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Why process mining is worth
the investment and how to get
the most out of it

For aviation enthusiasts and people
passionate about improving operational
efficiency, this paper offers an ingenious
methodology that promises to transform
this industry: process mining. We live in

a dynamic world with changing customer
expectations, economic instability from
geopolitical unrest, resource scarcity and
volatility as well as climate change. Faced
with these and other underlying factors,
companies need to improve their oper-
ational excellence, focus on sustainable
operations and make cost-cutting a top
priority. Data-driven process mining is the
ideal approach to rise to these challenges
in aviation and logistics as well as count-
less other industries where complexities
and interdependencies define day-to-day
operations. In this paper, we will walk you
through the ways data and process science
can unlock synergies and overcome key
aviation industry challenges. You will also
learn how process mining technology can
adapt to the post-pandemic landscape,
meet customer service demands and break
free from cost constraints. And finally, we
will outline new features in the process
mining pipeline, from artificial intelligence
and machine learning to object-centric
process mining. Get ready to improve,
transform and reinvent your business
processes and operations with Deloitte’s
proven data-driven strategies, joining other
global airlines leveraging this technology
in impactful ways across multiple business
areas and use cases.

1. Process mining

Referred to as “data science in action” by
the great pioneer in this field Prof. Wil van
der Aalst, process mining offers “compre-
hensive sets of tools to provide fact-based
insights and to support process improve-
ments”! It connects data science with pro-
cess science, merging the event data gener-
ated by modern IT systems with advanced
process models.? We use today's process
mining applications for process discovery,
analysis and modeling, for conformance
checking (actual vs. target process) and
finally for business process optimization.
Much like an x-ray for business procedures,
process mining gives companies an objec
tive view of exactly what is going on in their
approach landscape.

There are three main components that
allow conventional process mining tools
to extract valuable insights from company
data: the case ID (e.g., a unique purchase
order identifier), the activity (a process
step, e.g., “create PO") and the time stamp
(when the activity took place). The event
log, which comprises several of these
three-part entries, contains more detailed
information as well as extractions (data
tables) from one or more source systems
(e.g., ERP or SCM systems). In essence, this
data creates a digital footprint or so-called
“digital twin" of a specific process such as
accounts payable (AP). Process mining intel-
ligence can then use this data as the basis
for further insights.

"van der Aalst, Wil, “Process Mining in Action”, Springer Verlag, 2016, p. vii.
2van der Aalst, Wil, “Process Mining in Action”, Springer Verlag, 2016, p. 17, 44.

Each event corresponds to an item on its
way through a particular process variant,
for example a purchase order (PO) pro-
cessed with purchase-to-pay (P2P). The
sum of these process variants forms the
existing process landscape of a specific
process. In addition to the main target
process (the so-called happy path), pro-
cess mining applications can visualize
every other process variant, both those
that operate as envisioned and those that
do not. The latter is generally the starting
point for deeper analyses and optimization
efforts.

05



Traditional (case-centric) process mining
focuses on the detailed analysis of a single
process, while the networked approach of
next-generation applications (e.g., P2P com-
bined with AP) allows for more comprehen-
sive mapping. In addition to analyzing a PO
(item) that is issued and processed within
the P2P process, you can now also track the
corresponding invoice that is triggered and
processed on the AP side. This advanced

analysis, known as object-centric process
mining (OCPM), allows you to map a single
event to multiple objects, i.e., not only to
its purchase order, but also to its invoice,
production order, etc. The advantages of
OCPM are obvious: You can visualize, ana-
lyze and optimize the interactions between
objects and thus better illustrate the multi-
dimensional reality.

Fig. 1 - So-called “spaghetti diagram” in Celonis, revealing all the actual
process variants of a common business process

P st
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Thanks to its data-driven approach, pro-
cess mining can help companies optimize
complex and interrelated processes. This
makes it predestined for the aviation and
logistic industries, where complexity and
interdependencies dominate day-to-day
business. In the following chapters, we wil
describe the key trends and challenges of
today'’s aviation industry as well as our rec
ommendations for viable solutions based
on process mining.

3Graphic: Internal Deloitte Celonis Sandbox
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Fig. 2 - A sample OCPM set-up displaying the interrelations and interactions of
commercial core processes (P2P, AP, 02C, AR, etc.), highlighted in different colors?
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2. Key trends and challenges in today's
aviation industry

The airline industry has faced significant
upheaval in recent years, primarily due

to pandemicdriven changes in market
structures and customer demands. An
added factor is the Russia-Ukraine conflict,
which has led to rising fuel costs and the
rerouting of flights. Given these events, the
general public and regulatory authorities
have shifted their focus more to sustain-
ability and urgent emission-reduction
measures across all sectors. The airlines
have responded by making operational effi-
ciency and decarbonization top priorities,
while investing in fuel-efficient aircraft and
research in alternative fuels as key strate-
gies to reduce greenhouse gas emissions.
Their embrace of the green revolution is

a direct response to government regula-
tions and growing consumer demand for
sustainable travel options. Industry players
recognize that they must focus on techno-
logical advancements and improving supply
chain resilience to remain competitive.

Operational efficiency - effective
turnaround strategies to facilitate
point-to-point operations with
narrow-body aircraft

At almost 30% of total costs,* fuel accounts
for a large proportion of an airline’s operat-
ing costs. So even marginal improvements
in fuel efficiency can significantly improve
the bottom line. The use of high-tech
fuel-efficient aircraft, the strategic selection
of flight corridors and flight route optimi-
zation are all key ways to generate savings
in flight. With better fuel efficiency and a
longer range, narrow-body aircraft in par-
ticular are becoming more popular. This
added flexibility suggests that the use of
wide-body aircraft is on the decline while
"narrow-body point-to-point operations”
will increase.® Efficient turnarounds, driven
by effective operational planning, will play

a pivotal role here.® Crew management is
another critical component, as efficient
rostering, training and deployment of
crew members will reduce overheads and
improve service quality. Given the increas-
ing emphasis on point-to-point operations,
it is vital for crews to be optimally posi-
tioned and ready for quick turnarounds.”

Business model transformation -
shifting the status quo to create
opportunities for new business models
The aviation industry is moving towards
low-cost carriers (LCCs), which use mainly
narrow-body aircraft for their point-to-
point services. Global LCC capacity rose
from 27.5% in 2011 to 35.1% in 2020. In the
US, LCCs, led by Southwest, had a market
share of around 30%, while passenger
traffic on European LCCs surged, account-
ing 43.7% of seats sold in 2020. Over half
of global narrow-body orders come from
LCCs. In addition to more traditional busi-
ness models, the industry is embracing
multimodality, mobility-as-a-service (MaaS)
and other innovative travel models as well
as regional air mobility (RAM), which relies
on electric or hybrid aircraft and com-
bines urban air transport with standard
flights. Companies faced with this added
operational and regulatory complexity will
have to prioritize process efficiency and
transparency to not only reduce costs with
these business models but also ensure reg-
ulatory compliance and superior customer
service.

Changing customer needs - decline in
business travel

Airlines are struggling in face of business
travels still being below pre-pandemic lev-
els. While this is offset for some airline pro-
viders with air freight transport exceeding
2019 levels®, companies are not only aware
of the potential cost savings from less busi-
ness travel and more virtual meetings; their

customers also expect them to drastically
reduce their carbon footprint in the coming
years. Long-haul flights account for nearly
54% of carbon emissions in Europe but
only roughly 9% of flights.? That means less
frequent business travel reduces corpo-
rate travel expenses as well as avoidable
carbon emissions. This evolving landscape
is impacting revenue streams, especially
for network airlines that have traditionally
relied on business travelers to cross-sub-
sidize economy fares. The industry is now
shifting to fuel-efficient, single-aisle air-
craft and focusing more on intra-regional
travel. This poses challenges for full-service
airlines, particularly European network
airlines, as competition from low-cost car-
riers heats up. Given that smaller aircraft
can service a broader range of city routes,
this trend is also likely to benefit regional
airports as well.”©

Technology transformation - ongoing
demand for more transparency,
visibility and flexibility

Innovative technology has always been
the key to change and progress in the
aviation industry, but the focus is shifting.
In an effort to keep adapting to changing
customer demands, meet growth fore-
casts and comply with regulatory require-
ments, airlines and aviation players have
to upgrade their largely outdated legacy
systems to modern alternatives. Part of
this transformation involves integrating
and leveraging new disruptive technologies
as growth drivers and the key high-tech
building blocks for the future. In terms of
core technology, airlines have to embrace
changes ranging from moving their basic
infrastructure to a multi-cloud solution and
modernizing the mainframe to integrating
Al 'and advanced analytics.

Today's aviation companies have access to
a wealth of data, and it is vital to adopt a

* |ATA, “Industry Statistics June 2023", accessed 3.11.23, https://www.iata.org/en/iata-repository/pressroom/fact-sheets/industry-statistics/.

> CAPA, “The six Megatrends shaping the aviation industry in 2022", CAPA Airline Leader Summit, p. 7.

© |ATA, IATA Ground Operations Manual (2015), accessed 3.11.23, https://Ims.butterfly-training.fr/media/FR/documents/docs/AHMIGOM-4th-Edition-2015.

pdf.

Boeing, “Commercial Market Outlook 2023-2042", accessed 3.11.23, https://www.boeing.com/commercial/market/commercial-market-outlook/

index.page.

8 Statista, “Statistiken zu den Auswirkungen des Coronavirus auf die Luftfahrt”, accessed 20.11.23, https://de.statista.com/themen/6257/coronavi-

rus-und-luftfahrt/#topicOverview

° EUROCONTROL, “Think-Paper #21", accessed 3.11.23, https://www.eurocontrol.int/sites/default/files/2023-08/eurocontrol-think-paper-21-long-

haul-decarb.pdf.

08 CAPA, “The six megatrends shaping the aviation industry in 2022", CAPA Airline Leader Summit.



strategy that will leverage this data through
advanced data analytics, Al, process mining
and process simulation. Reducing oper-
ational inefficiencies, making data and
processes more transparent and improving
existing core business modules will not
only increase profitability but also improve
the end-to-end customer experience" The
promise of a seamless, transparent and
efficient customer journey is a major sell-
ing-point for customers - especially in the
airline industry.'?

Sustainability revolution - navigating
aviation’s green transformation
Sustainability is no longer a “nice-to-have”
for the aviation sector; it is a “must-have”.
The ability to anticipate regulatory, societal
and technological changes is an essential
element that the industry can no longer
afford to ignore. The pressure to reduce
carbon emissions and embrace sustain-

Data-driven Process Optimization with Process Mining | In the Aviation Industry

able practices is growing, with the aviation
industry under scrutiny for its environ-
mental impact. Sustainable aviation fuel
(SAF) is one of the key measures to reduce
aviation emissions.”® Airlines investing in
SAFs and sustainable technologies will be
better positioned to weather the green
technology disruption that lies ahead.
However, sustainability in aviation extends
beyond simply reducing emissions; avia-
tion customer expectations are growing
as well. Passengers are now demanding
more flexibility in ticketing, instant refunds,
superior service and a seamless online and
in-flight experience in addition to emission
reductions.™ Airlines must innovate to
provide both eco-friendly services and a
premium customer experience. Optimiza-
tion practices such as process mining and
simulation can shed light on inefficiencies
in various areas of operation,' from fuel
logistics to flight scheduling and ground

handling. With these methods, aviation
players can streamline the identified areas
and promote their leaner, more environ-
mentally-friendly practices. In the following
we show you real-world examples, that
have already been implemented as various
use cases in the aviation industry.

" Deloitte, “2023 Airline Tech Trends: Retooling to take flight: Technology trends in the airline industry”, accessed 3.11.23, https://www?2.deloitte.com/con-
tent/dam/Deloitte/us/Documents/consumer-business/airline-tech-trends-2023.pdf.
21ATA, “2022 Global Passenger Survey”, accessed 3.11.23, https://www.iata.org/contentassets/baf7cb5eed64472aaac8906608085aff/global-passen-

ger-survey-2022-media-briefing.pdf.

> CAPA, "The six megatrends shaping the aviation industry in 2022", CAPA Airline Leader Summit.
“1ATA, "2022 Global Passenger Survey”, accessed 3.11.23, https://www.iata.org/contentassets/baf7cb5eed64472aaac8906608085aff/global-passen-

ger-survey-2022-media-briefing.pdf.

> |EEE, “International Conference on ICT and Knowledge Engineering”, accessed 3.11.23, https://dx.doi.org/10.1109/ICTKE55848.2022.9983203.
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3. Solutions based on process mining
The key challenges and trends outlined in
the previous section have generated seri-
ous demand for a transformative approach
focused on efficiency and scalability, and
process mining can be an effective solu-
tion. A recent Deloitte project at a leading
German airline focused on operational
productivity, starting with an analysis of
the current state of the client's customer
complaint process. One of the project
deliverables was setting up a comprehen-
sive dashboard (in Celonis) with the most
business-critical KPIs and their historical
trends (actual) before moving on to identify
and validate where there was potential

for added value. Finally, the optimization
potential was converted into concrete
metrics for the desired future state (target).
Two of the most business-critical outcomes
were the significant reduction in process-
ing time per claim and the optimization of
supplier management through data-driven
monitoring of SLA compliance. The client
was also able to substantially reduce the
amount of time spent manually rework-

ing claims. As a technology and an ideal
add-on for Deloitte's assumption-based
planning approach, process mining pro-
vided end-to-end process transparency as
a key enabler for making correlations and
validating the overall business case.

In addition to the examples mentioned
above, Deloitte has the expertise to sup-
port your enterprise with many other use
cases and effective solutions.

Some examples of value cases:

* Crew planning and rostering: There
are many challenges associated with crew
management, whether it is changed or
delayed flights/routes, sub-optimal work-
life balance or staff shortages. Solution:
use process mining to design the ideal
processes and communication strategies,
including automation and simulation,
in order to improve crew and customer
satisfaction.

* Turnaround optimization: To ensure
customer satisfaction and operatio-
nal efficiency, airlines need to improve
on-time departure and arrival, manage
idle time and reduce total provider costs
per flight. Solution: improve ground staff
management by predicting and avoiding
delays through the clearing and analysis
of delay codes, identifying hidden SLA
deficits and monitoring provider perfor-
mance to prevent suboptimal turnaround
planning and costs.

Finance transformation: Companies
need to manage the two key financial dri-
vers: working capital and costs as effec-
tively as possible. Solution: Setting up
automatic alerts to avoid late payments
and avail of early payment discounts are
both good strategies for optimizing cash
flow. Automation means fewer manual
interventions for each invoice, which
reduces the costs for each purchase
order and facilitates maverick buying
thanks to end-to-end transparency.

Technical operations & MRO
management: It is important to opti-
mize the strategic management and
planning of maintenance and material
logistics. Solution: Leveraging real-time
information, airlines can cut costs by
optimizing their aircraft on ground (AOG)
orders, for example, and by avoiding
material movements or scheduled main-
tenance that are not needed.

These examples show the huge business
potential of process mining technology,
regardless of the industry or business area.
As a fully process and industry-agnostic
technology, there is no end to the use
cases (problem/root cause/solution) you
can develop with process mining. There
are opportunities to leverage this technol-
ogy across the entire process landscape

in aviation, whether it is ground, flight or
technical operations, maintenance and
material planning, or core business areas
like accounting, finance and HR, to name
just a few of the areas that promise fast ROI
and scalable business potential.

4. How Deloitte integrates process
mining in its consulting practice

As one of the leading consulting firms in
the field of technology-driven business
transformation, Deloitte uses state-of-the-
art tools such as process mining to deliver
real value to clients in the shortest possible
time. The main way Deloitte adds value is
through its profound industry and process
expertise in transportation and logistics
services. This knowledge is critical for the
success of corporate transformations
based on process mining. After all, in order
to identify significant process correlations,
the business impact of any deviations and
their implications for business-relevant
KPIs and process fidelity, you need an
explicit and validated interpretation of your
most critical core processes - which would
not be possible without the transparency
generated with process mining.

So, Deloitte established an integrative con-
sulting and delivery approach that starts
with a readiness assessment made up of
the following key elements:

0. Readiness assessment: ensuring that
the client has the necessary technical and
data-related infrastructure in place and
that the process mining technology is ready
to use

I. Problem statement: summary of the
target state based on the current process
design and associated challenges

Il. Definition of use cases: collection
and prioritization of use cases based on
value potential as well as expected effort
(impact/effort matrix)



I1l. End-to-end implementation: con-
struction of the data model followed by
front-end analysis (dashboards) in the
client's IT and system landscape (standard,
proprietary or homegrown)

%o

IV. Process transformation: identifica-
tion of the future process design based on
the originally specified KPIs and target state
defined in step 1

V. Continuous monitoring and
improvement: systematic training of rel-
evant stakeholders to enable independent
use, continuous monitoring of KPI trends
and creation of a strategic use case pipe-
line to continue adding value

On the operational side, Deloitte's most
recent process optimization projects based
on process mining developed a “hybrid”
consulting approach that combines a
hypotheses-based method with process
mining technology. The outcomes have all
been quantified, fully validated and are sus-
tainable for our clients with a significantly
shorter time-to-value.

Thanks to its matrix structure, Deloitte can
draw on the profound data engineering
expertise of the “Center for Process Bion-
ics”, a Center of Excellence and internal hub
for various state-of-the-art technologies
with a successful track record in numerous
client projects and a completely hands-on
mentality.

Thanks to our constant pursuit of success-
ful technical implementations, we can help
you optimize specific and critical business
processes as well as end-to-end trans-
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formation initiatives just when you need
them. After all, process mining technology
combined with deep industry and process
expertise has the potential to dramatically
impact your future process design. There
are, however, certain fundamental require-
ments that necessitate careful considera-
tion to unlock this potential.

We have outlined some of these suc-
cess factors in the following

From problem statement to solution
An effective process mining solution
requires a comprehensive understanding
of the client’s business challenges, so that
we can focus on use cases with the highest
value potential for the least effort (impact/
effort matrix). At Deloitte, this critical phase
known as “Identify” consists of dedicated
workshop(s) with the client and his rele-
vant stakeholders, which we will describe
in more detail in the next paragraph. The
term use case defines the specific problem
and its root cause as well as the proposed
solution. These insights enable us to for-
mulate an achievable target state with
measurable KPIs and aligned expectations
regarding the project outcome and desired
improvements.

360° involvement of relevant
stakeholders

Management decisions and “top-down”
approaches may lead to effective imple-
mentations, but they are not generally
sustainable or effective in the long term.
Identifying the strategic data-driven pro-
cess optimization initiatives with a lasting
impact takes commitment, conviction and
strategic focus on the part of stakeholders
who are either driving those initiatives or
significantly affected by them. Process
owners, business owners, IT staff and team
members are relevant stakeholders you
need to involve, empower and engage as
part of the vision behind your strategy. We
recommend building centers of excellence
and integrating process mining into these
in-house centralized resources to increase
stakeholder buy-in, ensure effective main-
tenance and deliver real business value.

Clear distinction between analysis

and improvement

The initial “Identify” phase mentioned
above provides a clear understanding of
the project’s purpose and objective. It

is vital to distinguish between an “Anal-
ysis” project, which creates end-to-end
process transparency in order to identify
measures to take your processes from the
actual to the desired target state, and an
“Improvement” project. The latter focuses
on transforming processes using additional
functionality such as automation, intelligent
alerts or process conformance checks.
“Analysis”, by contrast, is generally the initial
kick-off phase for our clients, who tend to
be very impressed with the objective over-
view of their current process landscape
generated with process mining. The best
way to gain these insights is through a
“Pilot” phase, which Deloitte usually deliv-
ers in less than six weeks through a data-
dump and compelling visualization of the
most relevant KPIs on the dashboard. Alter-
natively, we can include “Improvement” ini-
tiatives as part of existing process optimi-
zation plans or initiatives, as they support
them with powerful insights from process
mining and enhanced features such as
automation, intelligent alerts, conformance
checks or simulation of different case sce-
narios. After reflecting the implementation
phases and success factors for process
mining, we would like to give a future out-
look with the latest developments in pro-
cess optimization.
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5. Future outlook

Increasing adoption and integration in
business processes

Looking at a broader perspective beyond
the horizon of the aviation industry and its
challenges, all industries have one thing in
common - the gradual adoption of process
mining technology to help improve opera-
tional efficiency, reduce costs and enhance
customer satisfaction. We expect to see
rapid growth in the adoption of process
mining tools and techniques for the follow-
ing reasons:

1. Increasing demand for operational
excellence: Companies across all sectors
are embracing business process optimiza-
tion initiatives to achieve operational excel-
lence. Process mining provides actionable
insights into process inefficiencies, which

is driving demand for process mining solu-
tions.

2. Regulatory compliance: Due to regu-
lations such as GDPR, companies need an
objective overview of their processes and
the right technology to ensure data privacy
and security. Process mining can help com-
panies comply with regulations by bringing
transparency to their processes and identi-
fying potential risks.

3. Digital transformation initiatives:
As companies set out on their digital trans-
formation journey, process mining can be
a critical tool when it comes to identifying
opportunities for process automation,
improving customer experience and
streamlining operations.

16 Celonis, accessed on 26.10.23, https://www.celonis.com/blog/simulation-analysis-in-process-mining-definition-applications-and-techniques/.
12 Celonis, accessed on 26.10.23, https://www.celonis.com/blog/what-is-object-centric-process-mining-ocpm/.

Simulations and forecasts based on
real-time process information

Process mining continues to evolve with
new forecasting and simulation features
that enable companies to obtain deeper
insights and make more informed decisions
about their processes. By leveraging his-
torical data, the simulations and forecasts
generated by process mining tools help
you optimize process performance, identify
potential bottlenecks and predict future
outcomes.'®

When you enhance simulation and fore-
casting activities with process mining
insights, you can test different scenarios
and process variants without making
changes in the real-world environment.
Modifying resource allocation, workload
distribution, decision rules and other
parameters empowers you to simulate the
impact of potential changes and evaluate
their effectiveness before full-scale imple-
mentation. You can make more proactive
decisions as a result, evaluating the impact
of different optimization strategies before
choosing the most effective one. This helps
you align process optimization efforts with
your broader strategic objectives, identify
potential issues or risks in advance and
make data-driven decisions to improve pro-
cess efficiency.

Object-centric process mining (OCPM)
OCPM is a novel approach that focuses
on analyzing processes based on objects
rather than activities and therefore pro-
vides a more detailed understanding of
the value chain as a whole."” With a better
understanding of the way objects inter-
act within a process, you can uncover
hidden insights and further optimize
your processes. The benefits of OCPM
include improved process transparency
for a deeper understanding of the way
processes actually operate, better pro-
cess performance due to the focus on
object-centric bottlenecks, inefficiencies
and deviations, and more contextual
insights into which objects are actually
being used.
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6. Summary

In conclusion, process mining is a pow-
erful methodology that combines data
science and process science to give users
the power to validate and interpret data. It
has been tried and tested in a wide range
of business processes, helping to gain
insights, build analytical models, ensure
compliance and optimize business pro-
cesses. With its event-driven approach,
you can track processes across different
objects and make intricate, interactive pro-
cedures more transparent. We have seen
process mining become considerably more
prominent in sectors such as aviation, as

it provides solutions to make approaches
more efficient and overcome enormous
challenges.

The aviation industry is facing numerous
challenges, including the volatility of the
post-pandemic era, growing customer
expectations and the imperative of cost
savings. Process mining can help aviation
players find solutions and develop new
strategies, whether that is improving oper-
ational efficiency and sustainability efforts,
managing staff shortages or solving supply
bottlenecks in the areas of aircraft acqui-
sition as well as maintenance, repair and
overhaul.

Looking to the future, demand is expected
to increase for process mining and new
functionality using artificial intelligence (Al),
machine learning (ML) and automation as
well as other technologies. We also believe
features such as real-time process monitor-
ing and simulation will become increasingly
important. Predictive analysis enables com-
panies to optimize their processes, identify
bottlenecks and predict future outcomes.
And with a more detailed analysis of inter-
actions between the objects of a specific
process, object-centric process mining
(OCPM) will unlock further opportunities
for optimization and process excellence.
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