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Abstract - Aviation in the world has contributed 2.5% of total 
carbon emissions. The aviation industry is not only dominated by 
commercial flights with large aircraft (wide body) but there are 
also many small piston engine aircraft that use 100 low lead 
Aviation Gasoline (Avgas) fuel. A total of almost 230 thousand 
piston-engine aircraft are in operation in the world, some of which 
are operated by flying schools. There are more than 20 pilot 
schools in Indonesia that operate nearly 250 piston-engine 
aircraft. This research aims to find out how much carbon 
emissions are produced by pilot schools in Indonesia. This 
research uses a qualitative method using secondary data in the 
form of aircraft production hours. Literature data also calculates 
the amount of carbon released into the air. This research was 
carried out at the Indonesian Civil Pilot Academy of Banyuwangi 
in September 2023. The results of the research show that the 
Indonesian Pilot Academy Banyuwangi produces more than 450 
tonnes of carbon every year and all pilot schools in Indonesia are 
estimated to contribute 8000 tonnes of CO2 to the air. Several 
solutions can be used to reduce the increase in carbon in the free 
air, including carbon taxes, the use of sustainable fuels, and most 
importantly planting trees. 
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I. INTRODUCTION 
Technological developments including transportation 

technology threaten world climate change [1], [2]. The world 
climate has changed as indicated by the large amount of 
exposure to CO2 looking at the condition of Serum 
Bicarbonate in the human body which can be life-threatening 
[3]. CO growth2 Excessive amounts will also grow 
pathogenic cells in the human body [4]. The growth of 
carbines is also indicated by the presence of black carbon and 
brown carbon which are responsible for increasing world heat 
(global warming) [5]. 

Based on world market estimates from 2016 to 2035, 
there will be a demand for 39,260 new aircraft [6]. The 
development of aviation will increase the amount of carbon 
which will become greenhouse emissions which are difficult 
to reduce, in other words, the increasing development of 
aviation at this time will increase the amount of carbon and 
the greenhouse effect in the world [7]. Currently, aviation is 
responsible for 2.5% of greenhouse gas emissions and uses 
3% of the world's total oil [8], [9]. Studies from China show 
that carbon growth from 1990 to 2014 increased by 468%, 

and in 2017 aviation contributed 160 million tonnes of carbon 
worldwide [10], [11]. 

The aviation industry is not only concerned with the 
movement of passengers, cargo, or mail but is also concerned 
with the training and education of pilots (flying school). Pilot 
training is the foundation for commercial aviation in 
providing professional pilots [12]. Pilot training is also 
growing along with the growth of global aviation [13]. 

Currently, there are at least 20 pilot schools in Indonesia 
with a total of approximately 250 aircraft operated [14]. Pilot 
training in operations also flies training aircraft which 
generally use fossil fuels, so pilot schools also contribute to 
the amount of carbon in the air. One of the pilot schools in 
Indonesia that continues to operate today is the Indonesian 
Pilot Academy Banyuwangi which has 33 Cessna 172 SP 
Land aircraft, 2 Cessna 172 SP Amphibious (Seaplane) 
aircraft, and 2 multi-engine Piper Seneca V aircraft. 

Every month, API Banyuwangi operates 12 active 
aircraft consisting of 10 Cessna 172 SP Land, 1 Cessna 172 
Amphibious (Seaplane), and 1 multi-engine Piper Seneca 
aircraft, while the remaining aircraft are on standby for 
operational reserves and other contingency plans. The fuel 
used is Avgas with a usage ratio for 1 hour of flight requiring 
10.5 gallons (40 liters) (Airborne Aviation, 2016). 

The Indonesian state has begun to pay attention to 
carbon emissions from vehicles with the issue and design of 
a carbon tax (Carbon Tax) [15], [16]. Even though 
implementing the carbon tax still faces challenges, the 
Indonesian Government remains committed to implementing 
carbon emission reduction in Indonesia [17], [18]. 
Meanwhile, the Government itself, through the Ministry of 
Transportation, has committed to reducing carbon emissions 
with plans to use Sustainable Aviation Fuel (SAF)[19], [20]. 

This research was conducted to find out how much 
carbon emissions are produced by pilot schools in Indonesia 
by taking a sample of pilot schools that still exist today and 
to find out what steps must be taken to offset the amount of 
carbon produced and had been discarded due to flight training 
being carried out. It is hoped that this research can provide 
consideration for the formulation of steps to maintain a 
sustainable environment so that human activities can 
continue to run well, supported by a healthy atmosphere. 
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II. METHOD 
This research was carried out at the Indonesian Aviation 

Academy Banyuwangi as well as a sample from pilot schools 
to calculate the amount of carbon released over the past 2 
years. This research uses a descriptive qualitative method by 
describing secondary data that already exists and was 
recorded at the Indonesian Aviation Academy Banyuwangi 
[21], [22]. The secondary data is processed, displayed in 
graphs, and then narrated for discussion [23]. In this research, 
the data used is flight hour data and fuel usage calculation 
data which then calculates the amount of carbon released 
during flight training operations based on literature and 
previous research. To simplify the calculation process, this 
research uses several criteria and assumptions, including: 

Fuel consumption per hour for Cessna 172 SP = 10.5 
US Gallon / 40 Liters (Airborne Aviation, 2016). 

Carbon Production (CO2) from a Cessna 172 aircraft 
with avgas fuel. 
≈ 1 Us Gallon Exhaust = 18.3 Lbs CO2 
≈ 3,78 Liter = 8,3 Kg CO2 
≈ 1 Liter = 2,2 kg CO2 
Source: Smoot (2023) [24] 
The formula to find total carbon is: 
TCP = TFH X FC X CPH 
With description: 
TCP: Total Carbon Production 
TFH: Total Flight Hours (Monthly/Annual) 
FC: Fuel Consumption (in Hours) 
CPH: Carbon Production per Hour 
CPH: 40 Liters Exhaust /Hour X 2.2 kg CO2 
        : 88 Kg CO2 / hour 

The research was carried out within 1 month in 
September 2023. The data collection process was in the form 
of flight hour data from each aircraft for the last 3 years on 
the AIMPRO application (Aircraft Maintenance Program) 
belonging to API Banyuwangi. The flight hour data is 
processed and grouped every month to be graphed and 
narrated. 

From the results of these calculations, balancing 
calculations will be carried out regarding what programs API 
Banyuwangi must carry out to reduce and absorb carbon 
released in the air by training aircraft flight activities to 
support environmental sustainability (Environment 
Sustainability Governance). 

III. RESULT AND DISCUSSION 
Flight hour data was collected after obtaining 

permission from API Banyuwangi Engineering via the 
Aimpro application. Flight hour data that can be collected in 
this research is flight hour data from January 2021 to August 
2023. This data is deemed sufficient to provide an overview 
of the amount of carbon produced by API Banyuwangi as a 
pilot school (flying school) annually. The following is a 
record of flying hours for API Banyuwangi aircraft. 

 
Fig 1. Flight Production Hours of API Banyuwangi 

  
The number of flying hours in early 2021 is still very 

minimal due to lockdown/Quarantine due to Covid-19, 
several Banyuwangi API cadets and employees also tested 
positive so teaching and learning activities, one of which was 
flying, were stopped. With the cessation of human activities, 
nature repairs itself so that the air is fresher and healthier [25], 
[26]. 

The increase in the number of flying hours began in 
April with a total production of 204 flying hours and peaked 
in November 2021 with a total of 1128 flying hours. 
Meanwhile, in 2022, the number of API Banyuwangi flight 
hours production looks to be flat with an average monthly 
achievement of 513 flying hours with the lowest production 
point being 243 and the highest at 986 hours. 

The total production hours in 2021 will be 5339 flying 
hours and in 2022 it will be 5653 flying hours, while for the 
total from 2023 to the end of August, the production of flying 
hours will reach 3577 flying hours. From the total watch 
production, we can enter it to find the amount of carbon 
produced by API Banyuwangi as a side/other result of watch 
production activities to produce competent pilots. The results 
of calculating the amount of carbon can be seen in Figure 2 
below. 

 
Fig 2. Monthly Carbon Production 

Looking at Figure 2, there is consistency with Figure 1 
(hour production) that the highest carbon production in 2021 
was in November 2021 with a total production of 99,264 Kg 
CO2. Total carbon production from API Banyuwangi in 2021 
is 496 tons of CO2 (more precisely 469,876 Kg CO2), while in 
2022 API Banyuwangi produced 497 tons of CO2 (497,464 
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Kg CO2). If in Indonesia there are 20 pilot schools with an 
average carbon production of 400 tons of CO2 per year, the 
total carbon production produced by pilot schools can reach 
8000 tons of CO2. 

There are several concepts to tackle carbon emissions 
from vehicles including the aviation industry, one of which is 
the implementation of a carbon tax [18], [20]. However, in its 
implementation, the carbon tax faces many challenges, one of 
which is economic distortion, because almost all aspects of 
economic and human mobility in Indonesia use energy and 
fossil fuels [17]. 

The principle of paying carbon tax is divided into 4 
principles, namely polluters paying tax, the principle of 
prevention, state action and attention, and the principle of 
different responsibilities [16]. It is hoped that these 4 
principles can reduce the use of fossil fuels thereby reducing 
the amount of carbon released into the air. However, even 
though taxation can reduce the amount of carbon released 
into the air, it still does not eliminate the carbon that has been 
released, so other measures are needed in the form of 
providing offsets to reduce the impact of carbon in the air. 
One of the best balances to deal with carbon is to plant more 
trees so that the trees can absorb the carbon released into the 
air (forestization) [27]. 

The aviation industry currently still uses fossil fuels as 
the main fuel and has contributed 2.5% of world carbon [8], 
[9]. Therefore, there is a need for alternative fuels that are 
more environmentally friendly, such as sustainable Aviation 
Fuel (SAF) [9]. Until now, the use of SAF has only been 
based on the concept of aircraft typeswide body which uses a 
gas turbine engine that previously used aviation fuel (Jet 1A) 
[9], [10]. 

Meanwhile, pilot schools still use power piston engine 
aircraft which must use 100 low lead (100LL) Aviation 
Gasoline (AVGAS), and there are approximately 230,000 
aircraft that rely on the same fuel [28], [30]. Until now there 
are several substitute fuels for 100LL Avgas including 
MOGAS (Motor Gasoline), Swift Fuels 100, and several 
other fuels which are formulated to reduce the impact of TEL 
(Tetraethyl Lead) which is dangerous for health and even 
reduces the IQ of children [28], [30]. 

A replacement fuel formulation to reduce carbon 
production from training flying operations using piston 
engines has not yet been discovered [31], [32]. Carbon 
reduction can also be done by replacing or modifying the 
engine so that it uses sustainable fuel or even by methods 
hybrid [29], [33]. However, this solution is still in the 
development process and cannot be used shortly, even though 
it could be a decisive point in reducing carbon from the 
aviation industry around the world [33]. 

Currently, the real solution that must be implemented by 
pilot schools in Indonesia, including the Indonesian Pilot 
Academy Banyuwangi, is the movement to plant trees to 
reduce carbon emissions now and in the future. This 
movement must be a sustainable goal (sustainability goals) 
as a balance to the activities carried out by API Banyuwangi 
and other pilot schools and must be included in the Key 
Performance Indicators of every aviation organization in 
Indonesia. 

IV. CONCLUSION 
Carbon production produced by flight schools in 

Indonesia can reach 8000 tons of CO2 every year. This carbon 
production is a by-product of watch production which must 
be achieved by each school to produce quality pilots/aviators 
to supply the needs of pilots in the country. Several steps have 
been planned, one of which is the plan to implement a carbon 
tax (Carbon Tax), use of sustainable fuels /Sustainable 
Aviation Fuel (SAF), or other substitute fuels to reduce the 
use of 100LL AVGAS which has Tetraethyl Lead emissions 
which are very dangerous for health. 

The main solution to reducing carbon emissions apart 
from implementing a carbon tax (carbon tax) is by 
implementing a sustainable environmental program 
(Environmental Sustainability Governance) by planting trees 
around airports or flight schools to absorb carbon that has 
been released from aircraft emissions. This solution can 
provide new hope for a better environment in the future. 

REFERENCE 
[1] N. S. Palsson, K. Wongpinkaew, P. Khamsuk, S. Sorachot, and W. 

Pongsaksawad, “Outdoor atmospheric corrosion of carbon steel 
and weathering steel exposed to the tropical-coastal climate of 
Thailand,” Materials and Corrosion, vol. 71, no. 6, pp. 1019–
1034, Jun. 2020, doi: 10.1002/maco.201911340. 

[2] H. Zafrir, S. Barbosa, E. Levintal, N. Weisbrod, Y. Ben Horin, and 
Z. Zalevsky, “The Impact of Atmospheric and Tectonic 
Constraints on Radon-222 and Carbon Dioxide Flow in Geological 
Porous Media - A Dozen-Year Research Summary,” Front Earth 
Sci (Lausanne), vol. 8, Oct. 2020, doi: 10.3389/feart.2020.559298. 

[3] T. A. Jacobson, J. S. Kler, M. T. Hernke, R. K. Braun, K. C. Meyer, 
and W. E. Funk, “Direct human health risks of increased 
atmospheric carbon dioxide,” Nature Sustainability, vol. 2, no. 8. 
Nature Publishing Group, pp. 691–701, Aug. 01, 2019. doi: 
10.1038/s41893-019-0323-1. 

[4] E. A. Ainsworth and S. P. Long, “30 years of free-air carbon 
dioxide enrichment (FACE): What have we learned about future 
crop productivity and its potential for adaptation?,” Global Change 
Biology, vol. 27, no. 1. Blackwell Publishing Ltd, pp. 27–49, Jan. 
01, 2021. doi: 10.1111/gcb.15375. 

[5] L. Ferrero et al., “The impact of cloudiness and cloud type on the 
atmospheric heating rate of black and brown carbon in the Po 
Valley,” Atmos Chem Phys, vol. 21, no. 6, pp. 4869–4897, Mar. 
2021, doi: 10.5194/acp-21-4869-2021. 

[6] Y. F. Khalil, “Eco-efficient lightweight carbon-fiber reinforced 
polymer for environmentally greener commercial aviation 
industry,” Sustain Prod Consum, vol. 12, pp. 16–26, Oct. 2017, 
doi: 10.1016/j.spc.2017.05.004. 

[7] J. I. Hileman, E. De La Rosa Blanco, P. A. Bonnefoy, and N. A. 
Carter, “The carbon dioxide challenge facing aviation,” Progress 
in Aerospace Sciences, vol. 63. Elsevier Ltd, pp. 84–95, 2013. doi: 
10.1016/j.paerosci.2013.07.003. 

[8] R. S. Capaz, E. Guida, J. E. A. Seabra, P. Osseweijer, and J. A. 
Posada, “Mitigating carbon emissions through sustainable aviation 
fuels: costs and potential,” Biofuels, Bioproducts and Biorefining, 
vol. 15, no. 2, pp. 502–524, Mar. 2021, doi: 10.1002/bbb.2168. 

[9] T. Yusaf et al., “Sustainable Aviation—Hydrogen Is the Future,” 
Sustainability (Switzerland), vol. 14, no. 1. MDPI, Jan. 01, 2022. 
doi: 10.3390/su14010548. 

[10] H. Yang and J. F. O’Connell, “Short-term carbon emissions 
forecast for aviation industry in Shanghai,” J Clean Prod, vol. 275, 
Dec. 2020, doi: 10.1016/j.jclepro.2020.122734. 

[11] X. Yang, F. Guo, S. Xue, and X. Wang, “Carbon distribution of 
algae-based alternative aviation fuel obtained by different 
pathways,” Renewable and Sustainable Energy Reviews, vol. 54. 
Elsevier Ltd, pp. 1129–1147, Feb. 01, 2016. doi: 
10.1016/j.rser.2015.10.045. 

[12] X. Wang, “A Study on the Efficiency of Civil Pilots Training 
Bases in China,” 2017. 

[13] M. Vaskova Kjulavkovska, G. O. Serafini, and L. T. Szamosi, 
“Integrating training and performance management of civil 



(Online Proceedings) ISSN: 3032-3533 
 

 106 

aviation inspectors: A pilot study of the mediating role of 
competency-based training,” Int J Train Dev, vol. 26, no. 1, pp. 
29–54, Mar. 2022, doi: 10.1111/ijtd.12234. 

[14] Tribunnews, “Masih Mau Jadi Pilot_ Pikir Ulang Biaya 
Pendidikan Selangit tapi Lulusan Banyak Mengganggur,” 
Tribunnews, Bangka, Sep. 08, 2016. 

[15] A. P. Dilasari, H. N. Ani, and R. J. H. Rizka, “Analisis Best 
Practice Kebijakan Carbon Tax Dalam Mengatasi Eksternalitas 
Negatif Emisi Karbon di Indonesia,” Owner, vol. 7, no. 1, pp. 184–
194, Dec. 2022, doi: 10.33395/ownerv7i1.1182. 

[16] F. Y. Woma and M. Madalina, “FORMULASI KEBIJAKAN 
PENERAPAN PAJAK KARBON DI INDONESIA,” Jurnal 
Demokrasi dan Ketahanan Nasional, vol. 1, no. 1, pp. 68–78, 
2022. 

[17] N. H. Maghfirani, N. Hanum, and R. D. Amani, “Analisa 
Tantangan Penerapan Pajak Karbon di Indonesia,” Jurnal Riset 
Ekonomi, vol. 1, pp. 314–321, 2022. 

[18] R. R. Nur Aisyah S, J. Majid, and Suhartono, “CARBON TAX: 
ALTERNATIF KEBIJAKAN PENGURANGAN EXTERNAL 
DISECONOMIES EMISI KARBON,” Islamic Accounting and 
Finance Review, vol. 1, pp. 48–66, 2020. 

[19] Kementerian Luar Negeri RI, “Pertemuan Tingkat Tinggi Icao 
Indonesia Perjuangkan Komitmen Pengurangan Emisi Karbon 
Sektor Penerbangan Sipil Global Sesuai Perjanjian Paris,” 
kemlu.go.id. 

[20] K. Madina, “Dekarbonisasi Industri Penerbangan dengan Bahan 
Bakar Penerbangan Berkelanjutan,” Greennetwork.id, 2023. 

[21] Y. Yusanto, “Ragam Pendekatan Penelitian Kualitatif,” Journal Of 
Scientific Communication, vol. 1, pp. 1–13, 2019. 

[22] N. Harahap, BUKU METODOLOGI PENELITIAN KUALITATIF, 
1st ed. Medan: Wal Ashri Publishng, 2020. 

[23] M. Rijal Fadli, “Memahami desain metode penelitian kualitatif,” 
vol. 21, no. 1, pp. 33–54, 2021, doi: 10.21831/hum.v21i1. 

[24] G. Smoot, “What Is the Carbon Footprint of AviationJet Fuel?A 
Life-Cycle Assessment,” 2020. 

[25] A. Facciolà, P. Laganà, and G. Caruso, “The COVID-19 pandemic 
and its implications on the environment,” Environmental 
Research, vol. 201. Academic Press Inc., Oct. 01, 2021. doi: 
10.1016/j.envres.2021.111648. 

[26] S. Muhammad, X. Long, and M. Salman, “COVID-19 pandemic 
and environmental pollution: A blessing in disguise?,” Science of 
the Total Environment, vol. 728, Aug. 2020, doi: 
10.1016/j.scitotenv.2020.138820. 

[27] Ipehijau, “Apa itu Penyeimbangan Karbon (Carbon Offsetting) 
dan Bagaimana Cara Kerjanya,” Yayasan Inovasi Pembangunan 
Hijau. 

[28] T. Kumar, R. Mohsin, M. F. A. Ghafir, I. Kumar, and A. M. Wash, 
“Review of alternative fuel initiatives for leaded aviation gasoline 
(AVGAS) replacement,” Chemical Engineering Transactions, vol. 
63. Italian Association of Chemical Engineering - AIDIC, pp. 175–
180, 2018. doi: 10.3303/CET1863030. 

[29] T. Kumar, R. Mohsin, Z. A. Majid, M. F. A. Ghafir, and A. M. 
Wash, “Experimental optimisation comparison of detonation 
characteristics between leaded aviation gasoline low lead and its 
possible unleaded alternatives,” Fuel, vol. 281, Dec. 2020, doi: 
10.1016/j.fuel.2020.118726. 

[30] T. Kumar et al., “Response surface methodology application in 
optimization of performance and exhaust emissions of RON 98, 
aviation gasoline 100LL and the blends in Lycoming O-320 
engine,” Fuel, vol. 256, Nov. 2019, doi: 
10.1016/j.fuel.2019.115909. 

[31] D. Rumani, A. W. Wicaksono, D. S. Wiyono, and A. Mardhika, 
“PEMULIHAN PENERBANGAN DAN PENGEMBANGAN 
POTENSI WISATA NASIONAL DENGAN PEMBANGUNAN 
WATER AERODROME20230725,” Jurnal Penelitian Politeknik 
Penerbangan Surabaya, vol. 8, no. XL, pp. 175–187, 2023. 

[32] A. Wahyu Wicaksono, I. Sonhaji, A. Mubarok, A. Penerbang 
Indonesia Banyuwangi, and J. Timur, “Analisis Pelayanan Jasa 
Penerbangan Pada Masa Pandemi Dan Perspektif Pemulihan 
Layanan Jasa Penerbangan di Indonesia,” SKYHAWK: Jurnal 
Aviasi Indonesia, vol. 2, pp. 21–29, 2022, [Online]. Available: 
http://ejournal.icpa-banyuwangi.ac.id/index.php/skyhawk 

[33] O. Zaporozhets, V. Isaienko, and K. Synylo, “Trends on current 
and forecasted aircraft hybrid electric architectures and their 
impact on environment,” Energy, vol. 211, Nov. 2020, doi: 
10.1016/j.energy.2020.118814. 

  

 
 

 

 


