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Abstract

Korean Government has developed Sejong City as a new administration city. This city of future was planned and
designed toward one of the most eco-friendly city on the basis of ICTs. To attain this object, a carbon emission
monitoring system (CEMS) was designed and installed as a part of u-city service which provides various information
anytime and anywhere to enrich the people’'s quality of life.

In this paper, at first, the structure and functions of CEMS are introduced. This system is consist of 5 parts — data
collection from user and linked public DBs, transforming data into meaningful information for the policy makers,
system-user interfacing via statistical tables and graphs, and system maintenance. This system can be operated by the
citizen participation through whole the process. With the help of GIS map and graphic interface, statistics of monitored
data for both citizen and decision maker provided and after feed-back, they have affected on the behaviour of citizen's
energy consumption and related policy as well.

By the CEMS, energy consumption data of 124 agreed households were collected during 9 months in 2012.
Electricity, gas and water consumption were remote-metered automatically by the system and analysed. This showed
that more than 85% of CO2 emission is rely on electricity usage. Furthermore, number of family members and size of
house influences on the emission of CO2 by each household together with the life-style of the occupants. Electricity
and water consumption showed the seasonal factor while gas consumption represents the number of family members.

Even this paper has limitations caused by 9 months of data collection, it shows the policy directions to reduce the
emission of CO2 focusing on the house size and number of family members of each households. With the result of

this research, life-style of the generation of dwellers should be investigated and the CO2 emission characteristics of

other housing type as well for the data building for future policy making.
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Fig. 1. Mechanism of carbon emissions in the city
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Table 1. Energy consumption and CO; emission by households

Energy Consumption CO;-Emission Iélgtional

TOE Rate(%) COz.eq Rate(%) Emfssion

Heating 2,846,270.0 68% 31,109,748.6 53.5% 5.2%

g (1)1ril ding Cooling 566,550.6 3.0% 2,930,249.7 5.0% 0.5%
Performance Lighting 566,550.6 3.0% 2,930,249.7 5.0% 0.5%
Warm Water 16,370.0 0.1% 52.023.9 0.1% 0.0%

For Everyday Home Appliances 3,542,998.8 18,8% 18,324,702.6 31.5% 3.1%
activity Cooking 1,346,280.0 7.1% 2,846,404.4 4.9% 0.5%
Total 18,885,020.0  100.0%  58,193,378.8  100.0% 9.7%

Source : Cho and Lee, 2010, p. 22
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Fig. 2. Monitoring of urban activity and CO; emission in a city
Source : Choe, et. al. 2010
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Table 2. Carbon point or millage system in Korea and Japan
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Carbon Point Mileage

Eco Mileage Eco Action Point

Agent Ministry of Environment, Seoul Metropolitan Government, Ministry of Environment,
Korea Korea Japan
Implementation 2009 2009 2008
participant Residential, —commercial, etc. Homes, businesses, schools, Corporate,  government, home,

etc. etc.

A standard amount Recent two-year average

Recent six-month  average CO; emission  reduction

purchase products

Reward 10 gCO=1 point, (3Won)

Reduction of 10 gCO,
= 1 millage

Compensation period Quarterly

Twice a year Every purchases and registration

on PC or smartphone

Incentive Cash, voucher, waste bag, etc. Points which can be used to Points exchangeable to
buy eco-related items eco-related items
Homepage www.cpoint.or.kr www.ecomileage.seoul.go.kr
Statistics information X X X

© Copyright The Korea Institute of Ecological Architecture And Environment 57



7 U AlZFlo] ok EailESA / ded - oldE
3. CEMS : MSA| EFADL|E{Z AJAE gl FFRRA~EDI dolHE TRt AL 1t
o EEAT. F, AdF 8 ETAEd ddAs, Y
3.1 MEA| SHAE D CEMS BHAE T2 PHARA A A AAE Tt S
A "ok 3, A7), vk, SR oG 8l 25 5] Ay
AFAE 20059 5€ 18Y ‘APAFE FEoHL 9 A Mg FAGA Y A =" AAT dF4A
gt A7) FFAY PFAFTAET=EA dAHE f% 5 S B F71Ho 7 HolHE Az 1 9o &
W oo] A - FE wet Algo]l FyE Aol dolE S 7144 S 9R/|#F AA st A Furo}
AZE AT AFTAE Hdde 135 A s BF o] FYAH A X (main processing system) A FA 3}
o HTwe TlsE £8 & @uel AnE YHTEEA gy 2y 9 A 5 gue) FedeA AT =
AFEA S AR WAL 465kd, ALHAL 72.91kiol 1, S olel 7h6 dlolell 3 .
ol 20303744 50t olth. #wE Wl oAsd ng'ns)];}_g;i;_g_Q]Eix:_gégj ;;Mswaﬂame e
2012 6€ 309 FAEE dArITel AAFHL FH F D9 35 CEMSe] AA ?M‘:o]'q CEMS: @ Data
s A7lT 4dY, FFA dY, sHEE Ade dd "o iy T -
AA, @ ZUHHS 5% Data A5, @ 7134 vlolEHE

o] A A 2012 7€ 1Y MTE-EAAAIZF EHA

AFAE Hd B3R B4 e AA Ao A&7ts
3 m=AS =z stx gtk AU u-CityA
UMS(urban management system)s2] <1=Z7t =49
o AEAIE SA4% e AAE AFEAE 15%2] AlAA
AR AHET ABAH EAMEAR 20309704 B E
0% AS Bx2 sta ok

AFEA S22 UEHAAECEMS) = 92 AlEA ICTs
1xzete] 7igle] H& PAHARAI~E 3 ZEZ AL
AT CEMSE A7), %, 7k~ T 72 7FA A ALE-St
= duALE CO2 MiEFS FH Fool 7wt 47
AR 9 AFEARAZEDG AR AAFOEZH
FUEAAE 222 dUA ALE 9 oSS st &
A& 5 A 3= T, ZIAAAAEANME T 2 F

gEge] WME waMEF 54 ATFOEH TEAQ
HauE AREAS FYT 5 A=S WA

3.2. CEMS2| A|AEl X

CEMSY] 71E4<l

4

2= 7129 ARA EAFEA 2

Monitoring management

Re-selection

Selection of
Cltizen for
il monitoring _

&' Caln

Gitizen,
Students
Admin, Data
linkage
Persona and.

o
& / Venicle data
>

Public
Qfficer

User

0

Device
S nstallation e

k4

Interview

User

!

Environ. &

Installation
Monitering
__ Device

Regist, data

Regist, data 1

corfir | Re-selection
mation N deny wolume

2@
z

= m

3o 18
> 85 el

g8 I

5

S

i 1
ﬁl

Statistical Trip
freatment
Data Data
registration handina

Device
Data sending l—
Regist, data l/

Platform

Road Mar.

U-gervice
Manager

Air Pollution
Standard

Sinale channel

Standardization

Fig. 3. Structure of CEMS

58

=
i Analysis
| U | h 3 system
-

Linkage management

o1g% Aulzd AF 1 @ Azd KAV W)
wpog FAH ot

3.3. CEMS?| 7|51} QIE{H o] A

k)

MNEA BAHEA =" dEZA, AFA X37HH
Age AYs= CEMSY 7)15e 13 40 Ye} 9ok
CEMSY] A}8x71%& =<(ntroduction), CEMS AJu]Z,
2utEZIE O8]l YAZINEAE 2] 7R ZE FEEG
OlE T EU71%9 Y9} CEMS AMulx 752 HFo
2 BARYUHBP S FY3E 7] FolA R AvtEIE V)
I YA 7RI A J]ee AR danYE I #

®ol o] itk
AzE B )se A2 Belsse e BRow
FAHY LGB, BARUEY #el, Muz e @

a2
gaRUEY A

g, ArgATE 2 FART Nse
data baseztd] QAAIE HEEstm AFRA 7} Ax=
AN S BEgt =3 5741752 CEMSY #E]7]

o A/S

Service Managment

cor > - > fé‘
; Problem -
Emisslon onitoring | Device nalysis| EtiaEr
ﬁ ‘H s Status . i
L monttoting traffic
vehicle) |_Bike

Vehicle
Monitoring

Tour

oy

others

3 ) ~
Household A S
& )m 2
Behavior public bike Walk Service link i
|
- —_ Environment
airpolton | T 6 | ."J
Monitoring | gation data | |Analysi H

Quarterly data provision
T -

‘agaregation
P b
Data provision| Stervice
JR=ER

provider

Bus/ftaxi
fsubway

Gity courcil
other u- i

service

Journal of the KIEAE Vol13, No.6 2013.12.



P RARRUE Y Ao % BaifESy / ded - olds

] User functions |

Happiness Dream Service H“"p"‘e“c[;z"m Serrke Location Information Service

o ‘ [ Serice outline ] ‘ ( Card issuing management 1 ‘ [ Location Information Guide ] ‘
% A
‘ Card Issue request ‘ ﬁ

. [ Service information | Self-diagnosis Info |

[ Emission Self-diagnosis ]
First village ‘ Happiness Dream Service 3
H.D Service Card ‘ Self-diagnosisiHame) ‘ Card issuing Views progre; ‘ Office
[ Agenda List |
- : CEMS Information ‘ Self-diagnosis(Car) ‘ |35Ue request management ‘ ‘ |
- " Ongoing list of agenda
- : r—
» y Carban emissions guide ‘ = = —

) ¥ [ S J [ My Card ] ‘ Closed list of agenda | ) ;
Institute of H Carbon reduction policies ‘ | L TEE&”??””Q
%n?mn : | Usage Check | ‘ Card history infarmation | P,

emission -
i Location Info Service ) ‘ My page
ficsessasessiassesteermuiqy| | Ussoe tends | [Ef|[  cad usenistry |
et . [ Service procedures: 1 | hileage Check | ‘ Card change management | | Notice | /:a'
Ly ‘ Semice target | Login |
ervice farge | = -
;Sgﬁé/;;'ﬁaggg ‘ Service Card Procedures | — Relevant
: | Carbon Emission inquire | | Terms & conditions of uset ‘ | Eind D | Agencizs/
Average carbon emissions by type 7 3 - Agercies use
| Privacy policy ‘ | Find Password |

User Management

(Member List Views AL

CEMS Management Card Managemen

2Pue|

MNotice Management

‘ Banner Management

Common code |

‘ Standard Management ‘
Management

State management issues |

1 ‘ User-specific Views ‘ Fingertint registration

Agenda management

| Fop-up Management |

‘ Fop-up Management Lemmon-eode |

‘ Monitoring Status Inguiry

change management |

Mileage-based Management e
p_aym?r“/ Registrafion
Access . —_ — = =" e Statistics Management Statistics management’
controller 1 it o . B
ammon Managemen Stafistics management

Fig. 4. Functions of CEMS from user and manager side
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Table 3. Interface of CEMS by main function

Type Screen Examples Screen Description

e

Building area, households from
Al to C4 according to the
groups classified by a total of 12
screens

. Socio-economic
Basic data L. Table
characteristics

Carbon emissions The color indicates the home's

by building GIS-based carbon emissions.
Cross-sectional Carbon emissions GIS and The GIS and Table indicates
Data by household Table the home's carbon emissions.
s (bt ©15 04
Y graph
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Table 3. (Continues)
Type Screen Examples Screen Description
ppe—— .
Changes in =T In conjunction  with the
anges Graph National Weather Service
temperature .
showing monthly temperature.
Status of GIS and household's electricity, water
monthly usage graph = o = and gas usage  showing.
Time Series Data EprreE
“=mE
Daily usage A household's  daily electricity,
gas and water usage trends and
trends Graph
averages for the graph
Regular i oom
distribution of & Carbon emissions compared with
. Graph
consumption by a group of homes
source
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Fig. 5. Experiment site in Sejong City
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Table 4. Groups of survey participants

Group ~ Group Description No. of total N40'. of Ra.te? of
Households ~ Participants  Participants
Al 59ni, 1~2 person
A2 59ni, 3~4 person 8 129%
Bl 84m, 1~2 person 14
B2 84m, 3~4 person 274 27 19.3%
B3 84ni, 5 and more 12
Cl1 102, 1~2 person 10
C2 102, 3~4 person 248 34 24.2%
C3 102m, 5 and more 16
Z 7HR el A AR A7, T, 2 AR e '
e e SR 4 7S A&sAd S,
719l Af-ol= 424 gCO/Kwh, 7F22& 2,240 gCOx/m, 1
21 FE=+ 332 gCOJ/mE AH-83H T
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Table 5. Average daily energy consumption by group
Group Electricity(Kwh) Gas(m’) Water(m’)
Al 725 0.12 0.28
A2 775 0.21 0.57
Bl 8.24 0.20 0.33
B2 9.25 0.18 0.40
B3 9.28 0.26 0.53
Cl 8.60 0.13 0.36
2 9.00 0.18 041
C3 9.84 0.24 0.49
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Table 6. Monthly energy consumption (unit: Kwh, m?’)
Feb Mar Apr May Jun Juu Aug Sep  Oct
El:;gl- 762 9.11 868 834 8.62 998 1083 834 845
Gas 0.16 020 0.19 018 019 021 018 020 020
water 021 029 030 031 036 041 039 034 031
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Fig. 6. Monthly trend of CO. emission by energy sources
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Table 7. Average carbon emissions by energy sources (unit: gCO3)

Feb Mar Apr May Jun Jul Aug Sep Oct
Electricity 3443.60 3839.81 3682.69 3539.45 3661.51 4237.05 4612.38 3548.03 3597.78
Gas 380.56 45771 427.62 405.26 431.15 462.53 414.10 441.80 440.53
Water 99.16 123.15 125.02 133.82 152.93 172.76 167.55 144.97 134.24
Sum 3923.31 4420.67 4235.33 4078.52 4245.59 4872.34 5194.04 4134.80 4172.55
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Table 8. Monthly CO; emissions by family size and energy sources (unit: gCO;)

Feb. Mar. Apr May. Jun. Jul. Aug. Sep. Oct. avg.
1~2Person 3233.50 3565.38 3422.11 3307.05 3371.51 3757.43 4321.94 3277.07 3195.53 3487.49
3~4Person 3421.90 3771.13 3633.09 3487.74 3652.20 4402.74 4711.50 3592.15 3608.00 3803.65
Electricity
5 and more 3707.54 4286.30 4077.83 3910.68 3985.70 4317.15 4663.94 3717.90 3989.20 4068.35
avg. 3443.60 3839.81 3682.69 3539.45 3661.51 4237.05 4612.38 3548.03 3597.78
1~2Person 353.88 375.23 382.77 370.92 358.77 372.62 317.54 368.72 338.89 360.12
3~4Person 345.56 424.71 401.58 382.51 425.01 461.70 416.46 407.91 413.60 409.30
Gas
5 and more 494.09 622.65 539.74 498.15 521.67 557.86 508.29 602.92 613.74 552.21
avg. 380.56 457.71 427.62 405.26 431.15 462.53 414.10 441.80 440.53
1~2Person 79.23 90.36 100.64 111.15 118.99 146.75 129.41 115.33 95.91 109.99
3~4Person 97.44 121.63 122.46 128.50 151.89 175.28 178.19 144.87 135.69 139.63
Water
5 and more 123.37 159.88 156.75 170.70 190.76 193.40 180.32 175.96 170.34 169.35
avg. R . . . . . . . .
99.16 123.15 125.02 133.82 152.93 172.76 167.55 144.97 134.24
Carbon emissions from electricity use (Unit : gCO2) 76] _"D—Oﬂ "E 94 Z\‘! Oﬂ EH i:—_].— 7:] Xﬂ A 7 El:l]- ‘%‘,C_)_E ?_].6‘]'&] 7]';%] LH
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Fig. 7. Monthly CO; emission from electricity consumption by Zglo] z+7+ 3,208 gCO., 3,814 gCO, —12]x 3,878

family size

Carbon emissions from Gas use (Unit : gC0O2)
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Fig. 8. Monthly CO; emission from gas consumption by family
size

Carbon emissions from water use (Unit : gC0O2)
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Fig. 9. Monthly CO; emission from water consumption by family

size
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Table 9. Monthly CO; emissions by floor area of house and energy sources (unit: gCO,)

Feb. Mar. Apr May. Jun. Jul. Aug. Sep. Oct. avg.
59m2 322041  3150.78  3057.10  3023.83  3183.08  3494.08  3878.39  2930.23  2987.89  3208.07
84m2 3637.94 387850  3727.54  3506.97  3620.56  4318.12  4770.90  3428.59 351246  3813.78

Electricity
102m2 3311.69 393551  3759.03  3664.76  3787.49 430275  4606.83  3770.51  3788.14  3878.11
avg. 3443.60  3839.81  3682.69  3539.45  3661.51  4237.05 461238  3548.03  3597.78
59m2 338.67 413.64 397.87 448.53 434.42 453.65 367.45 347.74 307.56 390.51
84m2 427.32 480.02 459.92 440.97 447.61 469.92 430.58 462.52 463.49 454.01
Gas
102m2 346.57 446.05 404.16 365.11 415.75 457.54 407.99 440.71 444.69 415.05
avg. 380.56 457.71 427.62 405.26 431.15 462.53 414.10 441.80 440.53
59m?2 124.07 139.71 144.37 163.59 175.45 175.24 169.11 154.69 145.01 154.71
84m2 103.35 121.81 124.04 136.33 151.04 169.82 151.05 136.59 126.16 135.84
Water
102m2 90.68 121.22 122.29 126.01 150.43 174.95 182.09 150.69 139.49 139.86
avg. 99.16 123.15 125.02 133.82 152.93 172.76 167.55 144.97 134.24
Carbon emissions from electricity use (Unit : gCO2) Carbon ions from dc tic water use (Unit : gCO2)
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Fig. 10. Monthly CO; emission from electricity consumption by

floor area of house
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Fig. 11. Monthly CO; emission from gas consumption by floor

area of house

Fig. 12. Monthly CO; emission from water consumption by floor

area of house
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