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Life Cycle Assessment of Rural Community Buildings Using OpenLCA™ DB
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ABSTRACT

Most of the rural development projects for the welfare of residents are mainly new construction and remodeling projects for community buildings such
as village halls and senior citizens. However, in the case of the construction industry, it has been studied that 23% of the total carbon dioxide emissions
generated in Korea are generated in the building-related sector. (GGIC, 2015) In order to reduce the emission of environmental pollutants resulting from
construction of rural community buildings, there is a need to establish a system for rural buildings by predicting the environmental impact. As a result
of this study, the emissions of air pollutants from buildings in rural communities were analyzed by dividing into seven stages: material production,
construction, operation, maintenance, demolition, recycling, and transportation activities related to disposal. As a result, 12 kg of carbon dioxide (CO),
0.06 kg of carbon monoxide (CO), 0.02 kg of methane (CH), 0.04 kg of nitrogen oxides (NO), 0.02 kg of sulfurous acid gas (SO), and non-methane
volatile organics per 1m of buildings in rural communities It was analyzed that 0.02 kg of compound (NMVOC) and 0.00011 kg of nitrous oxide (NO)
were released. This study proved that environmentally friendly design is possible with a quantitative methodology for the comparison of operating energy
and air pollutant emissions through the design specification change based on the statement of the rural community building. It is considered that it can
function as basic data for further research by collecting major structural changes and materials of rural community buildings.

Keywords: Life cycle assessment; OpenLCA™; rural community; air pollution; inventory DB
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OpenLCA™ DBE 0|8% 5& & Z2ES HutEE}
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1. Fal™™I} (Life Cycle Assessment)
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SAEE QIR S FFE HIsk= 7ol (1SO 2006) Kl
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7} o] Fo| A 7|22} - o] A= 7] /\17*0}0%}
1SO 14040°s= 7] 55 0 2 AnAHELo] 7| EAET 122
A3l 1S0 140403} v 7242 T2 1SO 14041 (2
At Ho) A, HEEA), 190 14042 (Hg F3FE7h), IS0
14043 (A} sfa) oz 4w o] Sltk &3 o5 49
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LCAS] 9] 9 82 A1E A 87 Hak2 Folv]
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Lifce Cycle Life Cycle Assessment Environmental Impact

Raw Purpose [ Global warming J
material definition :
Resource using

Produce [ Ozone Layer Depletion }

Resource N Life Cycle Life Cycle y P

List analysis Interpretation R -
enenrgy Transport Y [ Acidification J
—_—— Life Cycle [ Eutrophication ]
Recycling & Impact

\_ Y, Disposal Assessment \_ Y, [ Photochemical Ozone creation J

Fig. 1 Concept of LCA analysis
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Life Cycle of Construction

Production of . . Use & .
raw materials :> Transportation I:> Construction I:a Maintenance :> Disposal
Fig, 2 Stages of life cycle of construction
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Agto] 7Rs o), Fults AR AL 9Ito] £RHE 3
A7 B Az, S AR 7k Wi, 714l
FA Slat Tl oA BASHE Aukelule i
ek 72 2w /18 5o o) APEnE, 330 v
Q9Ieh7ol 4 Ak utei] E2EH] o3t LCA B
& 2 Aeln Saystg

31 Z
o
1A
=5

1~J

3. OpenLCA™

OpenLCA™= 1] DeltaGreen Alol|A] 7kt AZE o]
2, ZAIA LCA tlojelo] g shte) Eo2 Statol,
gAY HFE7|E mddsich HHAlL [SO 14040 2
140449 52 w211 Qlo] A=EQ] LCA 3j4S 71s3HA
it} 2 Aol Al OpenLCA™S o]-g3lo] LCA 945

A EZEA (Life Cycle Inventory analysiS' LCDH& —Zr
o7l AFAILRY] Hipo] X BYEY AHEEY S5
TREHL o) & HFgslel= A7} (Life Cycle Assessment'
LCA)Q] 3t ZHgolt}. LCARA ©HA| & H55A=9] 43T
Qe A A0 1 B SAZA, S A
AL AP A3 A AtRE Sl HESH= Zlo] QI
Eelo] A4lo] golelet, Ae] S BAS B 2AP]

IR sl Al B ARE 3o Ak
ABAIE GAgoh S ol Ang ok 14
oA A Bajol W e ARt AN Mg 8
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AL Y 5 YRS Gk BEAR FYRYL B
Az o] ol ShA Rk 7MY el e AtR
S s, 29 2 7Hge] e ARHel 2703 S
o

AR 7B 3t} Ml 7 ARE BUIE AL S
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S wsts] AR AR Al AR At A
ofstel ARRIT. el 7R3t B4 ARl E3 Hsst
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Foh.0m, Fig 3 OpenLCA™Me] 1] olgjsfols g Lo A= FAE dA o =4,

Ugolt} olggo] A= —;'ﬂ‘%o" Ylo| Ao RS B BA AEZE]9] flo]E & o8 = Qo AR AbR| T

ZRAES e, 0= A 2 =] o of up2 gt EAHE Wee] it

-2 A, selshA, At ek IS0 140442 83T LCI A= @ 20 Aol o
openlCA 150 (=1 - |

& Navigation # Weleame TestBottle | P TestBottle 7 ok TestBottle

Process: TestBottle

Flow = Category

focestry and fishing
quarying

I EWster supply: sew
™ F:Construction
=

™ S5:Other
o = Qutputs

Flow
: TestBottie

eam and air conditioning supp
¥, SEWETagE, Waste management anc

W SDther service activities

General information |Inputy/Dutputs| Administrative information

woltage 351:Electric powe

I Quick results

Unit CostsfReve_ Uncertainty  Avoided pr_ Pedigree u_  Desc
= fhemis none

Modeling and validation Parameters| Allocation Social aspects

Fig. 3 Graphic user interface of OpenLCA™
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Fig. 4 OpenL.CA™ database process
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H717449] LCAZZAAE Bol BRI UARITE
LCA ZZA| A= Fig 59 Zth

AZES LCA B7RP] Q1314 w4 1520 HA A
% eIAolA 152l et TPRUARE Fof o
SH ASTAE Heshn, 35 e Fdeld T
S el elaEst Sk oslo] At BE W Uiy
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Table 1 Study area

T |
Dinkingwater, . 3]
afolyethyene hghd. e e}
SGraniite podictons
oputs | Outputs Sinemediateproc. 2
V- | Ganulats | Iopas | Outas ofinal Asemyand..0
oot e | s | Ous
i Tampota o ¥ dinkng . e b
s | Qutputs £
Y Granulates {TansportA | g Outouss  Transportof e fil.

Inpus | Outputs
Yilled batt..| TansportC

afojenene teeoh. ¢ | §

atoypropenegran.s "

[ omytransport, Eur_o |

General nformaticn Parameters Modelgraph

Fig. 5 OpenLCA™ process networks

A 7+ 2ol djet Ajme] 4
QS A3 o] LCA QHIED oA 7EA oz g
oz A1 7} Bsjer Yol

WS vehe, U s A J%E} we Ao
gl Aeiste] 919 L oz AFH LUT s By
apo] 2%k

AaB AR AE57] 1 WA e
TE 4ASIA AT BAS ARk o] Slste] 53

Chojeong-ri village

Project name )
) development project

development project

Namil-myeon general agricultural
and fishing village development
project

Lotus village

Project period 2018. 01. 01.~2020. 12. 31.

2018. 01. 01.~2020. 12. 31.

2017. 01. 01.~2019. 12. 31.

. Naesu-eup, Cheongwon-gu,
Location P g g

Gangnae-myeon, Heungdeok-gu,
Cheongju-si, Chungcheongbuk-do | Cheongju-si, Chungcheongbuk-do | Cheongju-si, Chungcheongbuk-do

Namil-myeon, Sangdang-gu,

Project target area Senior dormitory

Senior dormitory Rural community building

Project contents Remodeling

Remodeling New Construction

Total project cost 500,000,000 won

1,000,000,000 won

880,000,000 won

Project plan
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OpenLCA™ DBE 0|&7%t

SZ 3SH dEE Haygst

HolA Al dubsitolEale] § netter] Ae
& 2= v 35 A5ES R et AF
H ka2 2017355 20199 =0l FEvREE7 AR S
A a2 33, 24, YRS L= si%s
& A AEEL vl 58 AER vEE, A=Y
T SoR ol g HHoR F5HE USEot & A7
ol He vF 3A 1529 N8e Table 13} Ltk

ATl 3 AF=2 vt R giiEe] v
ol 9L el B2 vk dlto] kmpshrt 1A E
o /M5 Ee AR AEAEIL Qlof, 1 87} gho, of

LA A A7 Aol

# AT AL FHRE ) SEORSEI A AU
uhe: 5 ksl a1 WIS Beskgon, A
A AFEAZIAY] LCA HAS MMk 3700 1%
2 % 240 01288 wols)n Joz 2gun, A%t
L AQO R F 50190] ARI7E FE T FAjolu], FHe]
SEL R R N Y M LR e
AHBE F 10299] Aoul7} ol g dete) 2
§ solulsn AHEE & HAS BHOR NZHy, 88
©}219] FAp| FFuolct. 2} At i A%B| AAEAC

A oAb Weiush RS olgelsite, EukeuE]
919 LCA B4 R9< 1E7] 98] 35 ete i

ol o
T, Aol ASE dEARE HAsHI s 712
e, Hupr], Aaks, W) 9low, Table 29} 2T

Table 2 List of construction material for LCA analysis

2. LCA &AM Zat 9l =t

2 Qo] Agu ES FAT Ak Table 33} 2
Tk LCA 84 W2 ol 83 5249 A% SOC B4}
Aue, $4AT Ao et olksteka Yool
A EA=Iglom, o] 4ro] 4
o Zkgro] & WRE ZHT A0 malth. el
R C KRR
) o] kBekd: ok F3gol
sfeka WAle] o 2t 39 16670 ke 22, 9900 ke,
Ao 11,621 kgol WAISAO, £ Ao HEH AT
292 B2 o= AW e Yt o skl
sfagoll Y3t uli 2 HESE st (Figs. 6, 7).

AT AT dlojello] g Fgte] - AZAAYE LCA
dlol o] g Hjgho 2 a2 Sk 8 A Ay
SHe olAkBHEIA RS ol 4 glow, olo] that o)
Seha AFANE 7HAE 5 Uk 5E T5A 452 A
FB7HE Bato] A AokF7] S04 FF 1 md G olakpek
4 (C0) 16 ke, QA¥EFEHE (CO) 0.04 ke, HiEh (CHy) 004 ke,
AAAEHE (NO,) 0.03 ke, OFFHI7E (S0) 003 ke Bl
A F2 $715KH8 (NMVOC) 0.03 kg, oMHEFE 4 (NO)
0.00011 kg®] )71 2 HBAL Mok Ao FAH )
2 W) 8 o] QA uhE Table 49} 2. A
Al o] | edR e wEw, AU W,
ABRA WhET, SGEA B S wE, d1a
A EFS 242} AESIL ol FFHOE lusiet 7}
SAME B oA MR iR By e d e

3
-
O
>~
fu
>
>
9‘_‘5
pcs
|o
Hor
i)
gl
—Hr
=
it
=2

Categories Label Value
Categories 1 Categories 2 Title Unit kg, CO;
Material Construction Concrete kg 0.1500
Material Construction Aggregate kg 0.0147
Material Construction Sand kg 0.0100
Material Construction Cement kg 0.9250
Material Construction pPvC kg 1.3200
Material Construction Glass fiber kg 3.7000
Material Construction Glass kg 0.0750
Material Construction Gypsum board kg 135.0000
Material Construction Remicon 25-21-15 m 410.0000
Material Construction Woodchip kg 0.2660
Energy Heat Diesel [ 0.0681
Transit 8~12ton Truck km 0.0036
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4840l o|HE - 7
Table 3 Result of rural community building CO, emission (Unit: g—CO2 eq/g)

Material Gung Hyun Chojeong Hyun Am
Concrete 157.80 157.8 150.54
Recycled aggregate 0.44 0.23 0.88
Sand 10.74 5.42 9.42
Cement 1174.80 152.19 0
PVC 0.01 0 5.66
Gypsum board 9585.94 9585 6075.00
Ready-mixed concrete 5740.04 0 5379.21
Back-hoe loader 0.01 0.01 1.77
Total 16,669.78 9,900.65 11,622.48

Cho Jung-Li Gung Hyeon-Li

m Concret
W Recycled aggregae
mSand
Cement
mPVC
B Gypsum board
m Ready-mixed Concrete
W Diesel

m Backhoe

(a) Cho Jung

m Concret
W Recycled aggregae
mSand
Cement
mPVC
B Gypsum board
m Ready-mixed Concrete

W Diesel

m Backhoe

(b) Gung Hyeon

Hyeon Am-Li

m Concret
W Recycled aggregae
mSand
Cement
mPVC
B Gypsum board
m Ready-mixed Concrete
W Diesel

m Backhoe

CO2 EMISSION(KG)

853710 |

Gung Hyeon-Li ChoJung-Li

Hyeon Am-Li

Fig. 7 Total amount of CO, generated load

(c) Hyeon Am

Fig. 6 Results of LCA analysis for study area

50 HlEee A LgiEo] 7 2 e v|A T
qh%z AAAYAAE & 4= QAT A YAksleraol
& YA %741% 93% ThELY] MiE T AR5
owl HuEA] 1A f71SRHES SR 59.83%, AHA
YA 40.04%9] =02 JolE BT
AAe] RN HE o4m g 24l st
1542 & &2 (103.5 m’) 2o} e CO, Falge 27
Uehdsd, ol A% gl BA9] 1w, At} 72
5 ofg] 8o o8 A7 Ao WE Aoz wrkE) wel
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OpenLCA™ DBE 0|23 £ ZSH HEE

Moy gt

Table 4 Air pollutant emission by construction stage (Unit: kg)
Construction Materi.al Construction Operation Demolition Recycling | Transportation Total
stage production
CO; 3,180,962 12,770 16,532,176 4,415 23,563 97 19,753,983
CHy 3,601 6.12 21,140 0.43 78 0.03 24,825.58
N0 6.68 0.03 48 0 0.06 0 54.77
SO, 2,441 487 22,218 6.09 1.95 0.13 24,672.04
Co 315,422 1.31 7,001 9.02 1.98 0.01 322,435.32
NO,, 6,546 487 37,469 3.87 6.78 0.12 44,030.64
NMVOC 342 0.29 541 0.01 0.74 0.0002 884.04
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