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ABSTRACT

In this research, we have developed standardized procedures for preparing of emission inventories on military
sector. The procedures are as follows; 1) Identify all relevant emission sources list of military sector in Republic
of Korea. 2) Select methods to estimate GHGs emissions by source categories such as heating boilers, tactical vehicles,
military vessels and military aviation from US EPA, IPCC, EEA/EMEP, and ROK Ministry of Environment. 3) Identify
and select data sources for activities and parameters from Korea annual oil statistics and Korea Procurement
system. 4) Compare with each GHGs emission used by each activities. The conclusive results utilized by emission
source categories and associated factors are described as follows; In 2013, GHGs was estimated 2,656 kilotons CO,-eq
emitted by military sector. The diesel combustion contributed from a minimum of 43.8% to a maximum of 50.2%
and JP-8 contributed from a minimum of 43.7% to a maximum of 52.8% to the 2001~2015 GHGs emission trend.
In the result of comparing GHGs emissions with Korea Annual Oil Statistics (Tier 1) and supplied fuel through
the Korea Procurement System (Tier 2) in 2015, the total GHGs emission was 2,867 kilotons CO.-eq estimated by Tier
2 is similar to the emission estimated by Tier 1. However, this reveals that the GHGs emission separated by local
areas were a lot of different from Tier 1 and 2. The cause of difference between Tier 1 and Tier 2 was that Korea
annual oil statistics utilized data from a fuel supplier. The data does not reflect the reality of the location of end user.
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Table 1. Boiler capacity of military barrack
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Heating boiler

Capacity of hot-water

Unit . Gross floor  Shower head . * . - Total boiler capacity
population ) capacity (kcal/h) : boiler (kcal/h) :

: : : =C+
category (person) area (m): A (EA): B  C=A+3.3x550 D, D=Bx20,000 (kcal/h): E, E=C+D
Company 151 1,881.69 10 313,615 200,000 513,615

Detachment 81 2,251.82 6 375,303 120,000 495,303
Battalion 601 9,057.37 40 1,509,562 800,000 2,309,562
Source: MND, Guidelines of Design for Defense and Military Facilities Chapter, 28, 2014.
" Boiler capacity was estimated to be 550 kcal/h per 3.3 m? of building floor area.
™ Capacity of hot-water boiler was estimated to be 20,000 kcal/h per 1 shower head.
Table 2. Type of military tactical vehicle and weapon
. . Type of Max. engine No. of
Vehicle type ROK MND designation engine power (hp) vehicle
Light utility K110S, K130S Gasoline 71~130 7,866
Heavy utility K310S, K5108, K710S, K910S Diesel 130~450 42,705
Tank M48A3K, M48A5K, K1, KIA1/A2, K2, T-80U Diesel 750~1,500 2,542
Infaniymfihtmg KM901, BMP-3, K200/A1, K2008, K21 Diesel 160~740 2,900
. Diesel,
Artillery/MLRS K9, K55/A1, 105 mm, 155 mm, MLRS 405~1,000 5,548

towed howitzer

Source: 1. An and O, 2016, 2. http://en.wikipedia.org
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Table 3. Classification of military vessel
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Power plant No. of
Vessel classification Type of vessel " " o
System Power (hp) vessel
. GT: 54,400~100,000
Destroyer and frigate DDG, DDH-I, DDH-II, FF  COGAG(DDG), CODOG DE: 5.600~58.200 19
. GT: 27,200
Patrol vessels PCC, PKM, PKG CODOG, diesel, CODAG DE: 6,000~26,780 90
Amphibi rfz hi LST, LSF, LCAC, LPH CODAD turbin GT: 8,000 10
phiblous warlate ship 0 : > 838 ©s DE: 12,800~41,615
Mine warfare ship MLS, MLS-II, MHC, MSH CODAD DE: 2,040~17,200 11
. . Cheonghaejin Class ASR, ) _
Auxiliary ship ATS. AOE CODAD DE: 5,440~7,800 6
Submarines 209Class, 214Class, SSM D-E DE: 3,200~3,875 18

Source: 1. An and O, 2016, 2. http://en.wikipedia.org
Note:

* COGAG: Combined gas turbine and gas turbine, CODOG:

Combined diesel or gas turbine, CODAG : Combined diesel and

gas turbine, CODAD: Combined diesel and diesel, D-E : Diesel-electric.

™ GT: Gas turbine, DE : High-speed diesel engine.
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Table 4. Type of military aircraft
Type of .. . . . No. of
wing Mission / force Designation (engine principle) aircraft
Fighter KF-5E(2T)), F-4E(2TJ), F-16C/D(1TF), KF-16(1TF), F-15K(2TF), FA-50(1TF) 368
Observation patrol  RC-800(2TF), RF-16(1TF), KA-1(1TF), E-737(2TF), P-3C/CK(4TP) 48
Fixed
wing Cargo / tanker /  C-130(4TP), CN-235(2TP), B747-400(4TF), HS-748(2TP), VB737-300(2TF), VCN-235 40
transport 2TP)
Trainer KT-1(1TP), T-50(1TF), TA-50(1TF), T-50B(1TF), CARV-2(2TP) 171
500MD(1TS), UH-1H(1TS), UH-60(2TS), AH-1S/F(1TS), Bo-105(2TS), CH-47D/LR
Army 552
(2TS)
Rotary . .
wing Navy Anti-submarine(2TS), ALT-3(1TS), UH-1H(1TS), UH-60(2TS) 52
Air force AS-332(2TS), B-412(2TS), S-92(2TS), VH-60(2TS), HH-60(2TS), HH-47(2TS), CH-47D 43
(2TS), HH-32(2TS)
Source: 1. An and O, 2016, 2. http://en.wikipedia.org
Note: * TJ=Turbojet, TF=Turbofan, TP=Turboprop, TS=Turboshaft, and 1, 2, or 4 equals the number of engines.
Table 5. Estimating methods of military sector
Tier 1 Tier 2
SCC#1 SCC#2 SCC#3 Method EF SCC#1 SCC#2 SCC#3 Method EF
EC GIR GIR EC Forces Purpose GIR GIR
Forces Purpose GIR GIR
IC NA NA IC
Vessel IPCC IPCC
LTO IPCC EPA/GIR LTO IPCC EPA/GIR
AV AV
Cruise IPCC GIR Cruise IPCC GIR

Note: EC (External combustion), IC (Internal combustion), AV (Aviation), EF (Emission Factor).
Source: GIR, 2015, EPA (U.S. EPA, Air pollutant emission factors for military and civil aircraft), IPCC (2006 Guidelines for national
greenhouse gas inventories).
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Table 6. Emission factors of fuel combustion
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CO, (kg/net calorific TJ)

CHy4 (kg/net calorific TJ)

N>O (kg/net calorific TJ)

Fuel type - " " " "
1990~2006 2007~2011 2012~2013  H&C MTV MV H&C MTV MV
Gasoline 69,300 72,233 73,333 3 20
Diesel 74,067 73,333 74,067 3 5 7
Kerosene 71,867 71,500 71,867 3 - 0 2
B-C (0.3%) 76,267 76,267 75,533 3 - -
LPG 63,067 64,533 64,533 1 62 - 0.1 0.2 -

Source: GIR, 2015.

" Note : H&C (Heating and cooking), MTV (Military tactical vehicle), MV (Military vessels).

Table 7. Fuel rates and consumption in LTO mode by F-16

Mode Power setting (percent thrust or hp)  Time in mode (min)

Fuel rate (kg/hr)

Fuel consumed (kg/LTO)

Taxi/idle Idle 15.9 481 127.5
Takeoff Military or afterburner 0.4 20,049 133.7
Climbout Military 1.2 4,717 94.3
Approach 84~86% 5.1 1,361 115.7
Total 22.6 471.2
Source: EPA, Air Pollutant Emission Factors for Military and Civil Aircraft, Table 4~7 & 5~2.
Table 8. Emission factors of military aircraft
CO2 (kg/Net calorific TJ) CH, N,O
Fuel type . .
1990 ~2006 2007~2011 2012~2013 (kg/net calorific TJ) (kg/net calorific TJ)
Jet kerosene 70,417 70,778 71,500 0.5 2.0

Source: GIR, 2015.
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Table 9. Tier 1 GHGs emissions by military sector
(Unit : kilo-ton as CO; eq.)

Year CO, CH, N0 Total CO, eq
2001  2,487.62 3.84 13.67 2,505.13
2002 2,545.57 3.84 14.24 2,563.66
2003 2,233.49 3.38 12.54 2,249.41
2004 2,233.49 3.38 12.54 2,249.41
2005  2,487.20 3.50 14.44 2,505.14
2006 2,471.63 3.62 14.06 2,489.31
2007  2,384.51 3.55 12.63 2,400.70
2008 2,151.17 3.25 11.92 2,166.35
2009  2,484.38 3.60 14.10 2,502.08
2010  2,519.41 3.73 14.09 2,537.24
2011 2,465.50 3.39 14.38 2,483.27
2012 2,542.84 3.69 14.20 2,560.73
2013 2,638.53 4.02 14.31 2,656.86
2014 2,592.79 3.87 14.29 2,610.95
2015 2,847.38 4.42 15.16 2,866.97

|2 915719] Cruise oA AR uiET9] 37.8%¢<1
1,052.0 kton CO, eq., S<12] Wl & FAJofA] 14.5%21 403.0
kton CO; eq., 3f-9] ¢k 2Fof|A 14.2%¢1 395.2 kton CO,
eq., 9] RAF 715 AH] 2Fof|A] 13.6%2] 378.9 kton CO,
ca-& WiEeli e Ao ek,

4.1 Tier 1/2 4Fd HHEEF Hlw

Sy

H oA 2015 viESHS Tier 1 2 2 WS ZH2F &
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- 2013 FW|EF : 6.0 MMT CO, Eq
- Aviation(3-&7]) : 2.9 MMT CO, Eq.
- Marine (%418} : 3.2 MMT CO, Eq.
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Fig. 1. Trend of GHGs emission by fuel type.

Table 10. Tier 2 GHGs emission by force and fuel purpose

B Bunker-A M Bunker-B M Bunker-C BLPG mJP-8

Force Fuel purpose CO; (ton) CH, (ton) N>O (ton) CO; eq. (ton) Rate (%)
Total 2,715,979 134 203 2,781,601 100.0
Heating boiler 400,813 54 3 402,962 14.5
Army Military vehicle 342,975 9 115 378,904 13.6
Cooking burner 5,089 1 0 5,116 0.2
Heating boiler 21,615 3 0 21,730 0.8
Military vessel 391,142 37 11 395,192 14.2
Navy
Military vehicle 56,235 1 21 62,760 23
Cooking burner 98 0 0 98 0.0
Heating boiler 83,991 11 1 84,440 3.0
Military vehicle 20,939 1 7 23,126 0.8
Air force Cooking burner 3,123 0 0 3,140 0.1
Aircraft LTO* 245,036 2 7 247,164 8.9
Aircraft cruise*® 1,042,949 7 29 1,052,015 37.8
Heating boiler 24,359 3 0 24,489 0.9
Marine Military vehicle 24,195 1 9 26,930 1.0
Cooking burner 144 0 0 144 0.0
Common LPG’ 53,277 4 0 53,389 1.9

" Note: Emission of LTO/Cruise for aviation and LPG combustion was applied by Tier 1.
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Table 11. Comparison of GHGs emission within trans-
port category, 2013

GHGs (kiloton

Cat
ategory CO; eq.)
On- .
1A3Db, road transportation 84,670
road
1A3a, civil aviation 1,314
1A3c, railways 448
Transport Non- 1A3d, water-borne
(1A3) : WAt 1,407
road navigation
1A3e, other transportation 423
Sum of non road 3,592
Sum of transport 88,261
This study -
(Tier 1) Military sector 2,656

Source : GIR. 2015 National Greenhouse Gas Inventory Report
of Korea.
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Fig. 2. Comparison of estimated local emissions with Tier 1/2 method.
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