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Abstract:  This study analyzes ETOPS fuel planning for an Airbus A330-343 on the Jakarta
(CGK) to Jeddah (JED) route, comparing 90-minute and 120-minute diversion
times across four flight cases: standard, pressure loss, engine failure, and combined
pressure loss with engine failure. A comparative analysis was conducted using an
industry-standard formula to calculate fuel requirements, payload capacities, and
flight durations for each scenario. Results indicate that the 120-minute diversion
time generally offers advantages in fuel efficiency and payload capacity. The
standard fuel plan for 120-minute diversion required 63,790 kg of fuel, compared
to 64,689 kg for the 90-minute scenario. Pressure loss cases demanded the highest
fuel consumption in both scenarios. The 120-minute diversion time also allowed
for a more direct flight path, reducing overall flight duration in most cases. This
research provides practical insights for airlines operating on this route; enabling
them to optimize fuel policies, reduce operational costs, and minimize
environmental impact.
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Introduction

Extended-range Twin-engine Operations Performance Standards (ETOPS) have
transformed the landscape of commercial aviation, expanding the operational range of twin-
engine aircraft operations on routes that were once restricted to planes with three or four engines.
Introduced in the 1980s, ETOPS guidelines were developed in response to advancements in
engine reliability, which made it feasible for twin-engine planes to undertake long-haul routes
over oceans or remote areas (ICAQ, 2017). Since its introduction, ETOPS has provided airlines
increased flexibility, reduced costs, and the ability to optimize long-haul operations, allowing
twin-engine aircraft to operate efficiently on transoceanic and other extended routes. This
regulatory shift has been a turning point, enabling airlines to reduce operational costs and
enhance efficiency through the use of twin-engine aircraft instead of larger, more fuel-intensive
planes (Kim, 2024; Moore, 1993).

The introduction of ETOPS certification has been a significant advancement in aviation,
particularly in terms of fuel efficiency and route planning, allowing airlines to operate on
previously challenging routes. For example, the implementation of ETOPS by an Indonesian
airline on the Cengkareng-Perth route resulted in fuel savings of 105 liters per flight,
demonstrating the operational and economic advantages of ETOPS-certified flights. This
highlights the potential of ETOPS to enhance fuel efficiency and reduce operational costs,
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positioning it as a valuable strategy for airlines on high-demand routes. (Purwaningsih et al.,
2018; World Population Review, 2024).

The adoption of ETOPS guidelines has had a particularly strong impact on commercial
aviation, as it provides airlines with greater flexibility in route planning and enhances fuel
efficiency. Implementing ETOPS could be a viable strategy for reducing emissions by optimizing
flight routes (Tuladhar et al., 2021). This regulatory framework was established by the
International Civil Aviation Organization (ICAO) and has since been widely implemented across
the industry (Claramunt Segura & Jordi, 2017). ETOPS certification enables twin-engine aircraft
to operate on extended routes with a designated diversion time, meaning that in the event of an
engine failure or other emergency (Inouye et al., 2018), the aircraft must reach an alternate airport
within the specified time limit. This provision has been critical in promoting the use of twin-
engine aircraft for transoceanic and other long-distance flights, expanding operational
possibilities for airlines globally (Airbus, 1998; ICAO, 2017).

Despite the widespread adoption of ETOPS, route-specific studies remain limited,
particularly for high-demand corridors such as Jakarta-Jeddah (Putra & Kusumastuti, 2020). This
study aims to fill this gap by providing a comparative analysis of ETOPS fuel planning for this
route, which is crucial given to its role in transporting Indonesian pilgrims for Hajj and
Umrah. Indonesia, with the world’s largest Muslim-majority population, is a leading source of
Hajj and Umrah pilgrims, sending hundreds of thousands of travelers to Saudi Arabia each year
(Showail, 2022). High demand has led substantial wait times, with some Indonesian regions
experiencing Hajj waiting lists as long as 91 years and annual quotas surpassing 92,000 in
populous areas like East Java (Andni et al., 2023).To address this need, airlines on the Jakarta-
Jeddah route strive to balance safety, efficiency, and capacity to meet the peak demand during
these spiritual journeys. The introduction of ETOPS-certified twin-engine aircraft on this route
has been a game-changer, improving fuel efficiency and enhancing operational flexibility for
airlines, allowing them to manage high passenger volumes more efficiently (DeSantis, 2013).

However, the unique challenges of these religious travel, including peak season demands
and the need for reliable, cost-effective transportation, make optimizing ETOPS operations on
this route particularly crucial. Fuel planning for these flights involves complex calculations that
must account for various scenarios, such as potential diversions to alternate airports (Airbus,
1998; da Fonseca Filho et al., 2019). The diversion time, which determines the maximum
distance an aircraft can fly from a suitable airport, is a key factor in these calculations, affecting
not only fuel requirements but also payload capacity and overall flight efficiency (Troutt, 2020).

With ETOPS certification, twin-engine aircraft such as the Airbus A330-343 have been
allowed to operate on this route, providing airlines with a more flexible and cost-effective way
to meet demand. By allowing longer diversion times—typically up to 120 minutes or more—
ETOPS certification enables these aircraft to follow more direct flight paths and operate with a
high reliability over the vast distances between alternate airports (Airbus, 1998). The fuel
efficiency of twin-engine aircraft compared to their larger counterparts provides additional
advantages in both cost savings and environmental impact. Given the high passenger volumes
and seasonal peaks of the Jakarta-Jeddah route, the adoption of ETOPS-certified twin-engine
aircraft has significantly enhanced airlines' ability to optimize route planning, reduce fuel costs,
and accommaodate increased passenger demand during peak travel times (W. Wang, 2022).

Safety is paramount in ETOPS operations, as these flights frequently traverse remote
areas with limited landing options. ETOPS regulations ensure that twin-engine aircraft can reach
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alternate airports within the specified diversion time, even in emergencies, maintaining
operational safety. This requirement enhances passenger safety while ensuring compliance with
stringent safety protocols (Goncalves & de Andrade, 2010). Airlines must consider various
emergency scenarios when planning fuel loads for ETOPS routes, including descend to lower
altitudes in cases of cabin pressure loss or operate on a single engine in the event of engine failure.
Recent advancements in aircraft technology and engine reliability have led to a trend of extending
ETOPS diversion times, as aircraft technology has improved and engine reliability has reached
unprecedented levels. The shift from a 90-minute to a 120-minute ETOPS configuration provides
airlines additional operational flexibility, enabling to reduce overall flight time and fuel
consumption by taking more direct paths (Jung & Grimme, 2022). For the Jakarta-Jeddah route,
which is relatively isolated from other suitable landing options, the increased diversion time can
be particularly advantageous (Airbus, 1998). However, longer ETOPS times also demand stricter
fuel planning and emergency readiness to account for the additional time required to reach an
alternate airport in an emergency (Huiru & Xuyang, 2018).

Fuel represents 20-30% of total operational costs for airlines, making efficient fuel
planning essential for both economic reasons and also for environmental sustainability. Lowering
fuel consumption directly lowers carbon emissions, supporting the aviation industry’s
commitment to achieving carbon-neutral growth and net-zero emissions by 2050 (Camilleri,
2018). Optimizing fuel use on long-haul flights aligns with these goals, as reducing fuel
consumption also reduces CO: emissions. ETOPS-certified twin-engine aircraft play a key role
in this context, as their enhanced fuel efficiency makes them better suited for meeting these
environmental standards (Brueckner & Abreu, 2017). On the Jakarta-Jeddah route, where large
numbers of travelers embark on religious pilgrimages, even minor fuel efficiency improvements
in fuel efficiency can yield significant economic and environmental benefits over time. For
example, a reduction in fuel consumption of 899 kg per flight, as demonstrated by the 120-minute
ETOPS configuration, can translate into substantial cost savings and emission reductions over
multiple flights (W. Wang, 2022).

Recent studies highlight the increasing complexity of managing ETOPS operations on
high-demand religious travel routes, particularly in the context of evolving aviation regulations
and sustainability requirements (Khaled Gamraoyi, 2016). The Jakarta-Jeddah corridor presents
a unique case study for examining these challenges, as it combines the technical demands of
ETOPS compliance with the logistical challenges of accommodating large volumes of pilgrimage
travelers. Airlines operating on this route must navigate a delicate balance between maximizing
operational efficiency and maintaining robust safety margins, all while managing the seasonal
surge in passenger demand during Hajj and Umrah periods (Dimas et al., 2018). The relationship
between ETOPS certification and fuel planning is especially critical, considering factors such as
alternate airport availability, weather conditions, and the need to maintain adequate payload
capacity for maximum passenger transport (Rahman & Ali, 2021). Additionally, the aviation
industry's increasing focus on environmental sustainability adds complexity to ETOPS fuel
planning decisions, as airlines must optimize their operations to reduce emissions while
maintaining the highest safety standards. This research addresses these intersecting challenges
by analyzing specific fuel planning scenarios for the A330-343 aircraft, providing practical
insights that can benefit both airline operators and aviation regulators in optimizing long-haul
religious travel routes.

This study addresses the gap in route-specific ETOPS research by providing a
comparative analysis of ETOPS fuel planning for the Jakarta (CGK) to Jeddah (JED) route, using
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an A330-343 aircraft as a case study. It examines 90-minute and 120-minute diversion time
scenarios across different flight cases, including standard operations, pressure loss, engine failure,
and combined pressure loss with engine failure. The 180-minute scenario is not applicable due
to the geographical constraints of the Jakarta-Jeddah corridor, 120-minute range is sufficient to
make a range comparison.

The findings of this study have significant implications for airlines serving the Indonesian
market for religious travel to Saudi Arabia and operating on similar long-distance routes. By
understanding the relationship between diversion times, fuel consumption, payload capacity, and
flight duration, airlines can make more informed decisions about their ETOPS operations,
potentially improving both safety margins and economic performance while better serving the
needs of travelers. This research also underscores the importance of fuel optimization in
achieving sustainability goals, reduce operational costs, and enhance overall flight efficiency.

Method
This study employed a comprehensive approach to analyze ETOPS operations on the
Jakarta (CGK) to Jeddah (JED) route using an Airbus A330-343 aircraft. The A330-343 was
selected due to its widespread use in long-haul operations, with key specifications including a
Maximum Take-Off Weight (MTOW) of 242,000 kg, a Maximum Landing Weight (MLW) of
187,000 kg, and a fuel capacity of 111,272 kg in its 3-tank configuration (Airbus, 2003, 2023).
The aircraft is powered by two Rolls-Royce Trent 772B-60 turbofans and cruises at Mach 0.83
(Miguel & Silva, 2018). The route analyzed stretches from Soekarno-Hatta International Airport
in Jakarta (CGK) to King Abdulaziz International Airport in Jeddah (JED), with Taif International
Airport (TIF) designated as the alternate airport . A comparison of airport route points used as
references for diversion times is shown in Figure 1. Ground distances were calculated for both
90-minute and 120-minute ETOPS configurations to allow for comparative analysis displayed in .
Four scenarios were analyzed for each ETOPS configuration: Standard Flight Plan, Pressure Loss,
Engine Failure, and a combined Pressure Loss and Engine Failure scenario(Airbus, 1998; Federal
Aviation Administration, 2007; X. Wang et al., 2024). Four operational scenarios were analyzed
for each ETOPS configuration:
e Standard Flight Plan
This scenario represents normal flight operations. It assumes that both engines are
functioning correctly and that the aircraft maintains its planned cruising altitude
throughout the flight. The standard flight plan is used as a baseline for comparison with
other scenarios and reflects the most common operational conditions.
e Pressure Loss
This scenario simulates an in-flight cabin pressure loss, requiring the aircraft to descend
to a lower altitude—typically around 10,000 feet—where the air is breathable without
pressurization. This descent affects fuel consumption due to increased air density at lower
altitudes. The scenario is crucial for ensuring that sufficient fuel is carried to handle this
type of emergency while still reaching a suitable airport.
e Engine Failure
This scenario simulates an in-flight engine failure. This situation requires the aircraft to
operate on a single engine, descend to a lower altitude, and fly at a reduced speed, which
significantly affects fuel consumption. The aircraft must carry enough fuel to reach a
suitable airport using only one engine. This scenario is fundamental to ETOPS
certification, as it tests the aircraft's ability to fly extended distances with only one
operational engine.
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e Pressure Loss + Engine Failure

This combined scenario represents a worst-case situation where the aircraft experiences
both a loss of cabin pressure and an engine failure simultaneously. In this case, the aircraft
must descend to a lower altitude while operating on a single engine, significantly
increasing fuel consumption due to the combined effects of increased air density and
reduced engine efficiency. This scenario tests the most extreme conditions that could be
encountered during an ETOPS flight and ensures that the aircraft carries sufficient fuel
reserves to handle such an unlikely but critical situation.

Fuel requirements were calculated using a custom-developed spreadsheet based on
Airbus fuel planning guidelines (Airbus, 1998, 2023; Federal Aviation Administration, 2007; X.
Wang et al., 2024). The calculation included components such as taxi fuel, trip fuel, contingency
fuel (set at 3% of trip fuel), alternate fuel, final reserve fuel, and additional fuel required for
specific ETOPS scenarios. To ensure consistency across calculations, several assumptions were
made: International Standard Atmosphere (ISA) temperature conditions, a cruise altitude of
FL340, a cruise speed of Mach 0.8, and a ramp weight of 240,500 kg (Airbus, 2023). For each
scenario, fuel requirements were calculated based on the specific conditions of that scenario.
These calculations took into account factors such as altitude changes, speed adjustments, and the
increased fuel consumption associated with flying at lower altitudes or with a single engine(X.
Wang et al., 2024). This study focused on standard atmospheric conditions, excluding weather
and external variables, which are acknowledged as limitations to be addressed in future research.

Data analysis involved a comparative study between 90-minute and 120-minute ETOPS
configurations across the different scenarios. The analysis focused on comparing fuel
requirements, payload capacities, and flight durations for each scenario and ETOPS configuration.
This approach provided a thorough evaluation of how different ETOPS configurations impact
operational efficiency on this long-haul route.

@ (b)

Figure 1 ETOPS circle for (a) 90-minute diversion time and (b) 120-minute diversion time

Table 1 Operatial plan ground distance

ETOPS Ground Distance

Route 90 minute 120 minute
CGK-JED 4370 nm 4305 nm
Critical Point - JED 427 nm 572 nm
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JED-TIF 78 nm 78 nm

Result
The analysis of Extended-range Twin-engine Operations Performance Standards

(ETOPS) for the Jakarta (CGK) to Jeddah (JED) route using an Airbus A330-343 revealed
significant differences between 90-minute and 120-minute ETOPS configurations across various
operational scenarios. Table 2 and Figure 2 present the results of fuel planning calculations and
flight time requirements for the Jakarta (CGK) to Jeddah (JED) route. The 120-minute ETOPS
configuration demonstrated superior fuel efficiency in the standard flight plan, requiring 899 kg
less fuel compared to the 90-minute configuration. However, in the pressure loss scenario, the
difference was minimal, with the 120-minute configuration requiring only 16 kg less fuel.

As shown in Table 3 and Figure 3, the 120-minute ETOPS configuration enabled a higher
payload capacity across all scenarios. In the standard flight plan, it provided an additional 899
kg of payload capacity compared to the 90-minute configuration. Flight durations were generally
shorter for the 120-minute ETOPS configuration, with the standard plan showing a 9-minute
reduction compared to the 90-minute ETOPS.

The 120-minute ETOPS configuration also allowed for a more direct route, reducing the
total flight distance from 4,370 nm to 4,305 nm, a decrease of 65 nm. Table 4 and Figure 4
illustrate the differences in flight durations between the ETOPS configurations. Emergency
scenarios, including pressure loss and engine failure, were found to be manageable within both
ETOPS configurations. The fuel requirements for these scenarios remained within operational
limits, affirming the robustness of current ETOPS safety standards.

Table 2 Fuel Requirements for Different Flight Scenarios (in kg)

ETOPS Standard Plan Pressure Loss Engine Failure Pressure Loss + Engine Failure
90 64,689 64,473 63,900 64,014
120 63,790 64,457 63,550 63,824

Table 3 Payload Capacity for Different Flight Scenarios (in kg)

ETOPS Standard Plan Pressure Loss Engine Failure Pressure Loss + Engine Failure
90 53,611 53,827 54,400 54,286
120 54,510 53,843 54,750 54,476

Table 4 Flight Duration for Different Scenarios (in minutes)

ETOPS Standard Plan Pressure Loss Engine Failure Pressure Loss + Engine Failure
90 583 597 594 593
120 574 595 593 594
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Fuel Requirements for Different Flight Scenarios
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Discussion
The consistent advantage in fuel efficiency demonstrated by the 120-minute ETOPS

configuration, particularly in the standard flight plan, aligns with the broader industry trend
towards extended ETOPS times. This trend is driven by the potential for cost savings and reduced
environmental impact, as highlighted by Kim (2024) and Moore (1993), who noted that ETOPS
certification has enabled airlines to optimize long-haul operations using twin-engine aircraft,
which are more fuel-efficient than their larger counterparts. A study on an Indonesian airline
implementing ETOPS on the Cengkareng-Perth route reported fuel savings of 105 liters per flight
(Purwaningsih et al., 2018), reinforcing this study’s findings on the operational and economic
benefits of ETOPS-certified.

The increased payload capacity observed in the 120-minute ETOPS configuration across
all scenarios represents another operational advantage for airlines. This finding is particularly
relevant in the context of growing demand for air travel and air freight between Southeast Asia
and the Middle East. The ability to carry an additional 899 kg of payload in the standard flight
plan could translate to increased revenue potential for airlines operating on this route. This aligns
with the findings of Tuladhar et al. (2021), who emphasized that ETOPS adoption improves fuel
efficiency and operational flexibility, enabling airlines to maximize payload capacity on high-
demand routes like Jakarta-Jeddah.

The shorter flight durations and more direct routes enabled by the 120-minute ETOPS
configuration have implications beyond fuel efficiency and payload capacity. These factors can
potentially improve scheduling efficiency and aircraft utilization for airlines. The reduction of 65
nm in flight distance and 9 minutes in flight time for the standard flight plan, while seemingly
small, can accumulate to significant time and cost savings over multiple flights. This is consistent
with the observations of Jung & Grimme (2022), who noted that extending ETOPS diversion
times from 90 to 120 minutes allows airlines to take more direct paths, reducing overall flight
time and fuel burn. For the Jakarta-Jeddah route, which is relatively isolated from other suitable
landing options, the increased diversion time is particularly advantageous (Airbus, 1998, 2023).

The fact that fuel requirements for emergency scenarios remain manageable, even in the
most challenging combined pressure loss and engine failure situation, underscores the
effectiveness of current ETOPS regulations in ensuring flight safety. However, the variation in
fuel requirements across different emergency scenarios emphasizes the need for comprehensive
emergency planning in ETOPS operations. This finding is supported by Goncalves & de Andrade,
(2010), who highlighted that ETOPS regulations ensure twin-engine aircraft can safely reach
alternate airports within the specified diversion time, even in emergencies. The Jakarta-Jeddah
route, with its unique challenges of peak season demands and the need for reliable, cost-effective
transportation, benefits significantly from these safety provisions (DeSantis, 2013).

While this study provides valuable insights, it is important to acknowledge its limitations.
The calculations assume standard atmospheric conditions and do not account for variations in
weather patterns, which can significantly impact fuel consumption and route planning in real-
world operations. This limitation is consistent with the findings of Huiru & Xuyang (2018), who
emphasized the importance of accounting for dynamic weather conditions in ETOPS fuel
planning. Additionally, the study focuses on the A330-343 aircraft, and further research is needed
to generalize these findings to other aircraft types and routes.
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Conclusion

This study analyzed Extended-range Twin-engine Operations Performance Standards
(ETOPS) for the Jakarta (CGK) to Jeddah (JED) route using an Airbus A330-343, by evaluating
90-minute and 120-minute ETOPS configurations across various operational scenarios. The
analysis yielded several key findings with important operational implications.

1. Fuel Efficiency: The 120-minute ETOPS configuration demonstrated superior fuel
efficiency compared to the 90-minute option, particularly in standard flight conditions.

2. Payload and Flight Duration: Extended ETOPS times allowed for increased payload
capacity and shorter flight durations.

3. Safety Standards: Emergency scenarios, including pressure loss and engine failure, were
manageable within both ETOPS configurations, affirming the robustness of current
ETOPS safety standards.

4. Industry Implications: Airlines operating on similar long-haul routes may benefit from
adopting extended ETOPS times, potentially reducing fuel costs and environmental
impact while increasing payload capacity.

5. Emergency Planning: The study underscores the importance of comprehensive
emergency planning in ETOPS operations.

6. Industry Trends: The results support the trend towards longer ETOPS times in the
industry, suggesting that further extensions could yield operational benefits without
compromising safety.
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