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Estimation of GHG Emissions Reduction and Fuel Economy Improvement of
Heavy-Duty Trucks by Using Side Skirt and Boat Tail
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ABSTRACT

Recently, the need for technology development of commercial vehicle fuel consumption has emerged. Fuel
economy improvement of transport equipment and transportation efficiency, and increasing attention to the logistics
cost reduction measures. Increasing attention to the logistics cost reduction measures by fuel economy improvement
of transport equipment and transportation efficiency. In this study, we have installed aerodynamic reduction device
(side skirt, boat tail) to 14.5 ton cargo trucks and 45 ft tractor-trailers. And the fuel consumption was compared
installed before and after. Fuel economy assessment for the aerodynamic reduction value device was tested by
modifying the SAE J1321 Joint TMC/SAE Fuel Consumption Test Procedure - Type Il test in according domestic
situation. Greenhouse gas reductions were calculated in accordance with the scenario, including fuel consumption
test results. When the 14.5 ton cargo trucks has been equipped with side skirts and boat tail, it confirmed the
improvement in fuel efficiency of 4.72%. One Heavy-duty truck's the annual greenhouse gas reductions value are
6.86 ton CO, eq. And if applying the technology to more than 50% of registered 15 ton trucks, greenhouse gas

reductions are calculated as 686,826 ton CO, eq./yr.
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(b) After installation of cargo truck

(c) Before installation of tractor-trailer

Fig. 1. Prototype photos.
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(d) After installation of tractor-trailer
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Table 1. SAE J1321 test conditions and changing conditions

Test conditions of SAE J1321

Test conditions of this study

The average wind speed > 19.32 km/h — Fail
The outside temperature : 4.44~37.8
External data sampling rate > 1 Hz
Using gravimetric method

The minimum mileage > 80.5 km
Distance between vehicles> 457.2m
Simultaneous start CV", TV?

Rent the same vehicle(CV, TV)

GPS resolution : 0.16 km.h

Using cruise mode

Using the scale with a resolution of 0.1% fuel consumption

Warm-up time > 1 hour

- The same as SAE J1321
+ The same as SAE J1321
- The same as SAE J1321
- The same as SAE J1321
- Mileage : 85 km

- The same as SAE J1321

- Sequentially start

- Rent the similar vehicle(CV, TV)
1 kmh

- GPS resolution :

- Cargo truck : Full accel
+ Tractor-trailer : Using cruise mode

- Apply the electronic scales of resolution unit 10g

- Warm-up mileage : 20 km(4 lap)

D CV : Control vehicle, for reference data acquisition.
2 TV : Test vehicle, for test data acquisition.
% PG : Proving ground.

http: //www.ekscc.re.kr
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Fig. 2. Proving ground (KATRI).

Table 2. Vehicle specifications

Vehicle type Manufacture Engine Displacement Rated power CV photo TV photo
14.5 ton 410/1900Ps/
Tata- ISM 1
carogo truck ata-daewoo S 0,800 cc RPM
45 ft . 520/1700Ps/
tractor-trailer Hyundai D6CE 12,742 ce RPM

Fig. 3. Test preparation.
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Fig. 4. Driving preparation.

Table 3. Baseline and test segment driving

Test procedure Detailed contents

Refueling + Check the fuel tank conditions before gravimetric

Gravimetric beft .. . .
ravimetic belore - Injecting a equal quantity of fuel to the fuel tank after refueling (40 kg + 1 kg)

the test
- Starting sequentially in the same place
+ The control and test Vvehicles must be operated simultaneously on the test track. An interval spacing
Run start . . . .. . . .
between the vehicles is used to insure. The minimum recommended spacing between vehicles is 457.2 m.
-+ 17 lap(85km) running
Run snd - After completing a test run the test vehicle must stop at the start point. Immediately after full stop of

the test vehicle the engine is idled for exactly 1 minute then shut down.

Gravimetric after

- Control and test vehicle(s) fuel is measured and recorded
the test

Test fuel consumption - After baseline segment data has been obtained for a minimum of three runs the baseline segment test data
data analysis is input in to the baseline segment table displayed below and analyzed using the supplied software.

. Grawme‘trlc before
the test

.‘ Run start "‘ Run end ‘

‘ Refueling

; ‘ Test fuel consumption data analysis ‘ ‘{ aii:meezl; ‘

Fig. 5. Baseline and test segment driving.
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_ (r/C)b—(T/O)t
Pd—lOOx—(T/C)b )

Pd : ITmprovement

(T/C)b : (TV fuel consumption/CV fuel consumption) in
baseline segment

(T/C)t : (TV fuel consumption/CV fuel consumption) in test
segment

Source : Fuel Consumption Track Tests for Tractor-Trailer
Fuel Saving Technologies(2009)
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Fig. 6. Data acquisition.
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SAE 1321 Data Analysis - Fuel Economy Improvement Testing
Baseiine Segment Test Segment Test Result
Gallons or Lbs Gallons or Lbs Nomina Confidence Intenva
Run Test Controf T/C Run Test control T/C Fuel Saved 3.49% = 1.19%
1 2453 2384 1.0252 1 21.70 2182 0.5500 Improvement 3.62% i 1.24%
2 24.86 2428 1.0241 2 2156 21.86 0.9860
3 2443 2372 10299 3 2345 2350 0.5996 Description
4 4 This worksheet provides an analysi for the comparison of
5 5 between 3 Test and Contral ve Th
& £ The cutcome of an f-test for equal varian
7 7 t-test for difference in means.
8 2
g 9 Instructions
10 10 1) Conduct & minimum of 3 Baseline segment runs enterin
11 " in the Test and Control columns of the Baseline table. T/Cvaluesa
12 12
13 13 2) Conduct & minimum of 3 Test segment runs entering T
14 14 in the Test znd Control columns of the Testtable. T/Cvaluesare oo
15 15
3) Review the Fetest resubts - f variances are squsl - theinfo
Summary Stats table are used. If variances are unsqual - theinformation st
Mean T/C ) For statisically justfied fuel economy improvementthe a
Mumber of Cata Points F test stat (test/bazeling) 482582 & "YES" inthe bax for "Iz Fuel Economy Improved?* question.
Standard Devistions F low
Var F high 5} Mow review the Test Result box 3t the top of the workshest.
Are Variances Equal 7

T-Test tailed) T-Test eq iances (2-taied)
Pocled 5t dev 0.00541 df {nu) 2755
t-crit 2776 t-crit 3313
t-stat 8.124 t-stat 2124
|z Fuel Econemy Improved 7 yes Is Fuel Economy Improved 7 yes
P-valus 0.0012 P-value 0.0050

The nominzl vaiise = determined trom an anafyss of the m

iting from the modificat

the measured change in fue! conzume
The confid e i rom the variation [scatt
relative to the nominal valve, and the number of data values obtain:

about the nominal value. A con erval iz 3 range around the

nominal value iz and indicates the refiability of the nominal value.

& desirable resut is to have the confidence interval column value the
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upper £l bound 0048127 upper C| bound 0.050522 & Nominal positive value for Fuel Saved or Improvement is anfy vali
Fig. 7. SAE J1321 data analysis.
Table 4. Test result (Unit : kg)
v v Improvement Confidence
Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 (%) interval (%)
Cargo truck base 17.46 16.71 17.08 16.98 16.18 16.44 -
Tractor-trailer base 24.53 24.86 24.43 23.84 24.28 23.72 -
Tractor-trailer side skirt 21.18 22.61 23.66 21.39 22.65 23.93 3.56 +0.97
Tractor-trailer full assy 2170 2156 2349 2192 2186 2350 3.62 +1.24
(side skirt + boat tail)
Cargo truck boat tail 17.20 16.36 18.81 16.80 16.02 16.63 1.44 +1.37
k full
Cargo truck full assy 1735 1737 17.69 1736 1763 18.14 472 2,14
(side skirt + boat tail)
4.72% VY AES O BT ARAH 2F(A = E,

5.00%

4.00%

3.00%

2.00%

1.00%

0.00%

-+

“3.56%

' ' “

Trilaer-Tractor

Side Skirt

3.62%

Trailer-Tractor
Full Assy(Side
skirt + Boat tail)

tail

Boat tail)

Fig. 8. Fuel consumption test result.

-

Cargo Truck Eh:rat Cargo Truck Full
Asoy (Side skirt +

HEF)Y] Z2t A - 3] AuENE 245k 27
g AR AuZiA 7S $i8l vl=te) AEA; A
AE 7171221 SAE J1321 Joint TMC/SAE Fuel Consump-
= ARGl 9A F

tion Test Procedure - Type II AJ&H2

7(4§]—o]-031 /\]’6—]0 Z]o“o]- I;]- O:] ] ]1:, 51]"%‘7]%_9_% 7]'}2)]'
A2 98 So) SAVIS S APgsisen, Tt 2

http: //www.ekscc.re.kr



qb
2t
o2

184

Table 5. Greenhouse gas reduction scenarios

Category Value
Vehicle fuel economy 3.5 km/L
Mileage of day 600 km
Fuel consumption of day 171 L
Operation days 300 day
Fuel economy improvement 4.72%
Annual fuel consumption reductions 2427 L

Annual greenhouse gas reductions 6.86 ton CO, eq.
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(Unit : cars)

Category 5 tons or more 8 tons or more 10 tons or more 12 tons or more 15 tons or more 20 tons or more Total
Non-commercial 65,300 5,954 5,721 4,755 4,279 10,614 96,623
Commercial 31,142 7,830 9,076 16,944 9,547 75,738 150,277

Total 96,442 13,784 14,797 21,699 13,826 86,352 246,900
Source : MOLIT, 2016.1 , Vehicle registration., Ministry of Land, Infrastructure and Transport.
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