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Abstract

Operation and Maintenance in road infrastructure is repetitive carbon emissions activities to preserve the road in its
originally constructed condition. In the view of road planning and construction, operation, and maintenance of life cycle,
operation and maintenance stage quantification of carbon emissions is very important because it is easily accessible
activities to reduce carbon emissions in road infrastructure that existing and new road. However, carbon emissions
estimation in operation and maintenance stage is yet to do, because data collection is so hard and carbon emissions
estimation methodology is very complicated. In this study, a basic unit of carbon emission in the operation and
maintenance stage of the road infrastructure was developed in order to get the quantitative determination of carbon that
occurring. Carbon emissions of the Expressway and Common state road was calculated by using the basic unit of carbon
emission and application plan of basic unit of carbon emission are presented.
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Article Calculation of Basic Unit of Carbon Emissions in Operation and Maintenance stage of Road Infrastructure
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Figure 1. Framework of carbon emissions estimation in the
operation & maintenance stage
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Table 1. Data collection of operation stage

Category Collection data

Utility* * Annual operation cost bill
- The amount of communal water
- The amount of communal electricity
- Heating cost etc.

* Vehicle for management of road

- Operating records and total energy consumption
of patrol car

- Total energy consumption of water sprinkler

- Operating records and total energy consumption
of other vehicles

*: Collection period: at least 1 year

Table 2. Definition of Pavement in Maintenance stage

Section Definition
I
Surface Surfacr course
treatment Sub-base
Patching
Surfacr course
Sub-base
Overlay [ ovenay |
Surfacr course
Sub-base
Repavement Sul caufse Surface course
e

Table 3. Data collection of maintenance stage

Category Collection data
Maintenance * Quantity of construction material and
(Repair and equipment which are used repair and

Replacement) replacement

- Detailed work statement
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Table 4. Inventory data of carbon emissions in 'A'area (2008-2009)
Energy Consumption”(Unit/yr)

Section Scope Energy source 2008 2009 Average Emission source
Paving 1 Stationary combustion Kerosene(L) 93,524 61,920 77,122+ Business office, Tollgate
LPG(kg) 2,418 674 1,546 - Heating and cooling
Mobile combustion  Diesel(L) 100,056 115,357 107,707 + Vehicle
Gasoline(L) 3,017 3,345 3,181 - Traffic vehicle, Sprinkler truck, Facilities

management car, Patrol vehicle, Chloride
sprinkler vehicle, Dump truck (15 ton),
Loader, Lifter, Medium size bus etc.

2 Electricity(kWh) 2,133,582 2,663,015 2,398,299 -+ expressway lighting, CCTV, AVC?, VDS?,
VMS?, Storage house, other electricity
consumption facilities.

Tunnel 1 Mobile combustion  Diesel(L) 11,688 13,476 12,582 + Same as Paving Mobile combustion
Gasoline(L) 352 391 372
2 Electricity(kWh) 7,352,105 8,741,665 8,046,885 -+ expressway lighting, Ventilation fan etc.
Bridge 1 Mobile combustion  Diesel(L) 25,746 29,683 27,715+ Same as Paving Mobile combustion
Gasoline(L) 776 861 819
2 Electricity(kWh) 19,807 16,299 18,053 + expressway lighting, Road guide sign, VMS
etc.

1) source: Korea Expressway Corporation(2010), Inventory data of carbon emissions in 'A'area(modify by Yessorg)
2) AVC: Automatic Vehicle Classification, 3) VDS: Vehicle Detection System, 4) VMS: Variable Message Sign
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Table 5. Basic unit of carbon emissions operational stage

Energy Consumption”

Carbon emissions Length  Basic unit of carbon emissions

Section Scope Energy source (Unit/yn) (tCOreq./yr) (km) (tCO-eq./km - yr)
Paving 1 Stationary Kerosene(L) 77,722 196 58.7 33
combustion  [pG(kg) 1,546 5 0.1
Mobile Diesel(L) 107,707 287 49
combustion - Gasoline(L) 3,181 7 0.1
Subtotal - 495 8.4
2 Electricity(kWh) 2,398,299 1,126 19.2
Total - 1,621 27.6
Tunnel 1 Mobile Diesel(L) 12,582 34 6.9 49
combustion - Gasoline(L) 372 1 0.1
Subtotal 12,954 34 5.0
2 Electricity(kWh) 8,046,885 3,775 550.9
Total = 3,809 555.9
Bridge 1 Mobile Diesel(L) 27,715 74 15.1 49
combustion - Gasoline(L) 819 2 0.1
Subtotal 28,533 76 5.0
2 Electricity(kWh) 18,053 8 0.5
Total - 84 5.5
Total = 5,514 80.6 =
1) Refer to table 4
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Figure 3. Target of calculation of basic unit of carbon emissions
in maintenance stage
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Article Calculation of Basic Unit of Carbon Emissions in Operation and Maintenance stage of Road Infrastructure

Table 6. Basic Unit of Carbon emissions in Expressway

Amount of

. Estimation Eqlipmentand Maintenance Work per .F.uel ) Material Cgrbpn Basic Un'!t qf
Section standard Materials Standard Area(229)1 2) efficiency” Input  emissions Carbon em|55|on45)
(m?) (m2/day)? (z/hour)  (ton) (tCOy-eq./yr) (tCOx-eq./kmyr)
Surface  Slurry Seal  Slurry seal machine 3-3.8 m 1,002,700 5,000 234 - 97.42 0.3463
treatment Excavator 08’ 5,000 153 - 63.70
Asphalt” AP-3(85-100) - - 14,138 0.00
Surfacing Grinding machine W=1.25 m 1,100 52.7 - 997.27
(W=1.25m)
Loader(Tire) 057 m* 1,100 35 - 66.23
Sprinkler truck 5500 1 1,100 9.3 - 175.99
Patching Repair Plate compactor 1.5 ton 541,601 720 1.0 = 15.62 2.9102
pavement in Vibrating roller 0.7 ton 50 22 - 494.71
small area  (Hand guide)
Excavator(Tire) 0.18 m* 50 11.6 = 2,608.50
Truck 2.5 ton 50 29 = 652.12
Repair Plate compactor 1.5 ton 30 1.0 = 15.62
pavement in  Vibrating roller 2,5 ton 30 23 = 862.00
small area (motor)
(emergency) gy cavator 0.18 m’ 30 16 - 4,347.49
(Giant breaker) (0.2 mo)
Truck 2.5 ton 30 29 = 1,086.87
Cutter 320-400 30 5.6 = 1,685.83
Overlay  asphalt Asphalt finisher 30 m 1,317,000 2,000 13.9 - 190.02 0.1704
Overlay Macadam roller 10-12 ton 2,000 9.3 - 127.13
Tire type roller 8-15 ton 2,000 8.0 - 109.36
Tandem roller 5-8 ton 2,000 1.2 - 153.11
Sprinkler truck 16,000 - 8.0 - 109.36
Asphalt” AP-3(85-100) - - 216,647 0.02
Repave  Cutting and Crusher 2m 377,800 5,000 52.7 = 82.67 0.0413
-ment asphalt Loader(Tire) 057 m* 5,000 35 = 5.49
Overlay Asphalt finisher 30m 5,000 139 - 21.80
Macadam roller 10-12 ton 5,000 93 = 14.59
Tire type roller 8-15 ton 5,000 8.0 = 12.55
Tandem roller 5-8 ton 5,000 11.2 = 17.57
Sprinkler truck 16,000 5,000 8.0 = 12.55
Asphalt” AP-3(85-100) = - 62,148 0.00

1) source: Ministry of Land, Infrastructure and Transport(2012), Road pavement Statistics

2) Korea Society for the Construction Advancement(2013), Standard of construction estimate

3) Fuel: diesel

4) Carbon emissions(tCOz-eq./yr) / Road Length (4,044 km)

5) Thickness of asphalt in pavement: Slurry Seal(0.006m), asphalt Overlay(0.070m), Cutting and asphalt Overlay(0.070m)

FAF Al AR(2013) S FREIT EIMHIERICI| 0|2 =L E2AME 2H
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Table 7. Basic Unit of Carbon emissions in Common state road

Amount of

. Estimation Equipment and Maintenance work per 'Fluel ) Material Cqbpn Basic Unilt gf
Section . Standard Area (2012) efficiency Input emissions  Carbon emissions
standard Materials ) day - ~ 4)
(m (m? day)z) (1 /hour) (ton)  (tCO-eq./yr) (tCOr-eq./km:yr)
Surface Slurry Seal  Slurry seal machine 3-3.8 m 5,000 234 - 84.65 0.0120
treatment Excavator 08 m’ 5,000 153 - 55.35
Asphalt” AP-3(85-100) - - 12,285 0.00
Surfacing Grinding machine ~ W=1.25 m 1,100 52.7 - 866.58
(W=1.25m)
Loader(Tire) 057 m’ 1,100 35 - 57,55
Sprinkler truck 5500 1,100 93 - 152.93
Patching  Repair Plate compactor 1.5 ton 23,763 720 1.0 = 68.52 0.5079
pavement in Vibrating roller 0.7 ton 50 2.2 - 2,170.58
small area  (Hand guide)
Excavator(Tire) 0.18 m> 50 1.6 - 11,44490
Truck 2.5 ton 50 29 - 286122
Repair Plate compactor 1.5 ton 30 1 = 68.52
pavement in Vibrating 2,5 ton 30 23 - 3,782.08
small area  roller(motor)
(emergency) - £ycavator 018 m* 0 116 - 907483
(Giant breaker) (0.2 mo)
Truck 2.5 ton 30 29 - 476871
Cutter 320-400 30 5.6 - 7,39%.64
Overlay  asphalt Asphalt finisher 30m 102,692 2,000 139 - 1,481.64 0.0528
Overlay Macadam roller 10-12 ton 2,000 93 - 99132
Tire type roller 8-15 ton 2,000 8.0 - 852.75
Tandem roller 5-8 ton 2,000 1.2 - 1,193.84
Sprinkler truck 16,000 ¢ - 8.0 - 852.75
Asphalt” AP-3(85-100) - - 1,689,283 0.13
Repave-  Cutting and  Crusher 2m 58,637 5,000 52.7 - 320753 0.0638
ment asphalt Loader(Tire) 057 m’ 5,000 35 = 213.02
Overlay  asphalt finisher 3.0 m 5,000 139 - 84601
Macadam roller 10-12 ton 5,000 9.3 = 566.04
Tire type roller 8-15 ton 5,000 8.0 = 486.91
Tandem roller 5-8 ton 5,000 1.2 - 681.68
Sprinkler truck 16,000 5,000 8.0 - 486.91
Asphalt” AP-3(85-100) = = 964,570 0.07

1
2
3

)

)

) Fuel: diesel

4) Carbon emissions(tCO2-eq./yr) / Road Length (101,659 km)
)

Source: Ministry of Land, Infrastructure and Transport(2012), Road pavement Statistics
Korea Society for the Construction Advancement(2013), Standard of construction estimate

5) Thickness of asphalt in pavement: Slurry Seal(0.006m), asphalt Overlay(0.070m), Cutting and asphalt Overlay(0.070m)
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Table 8. Results of carbon emissions on operation stage of
expressway in Korea (2012) (unit: tCOy-eq./yr)
Emission ~ Carbon  Rate

section 2tape source  emissions” (%)
Paving 1 Stationary Kerosene 7,798 121
(L= 2,331 km)®  combustion |pg 180 03
Mobile Diesel 1,416 177
combustion  Gasoline 283 04
2 Electricity 44,729 694
Subtotal 64,406 100.0
Tunnel 1 Mobile Diesel 29%9 09
(L=606 km)? combustion  Gasoline 74 <04
2 Electricity 333,856  99.1
Subtotal 336,899 100.0
Bridge 1 Mobile Diesel 5423 885
(L=1,107 km)? combustion  Gasoline 135 22
2 Electricity 569 93
Subtotal 6,127 100.0

Total 407432 -

1) Length x Basic unit of carbon emissions in operation stage(refer to
Table 5.)

2) source: Ministry of Land, Infrastructure and Transport(2013), Yearbook
of Road Statistics

Unit: tCO2-eq/yr

7,000
6,000
5,000
4,000
3,000
2,000
1,000

o -

Patching
Patching

Surface treatment
Repavement
Surface treatment
Repavement

Highway Public road

Figure 4. Results of carbon emissions on maintenance stage of
road in Korea (2012)

Table 10. Maintenance Construction period

g Surface .
Section treatment Patching

Period 4 4 4 6
(year)
source: Korea Expressway Corporation(2008), Analysis of Life Cycle
Cost on Pavement, Tunnel, Slope

Overlay ~ Repavement

Table 11. Results of carbon emissions on operation and
maintenance of road during 30 years in Korea

Expressway Common state road
Table 9. Results of carbon emissions on maintenance stage of Carbon Carbon
road in Korea (2012) (unit: tCO,-eq./yr) Section emissions Rate emissions Rate
. 9 Carbon (tCOx-eq./ (%) (tCOreq./ (%)
Section Length(km) Pavement emissions 30y1) 30y1)
expressway 4,044 Surface treatment 434 Operation 12,222,960 99.85 12,222,960 99.37
Patching 1,968 Maintenance 18868  0.15 77405 063
Overlay 280 Total 12041828 10000 12300410 100,00
Repavement 20
Total 2,701 Bl ko] © e nE AT w oy
Common 101,659  Surface treatment 55 o] AR Aol Hlal adate Bt k=
state road Patching 6,331 ToA 253 A et eIl ganlEs &
Cuiztky AT °17] 91 71%7de] et
Repavement 1,963
Total 11,196
z=

1) source: Ministry of Land, Infrastructure and Transport (2013),
Yearbook of Road Statistics
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I’L‘%LT”P 5.5 tCOg eq. /kmﬂi b}E}W‘/}

T°r7\] B A gilE dd9le sy EREFAY
A} AHFA EEFA T ASE o] & ofBE
F] i3] nETES} P EE e R FHAT,
Q497 2nEs a2jn Xl el FEsirt
ALY 75 A7 AT BarE A9 s 15T E]
A%, ®EUAE 0.3463 tCO2.eq./km, ATFHSF
2.9102 tCOs-eq./km, TH$7] 0.1704 tCO2eq./

km, @ A¥EA 0.0413 tCO2-eq./km, E¥=%=2] 4
S, 3HA2] 0.0120 tCO2-eq./km, £3ES 0.5079
tCOz-eq./km, B&$7] 0.0528 tCOs-eq./km, AE
2 0.0638 tCOzeq./kmZE YEFSITEH
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