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Abstract: The landscape of traditional industrial manufacturing is undergoing a pivotal shift from resource-intensive
production and long supply chains to more sustainable and regionally focused economies. In this evolving
scenario, the move towards local, on-demand manufacturing is emerging as a remedy to the environmentally
damaging practice of mass-producing products in distant countries and then transporting them over long dis-
tances to customers. This paradigm shift significantly empowers customers, giving them greater control over
the manufacturing process by enabling on-demand production and favouring local production sites over tra-
ditional mass production and extensive shipping practices. In this position paper we propose a cloud-native
Manufacturing as a Service (MaaS) platform that integrates advances in three-dimensional (3D) printing tech-
nology into a responsive and eco-conscious manufacturing ecosystem. In this context, we propose a high-level
architectural design for a cloud-based MaaS platform that connects web shops of local stores with small and
medium-sized enterprises (SMEs) operating 3D printers. Furthermore, we outline an experimental design,
including a cost-benefit analysis, to empirically evaluate the operational effectiveness and economic feasibil-
ity in a cloud-based additive manufacturing ecosystem. The proposed cloud-based MaaS platform enables
on-demand additive manufacturing and opens up a profit sharing opportunity between different stakeholders.

1 INTRODUCTION

Many industrial manufacturing sectors are charac-
terised by resource-intensive production processes,
long global supply chains, and a tendency to over-
produce relative to actual demand (Westkämper et al.,
2016). Product development and sale often takes
place in the developed world, while mass produc-
tion is carried out in countries with low labour costs.
Consequently, this leads to significant transport dis-
tances for products before they reach the end con-
sumer. Such industrial production is neither environ-
mentally friendly nor sustainable, and it fails to con-
tribute to the promotion of local economies.

The COVID-19 pandemic has further highlighted
the reliance on production facilities in emerging and
developing countries (Mugurusi and de Boer, 2013).
This issue becomes particularly evident when estab-
lished supply chains are disrupted, as exemplified
by the Suez Canal blockade (Chopra and Meindl,
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2007; Lee and Wong, 2021). Additionally, since
the COVID-19 pandemic, there has been a notice-
able shift in society, with customers increasingly
favouring regionally and sustainably produced prod-
ucts (Schwilling et al., 2021).

In order to meet the new trend of regional and sus-
tainable purchasing in manufacturing, without resort-
ing to offshore production and long logistics chains, a
new approach is required in which small and medium-
sized enterprises (SMEs) play a central role. From the
customer’s perspective, products should be produced
in their immediate environment and on demand, with
a certain degree of customization (customised prod-
ucts) (Lu and Xu, 2019). Similar to cloud computing
service models (Wong and Hernandez, 2012), a Man-
ufacturing as a Service (MaaS) approach (Lu and Xu,
2019) could offer customers the opportunity to pur-
chase their own customised products and have them
produced locally, utilizing a pay-per-use or pay-as-
you-go billing model.

Advances in additive manufacturing technology
(Wong and Hernandez, 2012) have enabled the lo-
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Figure 1: Overall Use Case for an Additive MaaS Platform using 3D Printers.

cal and cost-effective production of a variety of prod-
ucts using three-dimensional (3D) printing technol-
ogy (Shahrubudin et al., 2019; Mai et al., 2016). A
3D object is first designed on a computer and then
sent to a 3D printer, where it is printed layer by layer.
Over time, the 3D object designed on the computer
becomes a physical product. With the aid of 3D print-
ing technology, the MaaS approach could soon be re-
alised, enabling SMEs to produce (or 3D print) cus-
tomised products on demand in close proximity to
the customer. This would not only strengthen local
economies but also contribute significantly to reduc-
ing dependence on offshore production and the asso-
ciated long supply chains.

Figure 1 shows how a customer’s online purchase
triggers the 3D printing process, linking the online
shop to a cloud-based MaaS platform and subse-
quently to the 3D printer managed by an SME. This
highlights the role of the customer as both the initiator
of the on demand production process and a proponent
of regional, sustainable production.

In this position paper, we present an experimental
design to evaluate the feasibility and value of creat-
ing a cloud-based additive MaaS platform that uses
3D printers. In this regard, we first introduce the con-
cept of integrating 3D printers with a cloud platform
to enable regional and more sustainable production.
Building on this, we present the design of an exper-
imental study that uses different metrics to perform
a cost-benefit analysis of various 3D printers. This
position paper makes a twofold contribution towards
additive MaaS using 3D printers:

• Firstly, we introduce a high-level architectural de-
sign that enables additive MaaS using 3D printers.

• Secondly, we present the design of a cost-benefit
analysis using different metrics and evaluating
various 3D printers.

The reminder of the position paper is organised as
follows: Section 2 summarises the related work in
the field. Next, in Section 3, we describe our exper-
imental design where we introduce an experimental
testbed and explain how it could be used in a cost-
benefit analysis. Furthermore, we give an overview
of potential stakeholders in an additive MaaS ecosys-
tem including a profit sharing approach. Finally, in

Section 4 we conclude our work and give an outline
of future work in the field.

2 RELATED WORK

The integration of additive manufacturing, particu-
larly through a MaaS approach, represents a paradigm
shift in industrial production, promising to address
the inefficiencies of traditional manufacturing. The
following summary gives an overview of existing re-
search, highlighting the advancements and implica-
tions of various MaaS technologies and strategies.

2.1 Cloud-Based MaaS Approaches

In the field of cloud-based MaaS, several studies have
provided contributions that collectively underscore a
shift toward more responsive, interconnected, and ef-
ficient manufacturing ecosystems, leveraging cloud
capabilities to meet the needs of modern production
and consumer demand. Chiappa et al. (2023) in-
troduced an open-source project for cloud manufac-
turing interoperability, highlighting the importance of
digital twins, scheduling, and service composition.
Thames and Schaefer (2016) proposed a Software-
Defined Cloud Manufacturing (SDCM) architecture
that enhances flexibility and adaptability in manufac-
turing systems. Their proposed architecture aligns
with the Industry 4.0-paradigm, focusing on flexible
hardware systems modifiable at the software level.

Xu (2012) explored the transition from traditional
cloud computing to cloud-based manufacturing in the
context of Industry 4.0. He introduced concepts of
cloud-based manufacturing and outlined its poten-
tial to transform traditional manufacturing by uti-
lizing distributed resources and centralised manage-
ment. Vedeshin et al. (2019) presented a three-layer
architecture for a cloud-based manufacturing operat-
ing system (OS) that addresses interoperability, scal-
ability, and accessibility and integrates various stages
of manufacturing.

Lu and Xu (2019) present a system that integrates
cloud-based production equipment with big data ana-
lytics for on demand manufacturing. This approach
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addresses challenges like real-time monitoring, and
enhances production efficiency and customisation.

2.2 3D Printing Technology

Shahrubudin et al. (2019) provide a comprehen-
sive overview of 3D printing technology, covering
its types, materials, and applications across indus-
tries. They highlight the technology’s versatility and
its transformative impact on manufacturing processes.
Panda et al. (2023) explore 3D printing’s role in prod-
uct development across industries. They detail the
stages of development using 3D printing and its ad-
vantages and limitations in sectors like healthcare and
aerospace. Dhir et al. (2023) analyse how firm size af-
fects the adoption of 3D printing technology by iden-
tifying facilitators and inhibitors, providing insightss
into the differential impacts on various-sized firms.

2.3 Other Related Work

Pahwa and Starly (2021) propose using Deep Re-
inforcement Learning (DRL) for decision-making in
MaaS marketplaces. They demonstrate DRL’s effec-
tiveness in improving operational efficiency and prof-
itability over traditional decision-making methods.
Bulut et al. (2021) discuss the shift towards MaaS,
highlighting its transformative impact on SMEs. The
study identifies four key roles in prototype manufac-
turing and emphasises the need for SMEs to adapt
their strategies to thrive in this evolving environment.
Chaudhuri et al. (2021) address the gap in MaaS
literature regarding pricing strategies. Using game-
theoretic models, they propose optimal pricing strate-
gies for MaaS platforms and suppliers. Jagoda et al.
(2020), Ranking et al. (2014), and Fiske et al. (2018)
explore the feasibility, efficiency, and environmental
implications of 3D-printing in military settings.

2.4 Summary and Discussion

Building on the identified related work, this position
paper contributes to the field by not only proposing
a cloud-based MaaS platform that enables local and
on demand production, but also by detailing an ex-
perimental setup to analyse the practicality and value
of using different 3D printers. This setup aims to
evaluate seven key metrics that will inform the cost-
benefit analysis critical to the successful adoption of
3D printing technology by SMEs. In doing so, we aim
to bridge the gap between theoretical frameworks and
practical, scalable solutions for regional manufactur-
ing. Compared to other related work, the contribution
of this position paper is an empirical cost-benefit per-

spective of cloud-based MaaS specifically tailored for
additive manufacturing by proposing an experimental
study including different metrics and 3D printers.

3 INTENDED EXPERIMENTAL
DESIGN

In this section, we outline an experimental design
aimed at conducting a comprehensive cost-benefit
analysis to evaluate the overall economic efficiency of
our proposed cloud-based MaaS approach. First, we
introduce an experimental testbed and describe how
it bridges the gap between customers and SME 3D
printing production sites through an MaaS platform.
We then propose a set of metrics and explain how they
can be used to effectively evaluate the economic effi-
ciency of our MaaS approach in a cost-benefit anal-
ysis. Additionally, we explore the diverse ecosystem
of potential stakeholders in additive MaaS including
a profit sharing model. Finally, we provide an outline
of future work to carry out the presented experiment.

3.1 Experimental Testbed

In a traditional supply chain, raw materials are pro-
cured and transformed into finished goods through
a sequential process of manufacturing, warehousing,
and distribution to retailers, before finally reaching
the customer. In contrast, and as shown in Figure
1, the manufacturing process of the MaaS approach
is initially triggered after a customer has purchased
a product. In other words, the product is not mass-
produced and then shipped to a local store where the
customers can buy it. Instead, the paying customer
initiates the manufacturing process, which starts on
demand after the product has been purchased.

Once the payment process is complete, the cus-
tomer’s order is sent to a MaaS platform for fur-
ther processing. This platform plays a central role
in connecting various web shops and/or local stores
are connected with the SMEs that manufacture (or
3D print) the purchased products. More specifically,
the MaaS platform provides API Gateways to connect
web shops and Cloud Gateways to connect the SME
3D printing production sites for end-to-end additive
MaaS. To implement the overall use case shown in
Figure 1, the experimental testbed is divided into the
following zones:

• Zone 1 – Point of Purchase
This is where the customers purchase their prod-
ucts and initiate the on demand MaaS production
process.
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Figure 2: Setup of the Experimental Testbed for Cost-Benefit Analysis of different 3D Printers.

• Zone 2 – Cloud
Provides a cloud-native MaaS platform that in-
cludes all the gateways to bridge the gap between
web shops (Zone 1) and the SMEs (Zone 3).

• Zone 3 – SME 3D Printing Production Site
Includes all SMEs offering their 3D printing ca-
pabilities for additive MaaS.

As shown in Figure 2, the experimental testbed is
divided into three zones with different tasks and re-
sponsibilities. The core component of the testbed is
a cloud-based MaaS platform that provides the nec-
essary gateways for connecting the web shops (Zone
1) over the cloud (Zone 2) with the SME’s (Zone 3).
The platform is based on a cloud-native architecture
consisting of four services where each has its own
database to ensure loose coupling and service auton-
omy. This could involve Structured Query Language
(SQL) databases for transactional data and Not Only
SQL (NoSQL) databases for unstructured data.

The Order Processing Service acts as the back-
bone of the commerce operation, facilitating a seam-
less transition from customer orders to product man-
ufacturing. It initiates its process once a customer
places an order through the web shop. This service
is responsible for capturing order details, including
product specifications and quantities. It ensures that
orders are accurately tracked throughout their lifecy-
cle, providing customers with real-time updates on or-
der and production status. Additionally, it coordinates
with the Printer Management Service to initiate the
manufacturing process, ensuring that the order fulfil-
ment phase begins promptly.

The Billing Service is critical for managing the
financial transactions within the ecosystem by han-
dling the calculation of costs based on the product
specifications. Depending on the purchased product
and its complexity additively manufactured the price
for the product might vary. Additionally, it gener-
ates invoices for customers and SMEs and processes
payments supporting various methods. This service
plays a pivotal role in ensuring financial integrity and
profit sharing between all stakeholders (as elaborated
in more detail in Section 3.3).

The Printer Management Service maintains a
comprehensive registry of all the 3D printers avail-
able within the SME network, including their capabil-
ities, configurations, and current operational statuses
(available, in use, undergoing maintenance). It dy-
namically assigns incoming orders to printers based
on their location, availability, material requirements,
and production capacity. By managing the printers ef-
fectively, this service ensures that customer orders are
produced accurately and on time, directly influencing
the overall throughput and reliability of the service.

The Authentication / Authorisation Service is
responsible for verifying the identity of all partic-
ipants in the ecosystem including all user profiles
and the 3D printers (devices) themselves. It employs
mechanisms to confirm identities and to determine
what entity are allowed to do within the MaaS ecosys-
tem. This might include access to specific data, the
ability to initiate or cancel orders, and permissions to
configure printer settings. This service is crucial for
protecting against unauthorised access and ensuring
that entities can only perform actions appropriate to
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their roles, safeguarding the integrity and confiden-
tiality of the ecosystem.

Besides the MaaS platform, Zone 2 also provides
an API Gateway and a Cloud Gateway to connect the
web shops from Zone 1 and the SMEs from Zone 3.
After a product has been purchased by a customer, the
order is sent from the web shop via API Gateway to
the MaaS Platform. From there the order is forwarded
over the Cloud Gateway to a Field Gateway of a lo-
cal SME where it is then distributed to one or many
3D printers. For our experimental testbed we have
selected three different types of printers from differ-
ent vendors to increase the validity of the cost-benefit
analysis results. In addition, one of the key technical
requirements was that all 3D printers should be con-
nected via a serial port to a Raspberry Pi connected
to a local network environment (to simulate an SME
production site) and receive commands or orders via
the Internet. This ensures that a purchase from a web
shop actually leads to production by an SME.

In our experimental testbed, each 3D printer (3D
Printer 1–3) is connected to a corresponding Rasp-
berry Pi (Raspberry Pi 1–3), each running the Oc-
toPi OS. This OS provides the so-called OctoPrint
Representational State Transfer (REST) Application
Programming Interface (API) for controlling con-
sumer 3D printers. In addition, each Raspberry
Pi is connected to a Field Gateway, which is con-
nected to the cloud-based MaaS platform via a Cloud
Gateway. Summarising, the presented experimental
testbed from Figure 2 provides all the necessary parts
to (1) connect web shops to SMEs via a cloud-based
MaaS platform for additive manufacutring on de-
mand, and (2) conduct a comprehensive cost-benefit
analysis using different metrics and 3D printers (al-
lowing a comparison between different 3D printing
devices for more meaningful results).

3.2 Cost-Benefit Analysis

In this section, we present an approach to conduct-
ing a cost-benefit analysis within the additive manu-
facturing ecosystem, using the experimental testbed
from thee previous section (and as shown in Figure
2). Our methodology involves simulating a complete
process, from a Product purchase to a Product man-
ufactured scenario, using 3D printing technology for
a specific product. To enrich our analysis, we include
three different 3D printers in our experimental testbed
to evaluate and compare their performance in differ-
ent dimensions. This comparative cost-benefit analy-
sis aims to assess the monetary costs associated with
the end-to-end production process of a specific prod-
uct using a set of seven metrics. These metrics will

not only provide a basis for quantifying the cost of
3D printing a specific product, but will also facilitate
a comparative analysis of the three different 3D print-
ers. Our aim is to provide a comprehensive view of
the cost effectiveness and efficiency of the three 3D
printers in a real-world manufacturing environment.
The following metrics have been selected for the pro-
posed cost-benefit analysis:

• Metric 1 – Operating Costs (Web Shop)
refers to the monetary cost of operating a web
shop.

• Metric 2 – Operating Costs (MaaS Platform)
refers to the monetary cost of operating the MaaS
platform in the cloud.

• Metric 3 – Energy Consumption
refers to the energy cost of operating the SME 3D
printing production site including all devices.

• Metric 4 – Printing Time
refers to the time it takes a 3D printer to print a
given product.

• Metric 5 – Material Usage
refers to the material cost (amount or quantity of
3D filament used) to print a given product.

• Metric 6 – Processing Time
refers to the lead time it takes to manufacture a
purchased product on a 3D printer, starting when
the customer purchases the product (Product pur-
chased) and ending when the printer completes
the 3D printing process (Product manufactured or
3D printed).

• Metric 7 – Post-Production Labour Costs
refers to the labour costs associated with poten-
tial post-production steps (e.g., cleaning, polish-
ing, grinding, painting, etc.).

The above metrics serve as a comprehensive frame-
work for evaluating the cost-effectiveness of 3D print-
ing technologies within our proposed additive MaaS
approach. These metrics are can be further cate-
gorised into three distinct groups to reflect the mul-
tifaceted nature of additive manufacturing. The first
category includes metrics that are essential to the op-
eration of online platforms, including the web shops
and the cloud-based MaaS platform (Metric 1, Met-
ric 2). The second category represents core aspects
of the manufacturing process, focusing specifically on
energy consumption (Metric 3), manufacturing time
(Metric 4), and material usage (Metric 5), provid-
ing a granular view of the operational efficiency of
devices such as the 3D printers. Finally, the third
category, captures the overall processing time for the
entire additive manufacturing use case, from product
purchase to production completion (Metric 6), while
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also considering post-production labour costs asso-
ciated with tasks such as cleaning and finishing the
product (Metric7). This layered approach not only
facilitates a detailed cost analysis, but also highlights
the operational and environmental considerations that
are critical to optimising the additive MaaS processes.

3.3 Stakeholders in an Additive MaaS
Ecosystem

Building on the proposed experimental testbed and
cost-benefit analysis from the previous sections, the
following aims to identify potential stakeholders in
the additive MaaS ecosystem. In addition, we aim
to explore the implications of a profit sharing oppor-
tunity between them. This exploration is based on
the understanding that the accurate pricing of a prod-
uct (based on the results of the cost-benefit analysis)
is a precursor to the possibility of profit sharing be-
tween the identified stakeholders. The following fig-
ure shows the identified stakeholders (Stakeholder
1–4) and proposes a model for profit sharing:

Figure 3: Profit Sharing Opportunity between Stakeholders
in an Additive MaaS Ecosystem.

The customer who buys a product does so through
a web shop, which is usually operated by a shop
owner (Stakeholder 1). This means that part of the
customer’s money belongs to the owner of the web
shop used. In order to manufacture the purchased
product, the web shop needs to connect to a cloud-
based MaaS platform owned and operated by a cloud
service provider (Stakeholder 2).

This second stakeholder receives a share of the
customer’s money for providing a MaaS platform to
the web shop owner. In return, Stakeholder 2 for-

wards each request it receives to the right SME that
starts the product manufacturing process using its 3D
printers (Stakeholder 3). This stakeholder is in turn
connected to the cloud-based MaaS platform that en-
ables the SME to receive 3D printing jobs, and re-
ceives a share of the initial price paid (by the cus-
tomer) for the 3D printing service provided.

However, each 3D printer requires a Computer-
Aided Design (CAD) model of the product in order
to print it. Similar to a developer of mobile phone
applications, an additional stakeholder who designs
CAD models and offers them to 3D printing SMEs
could fill this gap. This stakeholder receives a share of
the sales price for providing the CAD models, so that
e.g. web shops can offer different designs of a prod-
uct and SMEs can print them. Summarising, to en-
able the described profit sharing opportunity between
all four stakeholders (Stakeholder 1–4), it is neces-
sary to first measure the costs of producing a specific
product (cost-benefit analysis), then price the product
correctly and define a fair share for each stakeholder.

3.4 Future Work

In this section, we have proposed an intended exper-
imental design including an experimental testbed, a
cost-benefit analysis, and a profit-sharing approach
between identified stakeholders within the additive
MaaS ecosystem. In future work, the overall goal is to
implement an end-to-end use case from the web shop,
through the MaaS platform, all the way to the SME
production site (as shown in Figure 2). This will allow
the entire process to be simulated, from the customer
buying a product online, to the processing of the or-
der in the cloud, to the 3D printing of the product. As
a first step, we plan to implement the MaaS platform
as a cloud-native application and deploy it on a public
cloud platform such as Amazon Web Services (AWS).
As a next step, this setup could be deployed on other
public cloud platforms (e.g., Microsoft Azure, Google
Cloud Platform) to explore the operating costs of dif-
ferent cloud providers. For the SME production site
we plan to set up three 3D printers in our local lab and
connect them with the MaaS platform.

The intended experimental testbed will allow the
simulation of the entire on demand additive manufac-
turing use case. In addition, we plan to use the iden-
tified metrics to evaluate the total cost of production
associated with the proposed MaaS approach. This
evaluation is a first step in determining the pricing of
the product under the proposed profit sharing model,
ensuring a fair distribution among all stakeholders in-
volved in the MaaS ecosystem.
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4 CONCLUSIONS

In this position paper, we have discussed the need
to rethink traditional manufacturing paradigms by
proposing a cloud-native MaaS platform. The
MaaS approach emerges as a compelling alternative,
promising a shift towards sustainable, regional manu-
facturing that leverages advances in 3D printing tech-
nology. The proposed cloud-based MaaS platform,
presented in our experimental testbed and detailed in
the cost-benefit analysis, represents a first step to-
wards realising this vision. By integrating additive
manufacturing with cloud computing, our approach
enables a more responsive and environmentally con-
scious manufacturing ecosystem.

The proposed experimental design in Section 3
sets the stage for a practical investigation into the fea-
sibility and value of MaaS. The selection of different
3D printers for the experimental testbed and the met-
rics for evaluating their performance have been estab-
lished with the intention of providing a thorough un-
derstanding of the operational effectiveness and eco-
nomic feasibility of the additive MaaS approach.

For future work, we plan to conduct the proposed
experimental study to empirically validate the theoret-
ical model presented in this paper. This study will test
the performance of the selected 3D printers in a cloud-
native MaaS setup and by using the defined metrics
of operating costs (web shop, MaaS platform), en-
ergy consumption, printing time, material usage, pro-
cessing time, and post-production labour costs. The
outcome of this study is expected to provide valuable
insights into the cost-effectiveness of the MaaS ap-
proach, enabling SMEs to make informed decisions
regarding the adoption of 3D printing technologies.

Further research will also explore the scalability
of the MaaS model, the integration of a wider range
of additive manufacturing technologies, and the de-
velopment of robust pricing strategies that benefit all
stakeholders within the MaaS ecosystem. By expand-
ing the scope of this research, we aim to establish
a comprehensive framework for the implementation
of MaaS that not only meets the demands of mod-
ern consumers for customisation and sustainability
but also enhances the competitive edge of SMEs.
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