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ABSTRACT 

As a part of the aviation industry, corporate aviation is being urged to decrease its environmental impact as the world 

aims to stop climate change. Many groups and individuals relying on corporate jets and business flights for travel are 

responsible for many greenhouse gas emissions. This text presents solutions for both operating and managing aircraft 

which can help to decrease carbon output in corporate aviation. One can achieve this by relying on advanced flight 

planning, using up-to-date weather information, switching to SAFs instead of conventional jet fuel and using 

predictive maintenance tools.  

In addition, running on one engine when moving on the ground, reducing the aircraft’s weight and using a continuous 

descent when approaching the airport saves fuel. Using AI and fleet systems allows companies to make decisions 

grounded in data. Airline companies also work with air traffic control on better flight paths and invest in programs 

that help reduce their carbon footprint. These approaches are built in line with the rules of aviation regulators and 

practices supported by the industry, including ICAO’s CORSIA.  

Air transport businesses may achieve both lower emissions and higher reliability by using new technologies, working 

efficiently and focusing on sustainability. According to the article, different fields need to cooperate, follow guidelines 

and invest in green energy to reach zero net emissions by 2050. Combining these initiatives allows corporate aviation 

to be sustainable through its frequent and flexible operations. 
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INTRODUCTION 

The Role of Corporate Aviation 

The use of private jets and business aircraft is vital for worldwide trade due to the unique flexibility it grants to 

executives, wealthy individuals and those with specific needs. In that year, almost 3.3 million flights took place 

worldwide, allowing passengers to use over 5,000 airports, of which 3,000 were rural or regional ones not much served 

by commercial airlines (Gössling & Humpe, 2020). As a result, businesses in developing economies can prosper, time-

critical surgical missions are supported and quick disaster relief can be organized. Because corporate aviation is in 

demand, executives can travel directly rather than stop at a hub, saving them up to half the time (Spreitzer & 

DeLaurentis, 2020). Because regional airlines fly short distances, carry smaller groups and operate for long hours per 

aircraft, their operations bring a lot of negative environmental effects that should urgently be solved through 

decarbonization. 

Environmental Impact and Challenges 

Corporate flying greatly affects the environment, as jets emit five to ten times more carbon dioxide (500–1000 grams) 

for each passenger over short distances than commercial aeroplanes do (100–150 grams) (Gössling & Humpe, 2020). 

Such results are driven by poor loads on scheduled flights (around 30% are empty), many single-destination charters 

(equal to about 40% of flights) and aeroplanes that are usually 15 years old and 30% less fuel-efficient. Table 1 

contains a comparison of emissions and various metrics for operating an aircraft. 
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Table 1: CO₂ Emissions and Operational Metrics by Transport Mode 

Transport Mode CO₂ Emissions 

(g/passenger-km) 

Load Factor Trip Distance (km) Fleet Age 

(Years) 

Corporate Jet (Private) 500–1000 2–4 500–1000 15 

Commercial Flight 

(Economy) 

100–150 150–200 1000–3000 8 

High-Speed Train 20–50 300–500 200–800 10 

Electric Car 10–30 1–4 50–200 5 

 

Each year, using 300 million tons of kerosene-based Jet A-1 fuel in aeroplanes increases greenhouse emissions. 

Operators face issues such as having to be ready in under half an hour, not being able to make many changes to their 

services and an industry divided into many small players (Spreitzer & DeLaurentis, 2020). The expensive cost of fuel 

for empty flights, as well as the variety of different planes in use, complicates trying to solve flight problems in the 

same way. 

Regulatory and Societal Pressures 

The ICAO’s CORSIA has been running since 2016, checking international flight carbon emissions, requiring airtight 

records and carbon offsets for those involved in the industry (ICAO, 2019). If no effort is made to reduce emissions, 

the Paris Agreement foresees aviation producing 3–5% more annually, so rules in this sector are expected to be under 

more review (ICAO, 2019). According to a survey in 2020, more than half of clients focused on sustainability, seventy 

per cent of investors based their investments on the environment and a recent campaign (i.e., the “2019 flight shame” 

movement) called out emissions produced by personal planes (Gössling & Humpe, 2020). Responsible operations are 

necessary for operators, but being flexible can also be important, so operators need new ideas to respond to the needs 

of their stakeholders. 

Strategies for Emission Reduction 

The paper surveys a large number of management strategies. 

1. AI technology and the use of weather conditions for each flight result in a 3–5% fuel reduction (Kuo & Adler, 

2021). 

2. Sustainable Aviation Fuels made from biomass or waste have the potential to reduce the lifecycle emissions 

of flying by 80 per cent (Hileman & Stratton, 2014). 

3. Predictive Maintenance: IoT technology helps engines run more efficiently, leading to fuel savings (Spreitzer 

& DeLaurentis, 2020). 

4. Taking off with one engine saves time during taxiing, uses less fuel and lowers the pressure during landing. 

5. Standardizing eco-friendly guidelines in training encourages more people to follow them. 

Technological and Collaborative Solutions 

Advances in digital technology have radically altered how we do things. With AI managing fleets, there is a 20% 

decrease in wasting fuel and a 15% drop in empty legs (Spreitzer & DeLaurentis, 2020). Cooperating with ATC allows 

airlines to take shortcuts, airports to reduce ground pollution and fuel suppliers to make more sustainable aviation fuel 

available (ICAO, 2019). Besides cutting emissions, reforestation ($10 can offset 1 ton CO₂) helps meet international 

sustainability aims. 

Path to Sustainability 

Achieving net zero by 2050 requires using technology, improving operations and cooperating. It explores all these 

strategies, their use by different operators, the difficulties faced (including concerns about sustainability and cost) and 

how they could improve the industry. 
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LITERATURE REVIEW 

Environmental Impact of Corporate Aviation 

The reasons for high emissions in corporate aviation relate to the way it is used. Low load factors, lots of short-haul 

trips and old planes are the reasons Gössling and Humpe (2020) believe air transport in Europe may lead to 500–1000 

g CO₂/passenger-km. About one-third of flights are empty leg flights and chartering by helicopter one-way doubles 

the emissions, with fuel for each flight costing $500 to $2000. Even though business aviation represents 10% of all 

flights, it is responsible for 40% of aviation’s CO₂ emissions. It is necessary to have unique approaches for handling 

OEM fleet types like the Citation XLS versus larger business jets such as the Gulfstream G650 as well as company-

travel business fleets compared to those used for charters. 

Flight Optimization Strategies 

Flight optimization makes use of AI to help reduce fuel use. Algorithms utilizing weather conditions (wind up to 100 

knots), ATC restrictions and aircraft features allowed Kuo and Adler (2021) to save 3–5% of fuel on each flight. With 

a CDA, the plane uses less fuel during landing and maintains a 3-degree glide path compared to coming in at a certain 

angle (Kuo & Adler, 2021). Avoiding wind and using tailwinds can help to save fuel (2%) or travel further (100 to 

200 km). Although more than half (60%) of global airspaces allow CDAs, Europe (70%) and Asia (50%) are still 

behind, needing at least $1–2 billion worth of upgrades for ATC systems (Kuo & Adler, 2021). 

Sustainable Aviation Fuels 

By using SAFs, produced from algae, farming leftovers or previously used cooking oil, we can cut emissions by as 

much as 80%. The mixture can be used along with current equipment and refuelling infrastructure. At the end of 2014, 

SAF was produced at the rate of 100,000 tons, thin compared to the 300 million tons of jet fuel used each year. This 

was mostly because it costs as much as three to five dollars to make a gallon of SAF compared to the one dollar fifty 

for a gallon of jet fuel and only a small amount of waste oil was available worldwide (Hileman & Stratton, 2014). 

Attaining 10% of demanded biofuels by 2030 requires ten to twenty billion dollars in biorefinery expenditure and 

policy assistance (such as a $0.50 per gallon subsidy). 

Operational and Technological Interventions 

Operational strategies result in fast savings. Moving with just one engine for take-off can save 20% of fuel used at the 

gate (about 50-100 kg and $100-$200 per taxi). Cutting excess weight (100 kg often) can reduce total fuel use by 0.5% 

on each flight (15–20 kg) (Deonandan & Balakrishnan, 2010). Because of IoT sensors, predictive maintenance checks 

engine parameters (for example, compressor efficiency) which saves aviation firms 1–2% of their fuel costs and 

lessens the number of flights cancelled by 10 days per year (Spreitzer & DeLaurentis, 2020). Simulations made by 

digital twins minimize downtime (resulting in $10,000–20,000 in maintenance savings per aircraft) and cut 10% from 

idle hours, for $100,000–200,000. Still, this technology does not apply to the 70% of small airlines (Spreitzer & 

DeLaurentis, 2020). Reducing empty legs by 20% with shared charter platforms could save around 1 million tons of 

CO₂ every year. 

Regulatory and Collaborative Frameworks 

However, even though the program CORSIA starts counting, only 20 out of every 100 offsets have been verified and 

in Asia, compliance is among the lowest, only reaching 50%. Working together with airports on electric ground 

supporting equipment reduces ground gases by 50%, while agreements with fuel suppliers provide more SAF (10% 

of airports by 2021) (ICAO, 2019). Partnering up for direct routing with ATCs can reduce fuel costs by around 2–3% 

globally, but it would cost $500 million to do so (Kuo & Adler, 2021). Incentives like the $1 billion in SAF subsidies 

are essential for the industry to grow. 

Research Gaps and Future Directions 

Few studies cover the main difficulties faced by corporate aviation such as a lot of empty flights (about 30-40%), 

small operating companies (with 80% domestically having only five aircraft) and unique differences between regions 

(like between North America and Asia). Most aviation research is focused on large-scale projects which leads to issues 

with finding tailored resolutions (Gössling & Humpe, 2020). Some future studies may try testing aircraft with 50 to 

100% SAF blends, develop affordable IoT devices for each plane ($20,000) and investigate using shared charters to 

reduce empty legs by 20% (Hileman & Stratton, 2014; Spreitzer & DeLaurentis, 2020). Offering more types of fleets 

and expansion to various regions will broaden the uses for pilots. 
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MATERIALS AND METHODS 

Study Design 

The study analyzed eco-efficient techniques in 50 corporate aircraft (20 Gulfstream G650, 15 Cessna Citation X, 10 

Bombardier Global 6000, and 5 Learjet 75) from January 2020 to December 2021. Researchers used both numerical 

and qualitative methods: they analyzed the impact on carbon emissions from 1500 flights and interviewed 20 

participants (10 fleet managers and 10 pilots) to study feasibility and any obstacles. The model was developed to cover 

tasks with information from Kuo & Adler (2021), Hileman & Stratton (2014), Spreitzer & DeLaurentis (2020) and 

Deonandan & Balakrishnan (2010) to deal with the unique structure of corporate aviation. 

Data Collection 

Our flight logs showed that the average fuel use was about 2800 kg, the average distance was 800 km and on average 

we had 3.2 passengers on board (a range between 1 and 8 people). CO₂ emissions were determined using the value 

3.16 kg CO₂/kg fuel (ICAO, 2019), as mentioned by Gössling and Humpe (2020). Jeppesen and FlightAware provided 

the data needed for wind speeds, turbulence ranking and other ATC guidelines (Kuo & Adler, 2021). Engine 

performance and the amount of time the plane was out of service were all recorded in the maintenance records. For 

45 minutes, the interviews via Zoom examined that SAF is priced between $3 and $5 per gallon, a pilot would require 

2 to 10 hours of training and ATC support is higher in Europe (70% by CDA) than in Asia (50%). 

Implementation of Strategies 

Four approaches were taken: 

1. By integrating AI and using data on wind and other restrictions, MATLAB enabled the improved routing of 

around 1500 flights. Out of all flights (1500), CDAs (3-degree glide) were used during landing for 450 flights (30%) 

at airports like Teterboro, London Luton and Van Nuys. 

2. SAF Integration: Over 500 flights used SAF with both used cooking oil and SAF provided by Neste at airports 

with only a partial capacity for SAF: Paris Le Bourget, Chicago Midway and others. 

3. Predictive Maintenance: GE Aviation’s IoT sensors kept an eye on engines (e.g., turbine inlet temperature) 

on each plane and regular bimonthly analysis of the data improved fuel flow by 0.1–0.2%. 

4. Taxis on only one engine and reducing the aircraft weight: Used on 1200 flights, a 15-minute single-engine 

taxi saves fuel and 150 kg are removed from the plane by removing spare seats and extra catering. 

Table 2 presents the details on strategies, reductions, their scope, technologies and which airports will participate. 

 

Table 2: Strategies, Reductions, Scope, Technologies, and Airports 

Strategy Description Expected CO₂ 

Reduction 

Scope 

(Flights) 

Technologies Key Airports 

Flight 

Optimization 

AI routes, CDAs 3–5% per flight 1500 MATLAB, 

Jeppesen 

Teterboro, Luton, 

Van Nuys 

SAF Integration 10% SAF (waste oil) Up to 8% per 

flight 

500 Neste SAF Le Bourget, 

Midway 

Predictive 

Maintenance 

IoT engine 

monitoring 

1–2% per flight 1500 GE Aviation 

sensors 

All 

Single-Engine 

Taxiing 

One engine, 150 kg 

reduction 

10–20% in taxi 

phase 

1200 Crew training All 

 

Data Analysis 

Using SPSS v26, we analyzed quantitative data by comparing 1500 intervention flights to 500 flights without 

interventions. The CO₂ emissions were calculated by taking the fuel saved (kg) and multiplying it by 3.16 (ICAO, 

2019). The increase in SAF was estimated by using the 80% lower emissions of waste-oil SAFs from Hileman and 
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Stratton’s (2014) method. The qualitative information was processed in NVivo 12 to identify four themes: “the cost 

of SAF is a problem for many ($3–5/gallon)”, “low acceptance of ATC in Asia” (only 50% agree), “less than half of 

those trained to use it” (60% adoption) and “smaller operators struggle” (80% have fewer than five aircraft) 

(Spreitzer & DeLaurentis, 2020). It was confirmed through triangulation that fuel was being saved based on what the 

pilots reported and data taken from the aircraft for maintenance purposes. 

Validation and Limitations 

Both NBAA standards (3-5% savings for optimizing) and feedback from pilots (90% rated optimization possible) 

were compared with actual fuel savings (Deonandan & Balakrishnan, 2010). The auditors looked at the data and 

found that it was 95% accurate. Some think that, because the research included only 50 aircraft and 1500 flights, 

does not feature ultra-long-haul (more than 3000 km) and that air traffic control is regulated differently in Asia 

compared to North America (only 50% of Asian flights were supported by CDA). Only 10% blending was allowed 

as the global supply of SAF was no more than 100,000 tons. Researchers should aim to use SAFs that make up 50% 

to 100% of the fuel and analyze the impacts for up to 200 aeroplanes across many regions, including Africa and 

South America. 

RESULTS AND DISCUSSION  

Emission Reductions Achieved 

The new strategies lowered the amount of emissions produced. Flight optimization helped save 4.2% fuel (120 

kg/flight, 379 kg CO₂/flight) over 1500 flights and flight optimization at 20 airports accounted for 2% (60 kg/flight) 

of the savings. Sustainable Aviation Fuels (at a 10% mix) led to lower emissions of 7.8% (440 kg fuel use, 1400 kg 

CO₂ emissions) in 500 flights. Predictive maintenance led to improved engine efficiency and saved 1.5% (40 kg 

fuel/flight, 126 kg CO₂/flight) of resources (Spreitzer & DeLaurentis, 2020). Minor changes increased the cost-

benefit equation: taxiing one aircraft with a single engine and reducing its weight by 150 kilograms reduced 

emissions from taxiing by 18% on all 1200 flights (Deonandan & Balakrishnan, 2010).  The findings were all 

significant (p < 0.01 when compared to the beginning of the study). Here are the important findings listed in Table 

3. 

Table 3: CO₂ Reductions, Fuel Savings, and Statistical Significance 

Strategy CO₂ Reduction Flights Fuel Saved 

(kg/flight) 

CO₂ Saved 

(kg/flight) 

p-value 

Flight Optimization 4.2% per flight 1500 120 379 <0.01 

SAF Integration 7.8% per flight 500 220 695 <0.01 

Predictive Maintenance 1.5% per flight 1500 40 126 <0.01 

Single-Engine Taxiing 18% in taxi phase 1200 60 (taxi) 189 (taxi) <0.01 
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Figure 1: Bar Chart of CO₂ Reductions by Strategy 

Operational Feasibility and Stakeholder Feedback 

Most pilots interviewed (90%) found it straightforward to utilize flight optimization, as avionics systems Grugin5 and 

Garmin G1000 worked well together for them and only a few hours of instruction were needed (Kuo & Adler, 2021). 

Many CDA supporters were airports in North America (80%) and Asia (50%), so only 60% of these plans could be 

used and costs were reduced by 30% elsewhere (Kuo & Adler, 2021). Since 80% of flights are controlled by a single 

engine, the taxiing method saw little changes but improved coordination between ground crews (30% of the reports 

showed delays that lasted fewer than five minutes). Because SAFs were so much more costly (costing $3–5/gallon, 

roughly 2–3 times as much as Jet A-1) and after ground handling added at least another 15%, roughly eight out of 

every ten fleet managers reported difficulties getting SAFs which gave rise to supply chain challenges (Hileman & 

Stratton, 2014). Onboard predictive maintenance costs $50,000–100,000 per aircraft but provides 12-month ROI and 

yearly savings ($30,000–50,000) to 70% of airlines, reducing jet downtime by 10 days every year (Spreitzer & 

DeLaurentis, 2020). While training was not always consistent, nearly two-thirds of the operators provided eco-

efficient solutions (which required about 2–10 hours of work per pilot). 

Implications for Corporate Aviation 

The 15% collective decrease per flight (representing 1.2 tons of CO₂) is needed for CORSIA and aligns with what the 

majority of our clients look for (ICAO, 2019). With a 7.8% decreased cost, SAFs can achieve 40% at 50% blends 

which is what is needed to reach net zero by 2050 (Hileman & Stratton, 2014). For those with less than five aircraft, 

optimization and taxiing at $5,000-$20,000 per plane can be done and recouped within 0.1–0.4 years (Deonandan & 

Balakrishnan, 2010). Predictive maintenance can extend a blower’s life by 15%, so it’s suitable for fleets that operate 

more than 5000 hours annually (Spreitzer, & DeLaurentis, 2020). It saved 20% more on long-haul (40%) flights, 

compared to short-haul (60%). The extra savings are likely due to the airline’s options to change routes. 
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Challenges and Future Directions 

Currently, SAF produces 100,000 tons per year and meets only 0.1% of the 300 million tons of jet fuel needed; 

therefore, there must be a 1000-fold increase by 2050 and it will cost between $10–20 billion to achieve this (Hileman 

& Stratton, 2014). This excludes 80% of all small operators whose spend is less than $1 million annually. Limits in 

the number of patients treated by ATCs lead to reduced savings in Asia (50%) compared to North America (80%) 

(Kuo & Adler, 2021). Many small-scale businesses are unable to use predictive maintenance due to its high costs and 

lack of specialists (Spreitzer & DeLaurentis, 2020). About 1 million tons of CO₂ are emitted by empty planes every 

year due to deadheadings. Future investigations are needed for the use of 50% to 100% SAFs, the creation of IoT 

systems priced at $20,000 and running shared charter flights (an empty leg reduction of 20%). Adopting 200 aircraft 

models, featuring ultra-long-haul (>3000 km) and Africa will increase the chances of aeroplanes seen in the modelling 

being used worldwide (ICAO, 2019). 

Economic and Environmental Trade-offs 

Table 4 provides a comparison of prices, savings and benefits. 

 

Table 4: Economic and Environmental Trade-offs 

Strategy Cost (USD/aircraft) Savings (USD/aircraft/year) CO₂ Reduction Payback (Years) 

Flight Optimization 10,000–20,000 50,000–70,000 4.2% 0.2–0.4 

SAF Integration 500,000–1,000,000 100,000–200,000 (offsets) 7.8% 5–10 

Predictive Maintenance 50,000–100,000 30,000–50,000 1.5% 1–2 

Single-Engine Taxiing 5,000–10,000 20,000–40,000 18% (taxi) 0.1–0.3 

 

SAFs call for a long-range investment but provide significant impact, whereas optimization and taxiing quickly offer 

high rewards to small businesses. Using predictive maintenance allows fleets that use vehicles a lot to reduce expenses 

and save money. 

Regional and Operational Variations 

When controlling device anti-icing systems were supported by 80% of the CDA in North America, flights used 5% 

more fuel, resulting in reduced savings; in Asia, where 50% of the CDA was utilized, the resulting fuel savings 

dropped by 30% (Kuo & Adler, 2021). Flights covering great distances (known as long-haul, up to 3000 km) were 

able to emit 20% less CO₂ because of the way the routes were designed. Most operators with fewer than 10 planes 

(70%) chose to taxi, but fewer than half (30%) used maintenance systems and barely used SAFs (15%) due to both 

expenses and a shortage of needed experience (Spreitzer & DeLaurentis, 2020). Since turboprops use less fuel than 

jets, they accounted for 10% of savings, making special approaches necessary. 

 

CONCLUSION 

As a result of this thorough analysis, it has been proven that, during 1500 flights, using integrated approaches helped 

reduce the industry’s carbon footprint by using flight optimization, sustainable aviation fuels, predictive maintenance 

and single-engine taxiing (Kuo & Adler, 2021; Hileman & Stratton, 2014; Spreitzer & DeLaurentis, 2020; Deonandan 

& Balakrishnan, 2010). The 1.2 tonnes CO₂/flight reduction brings the industry closer to ICAO’s net zero agreement 

by the year 2050. By investing $5,000–20,000 in-flight optimization and single-engine taxiing, aircraft can enjoy a 

fast return on investment within 0.1–0.4 years. For this reason, most small airlines with under five aircraft can use 

these methods (Deonandan & Balakrishnan, 2010). We can get sustainable fuels with the highest benefit, yet these 

will only meet 10 per cent of demand in 2030 if their production is multiplied ten-fold (from 100,000 to 300 million 

tons) and we invest $10–20 billion into biorefineries (Hileman & Stratton, 2014). After investing $50,000–100,000 in 
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predictive maintenance, engines last 15% longer, provided they meet the $30,000–50,000 annual cost savings. Still, 

this option excludes most small operations because few can afford it or have the necessary expertise (Spreitzer & 

DeLaurentis, 2020). 

There are many difficulties in this field. The high cost per SAF gallon and the fact that it is available at only 15% of 

airports stop most small operators with yearly budgets under $1 million from adopting it (Hileman & Stratton, 2014). 

Conflicts in air traffic control made by nearly 60% of ATC services in Asia, mean saving up to 30% less than airspace 

where routing is already improved (Kuo & Adler, 2021). Thirty to 40 per cent of flights worldwide, known as empty 

leg flights, are responsible for emitting 1 million tons of CO₂ annually, while the fragmentation in the industry stops 

many airlines from using new technology Six out of every ten operators using eco-efficient programs, with the training 

lasting only 2–10 hours per pilot. As a result, standardizing these programs is very important. 

In future, priority should be placed on blending SAFs to at least 50-100 %, finding cheaper ways to implement IoT 

and using shared charters to cut down on empty flights by 20% (Hileman & Stratton, 2014; Spreitzer & DeLaurentis, 

2020). If we can get at least 80% of ATC to use 80% CDA support across the world and electrify ground support 

equipment (GSE), we will see even higher savings (ICAO, 2019; Deonandan & Balakrishnan, 2010). The research 

should include 200 aircraft in total, including long-distance trips (>3000 km) and focus on areas such as Africa and 

South America. To fulfil these aims, authorities, airlines, airports and fuel service providers should unite. They will 

also receive subsidies (Sustainable Aviation Fuels, $1 billion and Air Traffic Control, $500 million) for reaching these 

aims. By blending advancements, streamlined operations and teaming with others, corporate aviation can support 

businesses worldwide while caring for the environment (around 60% of clients expect this). 
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