to the running costs linked to maintenance, training, and
upgrading (e.g., [12,30-32]. The XaaS trend is often associated with the deployment of
sensors allowing suppliers to monitor the usage and status of products they offer to
customers (e.g., [57,58]). This is an advantage for both the provider and the customer
because it reduces risks and allows the provider to predict the need for services.

We see studies showing that servitization boosts sales and XaaS is a boost for serviti-
zation. A number of studies show that servitization benefit the suppliers” interactions with
customers and thereby increase revenues of product suppliers (e.g., [19,28,33-36]).

Offering a product as a service makes it easier to put in place a system for customer
and product feedback, allowing companies to learn from customers and retain their
loyalty over time. This may benefit innovation because some of the feedback will point to
improvements or the need for new products or services (e.g., [37,38]).

We also see that authors for decades have pointed to mass customisation as one of the
advantages when products are transformed from items sold, to items offered as a service
(e.g., [39-41]).

To implement machine learning and Al, one needs feedback from large volumes of
information linked to the experiences of both machines (sensors) and humans over time.
This is easier to accomplish when products are offered as a service (e.g., [43—46]).

We see that XaaS is associated with increasing cost flexibility for users. XaaS allows
users to tailor their demand for services because the costs of upscaling or downscaling are
relatively low when capital expenditures are not involved (e.g., [13,47-49]).

When products are offered as a service, suppliers have an incentive to produce higher-
quality products that last longer. Suppliers’ business models benefit from increased usage
time of the product (e.g., [16,17,28,50]).

Products offered as a service allow for a more time-efficient use when the costs of the
end-user are linked to usage time. This reduces the consumption of resources and stands in
contrast to the one-time investment linked to ownership of products (e.g., [51-53]).

We also see that offering products as services includes incentives for prolonging the
life-cycle of products. There is a marginal cost linked to usage time, maintenance, and
repair work compared to the present value calculation used when purchasers invest in new
products and dispose of their products (e.g., [51,53-56]).

There are also disadvantages linked to the XaaS. One frequently mentioned in the
literature is that contract regulations for services are typically more complicated than
contract regulations for sales contracts. More uncertainty related to the contracts’ rights
and obligations is associated with increasing transaction costs [59].

2.2. Economies of Scale Linked to Ownership

Among the nine advantages of XaaS identified in the literature (Figure 1), the seven first
concern potential synergies between the provider and the customer. There are commercial
gains to be obtained for both parties from a new expense model, servitization, customer
feedback, mass customisation, machine learning, Al, and from risk reduction. The last
two advantages (8-9 in Table 1) are predominantly in the interest of the provider. Thus,
the literature has identified many advantages of XaaS, but no peer-reviewed article has
been found that points to ownership-related economies of scale as a driver of the XaaS
trend. This finding is also based on searches in SCOPUS. No matches were found of articles
linking “economies of scale” to XaaS on SCOPUS".
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STEP 1:

SCOPUS SEARCH

MNACE CODES

(IDENTIFYING NACE CODES
COVERED BY XAAS ARTICLES.)

STEP 2:

BUSINESS REGISTER
SEARCH.

(IDENTIFYING FIRMS BASED
OMN NACE CODES)

AND

WEB SEARCH

FIRMS ENGAGED IN XAAS
(IDENTIFYING FREQUUENCY
OF XAAS-REFEREMCES

Criteria: <"as a service™= + < business managemeant and accounting =

Matching articles: 137. Qualified: 55 (excluding not Xaas/material prod.)
Determining the dominant product resulted in 14 NACE codes.

/I - NACE-code 01
- NACE-code 14

Business register. Largest 10 employers / 14 x NACE code

Identifying 10 firms within each NACE code: 140 firms
H - NACE-code 01: Firm 01 ... Firm 10.

- NACE-code 14: Firm 01 ... Firm 10.

Hits referring to mentionings of “as a service” / NACE code / <firm name:

Comparing frequencies of references to “as a service” among the 14 NACE
- NACE code 01
- Firm 01: x References {<firm nome=> + <"as o service™>)

AMONG THE TEN FIRMS.) h

- Firm 10: x References (<firm name= + <"as a service "=)

- NACE code 14
- Firm 01: x References (<firm name= + <"0s a service"=)

- Firm 10: x References (<firm name= + <"as a service "=)

Figure 1. Illustration of the design of the empirical study in steps 1 and 2.

What are the elements associated with “economies of scale”? A typical textbook
reference is that economies of scale occur when, all other things being equal, an increase in
outputs leads to a less than proportional increase in overall costs [60].

According to Stigler [61], one of the purposes of the analysis of economies of scale
is to determine the optimal size of businesses. These analyses could be either related
to studies of the cost profile, to the return on investment, or to businesses’ survival in
competitive markets. Silberston [62] pointed out that if we take price changes into account,
economies of scale are best expressed as the net present value divided by the assumed
output capacity, and the degree of vertical and horizontal integration also affects economies
of scale. This calls for a distinction between internal economies of scale, typically linked
to business size, and external economies of scale, also referred to as positive externalities,
typically linked to industry concentration and knowledge spillovers [63]. Celli [60] lists
eight business characteristics favouring large businesses and covering both internal and
external economies of scale. These characteristics are all referred to as economies of scale
of “mass production” by Biichi et al. [64]. Biichi et al. then add economies of scale of
“mass customization” and “mass personalization”, realised by technologies like additive
manufacturing and smart technology in the “Industry 4.0” setting.

This article focuses mostly on internal economies of scale, as the aim is to consider the
competitive advantages of firms that offer their products as a service.

The net present value (NPV) of five elements, defining “total value of ownership” pre-
sented in Azcarate-Aguerre et al. [65], covers ownership related internal economies of scale.

These five elements are similar to the elements included in the LCC literature and
the PSS literature (e.g., [10,66]). The five value elements (Table 2) are relevant for durable
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goods with a life span of at least three years [67-69], not for disposable goods or consumer
goods with shorter life-times [13-70].

Table 2. The five elements of Total Value of Ownership (TVO) based on Azcérate-Aguerre et al. [65].

The Five Elements of Total Value of Ownership (TVO)

O B R =

Capital costs linked to the initial investment and to project-specific investment costs.

Maintenance costs, costs of product upgrading, and training of both people and Al machines.

Energy costs

Value of operating revenue, including rental revenue and revenues from licensing and leasing

Value of property appreciation

There are limits to economies of scale in all organisations. The classic contributions
of Coase [71] and Baumol [72], describe how institutional developments and size can
harm businesses as there is a trade-off between maximising profits by exploiting lower
fixed costs per produced unit, and the disadvantage of becoming too large triggering
diseconomies of scale [73,74]. The diseconomies of scale may be linked to both internal
and external costs. Canbick et al. [74] refer to four internal cost elements related to
large organisations. First, employees have a hard time understanding the purpose of
corporate activities. Second, managers may be less accountable to the lower ranks of the
organisation. Third, the impact of management incentives may be weaker. Fourth, due
to the cognitive limitations of managers, we see the need to compensate by developing
internal hierarchies. However, diseconomies of scale may also trigger dilemmas related
to the external environment of the firm. Capturing economies of scale can, in many cases
involve investments with disproportionate transaction costs, or they can lead to negative
externalities damaging the firm’s reputation and brand value.

When products for sale are transformed into rental services the ownership role moves
one step up in the supply chain. This is what we refer to as the “XaaS trend”. Accordingly,
whatever potential of economies of scale we see linked to ownership for a given product, is
then elevated and multiplied to the level of the provider, given the hierarchical structure of
most supply chains.

The advantages in these cases are typically less related to the scalability of the pro-
duction process than to advantages related to “repeatable processes”, as we find in the
definition of economies of scale in Rao [75]:

Economies of scale are the advantages that can result when repeatable processes are
used to deliver large volumes of identical products or service instances.

According to Rao [75], the textbook definition of economies of scale, which focuses to
falling unit costs, is really only the effect of successfully achieving economies of scale by
applying repeatable processes.

The advantages of the XaaS trend, may then also be explained by “repeatable pro-
cesses”. It could be by handling similar categories of transactions, similar service propo-
sitions, or similar TVO calculations. The advantages (1-7) in Table 1 are conditioned by
economies of scale. Mass customisation, machine learning, and other advantages of XaaS
can be introduced without realising significant economies of scale. This suggests that
ownership related economies of scale may be an underlying driver of XaaS.

The XaaS trend relies on the ubiquitous broadband connectivity that allow suppliers
to monitor the status of products at a low cost [19,29,76]. Before we look into empirical
evidence of economies of scale driving XaaS, we shall therefore consider how digital
technology influences economies of scale in general.
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Many scholars indicate that digitalization and emerging business models are reducing
the significance of economies of scale in various industries and business processes. Accord-
ing to recent literature covering additive manufacturing and cyber-physical production,
economies of scale will play a lesser role due to the demand for customised products and
the capacity of artificial intelligence to help businesses adapt to particular contexts within
a given set of criteria (e.g., [46,77-81]). According to Taneja and Maney [79], the economies
of scale are eroded by two complementary market forces: the emergence of platform models
and the technologies that allow products to be rented whenever needed. Taneja and Maney
focus on how the XaaS affects the customer, but do not take into account how the transfer
of ownership affects the provider of products. They refer to this as “the economics of
unscaling”. However, the prospects of Al-robots delivering customer services point in
the opposite direction, according to Kunz and Wirtz [46]. They claim that Al in customer
service enables “enormous economies of scale”. But none of the above-mentioned uthors
consider how XaaS is affected by economies of scale at different levels of the supply chain.

Today, scalability is no longer achieved purely through the accumulation of labour and
corporate resources [82]; it is achieved by exploiting market power [83], or by the ability to
handle a great number of interdependent relationships in a complicated ecosystem, referred
to as “network effects” [78]. Several authors believe the network effect is behind the market
success of the platform model [84,85]. Choudary [78] focuses on the new network structures
and the decreasing transaction costs, allowing small-value transactions triggered by smart
technology. But these authors do not consider the economies of scale linked to the shift of
ownership as a possible driver of XaaS.

Some scholars argue that digital technologies boost economies of scale for larger
companies by utilising big data analytics, while they may reduce economies of scale for
microfactories because digital technologies lead them to customise products in ways pre-
viously reserved for large companies [86]. Similar claims of a split between advantages
and disadvantages of economies of scale are found with reference to additive manufactur-
ing [87] and Industry 4.0 [64].

In summary, we observe that much of the recent literature is commenting on how
digital technologies seem to reduce the importance of scale and highlighting how networks
are becoming more prominent. We find no contribution arguing that economies of scale
may be the driver of XaaS. A possible explanation may be that the origin of XaaS was
Software as a Service (SaaS). In the software industry, products are immaterial. According to
a survey of 600 IT managers in the US, the advantages of XaaS are linked to the improved
operability and functionality for both customers and providers [76], and there are minimal
costs linked to ownership of software. This is true both when the software is purchased
and when it is licensed by the customer. But for material products, someone must bear the
costs related to delivery, maintenance, training, upgrading, and the disposal of the product.
Thus, there may be economies of scale linked to ownership for the provider of material
products that are unattainable for owners of immaterial products.

3. Methodology

To consider the drivers of the XaaS trend empirically, we follow two research steps,
illustrated in Figure 1.

Research step 1

The aim in step 1 is to analyse a sufficient number of articles to identify the typical
industries and products affected by the Xaa$S trend. The search engine Scopus was applied
to conduct a systematic literature review for articles published in 2020 or after, that were
offering products as a service. The search string® included the subject area “Business Man-
agement and Accounting”, the quote “as a service”, and the exclusion of articles mentioning
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“cloud” and “software”. Articles registered under the subject area “Computer Science” were
also excluded. This resulted in 137 articles. When articles not covering XaaS and/or not
covering material products were excluded, there were 55 matching articles. For each article,
the dominant product category (NACE code) in the article was determined’. Fourteen
NACE codes were found to cover the dominant product in the articles (see Figure 1).

Research step 2

Step two includes a search for Norwegian firms fulfilling two criteria (see Figure 1).
These are firms situated in a relatively homogeneous legal and cultural environment.
Two requirements were established. They should be active in at least one of the 14 NACE
codes identified in step “1”, and they should be mentioned in texts together with the
phrase “as a service” (This phrase is common in Norway and has no exact equivalent in
Norwegian.). The main business of the matching firms should be to rent out products.

- The first criterion is examined by using the search engine “proff.no”. This search en-
gine is linked to the Norwegian government’s official company register, where NACE
codes are included as search criteria®. Here, we identify the ten largest employers’
among the limited liability companies registered within each of the 14 NACE codes
identified in research step 1 (140 firms in total).

- The second criterion is included by conducting a Google search on any text mentioning
<name of firm> and the text <”as a service”>. We count how many qualified matches
there are per product category (NACE code). In this article, Google is not used to
assess research findings or evaluate specific claims but rather to compare the relative
frequency of matches in searches for “as a service” alongside particular firm names. If
there is a bias in the data or weights that Google relies on, we would not assume that
this would create a systematic bias among the NACE codes in our sample.

Larger firms have more references on the web (receive more matches in Google
searches) than small firms. This is mitigated by only including the ten largest employers
within each of the fourteen NACE codes. This ensures that firms that are offering products
as a service are well known and mentioned by third parties on the web. We also see that
firms with more matches in Table 3 are not distinguished by having more employees on
average than the firms with fewer matches (This is shown in the data file, including the
results from the search on proff.no. (See link in the Appendix B.)). Thus, the Google search
is considered a reliable source for comparing firms with “as a service” hits among firms
covered by the 14 NACE codes identified at Research step 1.

The Validity of This Design

To be able to analyse the variation in Xaa$S practices involves samples with different
properties. The validity of this design relies on the assumption that the frequency of the
expression “as a service” mentioned on websites that also have a reference to the name
of a Norwegian employer within 14 NACE codes, found to be the dominant industry
codes in international peer-reviewed articles covering XaaS. These matches may be seen as
a proxy for “the degree of reliance on XaaS”. Having the search limited to only employers
in one country with one national regulation and business culture reduces the chances of
a systematic bias in the samples. The English expression “as a service” is used regularly
among Norwegian businesses and by those representing, advising, and regulating them.
The expression does not have any other meaning than as a reference to business practices
where goods are offered as a service. When we exclude non-material goods, we should be
left with occurrences where firms are involved in XaaS.



Systems 2025, 13, 356 8 of 18

Table 3. The 14 NACE codes covered by the sample of 55 peer-reviewed articles, the corresponding
Xaa$ categories and products, the Norwegian firms, and the hits for <firm name> and “as a service”.

NACE Codes, XaaS Categories, Dominant Product, and Firms Ranked After the Number of Hits for the String
“as a Service”
NACE Codes NACE Code Category of XaaS | Descriptor of the Ten Largest Hits of “as a
https: Heading Based on Article Most Dominant Norwegian Service” ***
/Inacev2.com Content * Product Covered | Employers Within
covered by by the Articles Each NACE-Code
the 55 articles Covered by the
Articles **
62.02 Computer IOT as a service (1) | Sale of IOT devices | Sopra Steria, DNV, 162
consultancy Atea, Capgemini
activities Norge, Tietoevry,
Accenture,
Advania Norge,
Experis, Omega
365 Consulting,
Bekk Consulting
49.3 Other passenger Mobility as a Sale of equipment | Vy Buss, Tide Buss, 86
land transport service (29)/Public supporting bus Unibuss, Connect
transport as a services Buss, Nobina,
service (1) Boreal AS,
Sporveien,
Minibuss24-7, LL
Setesdal Bilruter,
Nordlandsbuss
28.99 Manufacture of Customer service | Sale of robots for | Scale Aquaculture, 49
other as a service (1) customer service | Goodtech, Tronrud
special-purpose Engineering,
machinery n.e.c. Tomra, Serskér
Mekaniske
Verksted, Lilaas,
Mustad Autoline,
Energy X AS,
Maskon, Norwater
35.1 Electric power Energy as a service | Sale of energy asa | Statkraft AS, Elvia, 30
generation, ) commodity BKK, Hafslund AS,
transmission, and A /S Norske Shell,
distribution Lede AS, Hydro
Energi, Linja AS,
Lnett, Glitre nett
45.1 Sale of motor Mobility as a Retail sale of cars Tesla Norway, 25
vehicles service Norsk Scania, Bilia
(29)/ Autonomous Norge, Bertel O
vehicle as a service Steen, Moller Bil,
(2)/Carasa Birger N Haug,
service Bavaria Norge,
(1)/Underused Volvo Norge, Wist
assets as a Last & Buss,
service (1) Hurtigruten
47.54 Retail sale of White goods as a | Retail sale of white Power Norge, 22
electrical service (1)/Water goods, water Miele, HG Handel,
household dispenser as a dispensers, and Odd Ingebrigtsen,
appliances in service electronic devices | Elkjop, Porsgrunn
specialised stores (1)/Electronic Retail, Akra
product Elektriske, Bo
development as a Installasjon, Bredr
service (1) Jacobsen Handel,
Thunheim Retail
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Table 3. Cont.

NACE Codes, XaaS Categories, Dominant Product, and Firms Ranked After the Number of Hits for the String

“as a Service”

22.29

Manufacture of
other plastic
products

Additive
manufacturing as
a service (1)

Sale of 3d Printing
equipment

Poly Har, Nofi
Tromse, Gyli Plast,
Gronneviken,
Partner Plast,
Strukturplast,
Plasto, Beform
Fredrikstad, AS
Om be plast, Sign
Production

19

01.6

Support activities
for agriculture and
post-harvest crop
activities

Agriculture as a
service (1)

Sale of planning
equipment for
farmers

Landbrukstjenester
Nordvest,
Animalia,
Telemark

Frukthageservice,

Rimkus, Park &
Anlegg Alta,
Standal,
Hundeskolen
veiviseren, Ostfold
Gress, Anicura,

Levanger Drift og
Montasje

17

46.6

Wholesale of other
machinery,
equipment, and
supplies

Equipment as a
service/Data as a
service
(1)/Recruitment in
construction as a
service (1)

Wholesale of
machinery,
equipment, and
supplies

Ahlsell, Yara
Norge, Pon
Equipment,
Siemens AS,
Wartsila Norway,
Schneider Electric
Norge, Onninen,
Solar Norge,
Toyota Material
Handling Norway,
Hitachi Energy
Norway

14

47.52

Retail sale of
hardware, paints,
and glass in
specialised stores

Underused assets
as a service
(1)/Building
energy retrofit-as-
a-service
(1)/Office space as
a service
(1)/Community as
a service (1)

Installation of
equipment for
ventilation,
heating, and air
conditioning for
buildings and
interior design

Optimera AS,
Biltema Norge,
Levenskiold
Handel, Jula
Norge, E.A. Smith,
Mestergruppen
Byggevare, Jernia
Detalj, Megaflis,
Gausdal
Landhandleri,
Neumann Bygg

47.64

Retail sale of
sporting
equipment in
specialised stores

Mobility as a
service (29)

Retail sale of
bicycles and
scooters

XXL Sport, Sport
Holding, Norrena
Retail, Loplabbet,
E-Wheels Norge,
Bergans Retail,
Bull Ski & Kajakk,
Vonin Refa, Platou
Sport, Torshov

Sport
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Table 3. Cont.

NACE Codes, XaaS Categories, Dominant Product, and Firms Ranked After the Number of Hits for the String

“as a Service”

58.11

Book publishing

Tourist guide
robots as a service

1)

Sale of maps and
brochures

Cappelen Damm
AS, Gyldendal AS,
Aschehoug AS,
Akademika AS,
Vigmostad &
Bjorke, Bonnier
Norsk Forlag,
Kagge forlag,
Sandviks AS,
Hermon Forlag,
Davvi Girji

1

47.65

Retail sale of
games and toys in
specialised stores

Cultural heritage
as a service (1)

Sale of tools for art
conservation

Sprell Butikk,
Lekekassen,
Gustav Pedersen
AS, Extra Leker,
Toys AS, Riktige
Leker, Nortoy,
Thomas Leker,
Oslo Sentrum
Leker,
Festmagasinet
Standard

47.71

Retail sale of
clothing in
specialised stores

Retail as a service
(1)/Resale as a
service (1)

Retail sale of
apparel

Hé&M, Voice
Norge, Cubus, Nor
Tekstil,

Dressmann,
Kappahl, Lindex,
Bestseller, Retail
Management AS,

Bik Bok

* The number of corresponding peer-reviewed articles and NACE code covered (Some cover several codes). ** The
search for companies was limited to listed and non-listed limited liability companies. The ten largest Norwegian
employers were included in each NACE code. *** The number is the sum of hits for the ten firms for the Google
search: <Firm name> + (“as a service”). The matches were limited to Norwegian hits by including (“site:.no”). Hits
were not counted if “as a service” was not referring to the Xaa$S trend or did not refer to the activities of the firm.

The selection of NACE codes representing the business areas where Xaa$S is most
relevant, is based on a global (SCOPUS) search for peer review articles. It is assumed that
these NACE codes are valid representations of the most XaaS-relevant NACE codes in
Norway. Though the global NACE distribution of XaaS practices will not be equivalent
to the distribution in Norway, there is no reason to believe that the difference will be
significant, particularly not among the large employers selected, which typically have
international trading partners and sales markets.

4. Results

An overview of all the matches for articles and firms is included in Appendix A.
The 55 peer-reviewed articles in the sample cover 14 product groups (NACE codes).
The NACE code of the most dominant product in each article was then recorded
(Table 3, columns 1 and 2), and the “as a service”—category and a descriptor were reg-
istered (Table 3, columns 3 and 4). Thereafter, a search on proff.no was conducted to find
the ten largest firms (by number of employees) registered on each of these NACE codes
(Table 3, column 5). Finally, a general web search for <firm name> and the string “as
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a service” was conducted. Matches for each firm varied from 0 to 162, with a median of 18
(Table 3, column 6).

The NACE code with the most frequent mentioning of “as a service” was “IOT
as a service”. The 14 XaaS-categories cover both business-to-business transactions and
business-to-customer transactions. The categories also cover products provided by both
the public and the private sector.

The data supports the assumption that the XaaS trend is mostly affecting durable
goods. More than 95 percent of the articles in our systematic literature review cover
products with a typical life span exceeding three years (Table 3). Only three articles referred
to products other than durable goods. These articles concerned the following:

energy as a service/Sale of energy as a commodity;
equipment as a service/ Wholesale of machinery, equipment, and supplies;
tourist guide robots as a service/Sale of maps and brochures.

It is not surprising that XaaS primarily concerns durable goods, as it involves renting
products over extended periods. We now consider the drivers of the XaaS trend for
durable goods.

Figure 2 shows that the products with the highest number of hits “as a service” are
as follows:

e high-value products, demanding maintenance;

e allowing real-time monitoring.
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Number of hits: <company name> + "as a service"

Figure 2. Based on Table 3. Ranking number of hits for (<company name> + “as a service”).

The products with the lowest number of mentions of “as a service” are products are

the following:

e low-value products;

e moderate or no maintenance demand;

e  products where real-time monitoring is difficult.

The maintenance costs and monitoring capabilities for the products on the left side of
Figure 2 are very much influenced by economies of scale. TVO (see Table 2) includes the
maintenance costs and monitoring capabilities that allow the provider to design an optimal
hiring model, which in turn optimise capital expenditures. Only the products on the
left side of Figure 2 have the potential to minimise these ownership costs. Thus, the
products most frequently associated with the XaaS trend (the left side) have the most
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evident scalability advantages. This supports the thesis that economies of scale linked to
ownership may be an underlying driver of the XaaS trend.

5. Discussion

We find further empirical evidence pointing towards economies of scale as a driver
of XaaS when we consider the “total value of ownership”. This is illustrated by Azcarate-
Aguerre et al. [65], which compares two different financing models related to the energy
renovation of buildings. The PSS model is compared with a model based on traditional
contracts, where building owners purchase the products they need. The comparison
showed that when tangible products like heating systems and windows, as well as soft
value elements such as “comfort” and “risk perception” were included, PSS-financing was
more favourable than ownership-based financing for the building owners (see Figure 3).

Building owner:
Ownership-
financing

TVO elements:

* Capital costs

* NMaintenance costs
¢ Energy costs

* Rental revenue

* Appreciation

e Capital costs

* Maintenance costs
s Fnergy costs
Rental revenue
Appreciation

t COMPARED TO

Building owner: |
PSS-financing L

Figure 3. Simplified illustration of the comparison in Azcarate-Aguerre of ownership-financing and
Product-Service Systems (PSSs)-financing based on the five elements of Total Value of Ownership
(TVO), based on Azcarate-Aguerre et al. [65].

Azcarate-Aguerre et al. [65] show that building owners most often would benefit from
PSS financing, but did not highlight how PSS affects suppliers. The ownership financing
model is based on suppliers selling products and services, while the PSS-financing model
is based on suppliers providing products and services while retaining ownership, and is
illustrated in Figure 4.

When a supplier of products chooses to retain the ownership of products, the owner-
ship costs and revenues that would otherwise be carried by customers are carried by the
supplier. The supplier will exploit the potential for economies of scale in these areas.

The NPV calculations by Azcarate-Aguerre et al. [65] show that the PSS-financing
model is preferable to the ownership-financing model for building owners. However, if the
advantages (1-7) of Xaa$S outlined in Table 1 truly represent synergies, as argued above, the
PSS-financing model should be most advantageous for both building owners and suppliers.
Given that the advantages for the suppliers are accumulated TVO elements otherwise
accrued to customers, they must be scalable. Thus, the results in Azcarate-Aguerre et al. [65]
not only provide building owners with a rationale for choosing a PSS-model, the rationale
also includes suppliers as well and suggests that they are valid in other industries. This
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further supports the thesis that ownership-related economies of scale may be an underlying
driver of the XaaS trend.

]
Building cwner. TVO:
Ownership-financing
* Capital costs

Supply
chain

Suppliers sell products —

* Maintenance costs
* Energy costs

* Rental revenue

* Apprecigtion

CONMPARED TO

- . Supply
Suppl tain aoggregate
uppiers retam chain o o _____

ownership advantoges. TWO: ] 1

. |
* Capital costs - 1 : | | PREFERABLE |

* Maintenance costs Building cwner:

PSS-financing

* Energy costs
* Rental revenue
* Appreciation

Figure 4. Ownership-financing (above) and Product-Service Systems (PSSs)-financing (below) com-
pared along the supply chain. Selling to multiple customers and renting out to multiple customers.
Based on Azcarate-Aguerro et al. [65].

6. Conclusions

This article examines the drivers of Everything as a service (XaaS) where sale contracts
for durable products are substituted by service contracts. We see strong growth in rental
markets, and many studies are referring to the advantages driving the transition from sales
contracts to rental contracts. In this transition, product ownership is elevated from the
customer level to the provider. Whatever advantages related to the economies of scale
should then be strengthened at the aggregate level of the supplier, given the hierarchical
structure of supply chains. Thus, economies of scale may be a driver of XaaS. However, no
peer-reviewed articles have been found linking economies of scale to XaaS. The claim here
is that the seven advantages referred to in the literature listed in Table 1 are conditioned
on the presence of economies of scale. It is true for the reduction in customer costs, for
attaching services, for exploiting customer feedback, for customization of the design, scale,
and quality, and for exploiting machine learning.

Our study of 140 firms indicates that economies of scale, through repeatable processes
leading to reduced unit costs, is the underlying driver of the XaaS trend. This suggests that
ownership-related economies of scale may be a predictor of XaaS. Thus, we should expect
XaaS among durable goods where there is a significant potential for economies of scale.

Identifying operational indicators to quantify the XaaS trend was beyond the scope
of this article. Two perspectives would be of particular interest in this area. At the firm
level, we may identify products and markets with a strong potential for ownership-related
economies of scale linked to the transition from sales contracts to service contracts. At the
macro level, we may focus on generic features of markets and products associated with
economies of scale in different sectors and industries. Such studies would enhance our
understanding of the XaaS trend. In light of the findings in this article, it would also be
interesting to consider how government policies and regulations influence the XaaS trend.

Funding: This research received no external funding.
Data Availability Statement: Appendix B supplements the data presented in this article.

Conflicts of Interest: The authors declare no conflict of interest.
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Appendix A

The Xaa$ categories included in the scopus search result of peer reviewed

Articles mentioning “as a service” after 1 January 2021.

Table Al. The Scopus research result for peer-reviewed articles on XaaS and the corresponding article
numbers. (55 articles cover 25 NACE codes. When considering articles with multiple codes, we have
14 unique NACE codes.)

Article Numbers Category XaaS
124 Additive manufacturing as a service (1)
102 Agriculture as a service (1)
064, 067 Autonomous vehicle as a service (2)
047 Bicycle as a service (1)
068 Building energy retrofit as a service (1)
014 Cas as a service (1)
036 Community as a service (1)
011 Cultural heritage as a service (1)
133 Customer service as a service (1)
025 Data as a service (1)
057 Electronic product development as a service (1)
005, 111 Energy as a service (2)
088, 100 Equipment as a service (2)
015 IoT as a service (1)

001, 007, 012, 017, 018, 019, 021, 028,

038, 040, 048, 050, 051, 052, 053, 063,

065, 070, 073, 075, 076, 090, 092, 098,
099, 108, 110, 117, 130

Mobility as a service (29)

030 Office space as a service (1)

058 Public transport as a service (1)

054 Recruitment in construction as a service (1)
129 Resale as a service (1)

016 Retail as a service (1)

066 Tourist guide robots as a service (1)

083 Under used assets as a service (1)

089 Water dispenser as a service (1)

062 White goods as a service (1)

Appendix B
The following three appendix supplements the data in this article:

e A full reference to the 137 articles (the 55 articles including the 82 excluded articles)
from the Scopus search is available here. Link to the full list of articles: https://docs.
google.com/document/d/1LoDBg]ZGDo_i3Gwo4nKGY6TmtLpR30HV /edit, accessed
on 5 March 2025.

e Table 3, including a column with the URLs to all the proff.no searches for firms match-
ing the NACE codes here. Link to Table A1, including the column with the URLS to
all the proff.no searches: https://docs.google.com/spreadsheets/d/125B68hproDz9
2adcIm]2Va5j5QQQRvxU/ edit?usp=sharing&ouid=116449081030483560202&rtpof=true&
sd=true, accessed on 5 March 2025.

e A full reference to the search for <company name> + “as a service” is avail-
able here. Link to the overview of all Google searches for firms and “as a ser-
vice”: https:/ /docs.google.com/spreadsheets/d /10Kjmja3iG385C8RBM5q25zXdp7
ciF3Ps/edit?usp=sharing&ouid=116449081030483560202&rtpof=true&sd=true, ac-
cessed on 5 March 2025.
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Notes

1

Based on the description of the concepts in Merriam Webster dictionary and Wikipedia, we may distinguish between three service
models: To “rent” something refers to a customer possessing a good in return for a periodic payment. To “lease” something may
cover a rent agreement but is typically used when there are additional conditions to be fulfilled and/or when the customer has
an option to purchase the good after a given period. To “license” something is to receive a formal permission—often granted by
a public authority—to utilise or control a good for a given period.

In SaaS, vendors manage all tasks linked to the customer’s access and upgrading of software. In IaaS, vendors provide and
operate the hardware their customers need. In “platforms as a service”, vendors provide the hardware and the operating system
used by the customer’s developer (e.g., [4,5]).

The reference; “Right of disposal” is here understood in the meaning of Merriam Webster; “authority to make use of as
one chooses”.

Business services are also being included a part of the XaaS economy in some texts. Goldman and Sachs describe companies that
facilitate outsourcing as “service companies” [29].

The SCOPUS search used the following search string; “(TITLE-ABS-KEY (“economies of scale”) OR TITLE-ABS-KEY (“economy
of scale”)) AND (TITLE-ABS-KEY (“everything as a service”) OR TITLE-ABS-KEY (“XaaS”) OR TITLE-ABS-KEY (“servitization”)
OR TITLE-ABS-KEY (“product service-system”))”.

The search string used in Scopus: TITLE-ABS-KEY (“as a service”) AND PUBYEAR > 2020 AND DOCTYPE (ar) AND SUBJAREA
(busi) AND NOT TITLE-ABS-KEY (“cloud”) AND NOT TITLE-ABS-KEY (“software”) AND NOT SUBJAREA (comp)).

The coding of the most dominant NACE code was performed and checked, and confirmed to prevent any mistakes or misunder-
standings. Finally, the researcher determined the dominant NACE code/product in each article.

"Proff” is a brand for the Norwegian market owned by the Finnish company Enento. Proff relies on several public databases in
Norway: https:/ /www.proff.no/info/kilder/ URL (accessed on 5 March 2025)”.

The number of employees was chosen as a criterion because alternatives such as turnover, or market value, could be linked
to funds or accumulated turnover in holding companies with firm names that are not relevant for the debate on management
strategies and contract models.
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