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Abstract. Driven by a large number of very diverse and fast-evolving
regulations, the adoption of e-invoicing is creating many challenges for
solution providers, such as dealing with compliance requirements, cross-
border issues, heterogeneity of standards and constant changes. Existing
solutions do not represent a cost-effective and vendor-independent alter-
native to existing legacy systems, ERPs and databases. The proposed
solution is based on leveraging cloud computing concepts, Software-as-a-
Service concept, API economy, and Business Process Modelling (BPM)
concepts. It allows solution providers to choose SaaS components and
customise their offerings according to customers needs. Given an ecosys-
tem of APIs available via a marketplace, it becomes possible to rapidly
compose and build new applications via BPM technologies. The paper
describes an implementation of this concept realised using several e-
invoicing APIs being composed using the WASP workflow system. Some
preliminary results regarding the feasibility of the proposed approach in
a simple buyer-seller scenario are discussed.

Keywords: e-invoicing - Industry 4.0 - API - SaaS - WASP - UBL -
PEPPOL

1 Introduction

The “digitisation” of production and logistics provides many significant, new
advantages to modern supply chain management in the so-called Industry 4.0
concept. Design features of Industry 4.0 are interoperability, virtualisation,
decentralisation, quick response, service orientation and modularity. This paper
is concerned with document exchanges to facilitate collaboration between busi-
ness partners and, in particular, e-invoicing.

Regulations play an important role in adopting e-invoicing within one coun-
try or region. Such regulations mandate the use of certain standards to guarantee
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the security and integrity of business document exchanges and fight against tax
evasion and fraud. For example, the EU Commission implemented in April 2014
new regulations relating to public procurement across Europe in the form of
the e-invoicing Directive 2014/55/EU, which sets out deadlines by which Euro-
pean government bodies must be able to receive structured electronic invoices
from suppliers. The introduction of e-invoicing legislation across Europe in par-
ticular has greatly boosted the number of companies wishing to be able to
exchange structured electronic invoices. Currently the number of invoices sent
across Europe annually is estimated to exceed 40 billion. Meanwhile, the annual
growth rate for e-invoicing is around 10-20%.

Although, e-invoicing has enabled businesses to efficiently generate e-bills and
track them in real-time to reduce the possibilities of fraud and avoid any data
entry errors. However, e-invoicing is creating many challenges, such as compli-
ance, cross-border issues, data heterogeneity, changeable rules and regulations,
and the identification of errors in complex systems. Compliance issues arise when
different regulations within each country change very quickly. For example, in
France, medium companies must use e-invoicing by 1 July 2025 and small com-
panies by 1 July 2026. Rules and regulations differ from country to country
and even region within countries. Some countries and states within one country
impose additional requirements such as archiving and e-reporting, which can
be tricky to implement, raising additional issues related to compliance of cross-
border transactions. The issue of heterogeneity arises when the system deals with
various data and messaging standards and formats, particularly when messages
need to be sent via different delivery protocols (hub, Web Service, PEPPOL).
Moreover, error handling is another big issue in e-invoicing. Systems with a high
degree of complexity and automation mean errors are very hard to detect and
correct in a timely fashion.

The paper proposes creating an e-invoicing ecosystem of services to address
these challenges. The proposed system can be composed, configured, and cus-
tomised according to different contexts under Service-Oriented Architecture
(SOA) and Business Process Modelling (BPM) principles [18]. We demonstrate
this idea through a pilot case study on the rapid development of an e-invoicing
application using existing services and a workflow engine.

The paper is structured as follows. Section 2 presents some background and
related work on e-invoicing discussing the standards in place. Section 3 describes
our solution and Sect. 3.4 an implementation using the WASP worflow portal.
Section 4 describes some preliminary evaluation results and Sect. 5 concludes this

paper.

2 Related Work

We first describe the area of e-invoicing with its main drivers and challenges. This
is followed by an overview of existing standards and solutions. In the next section,
we review existing efforts that can lead to opportunities to deliver efficient e-
invoices services via API marketplaces.
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2.1 e-Invoicing Drivers and Barriers

Electronic invoicing (e-invoicing) enables businesses to exchange digital invoices
in a safe, efficient and secure manner through software without the intervention
of humans. E-invoicing depends on secure networks and opens common data
standards that enables software to exchange business information seamlessly
and automatically [13].

The drivers and challenges associated with the adoption of e-invoicing are
illustrated in several publications. For example, [16] runs 3 case studies and
observes the drivers and barriers to the adoption of e-invoicing in large scale
Greek manufacturing industries. The main drivers are acceleration of invoicing
process, reduced costs and improved auditing and compliance with tax rules and
regulations. The barriers related to navigating through complex regulations and
costs are caused by changes to existing I'T infrastructure to adapt to standards.

[12] states that although the benefits associated with the adoption of e-
invoicing have been highlighted in numerous reports and international forums,
the adoption rate in most countries has not reached 20%. The firm must per-
ceive the benefits derived from e-invoicing both before and after adopting the
IT and communication infrastructure since they have a positive and significant
influence on the firm’s behaviour. Perceived security is also necessary for a firm
to use e-invoicing for the first time. Nevertheless, once adoption has taken place,
this factor no longer influences the user’s intentions. Therefore, security cannot
be considered a differentiating aspect of e-invoicing but, rather, an indispensable
and inherent characteristic. Finally, ease of use will increase intentions of contin-
uing to use e-invoicing among firms that have already adopted it. It accelerates
the learning process and means that the benefits obtained will be more highly
valued.

The two main barriers inhibiting the growth of e-invoicing are systems issues
and supplier reluctance [1]. The Basware study found that companies’ reasons
for engaging in e-invoicing include improved processes, increased accuracy, and
lower costs. Those that implemented e-invoicing most frequently cited foster
transactions, improved processes, greater accuracy, and improved compliance
and audits as key benefits they have achieved. Improved customer service and
supplier relations were also mentioned as benefits. One reason for the low adop-
tion rate is that the business world is riddled with legacy systems. For instance,
many companies have multiple systems for ordering, accounting, and paying
and are still struggling to get these internal systems to communicate with each
other, let alone with all their suppliers’ different systems. For these reasons,
many standards have emerged to facilitate interoperability at different levels
(e.g. data, transport, business process).

2.2 e-Invoicing Standards and Solutions

As mentioned earlier, the European Parliament and Council defined a common
standard for e-invoicing named Directive 2014/55/EU to provide a common tem-
plate to develop interoperability within the European Union [6]. This has trig-
gered the development of several standards, one of which is a common business
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term dictionary or data model (the European Norm EN16931'). Where nec-
essary, however, countries or organisations can create a separate Core Invoice
Usage Specification (CIUS). For example, XRechnung is a Core Invoice Usage
Specification (CIUS) of the EN 16931 used in Germany. In addition to the data
model, message representation standards are based on notations such as XML.
For example, there are two supported XML formats of XRechnung (as with the
EN 16931). The first one is CII (UN/CEFACT Cross Industry Invoice). The
second one (from Oasis Open) is the evolution of an older standard [19] called
UBL 2.x ISO/IEC 19845 in 20152

In addition, Germany also uses the ZUGFeRD 2.1 standard for hybrid in-
voicing (in France, the same standard is referred to as Factor-X). This standard
uses a human-readable PDF/A3 invoice document in which a CII invoice is
embedded. The e-invoicing format used in Spain is FacturakE, an XML-based
invoice format that uses e-signatures and follows the XAdES standard. Italy
also uses an XML standard format called InvoicePA with two digital signature
formats: CAJES-BES (CMS) and XAdES-BES (XML).

In 2014, the European Commission declared that UBL 2.1 was officially eli-
gible for referencing tenders from public administrations (one of the first non-
European standards recognised). It is expected that the adoption of UBL as a
standard message representation will increase as it defines a royalty-free library
of standard XML business documents that not only supports invoicing but also
all other aspects related to the digitisation of the commercial and logistical
processes for domestic and international supply chains (e.g. procurement, pur-
chasing, transport, logistics, intermodal freight management).

In addition to data and messaging standards, there are multiple alternatives
for communicating invoices:

— Centralised system: in which invoices can be uploaded and transferred via
file transfer protocols or web services. This is the most common method for
B2G exchanges such as PPF (formerly Chorus-Pro) in France. However, there
are exceptions. For example, in Italy, all invoices, including B2B, have been
exchanged via Sistema di Interscambio (SdI) from 1 January 2019.

— 2-corner model: supplier and buyer exchange invoices directly via a private
network (e.g. EDIFACT) or email but the latter is less common as there are
no guarantees of delivery.

— 4-corner model: supplier and buyer exchange invoices via Accredited Service
Providers that provide the required connection to a network. This is the model
used in the PEPPOL network, described next.

PEPPOL (7] is a set of artifacts and technical specifications which facili-
tate easy data exchange across disparate government systems and their suppli-
ers. Many EU countries have adopted PEPPOL? as a communication method,

! https://www.en-standard.eu/.

2 https://www.oasis-open.org/committees/tc_home.php?wg_abbrev=ubl.

3 PEPPOL most recent usage statistics in can be accessed at PEPPOL statistics from
ionite.net.
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including Belgium, Croatia, Cyprus, Denmark, Greece, Ireland, Latvia, Lithua-
nia, Luxemburg, Malta, Norway, Poland, Slovenia, Sweden and the UK*.

In addition to communication protocols, there are various business processes
(involving different business entities) that can be used to exchange invoices.
These business processes depend on the type of e-invoicing (B2G, B2B, B2C), the
application domain, the communication method used (hub, 2-corner, 4-corner),
and the business’s nature relationship. For example, UBL defines several business
processes that can be used to exchange invoices, such as pre-payment, spot
payment, payment in advance of delivery, invoices with references to despatch
advice, etc.

Besides e-invoicing, there are now a number of e-reporting requirements being
introduced. For example, the French tax authorities are discussing defining a
lifecycle for e-invoices, e.g. created, rejected, paid etc. Changes in status of an
e-invoice must be reported to tax authorities alongside other data. PEPPOL is
also introducing the capacity for service providers to do e-reporting (the so-called
5-corner model). There are many ongoing standardisation efforts: CEN/TC 440
[10], which consolidates standardisation efforts in several supply chain processes,
including electronic ordering, tendering, notification, and fulfilment across 14
business sectors.

Many e-invoicing solutions come under a variety of forms to address the
challenges of implementing these standards, such as:

— Enterprise systems: e-invoicing functionalities are integrated within a large
enterprise system such as IBM or SAP, providing all necessary functions
behind the scene.

— Accounting systems: similarly, e-invoicing functionalities are integrated
within an accounting application such as Xero or MYOB.

— E-Invoicing systems: complete e-invoicing solution which can be customised
to different data formats, and delivery protocols, offering all functions to be
integrated with a local information system or ERP. Examples include Pagero.

Whilst these solutions are suitable for Government agencies and large com-
panies, they present difficulties when adopted by SMEs, namely high cost, lack
of flexibility and vendor lock-in.

As a result, we believe that there is a need for cost-effective solutions that
are both open and flexible to allow companies to better leverage their existing
assets.

3 Proposed Solution

3.1 Towards an API Marketplace for e-Invoicing Services

The proposed solution is based on leveraging the concepts of cloud computing,
Software-as-a-Service concept, API economy and Business Process Modelling
(BPM). These are explained briefly next.

4 https://ecosio.com/en/white-paper-e-invoicing-in-europe/ .
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Cloud computing is the primary delivery vehicle for a new generation of
software services referred to as Software-as-a-Service (SaaS). Essentially the in-
infrastructure and software are no longer on “premise” and the SaaS provider
supplies the network access, security, application software, and data storage from
a server. On a technical level, any SaaS functionality is delivered via an Applica-
tion Programmable Interface (or API) accessible through a web browser, mobile
device, or another application. These APIs are developed according to four key
factors; necessity, reliability, usability, and scalability. SaaS charging models are
generally aligned with the fact that users pay for what they use rather than pay-
ing a high upfront standardised cost regardless of their usage. One key target
market for the SaaS model is small to medium-sized businesses [3], as it low-
ers entry costs. Providers can use a range of charging models such as perpetual
licence, subscription, transaction-based, and ad-funded. In Information Systems
(IS) research, APIs are conceptualised and analysed as boundary resources, i.e.,
resources at the interface between platform owners and third-party developers

[3].

The SaaS model has enabled the emergence of API marketplaces which pro-
vide a place for developers to build and share their APIs and a consumer to
find a suitable API for integration into their applications®. Such marketplaces
exist (e.g. Rapid API), but many researchers pointed out that it is not a trivial
job for a consumer to find suitable APIs from a myriad of APIs in a constantly
growing and evolving APT landscape [17,22,24]. Multiple studies have attempted
to address the issue by exploring the relationship between consumers, APIs and
consumers with APIs for optimal recommendations [9,23,25]. Chen et al. [5]
proposed an API recommendation model using a deep learning method that
aggregated the text details in source code with the API usage by API Context
Graph Network and Code Token Network. Authors found that combing textual
code details improve the accuracy. In a similar approach, Qi et al. [21] proposed
a text description-driven web API recommendation that assures the suggested
APT’s compatibility using mashup creation records. Lian and Tang [14] proposed
an API recommendation method using a graph collaborative filtering method
that identifies the relationship between a consumer and an API. The authors
experimented using a real dataset from Programmableweb.com and found that
the approach performed better than other approaches.

The availability of APIs makes it possible to rapidly compose them and
build new applications via business process modelling (BPM) principles and
technologies. BPM can be categorised as any process modelling that is performed
to enhance the overall operation of a business, a way to understand and optimise
workflows and create data-driven visual representations of key business processes
[2]. A BPM language allows the definition of a graphical representation of a
business process or workflow that includes attributes such as events that occur
within a workflow, who owns and starts those activities, decision points and
different paths workflows can take based on their outcomes, devices involved,
a timeline of each step and success and failure rates of the process. According

5 https://www.akana.com/blog/api-economy.
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to Penker [8] a business process model may have six different reasons to be
created, which are: to understand the key mechanisms of an existing business;
to orient the creation of suitable information systems that support the business;
to implement improvements in the current business; to show the structure of
an innovated business; to experiment new business concepts; and to identify
business elements not considered part of the core, which could be delegated to
an outside supplier [20].

BPMN, the most popular business process modelling language® provides a
standardised graphical notation that is easy to use for business analysts, allow-
ing them to document and communicate their business processes within their
company and external business partners. For more details about BPMN, see
[4]. Several open-source and commercial tools support BPM, such as Signavio,
Camunda and Kissflow. The availability of these tools is used as a basis for our
solution described next.

3.2 Proposed Architecture

As illustrated in Fig. 1, the proposed architecture has the following components:

Deployed Microservices
(GCP, AWS)

Building and Deploying Microservices|
-~

API Marketplace
(WASP, RapidAPI)

Adding Services Workflow Execution Manual Execution

Portal ﬂ—‘—]
|
Process Workflow -

Designer

|

|

| |
| |
| |
| |
| |
N |
T |
| | Automated Execution
| |
| |
| |
| |
| |
|

|

|

|

Users
(SME's)

Service
Providers
(Developers,

) Design Workflows
Tech-Firms)

Workflow Engine f @ Application
(Camunda)

Building and Deploying Web Application

Fig. 1. Proposed Architecture

5 https://www.trisotech.com /bpmn-introduction-and-history/.
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— Workflow Engine: This component is the core for controlling all e-invoicing
processes. It executes all process instances and their activities as well as the
communication with component services invoked via their API.

— Process Workflow Designer: this allows the user to define and manage pro-
cesses graphically. Such processes are based on the BPMN 2.0 standard.

— Workflow Control Portal: this component allows the user to control workflow
instances creation, execution, and monitoring.

— API Marketplace: a marketplace in which several APIs offer functionality that
can be integrated into service in the workflow.

This architecture supports two types of users, service providers and end-
users (typically SMEs). Service providers consist of developers and technology
providers whose aim is to create a range of e-invoicing services. Once deployed,
they advertise these services, as mentioned earlier, as APIs in the workflow
marketplace.

End-users that are part of companies involved in e-invoicing exchanges will
collaboratively design and form certain workflows by combining different ser-
vices in a logical flow. One example is a seller that uses a workflow support-
ing the sequence of invoice creation, validation and sending with special cases,
e.g. receiving a notification if the invoice is malformed. These workflows, once
designed are run on a workflow engine. This engine is responsible for calling the
linked services and following the flow. Compared to controlling the flow using a
bespoke application, end-users benefit from rapid deployment and modification
of workflow (this is important in a fast-changing environment). In addition, these
workflows can be executed and simulated manually using the workflow execu-
tion portal and/or using automated triggers set up using the web application.
Finally, the workflow web portal serves as a third party between the user and
the workflow engine and provides the user with human-readable updates on the
processes.

3.3 Definition of the Case Study

We define a case study that will be used to drive the implementation of a proto-
type based on a realistic e-invoicing scenario. We have the simple case of a buyer
and a seller in this case study. The seller’s responsibilities are:

— Create an invoice in the format expected by the buyer. We assume that the
seller has a legacy system that uses EDIFACT, and the buyer requires invoices
in UBL to be sent over the PEPPOL network. The seller must check that
invoices do not contain an error before sending them.

— The seller must monitor the status of the invoice (see Fig. 2 showing invoice
status changes) after it has been sent.

The Buyer’s responsibilities are:

— Read the invoice and check there are no errors
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Fig. 2. How invoice status changes during an exchange

— Verify if the invoice should be Rejected or Approved based on the invoice
contents.
— Pay the invoice

This process simplifies real-life e-invoicing processes that can include many
more statuses and other participants besides a single seller and buyer but will
be sufficient to demonstrate the usefulness of the proposed architecture. As an
example, Table 1 represents the seller’s dashboard in which Inv_2 was sent to the
buyer. Table 2 represents the buyer dashboard in a scenario where the buyer has
approved the contents of this invoice and will now proceed to pay it using the
“Pay” workflow action.

Table 1. Seller Dashboard after sending an invoice

Seller Dashboard

Invoice Name | Date/Time |Sender |Input Receiver | Output Status Action
Uploaded Document Document
Type Type
Inv_1 11/5/22 ESS EDIFACT UNSW |UBL Ready to send|Send
2:27pm
Inv_2 11/5/22 ESS EDIFACT AWO UBL Sent Send
2:28pm
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Table 2. Buyer Dashboard after approving an invoice

Buyer Dashboard

Invoice Name | Date/Time |Sender |Input Receiver | Output Status Action
Uploaded Document Document
Type Type
Inv_2 11/5/22 ESS |EDIFACT |AWO UBL Approved | Pay
3:28pm

3.4 Implementation

Many ongoing research efforts propose comprehensive workflow development and
management platforms such as IceCore”. In this implementation, we chose to
use the Workflow and Service Automation Platform (WASP)® provided via the
EFPF Portal® as a basis for our implementation.

Five e-invoicing services have been made available to workflow designers
through the WASP marketplace:

— Get Pending Messages to Send: this allows messages to be retrieved from the
ERP for a particular customer (a seller). It creates an invoice in the UBL
XML standard and sends it over the PEPPOL network

— Create and send Invoice: this allows an invoice to be created in the destination
format and sent over the relevant network.

— Check status: Checks the status of a message that has been sent

— Retrieve received messages: allows messages to be retrieved from the network
for a particular customer (a buyer)

— Set status: allows the status of a message to be changed

Two workflows are designed via WASP Designer: one for the seller and one
for the buyer. A snapshot of the seller workflow is shown in Fig. 3.

The first task in this workflow is to create and send the message containing
the invoice. This service itself performs multiple tasks like format conversion,
checking for errors in the format, validation rules, etc. If the invoice has some
errors, the user is notified. Otherwise, the invoice is sent. From that point, the
user can check the changes in the status of the invoice until it gets rejected or
paid. The buyer has a similar workflow that checks for received invoices and then
offers the user the possibility to perform actions such as Approve, Reject or Pay
the invoice.

" https://www.academia.edu/67988083 /IceCore_A_Web_Portal_for_Workflow_Execu
tion.

8 https://www.efpf.org/post/orchestration-workflow-and-service-automation-platf
orm.

9 https://www.efpf.org/.
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4 FEvaluation

4.1 Running the Workflows

Running the workflows is conducted via the WASP platform. Users can access
and create instances of different processes using the control panel as shown in

Fig.4. Here we can see that the process Send Invoice v5 is started using the
actions tab on the right.

‘ EFPF FR  FethiRabhi

Welcome Process Designer Forms Editor Marketplace Control Panel My Tasks Process Analytics

1| O Refresh
Process Name Process Owner  Deployment Time Instances Running  Instances Completed  Instances Deleted  Process Status

ebWASP receive invoice v2 - Yasmin Fethi Rabhi 04:36:59 28/04/2022 1 2 0 Active ~ Actions
SbWASP receive invoice v2 Fothi Rabhi 12:40:55 26/04/2022 o 1 0 Active ~ Actions

+ Start Process Instance
ebWASP Send Invoice v5 Fethi Rabhi 12:40:47 26/04/2022 1 2 —— ~ Actions

1 View Process Designer
@bWASP Send Invoice vé Fethi Rabhi 11:01:52 21/04/2022 o ¢ % Manage Process Instances ~ Actions

1 Suspend Process

©ebWASP receive invoice v1 Fethi Rabhi 01:29:50 21/04/2022 0 0 ~ Actions

Powered By Lifera & Redeploy Process

Fig. 4. WASP Control Panel
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Upon the execution of the process instance, the task assignee is required to
complete the user actions required for the completion of the process. The seller
is also presented with a confirmation tab which is displayed to make sure that
all the user information is correct and gives the seller an option to complete the
said process by using the confirm button, as shown in Fig. 5.

Customer_Name ESS
Filename invoice-message-16.txt
messageld 16
DateTime_Uploaded 22/04/2022 11:36
messageType EDIFACT message
sender ESS
inDocType INVOIC D96A
receiver AWO
outDocType UBL Invoice ANZ
Message_Status READY TO SEND
ebWASP - Confirm Message Send
Please Confirm that you wish to send the Message
@ Confirm Restart - Go back to the 'Enter Terminate

Customer Name' Task. the Process

Fig. 5. Confirmation pop up

For the buyer, “My Tasks” panel would contain different actions which will
have the impact of changing invoices statuses and triggering other actions. For
example, approving the invoice will have the impact of triggering the action of
paying invoices. These actions will result in the display status action on the seller
side to display the latest status of the invoice.

4.2 Discussion

The prototype implementation has confirmed that the use of an API marketplace
combined with the power of BPM technology gives the flexibility for solution
providers to rapidly select relevant APIs and form workflows based on the needs
of their customers.

There are still many limitations in the proposed approach. Firstly, the cre-
ation of workflows still require technical skills and existing workflow portals need
to enable business users more control over the creation and execution of their
workflows without IT support. Secondly, the number of e-invoicing APIs is still
very low so there is a need for e-invoicing authorities to encourage the creation
of API marketplaces e.g. via API standardisatrion and accreditation processes.

In addition, the business processes selected in the case study are very sim-
plified versions of those used in reality. There are many more variations such as
invoicing of deliveries of goods and services against purchase orders, based on
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a contract, invoicing the delivery of an incidental purchase order, pre-payment,
spot payment, payment in advance of delivery, invoices with references to a dis-
patch advice etc. Many of the business processes listed above require the use of
additional services which either utilise the information produced by one of the
services above or sends information to them in order to produce an end result,
hence forming a new workflow.

5 Conclusion and Future Work

This paper has reviewed recent developments in the area of e-invoicing and has
shown that as e-invoicing processes will mature amongst trading partners, the
demand from customers will increase and the entry costs to adopt e-invoicing
will be reduced. However, due to the multitude of fast evolving standards and
regulations, maintaining such infrastructures will be costly in the long run.

The availability of cloud-based software, storage, and computing resources
without upfront infrastructure costs or high fixed costs is becoming an attrac-
tive solution for developers to deliver and monetise specialised and customisable
solutions to a group of clients with specific needs [11]. Our paper advocates the
use of ecosystem of SaaS components for the rapid composition of e-invoicing
solutions. Although this idea has been used in different application areas (e.g.
[4,15], this paper is first one to suggest its use in e-invoicing.

In the short term, future work will focus on improving the existing prototype
to include a realistic business process that gives visibility on all invoice status
changes required by existing French tax regulations'®. In the long term, the
ecosystem should be extended to include more services that play a broader role
in e-invoicing such as PDF invoice fields recognition, integration with public tax
authorities portals, integration with accounting systems etc.
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