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2. REVIEW OF PREVIOUS STUDIES 
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3. METHODOLOGY 
 
The energy demand of air transportation is estimated from secondary transportation activity 
data and fuel consumption factors for the landing and take-off (LTO) phase and climb-cruise-
descent (CCD) stage. This methodology is mainly derived from the EMEP/EEA Air Pollutant 
Emission Guidebook 2019. It could be categorized as Tier 3A which is a bottom-up approach 
for aggregating the fuel burn from each flight of various aircraft types. The methodology covers 
the energy consumption of domestic flights from 2010 to 2019. Domestic flights are defined by 
EEA (2019) as flights which depart and arrive in the same state. 
 
3.1 Calculation Flow 
 
3.1.1 Air transportation energy demand 
 
The calculations are executed using a spreadsheet software following the flowchart in Figure 2 
and Equation 4.  

 
 

 (4) 

where, 
  : year, 

 : energy consumption (KTOE) of year , 
  : origin and destination (OD) pair, 
  : aircraft type, 

  : LTO fuel consumption factor for aircraft type  (kg), 
  : trip frequency for OD pair  of aircraft type , 

  : CCD fuel consumption factor for aircraft type  (kg), 
 : conversion factor from tons to barrels (BP, 2019), 

 : conversion factor from thousand barrels to KTOE (DOE, n. d.), and 
 : conversion factor from kilograms to tons and barrels to thousand barrels. 
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Figure 2. Flowchart for energy demand estimation 

 
3.1.2 Passenger-km and available seat-km 

 
The passenger-km (PKM) and available seat-km (ASKM) are calculated using Equations 5 and 
6, respectively, and the flowchart in Figure 3.  
 

 (5) 

where, 
  : year, 

 : passenger-km of year , 
  : origin and destination (OD) pair, 
  : passenger traffic count for OD pair , and 

  : flight distance for OD pair  (km). 
 

 (6) 

where, 
  : year, 

 : available seat-km of year , 
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  : origin and destination (OD) pair, 
  : aircraft type, 
  : seating capacity of aircraft type , 

  : flight distance for OD pair  (km), and 
  : trip frequency for OD pair  of aircraft type . 

 

 
Figure 3. Flowchart for PKM and ASKM calculation 

 
 
3.2 Input Data 
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Departure Arrival 
Flight 

distance (nm) 
Flight 

distance (km) 
Path 

BCD CEB 62.50 115.75 BCD-DELOR-MCT 
BCD CGY 178.00 329.66 BCD-DELOR-LOWAY-FORTA-CGO 
CBO CEB 188.00 348.18 COT-SIKIN-FORTA-COBOL-MCT 
CEB CRK 357.50 662.09 MCT-MOLOC-SAGRA-CONDE-CIA 
CEB WNP 257.00 475.96 MCT-PONSO-TAC-MALAG-LP-NGA 
CGY ZAM 207.00 383.36 CGO-COT-ZAM 
CRK BAG 98.35 182.14 Google Earth Pro + correction factors 
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CRK BSO 354.00 655.61 CIA-MALIB-SANRO-LAO-ABVAR-BS 
CRK TAC 356.00 659.31 CIA-ALBAT-LOPEZ-MASBA-TAC 
CYU PPS 179.51 332.44 Google Earth Pro + correction factors 
CYZ CRK 128.50 237.98 CUY-CAB-CIA 
CYZ MNL 154.00 285.21 CUY-CAB-MIA 
DVO WNP 423.00 783.40 DAO-BN-TAC-MALAG-LP-NGA 
DVO ZAM 220.00 407.44 DAO-KLAFU-LINAO-COT-ZAM 
ENI CEB 302.07 559.44 Google Earth + correction factors 
GES ZAM 188.00 348.18 GSA-TBOLI-SEBUL-COGEL-ZAM 
ILO TAC 159.50 295.39 IOO-PARAO-PONSO-TAC 
JOL ZAM 108.72 201.35 Google Earth Pro + correction factors 
KLO CEB 128.50 237.98 KLO-BUNGA-DELOR-MCT 
KLO CRK 282.50 523.19 KLO-SAJ-TELEN-OLRAX-LUBAN-CIA 
MNL VRC 221.78 410.73 Google Earth Pro + correction factors 
MNL WNP 143.00 264.84 MIA-TIMON-LOPEZ-RAGAY-NGA 
RXS CEB 107.00 198.16 ROX-ATRIA-CADIZ-PARAO-MCT 
RXS MNL 240.50 445.41 ROX-SAJ-TAPAP-VERDE-TAALA-MIA 
RZP MNL 251.95 466.61 Google Earth Pro + correction factors 
SJI MNL 128.00 237.06 SAJ-TAPAP-VERDE-TAALA-MIA 
TWT ZAM 205.42 380.43 Google Earth Pro + correction factors 
USU CEB 280.43 519.36 Google Earth Pro + correction factors 
WNP MNL 143.00 264.84 NGA-RAGAY-LOPEZ-TIMON-MIA 
ZAM CBO 129.00 238.91 ZAM-COT 
ZAM TWT 205.42 380.43 Google Earth Pro + correction factors 
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The calculations 
also assume one seat class for the seating capacity of each aircraft type. 

 
 

 
 
Figure 4 illustrates the bottom-up estimation results as the sum of fuel consumption during LTO 
and CCD per year. The average shares of the fuel consumed during LTO and CCD to the total 
fuel consumption are 27.93% and 72.07%, respectively. From 2010 to 2019, the average annual 
growth rate of energy demand is 5.14%, which peaked at 15.14% from 2011 to 2012. 
 

 
Figure 4. Results of bottom-up calculations 

 
To compare the results of the bottom-up estimation with the statistics of DOE, the air 

transportation energy demand statistics for the years 2010 to 2016 are obtained from the TFEC 
of the air transportation sector in the 
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Overestimation ranging from 37% to 67% percent difference from the DOE statistics can 
be observed from 2010 to 2012. This reduced to an average percent difference of 14.59% from 
2013 to 2016. These deviations could be attributed to the differences in the engine specifications 
for modeling of fuel consumption factors and the actual engines because EEA (2019) utilized 
the most common engine ID in 2015 in their model. Locally established fuel economies could 

ly, 
they are not yet available. Meanwhile, significantly lower differences, around 1% to 5%, are 
noticed for the estimated demand from 2017 to 2019. Table 4 summarizes the percent difference 
per year, while Figure 5 displays the comparison of the estimates with the statistics. 
 

Table 4. Comparison of results with the DOE statistics 

Year 
Bottom-up calculations (KTOE) DOE  

(kTOE) 
Percent difference 

LTO CCD Total 

 108.46 285.07 393.52 236  
 120.79 319.89 440.68 307  
 141.11 366.30 507.41 370  
 139.12 364.05 503.17 433  
 132.30 342.39 474.69 542  
 142.80 367.05 509.85 446  
 141.42 360.94 502.36 594  
 151.58 381.56 533.14 512  
 162.86 416.12 578.97 584  
 171.83 435.86 607.69 579.85  

 

 
Figure 5. Calculated energy demand vs DOE statistics 

 
Even though some flight distances are from the Philippine Enroute Chart, possible 

inaccuracies in the estimation of flight distance could also have attributed to the discrepancies 
between the results of bottom-up estimates and the DOE statistics because an actual flight path 
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still depends on the flight plan as well as other conditions such as air traffic congestion in 
airports. 

Another factor that might have affected the results is the difference in the coverage of 
flight data used in the estimation and the DOE statistics. As discussed in section 3.2.1, the 
obtained flight data contain scheduled domestic flights only. Upon inspection and analysis of 
aircraft movement data from 2010 to 2018 of the CAAP, military aircraft and general aviation 
flight operations show a significant share of the total aircraft movements. Flights to and from 
community airports that are not covered in the obtained data are also included in the annual 
aircraft movement count. 

Both passenger-km and available seat-km display an increasing trend from 2010 to 2019, 
as seen in Figure 6. The quotient of PKM divided by ASKM gives the average passenger load 
factor. Figure 7 shows the average annual passenger load factor from 2010 to 2019, ranging 
from 74% to 93%. The average annual growth rate of passenger load factor from 2010 to 2019 
is 1.56%. An increase in passenger load factor suggests that more seats are being filled up in a 
flight, thus reducing each carbon footprint in a flight. It is important to note that 
PKM has a different coverage of data compared with the energy demand estimates and ASKM 
because passenger traffic data are sourced from CAB. The energy demand estimates and 
ASKM, on the other hand, have the same scope as the flight data have.  

 

 
Figure 6. Passenger-km and available seat-km 

 

 
Figure 7. Average annual passenger load factor 
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The average fuel efficiency per year is expressed as passenger-kilometers per liter of fuel 
or PKM/L. Based on the calculations, aircraft operations in 2019 are the most fuel-efficient, 
with 23.79 PKM/L. On the other hand, the least fuel efficiency is observed in 2013 with 19.69 
PKM/L. From 2010 to 2019, the average increase in PKM/L is 1.72%, which indicates that the 
domestic aircraft operations are gradually leaning towards fuel efficiency. This trend follows 
what 

 

 
 

Table 5. Domestic air transportation activity 
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