CASE STUDY: SCANDINAVIAN AIRLINES

Svein Erik Jackwitz, Fuel Efficienc ecialist, Scandinavian Airlines
and David Rytter, CEO, AVTECH explain how it went
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SVEIN ERIK JACKWITZ

In addition to being a fuel efficiency specialist, | also pilot the Airbus A320, which
gives me a unique perspective on fuel efficiency from both the technical and
operational sides. However, before we dive into the case study itself, I'd like to give
you a quick introduction to the airline that is the subject of the case study.

AVTECH

SCANDINAVIAN AIRLINES (SAS)

Scandinavian Airlines (SAS) operates a fleet of 130 aircraft composed of the
following types: A320 (75), A321LR (3), A319C (4), A320C (8), A350 (4), A330 (8),
B737 Medevac (1), E195 (10), CRJ (17), and ATR (6).

Like many airlines, SAS has faced significant challenges in recent times,
especially following the pandemic. The company emerged from Chapter 11
bankruptcy protection in early 2024, marking a new chapter in its history.
Despite these hurdles, SAS is determined to regain its market position and
continue its journey toward becoming Scandinavia’s preferred airline.

Now, with a clear focus on recovery and growth, SAS is working diligently to
secure its place in the competitive airline industry. A key part of this strategy
includes a collaboration with Air France-KLM, which is aimed at strengthening TR A N S FO R M YOU R A | R OPE R ATlON
market presence and enhancing service offerings. Throughout these challenging
times, SAS has remained steadfast in its commitment to sustainability. The airline REAL-TIME FLIGHT PATH OPTIMIZATION & TURBULENCE SAFETY
has continued to invest in sustainable practices and innovative solutions for BASED ON HIGH RESOLUTION 10K WEATHER FORECASTS
eco-friendly flying. This dedication to sustainability is integral to SAS’s vision for
the future, ensuring that the airline not only recovers but also leads the way in

vtech.aer
sustainable aviation. sales@a e

THE FOUR PILLARS OF THE SAS SUSTAINABILITY PROGRAM O In X
The SAS Sustainability Program is founded on four key pillars aimed at reducing
the environmental impact of air travel: fleet renewal, operational efficiency, the use
of Sustainable Aviation Fuel (SAF), and fostering innovations and partnerships.
Fleet renewal focuses on updating the fleet with modern, efficient aircraft.
These advanced aircraft reduce fuel consumption and carbon emissions, making
aviation more environmentally responsible. Operational efficiency optimizes

“Operational efficiency optimizes flight operations
through strategic planning, route optimization, weight Powered by
mMmanagement, gnd maintenance practices. This reduces 2= Met Office
fuel consumption...”
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flight operations through strategic planning, route optimization, weight
management, and maintenance practices. This reduces fuel consumption,
minimizes delays, and improves the passenger experience. Using Sustainable
Aviation Fuel (SAF) can reduce CO:2 emissions by up to 80% compared to
traditional jet fuel. Incorporating SAF is a significant step toward achieving
carbon reduction goals. Innovations and partnerships leverage data-driven
models and collaborations with industry partners to enhance sustainable
practices. Technological advancements and cooperative efforts are crucial for
long-term sustainability in aviation. In summary, the SAS Sustainability
Program’s pillars — fleet renewal, operational efficiency, SAF usage, and
fostering innovations and partnerships — create a robust framework for a more
sustainable aviation industry.

Advances in simulator training and fuel efficiency: a two-

year review

Two years ago, an update was made to the SAS simulator training program with
the goal of increasing awareness and refining flight operations. This update
included a comprehensive review of all training initiatives and the operational
strategies for flying aircraft. As part of this enhancement, a collaboration with
AVTECH was established and their ClearPath solution subsequently implemented
in 2024. This partnership introduced advanced technologies and methodologies
into the training regimen, aiming to improve overall flight efficiency

and performance.

A key component of the ongoing evaluation involved applying a model to
assess the impact of these initiatives. This model compared flown sectors from
2019 with those flown in 2023, focusing on specific aircraft types. Adjustments
were made for weight and distance variations, recognizing that even same
sectors can have different distances. The model utilized a weighted average
approach, giving greater weight to aircraft that frequently flew certain sectors
and less weight to those with limited sector activity. This method provided a
more accurate assessment of performance improvements. The results
demonstrated a significant enhancement in fuel efficiency. From 2019 to 2023,
fuel efficiency improved by 1%. Building on this progress, fuel efficiency
increased by an additional 0.25% from 2023 to 2024, particularly within the neo
fleet. These advancements reflect a commitment to continuous improvement in

training programs and operational practices, contributing to increased efficiency

and environmental stewardship in the aviation industry.

Fuel efficiency improvements: a comparative analysis of flight data
An analysis of flight data reveals significant improvements in fuel efficiency over
recent years. Each data point in the analysis represents a specific flight, providing
insights into fuel consumption patterns. (Figure 1).

Altitude vs Fuel from 20Nm Altitude vs Fuel from 20Nm

2024 1. mar -18. may 2019

Figure1

During the period from March 1to May 8, 2019, the median fuel burn for A320neo
aircraft from 20 nautical miles (Nm) to landing was 116.1 kilograms. In contrast, the
same median fuel burn during the equivalent period in 2024 decreased to 107.3
kilograms. The targeted operational parameters for pilots included maintaining an
altitude between 5,500 and 6,500 feet at 20Nm from landing, while traveling at
approximately 240 to 250 knots. The data indicates that pilots adhered well to
these guidelines, resulting in fuel consumption that could potentially drop below
100 kilograms. This improvement is attributed to the adoption of landing
configurations such as flaps 3 and full flaps, which are currently standard practice.
Encouraging the use of flaps 3 landings, which may further reduce the median fuel
burn towards 100 kilograms, is an ongoing objective. Efforts to promote this
practice include publishing articles, discussing the benefits, and showcasing
successful implementations. The aviation community has responded positively,
recognizing the mastery of these techniques as a valuable skill.

“A test period for the ClearPath system was conducted
from December 2022 to May 2023, marking a significant
phase in evaluating its effectiveness.”
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COLLABORATION WITH CLEARPATH: A SIX-MONTH REVIEW
A test period for the ClearPath system was conducted from December 2022 to
May 2023, marking a significant phase in evaluating its effectiveness.
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Figure 2

Initially, as depicted in Figure 2, the data from December and January showed
some variability in fuel consumption, likely due to transitional factors in
implementing the system. However, by the Spring of 2023, there was a notable
reduction in cruise fuel consumption compared to the Operational Flight Plan
(OFP). This improvement was attributed to both the technical capabilities of
ClearPath and its user-friendly presentation in the cockpit. The system provides a
printout that serves as a visual reminder to optimize the vertical

profile during flight.

EVALUATING FLIGHT PERFORMANCE AND SAVINGS
POTENTIAL WITH CLEARPATH
The adoption of ClearPath was favored not only for its clarity but also for the
absence of any need for additional hardware investment, making it a
straightforward and comprehensible tool for pilots. Despite some fluctuations in
fuel burn from May 2023 to January 2024, the overall trend indicated a positive
impact, with a particular improvement observed from January 19, 2024, when the
same pilots who participated in the previous year’s trial continued to use the
system with even better results.

While there is a recognition that the program is still evolving and that results
for long-haul flights with the A330s, which began in April 2024, have yet to show

“.the overall trend indicated a positive impact, with a
particular improvement observed from January 19, 2024,
when the same pilots who participated in the previous
year’s trial continued to use the system with even
better results.”

similar improvements, the ongoing commitment to data-driven analysis and
continuous publication of findings are essential for realizing the full benefits of
the program. Figure 3 illustrates the desired behavioral changes resulting from
the ClearPath implementation, highlighting the progress and areas for

further development.

Delta flight altitude and fuel

Difference (ft) (Actual - Plan)

-
Mean | 95% Confidence Interval
500.0
0.0
-500.0
12123 01/24 02/24 03/24 04/24 05/24
Difference (kg) (Actual - Plan) +
Mean | 95% Confidence Interval
0.0
-50.0
-100.0 "
=
12/23 01/24 02/24 03724 04/24 05/24
Figure 3

AIRCRAFT IT Operations « AUTUMN 2024 « 69



CASE STUDY: SCANDINAVIAN AIRLINES

An analysis of flight performance relative to the Operational Flight Plan (OFP)
reveals significant insights. The data, illustrated in Figure 3, indicates how
altitude adjustments have impacted fuel consumption. From December to
March, flight altitude was initially lower than the OFP recommendations.
However, as time progressed, the altitude was increased, resulting in flights
being conducted at higher altitudes than suggested by the OFP. This adjustment
mirrors the pattern observed during the previous year’s test phase. The impact
on fuel burn during cruise phases was also notable; while January showed a
higher than expected fuel burn, the overall trend remains positive, reinforcing
SAS’s confidence in ClearPath as a valuable investment.

Additionally, Figure 4 presents a savings potential graph, highlighting the
optimization opportunities. Within 17908 flights, 9660 flights had the potential
of further optimization through ClearPath. Of these, 8,248 flights were already
operating at optimal levels according to the OFP, underscoring the effectiveness
and potential of further optimization through ClearPath.
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Potential for additional savings: analyzing flight optimization
Analysis indicates a significant opportunity for further savings through flight
optimization. Flights identified as candidates for optimization demonstrated an
average equivalent fuel saving of 24.1 kilograms, which translates to a 1.44%
reduction. Equivalent fuel saving accounts for both time and fuel savings. For
instance, using more time may result in a fuel saving of approximately 20

“Flights identified as candidates for optimization
demonstrated an average equivalent fuel saving of 241
kilograms, which translates to a 1.44% reduction.
Equivalent fuel saving accounts for both time
and fuel savings.”

kilograms; however, if this extra time extends the flight by an additional minute, the
average equivalent fuel saving may decrease. Conversely, simultaneous reductions
in both time and fuel consumption contribute to a higher equivalent fuel saving.
This nuanced understanding highlights the potential for optimizing flight
operations to achieve more substantial fuel savings while balancing time efficiency.

OPTIMIZED FLIGHTS: A COMPARATIVE ANALYSIS
NORMAL OPTIMATION
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Figure 5.1

Figure 5.1illustrates a typical example of flight optimization. The graph compares
the Operational Flight Plan (OFP) with ClearPath’s optimization recoommendations.
In the graph, the black line represents the OFP guidelines, which suggest an initial
climb to approximately 34,000 feet, followed by a further ascent to 36,000 feet at
around 88 nautical miles (Nm). In contrast, the blue line depicts ClearPath’s
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Response

OPT FLIGHT PROFILE

2024-04-07 01:25 LN-RKU
SK@944 KORD-EKCH
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OPT LVLS:
FL378/INITIAL
(1537NM, 214KG, - 405)
FL390/6@50N-83
(1982NM, 168KG, - 215)

EST SAVING
FUEL 383 KG ( ©.9%)
TIME -61S (-8.2%)

ISSUED BY AVTECH (END)

Figure 5.2

approach, which advocates an initial climb directly to
36,000 feet and then maintaining that altitude for a
shorter distance than the OFP recommends. This
comparison highlights how ClearPath’s optimization
modifies the altitude profile for improved efficiency.
The graph provides a detailed view of the flight analysis
dashboard, while the pilots’ perspective and
operational message received from ClearPath is

shown in Figure 5.2.

ClearPath Cockpit Message: flight
optimization example

Figure 5.2 illustrates the ClearPath interface message
received in the cockpit for a flight from Chicago to
Copenhagen. This message provides detailed
optimization recommendations to the pilot. In this
example, ClearPath suggests an initial altitude of Flight
Level 370. The second level recommmendation proposes

climbing to Flight Level 390, along with specific instructions on where to make this
adjustment. Additionally, the system provides estimates for fuel savings at each

altitude level, as well as the corresponding time impact on the flight. For this flight,
ClearPath estimated a total fuel saving of 383 kilograms with a time increase of just
one minute (61 seconds). However, it is often observed that optimizing altitude can
result in both time and fuel savings. ClearPath serves as a valuable, data-driven tool

that pilots can consult to make informed decisions, balancing optimization
recommendations with operational factors such as schedule adherence.

Turbulence Awareness: enhancing pilot feedback and safety
Turbulence awareness has become a prominent focus in flight operations, with
ClearPath offering significant enhancements in this area. This feature has garnered
positive feedback from pilots, reflecting its value in improving flight safety and
comfort (see Figure 6).
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AVTECH TURBULENCE CLASSIFICATION

AND ITS APPLICATION

AVTECH has established a system for classifying turbulence into three categories:
light turbulence (20 to 31 units), moderate turbulence (32 to 44 units), and severe
turbulence (45 units or higher). These thresholds are customizable by airlines to
suit their specific requirements and operational preferences. Different levels of
turbulence trigger varying ClearPath responses in the cockpit, enhancing the
pilot’s ability to manage and respond to turbulence effectively. Figure 7.1 provides
an example of this system in action during a flight from Athens to Copenhagen,
illustrating how these turbulence classifications are applied in real-world

flight scenarios.
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ClearPath Turbulence Response System: enhancing flight safety
The ClearPath Turbulence Exceedance system provides pilots with detailed

responses on how to manage turbulence effectively. For example, a response
might read, “Attention, Turbulence, MOD (moderate) 41,” indicating moderate

turbulence with a specific intensity level. The system informs pilots of the expected

turbulence location who can then make pre-emptive safety measures (seatbelts,

service suspension etc.), however, it does not recommend altitude changes for this

level of turbulence.

In contrast, the Operational Flight Plan (OFP) suggests, in the above example,

an initial lower altitude, with a step climb into potentially stronger turbulence,

OPT LVLS:
FL36@/INITIAL

( S7MM, 4KG, 3S)
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(72704, 182KG, 1245)
FL368/INDIG-29 (TURB LIM)

EST SAVING
FUEL 106 KG ( 1.8%)
TIME 127 s ( 1.2%)

CLEARPATH PROFILE EXCEEDANCES
ATTENTION TURB 1MOD41
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TO FL38@/TADAK-72NM

17MIN 118HM

OFP PROFILE EXCEEDANCES
WARNING TURB SEV48
FROM FL388/IMNDIG-15NM
TO FL38@/TADAK-72HM
4MIN 30NM

FL36@ TO AVOID

ISSUED BY AVTECH (END)

Figure 7.2

while ClearPath advises maintaining a higher altitude
until approaching severe turbulence and then
descend below the turbulence area. For severe
turbulence, the system might display a warning like,
“Warning, Turbulence, SEV (severe) 48,” and
recommend altitude adjustments. In the above case, if
the optimal altitude was higher after the turbulence
area, ClearPath would suggest a new higher altitude.
In this case it was deemed safe, and cost optimized to
maintain the current altitude until the top of descent.

Figure 7.2 illustrates the cockpit message of these
turbulence warnings, providing pilots with clear and
actionable recommendations to navigate turbulence
safely and effectively.

ClearPath turbulence responses and
temperature optimization challenges

The ClearPath Turbulence Exceedance system displays
standard details at the top of the message, followed by
specific turbulence warnings. For example, the system

first provides an ‘Attention’ alert, followed by a more critical ‘Warning’ if necessary,
to guide pilots through turbulence management.

Temperature challenges

In northern Norway and Sweden, particularly from December to March, flights face
significant challenges due to extremely cold temperatures. The transition from
operating the Boeing 737, which can handle temperatures as low as -73°C, to the
Airbus A320, which has a lower operational limit of -70°C, posed some difficulties.
During the test period last year, ClearPath’s optimization sometimes exceeded the
Airbus A320’s environmental limits. However, with prompt calibration and
adjustments from AVTECH, a revised model was quickly developed, as illustrated
in Figure 8. This adjustment ensures that ClearPath’s optimization remains within

“During the test period last year, ClearPath’s optimization
sometimes exceeded the Airbus A320’s environmental
limits. However, with prompt calibration and adjustments
from AVTECH, a revised model was quickly developed...”
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the Airbus A320’s operational envelope, addressing temperature-related

challenges effectively.

CLEARPATH TEMPERATURE EXCEEDANCE
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ClearPath temperature warnings and optimization
The updated ClearPath model now includes temperature warnings, which have
been implemented effectively. Figure 9.1illustrates how these
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“For instance, ClearPath suggests avoiding climbs
towards the end of the cruise if it would take the aircraft
into excessively cold regions, offering alternative routes
to prevent entering temperatures beyond the aircraft’'s
operational limits”

Response
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Figure 9.2

In the interface, the system provides details on OFP
exceedance, highlighting warning temperatures. For
instance, ClearPath suggests avoiding climbs towards
the end of the cruise if it would take the aircraft into
excessively cold regions, offering alternative routes to
prevent entering temperatures beyond the aircraft’s
operational limits. This proactive approach ensures that
flights remain within the temperature envelope. As a
result of these optimizations, no flights have exceeded
the temperature limits. Figure 9.2 shows the response
message, reflecting the adjustments and
recommendations made by ClearPath to maintain safe
operational parameters.

POSITIVE EXPERIENCE WITH
CLEARPATH IMPLEMENTATION

The implementation of ClearPath has been highly
successful for SAS, reflecting a positive experience in
collaboration with AVTECH. Svein Erik Jackwitz
comments, “Whenever issues arise, such as
temperature-related challenges, the response from

AVTECH has been prompt and effective. For instance, when we encountered
temperature problems, sending a simple email to AVTECH in the morning typically
resulted in a solution by the afternoon.” This efficient support has greatly
contributed to the smooth integration and ongoing success of the

ClearPath system.
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WHAT IS CLEARPATH?

ClearPath is an advanced real-time flight path optimization tool that operates
seamlessly with existing aircraft technology. Designed to enhance operational
efficiency, ClearPath provides pilots with a cost-optimal flight path based on cost
index, weight and active route sourced directly from the aircraft FMC. If the cost
index changes in flight, ClearPath can adjust accordingly and thus supports
dynamic cost index operations.

The system employs a ground-based architecture capable of performing
millions of computations by utilizing the aircraft’s performance model and
real-time parameters. This data is combined with a high-resolution 10k and 1h
weather forecast (the industry standard is 140k and 3h) to optimize the flight
path. One of ClearPath’s unique features is its ability to automate the delivery of
optimization recommendations directly to the cockpit via ACARS, eliminating
the need for pilot engagement. However, manual requests can be done at any
time to retrieve a ClearPath optimization on ground and in-flight. The typical use
case for the in-flight request is after changes of route, gross weight, or Cl. The
system is effective for both short and long flights, with results deliverable to an
EFB, printer, or MCDU screen. Airlines using this solution can achieve fuel and
CO:2 reductions of approximately 2.5% during the cruise phase.

HOW DOES CLEARPATH WORK?
Figure 10 shows the essence of ClearPath’s operation.

1. Automatic data collection 2. 4DT calculation

3. High-resolution weather

4. ClearPath optimization 5. Delivery to cockpit

Figure 10

In the climb phase, ClearPath automatically downloads data (Cl, weight, and active
route) from the on-board flight computer. This data is used to calculate the
4-dimensional trajectory of the flight, and high-resolution weather forecasts are
retrieved for the exact flight path of this specific flight. ClearPath optimizes and
finds the optimal altitudes and step points, then uplinks this information back to
the pilots in the cockpit via ACARS.

CLEARPATH: CONNECTED
IN-FLIGHT OPTIMIZATION
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Figure 11
ClearPath is user-friendly, and easy to understand. In the case shown in Figure 11 of
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a Boeing 787 flight with a low cost-index (12), following the ClearPath
recommended optimal altitudes and step points (depicted in blue) allowed the
pilots to save over a ton of fuel (3.8 percent of cruise fuel) for a minimal time
penalty of just two and a half minutes on a almost nine-hour flight. The figure
shows how the information can be provided to the pilots as a printout, on the
MCDU screen or in the EFB.

ClearPath offers additional features such as speed optimization, contrail
avoidance, and the avoidance of inflight hazards. These hazard features include
turbulence avoidance and temperature avoidance. Figure 12 presents a real
example of a flight using the hazard avoidance service.

NEW CLEARPATH FEATURE IN ACTION — OPT FLIGHT PROFILE
TURBULENCE AVOIDANCE FOR 787 FLIGHT
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Figure 12

“ClearPath offers additional features such as speed
optimization, contrail avoidance, and the avoidance of
inflight hazards. These hazard features include
turbulence avoidance and temperature avoidance.”

The OFP path is depicted as the black line in the figure, with a planned

step that would pass through severe turbulence. The ClearPath in-flight message
shows a warning, alerting the pilots to the severe turbulence along the path.
Additionally, the service provides the most cost-optimal way to avoid that
turbulence, which, in this case, involves a step down to flight level 350, as shown
by the blue line.

SVEIN ERIK JACKWITZ
Svein Erik Jackwitz joined Scandinavian Airlines in 1990 and has extensive
experience operating narrow-body and wide-body aircraft. He holds a degree in
Mechanical Engineering and, since 2019, he has been involved in SAS Flight

) Operations, concentrating on enhancing fuel efficiency by improving data quality
and availability, fostering better collaboration between departments, and developing
strategies that focus on both pilot skills and company knowledge. These are all aimed at
reducing the environmental impact of airline operations.

DAVID RYTTER

Prior to becoming CEO of AVTECH, David Rytter served as Chief Technical Officer
‘ﬁ H leading the development of AVTECH's services. Before that he was Head of Aventus
& Ml Nowcast, AVTECH's wind uplink service, and project manager for various projects.
Not only does he have a great knowledge and experience of AVTECH’s products
and services he also flies with the Swedish Voluntary Flying Corps (FKK). David holds a MSc
in Aerospace Engineering from the Royal Institute of Technology (KTH).

SAS
SAS is Scandinavia’s leading airline, serving more than 125 destinations in
Mj Europe and Worldwide. The Airline aims to be a driving force in sustainable
aviation and in the transition toward net zero emissions, using more
sustainable aviation fuel, and investing in new fuel-efficient aircraft and technology

innovation. The fleet includes aircraft from the Airbus A320 family plus A330 and A350
types. There are also Embraer E195lr, Bombardier CRJ900 and ATR-72 aircraft in the fleet.

AVTECH

AVTEc"i AVTECH develops products and services for digital air traffic
e I =T management systems. Customers include various stakeholders
in the global aviation industry, such as airlines, airports, aviation authorities, technology
companies, and aircraft manufacturers. With the company’s products and services, each
individual flight or entire flight operation can be optimized in terms of economics, noise and
emissions, efficiency, punctuality, and safety.
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