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A study on the estimation methodology of carbon emissions for
construction project of K-water
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ABSTRACT

The “Carbon Neutral” has become the most important goal to achieve in the era of the climate change crisis. K-water
has prepared a roadmap for implementing “Carbon Neutral” by 2050. However, only the reduction targets and strategies
for scope 1 and 2 have been set, so the management of carbon generated during the construction project and upfront
carbon is not being implemented. Therefore, in this study, the criteria and methodology for estimation carbon emissions
in the construction sector at domestic and foreign were reviewed, and a methodology for estimation carbon emissions
suitable for K-water construction projects was presented, and a case study was conducted. As a result, most of the
carbon emissions were more than 90% of the upfront emissions due to material production. Therefore, upfront carbon
management is required for carbon management of K-water construction projects, and it is necessary to quantify carbon
emissions through GHG construction inventory, etc., and to establish strategies for future reduction technologies.
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Table 1. Key international and European standards and domestic carbon emission calculation methods referred to in this

study

Standard Main Contents Regional jurisdiction

Int tional

IPCC(2006) * Guidelines for building inventory to assess national greenhouse gas emissions s?air;;éona

Int tional

ISO 14040: 2006 |« Environmental management — Life cycle assessment — Principles and framework Sltlair;l;éona

Int tional

ISO 14044: 2006 |« Environmental management — Life cycle assessment — Requirements and guidelines Sltlazr;l;éona
ProtocoiIZ{(?ll] * The Product Life Cycle Accounting and Reporting Standard International standard

MOLIT(2011) * Carbon emissions calculation methods and guidelines for roads, railways and Korea document

buildings

EN 15978: 2011

» Sustainability of construction works — Assessment of environmental performance of
buildings — Calculation method

European standard

EN 15804:
2012 + A1: 2013

« Sustainability of construction works — Environmental product declarations — Core
rules for the product category of construction products

European standard

EN 16449: 2014

» Wood and wood-based products. Calculation of the biogenic carbon content of
wood and conversion to carbon dioxide

European standard

EN 16485: 2014

*Round and sawn timber. Environmental Product Declarations.
* Product category rules for wood and wood-based products for use in construction

European standard

PAS 2080: 2016 |+ Carbon management in infrastructure UK document
« Sustainability in buildings and civil engineering works — Core rules for International
ISO 21930: 2017 . . . .
environmental product declarations of construction products and services standard
1SO/TS 14067: 2018 |° Green%l.ous? gases — Carbon footprint of products — Requirements and guidelines for | International
quantification standard

EN 16757: 2017

» Sustainability of construction works.
« Environmental product declarations.
« Product Category Rules for concrete and concrete elements

European standard

RICS(2017) » Whole life carbon assessment for the built environment UK document
« Specifies principles and requirements at the organization level for quantification | International
ISO 14064-1: 2018 . -
and reporting of greenhouse gas (GHG) emissions and removals. standard
« Specifies principles and requirements and provides guidance at the project level for International
ISO 14064-2: 2019 quantification, monitoring and reporting of activities intended to cause greenhouse
. . standard
gas (GHG) emission reductions or removal enhancements.
» Specifies principles and requirements and provides guidance for those conducting | International
ISO 14064-3: 2019 . Sy e .
or managing the validation and/or verification of greenhouse gas (GHG) assertions. | standard
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Table 2. Estimation methods of GHGs emission for K-water Projects

Category

Composition

Assessment target

» Assessment target and method definition

Assessment of life cycle

« life cycle definition, method

Sco d
bCoqu d:;ly Target greenhouse gases « Consideration of the kinds of greenhouse gases
definition Assessment scope of life cycle « Life cycle definition by assessment scope and target, method

Identify source

« Direct emissions, Indirect emissions, other indirect emissions
separated by sources calculations

Data collection Data collection

* Data collection of life cycle for carbon emissions calculations

and analysis Data analysis for emissions calculation

+ Input analysis for emissions analysis

Emissions formula definition

« Construction stage: carbon emissions formula according to input
materials, equipment usage

Connection with carbon emissions
factor

Carbon emissions
calculation

+ Connection with materials DB and energy DB

Carbon emissions calculation

« Calculations of life cycle carbon emissions

Cut-off level for data analysis

« Cut-off level setting for life cycle

Life Cycle

A-1. product{Materials)
production

A-2, Construction phase

System boundary Suggested by EN 15978

Life cycle System boundary for
K-water construction projects

[A1] Raw material extraction & supply
[A2] Transport to manufacturing plant
[A3] Manufacturing & fabrication

[A4] Transport to project site

[A5] Construction &installation process

Construction phase

[B1] Facility Use

[B3] Repair
B. Usage Phase

[B2] Maintenance

[B4] Replacement

[B5] Refurbishment

[B6] Operational energy use
[B7] Operational water use

Operational phase

C. End of life phases

[C4] Disposal

[C1] Deconstruction Demolition
[C2] Transport to disposal facility
[C3] Processing for reuse, recovery or recycling

End of life phases

D. Profits and burdens
beside System Boundaries

Additional
Information

Fig. 1. System boundary for K-water construction projects.
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Table 3. Data collection and analysis contents

DB} FEEo] 9lA) ke A97} thriol), )
HolAY GAAE DB7F AAE 4 s A
2 LCI DBES Z83sly, 3Ed S AEZ MSDS
(Material Safety Data Sheet) ZAME Sl A E &
4 uge Paste] SATA R4S 24 U

23} 22 9t}
dlolg 4 Ao A A G B

Slo} LCI DB 74 712 ©i7} Aolat 4% dzol
shike A gatol the] 715 Astolol shul A4
oA AR A ) ﬂ*}% A5 712 Sol WA

ol gl A9 Y e vgstel matich
AAR Aol A T2 yg

Category

Analysis contents

Detail estimate sheet

* Work amount by construction work, Input amount(the material cost)

Itemized unit cost

« Material input(ton, m?,

etc), Energy usage due to equipment usage (L)

A standard of estimate

« The application of the average standard amount of construction work when there is no basis
for calculating the details such as itemized unit cost

Total material input

« Calculation of inputs by material and usage by equipment energy source

Heavy equipment usage

estimate

 Unit price, Equipment usage time(hr/unit)

Prime coating RSC-3 asphalt RS(C)-1,2,3,4 P/K(2000) Q?ES [‘fr-r?ﬁ
Tack Coating RSC-4 asphalt RS(C)-1,2,3,4 P/K(2000) I 0.3] Efmz
civil engineering work Road pavement construction | < Prime coating RSC-3,75i/a 1100 | m—
ime coating | Y W
civil engineering work Road pavement construction Tack Coating RSCIJ 302 200 m*

civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work

Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction

concrete pavement
concrete pavement
concrete pavement
concrete pavement
concrete pavement
concrete pavement
concrete pavement
concrete pavement
concrete pavement

| Quantity |X |Usage perUnit| = | Material quantity |

|‘I,‘IOOn'|2 | | 0.765 ¢ /m? | |

Calculating material quantity by construction works
(Example)

84151 |

Fig. 2. Example of calculating material quantity by construction works.

civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work
civil engineering work

Road pavement constru ctionci_'_'__E_ane_cc_m:iE

Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction
Road pavement construction
Road pavemnent construction
Road pavement construction

asphalt sprayer
asphalt sprayer

400f ¢ D.00L
4008

T
000  h/m'

—

gasoline
gascline

124
Iz

RSC-3,750/2 1100 |
Tack Coating | - — | 200 m
. Working hour .
o] ["285] x [posien]
‘ 1,100m2 ‘ ‘ 0001 hr/m2 ‘ ‘ 1.2 0/hr ‘ 1321

Calculating energy usage by construction works
(Example)

Fig. 3. Example of calculating energy usage by construction works.
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Table 4. Calculation of GHGs emissions and applicable DB for K-water construction projects

Calculation items Equation Applicable data Remarks

Material input Work amount (unit) X Material inputs * Estimation system of Design/

(ton, m®, etc) (ton, m® /unit) Calculation basis Activity data for scope 3

Work amount (unit) / amount per hour
Energy usage due to | (unit/hr) X fuel efficiency(L/hr) or
equipment usage (L) | Work amount (unit) X Equipment usage
time(hr/unit) X fuel efficiency (L/hr)

* Select according to the calculation
method in the estimation of design Activity data for scope 1
(Only for diesel or gasoline)

CO, emissions due to | y[Material input (kg, m® etc) X Emission | National LCI DB,
material input coefficient (tGHG(CO,/CH,/ N,O)/kg, m* UNEP-GLAD DB?,
(tCOz-eq) etc) X GWP] Ecoinvent DB etc can be applied

Scope 3
Upfront carbon emissions

National calorific value” and IPCC 2006
S[Energy usage(kWh, m® etc) X calorific amount®

Permutations(MJ/kWh, m® etc) X Emission |Can be applied.

coefficient (tGHGs (CO»/CH4/N,0)/T]) x The basic emission coefficients by fuel
107 x GWP] and greenhouse gas in the mobile
combustion (road) sector may be applied.

CO, emissions from
equipment use
(tCOs-eq)

Scope 1 or 2
Direct Emission
Indirect Emission

a) UNEP-GLAD: Global LCA Data Access network
b) Energy Law Enforcement Rules
c) GWP: IPCC 2006 Guideline

Table 5. Overview of target project(Sihwa MTV Line 1-117)

Category Contents Category Contents
Target project name |+ Sihwa MTV Line 1-117 Length *L=1.36 km
Location * Wolgot-dong, Siheung-si, Gyeonggi-do * Bridge: 688 m / 1 ea(Regid-Frame-Typed
Major facilities Segmental PSC Box Girder Bridges)
Width of road *B=27.0 m ~ 31.3 m(6 lane road) -Underground road: 80 m / 1 ea(PSTM)

Agilo] Sgehs GRS gYoE S =P 3 Kowater ZAAMTA} ELAHHEZE Al
), Qi glelo] ok AoR A2sn Auls
A5 A A S Ao Asisi) 4 =4

ek A4 AANSG L ARFA ol 3t AR F= 3.1 24 712
of th3t eriuiEer APYS T o]F A YA =0
Z SamEg A ArHY BEY APt AAZA erav|Es Abgue] o2 g7 W)
Cutoff $+F& w30 Ywrzlom 90% o] A 2 AAMA, &5 dolg 4 9 24, et
2HS BAsla AR golg dA U Ay Seo AP A2 9 wpo] whet AA] K-water 71434
olgto] glow AlgAo] = el ALY AT g3t saujEeke BAET
2 7133 4 ok E Ao A AHES 298 FA K-waterd] & -
A7 AAFA] B AR B BA Folli= B s olMlEa]R olshe] HOsT Lodsls A A g
FAAR FAE BEOG A 5= wWol @A DB gst Bl = e Zolma WE ARSI OOk, 3 =
& FEORE Aol ofEE @&l o FE A 1 HyjgAel AR Loz QE SauE &
8 AA SOl Higk Alat LCI DB -5, 2AF G0l gro A4S 913 7% dlolE Fmo o]y goz A
o]Fo A g W8-S wtgst] giujEs A=A Qla}aL A|BTHA, = EA LA A] A|ZZ AH] AL
= T Aok o2 olale] Mysl shaujEal dig A & 2
Q3 AR A B v EE s SR T
of ghgste] HAfslqict
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Table 5.2} 2t} AlAA Bl YA 9 27

BA o)Al Ao ng F 9 @ thARS K-watero]| A] £ pdsdlon, AlRsEd £ A, AR A
wrst SolEzol ABHAR YA, BaE BB EEAch LAMA HaAdAE Ao
2 ol (Scope 1), THMZ(Soope 2), L Hre]  BE, WO, AL 5ol Y2 seretn dA| o
1H W Z(Scope 3)oll thsto] ALSIGTE sgAble]  AuilER Abgel] Wad AR £, Au] A 5o
FAP Wl A Ao FEol AP YA, G SFE AFHAA AR FAom st
Table 6. Detailed Construction work classification

No. Category No. Category No. Constriction work

I Common cost Ia Common facilities A Common part
A Cut embankment session
B Road structure

I Road transportation facilities I Main road C Pavement of a road
D Road safety facilities
E Landscape facilities
A Bridge substructure

m Bridge facilities m.1 Wolgot Bridge B Bridge road
C Bridge safety facilities
D Bridge structure

v Government-supplied materials - - - -

Table 7. Input material quantity and carbon emission DB by major material
Category Material quantity Unit DB name DB source
. )\ f3oat
Sention steel 1,872 TON electric steel sections National LCI DB*(Ministry of Trade, Industry and
Energy, 2003)
Gravel 25,696 M3 Gravel National LCI DB“’(KEITI, 2019)
. . )N\ f3oat
Steel bar 12,445 TON electric steel deformed | National LCI DB”(Ministry of Trade, Industry and
bars Energy, 2003)
Cement 44,125 bag Cement National LCI DBY(KEITI, 2016)
Steel grating 194 EA Stainless Steel National LCI DB”(Ministry of Environment, 2005)
Steel pipe 5,751 M carbon steel National LCI DB”(Ministry of Environment, 2005)
PET 3,796 M PET National LCI DBa’[Ministry of Environment, 2003)
s National LCI DB”(Ministry of Land, Infrastructure
Sand 36 M Sand and Transport, 2006)
Mastic asphalt 270 DM Mastic asphalt Mastic asphalt(RoW), Ecoinvent 3.8V
Bridge bearing 152 EA Elastomeric Bearing Domestic LCI DB(Hwang et al., 2017)
Expansion joint 108 M Expansion joint Domestic LCI DB(Hwang et al., 2017)
Ascon 15,659 TON Ascon National LCI DBY(KEITI, 2018)
. 3 Ready mixed concrete National LCI DB”(Ministry of Trade, Industry and
Ready mixed concrete 53,344 M (25-210-12) Energy, 2003)

a) Korea LCI Database information network
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T, EReAAA, BN, BEAA YR TR

T e AlFEZ QL ZFAA Table 6.3} 2Tt

VY 2 RRE 3E

H =1
T

DB A maol A P30 ¢yl Ur/ofuix] FBL
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Table 8. Carbon emissions of target project(Sihwa MTV Line 1-117)

Carbon emissions(tCO,)
Category1l Category2 Category3 Material Eaui
quipment . o
(Scope 3) (Scope 1+2) Total PR
Common cost Common facilities Common part 895.59 0.11 895.70 2.93%
Cut embankment session 57.32 11.96 69.28 0.23%
Road structure 3,338.28 187.95 3,526.24 11.53%
Road tra.ngportanon Main road Pavement of a road 14.81 0.00 14.81 0.05%
facilities
Road safety facilities 0.27 0.00 0.27 0.00%
Landscape facilities 0.00 0.00 0.00 0.00%
Bridge substructure 1,470.24 0.26 1,470.50 4.81%
. . . Bridge road 1,718.03 0.00 1,718.03 5.62%
Bridge facilities Wolgot Bridge - —
Bridge safety facilities 0.00 0.00 0.00 0.00%
Bridge structure 0.00 0.00 0.00 0.00%
Government-supplied - - 22,686.18 0.00 22,886.18 74.84%
materials
Total 30,380.72 200.29 30,581.01 100.00%
Carbon emissions(tCO,)
4000.00
3,526.24
3500.00
3000.00
2500.00
2000.00 1,718.03
1,470.50
1500.00
1000.00 895.70
500.00
69.28 14.81 0.27 0.00 0.00 0.00
0.00 — — —
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Fig. 4. Carbon emissions by construction work classification except government-supplied materials.

Journal of Korean Society of Water and Wastewater Vol. 36, No. 6, December 2022

pp. 413-425

42 m—



o

tot Qi

hl}

r

K-water 21EAIO| EMMIERF AHH0]

5

=ujeo] TH DB7F §l& A] =+2] DB(Ecoinvent,
GaBi)E #Eslo] DB +5H 9|, A% A, Al2H
AA Sol =riet FAFeE DBE -Aste] A skt

= 4 AFdellAl DB dAZE 7Hse A B,
A, A, AHE, Agdold, b PET(Polyethylene
terephthalate), %2}, Mastic asphalt, W Z}A} =], Al=0]&
A, ofAF, HnlE F 13FFoIH A FAdETF
9 SavjEAe AHE S5 Table 7.9 e Sl

B AUl S 30,581.01 tCOreq. 2 HA4

TAAERTE SGANEF 7oE 2AREY 8 AA
Argol 2FE AFAANE AstH EE2A2EY]
BAaulE 7)o o] TP wA YEhge, s
YR, W EFRE 02 E 7|E7t 22 A
o2 yetylth giREe] gamES A AHEoR
sl 71Qleh =8 FAF - HEE IFAA T 22,886.18
tCO-eq.(74.8%), T2 SEA]A 3,610.59 tCOs-eq.(11.8%),
WEFA|A 3,188.53 tCOreq.(10.4%), EEZLA}F 895.70
tCOx-eq.2.9%) =02 EAE Uk A F A Q] etaulE
& &4 ZA3t= Table 83t Fig. 40 Uepglct.

ERFEE FF5olMe A5 5 PSTM(Pressurizing

Table 9. Upfront Carbon emissions by major material

i

Support Tunneling Method) =2+H5-2]
7 F

PR
et ek Fabo] AlZEE 4w W AH A
I AR EQlo @ et BtaujEaFo] 723.61 tCO,-eq.
2 20 g goos EAEg

=2k Al 7
o
=

oN

AT & FYEe A AR wiEE= ¢
30,380.72 tCOy-eq@ L}EFSET}.
Aol &gt & 7]oj&E+= Table 9.0 vtebdl
At Zo] FulE 21,837.16 tCO-eq(71.88%), B+t
3,409.12 tCO-eq(11.22%), A|HIE 1,427.89 tCOxreq
(4.70%), O}AZ 989.65 tCO,-eq(3.26%), PET 918.76
tCOreq(3.02%) <o = yehgth o3e=z A4 A
FEl= A Bkl 7MY =2 HuEe] A
Zo| 7P =L, AxA b Ay A7E BYE=
Steel @] o] 1 th&S UetWlon=z, A4 A= A
o Al EAHfERo] =2 AAEE AL AR

A7t e,

4, K-water ZIGAIHQ| X|&AQl EtA
| diot

K-water= 2050@7}A] 7.8 ¥utE9] L A17}A 7h

olehs I ofF, B zero B2, Box By

oN
Hy

Carbon

Material emissions(tCO,) Ratio
Rcesgé,r;tr:.xed 21,837.16 71.88%
Steel bar 3,409.12 11.22%
Cement 1,427.89 4.70% o Ready mixed concrete
Ascon 989.65 3.26% :it:r:le?ir
PET 918.76 3.02% Ascon
Sention steel 803.20 2.64% m PET
Steel pipe 723.61 2.38% = Sention st
Gravel 173.96 0.57% :Z:irme
Bridge bearing 35.15 0.12% Bridge bearing
Expansion joint 29.80 0.10% Expansion joint
Steel grating 17.73 0.06% = Steel grating
Mastic asphalt 14.55 0.05% " 2"55:6 asphalt
Sand 0.14 0.00% ™
Total 30,380.72 100.00%
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A of
7] Y3t eSAuEA S A EEFH o2 Ayo|Est= elastomeric bearing life cycle inventory (LCI) database
A1S Aesly Yoy AARA zraHa x5t to improve reliability of evaluation of environmental
o] A7 A EaujEeko] AR oa A 2 9l load of bridges, J. Korean Soc. Civ. Eng., 37(4),
AeE Aol Wasith savEde YuHos o8 o |

AL 2 o) SraujEelohel st AHE T Kewater IPCC. (2006). TPCC Guidelines for National Greenhouse
o= T "“; = ) Gas Inventories, Prepared by the National Greenhouse
ALSAER BlF Ald=e] A 318 daieds Gas Inventories Programme, Eggleston H.S, BuendiaL.,
AAskaL, AdeAoARE ©a wES ol W Miwa K., NgaraT. and Tanabe K.(eds). Published:
Qbo] miAE L, eyt A gauiE® A5l IGES, Japan.
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