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ABSTRACT

In this study, we estimate the potential carbon reduction effects of climate change mitigation options based on demand-side

measures in campus buildings with a focus on synergistic effects between strategies, using the University of Seoul, located

in Seoul, South Korea, as the target site. We selected demand-side mitigation options based on a review of the university's

development strategy literature and the results of workshop-based initiatives on behavioral changes among university members.

The options included expanding the installation of solar panels; enhancing insulation performance during the remodeling of

old buildings; and reducing heating, cooling, and lighting usage. To estimate the effects of demand-side mitigation options,

we compared carbon emissions from campus buildings before and after implementation of each method by calculating end-use

energy demands using the City Energy Analyst (CEA) model, a type of Building Energy Model (BEM). At the University

of Seoul, it is estimated that approximately 12,038.0 tCO,eq of carbon is emitted annually. The greatest potential for carbon

reduction is associated with demand-side mitigation measures, when the expansion of solar panel installation is combined with

behavioral changes aimed at reducing heating, cooling, and lighting usage. In this scenario, annual emissions are estimated

to be 9,192.14 tCO,eq, reflecting a potential reduction of 20.3%. This is expected to be the most effective combination among

the analyzed strategies.
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7| %95}t o8- A 7| =EA ok, A A
Hho] theFet olsjuA RSl dElstol FosfoF S o
Q291 A o] th(Barron et al., 2021). 3], g+ 7]
TS} SS A% dEAQ s 9 A=A A7
o[ FAlo] = oA =29 AT HiE HFES
Holof, a3 vj=7H4 PARZ FELIL Ith(Cho et

al., 2024; Leal Filho et al., 2023). UNESCO9] X|&7}15
U4 WS (Education for Sustainable Development, ESD)
21e 7 TEstE EE A 24 20N 28
o) ME7 Ao FEskT o6, 20044 A 527
A st 1ge] AR AL AR T SR Al
9l(Talloires Declaration)S 7] ZH3s}o] thsl tsto] o9&
o} 93k Z3Fstal QITHULSF, 1990, 2024; UNESCO,
2017). o]#g =AA oJUMEIE dgto g Q] o
2] tfgtollA ©asd 3 A4 9 ool AP 3l
o, o] 7|5 5oflA o]& AYUskaL Utk UN A&7}
SNESHAYERI(UN SDSN)=  ‘Net Zero on
Campus’ O|YAMEIEHE &5 AHA oA &
&5 S1% 7toleely 28l 3 AlgstH, vl=
IS5 X&7FsEH IS (AASHE)= STARS A HZ
tiste] I H A o]y £ H7IsAL ATH(Cho et al,
2024; Powell et al,, 2022) . oA AR =t o] 7

A A S F3l diokel ®aFH o] Aol 1Y
Sl glon, S digke] APl gaFH Sx A

o] ¥HE I Qt}(Cho et al, 2024; ME, 2023).
JR-BHA ARYS 8RS s ke 7|53} oS
A2 FE =4 24, AR A =9, 185& 7]7]
g o] ] A" £, B®AaSY W 1S 5o |
%o} Ith(Kim et al., 2010; ME, 2023). 0|23t AF2
Ao A S9joA HE&T 5 s 7| FHI G} Aol

48 =9 &K Demand-side mitigation)2] /g F4]0
2 gysol Yee HoEt SR W ¥

(Demand-side mitigation)> IPCC AR6 HEILA|o]A A7H
H @7|7te] 71t ks A Wskal AvjRke] 7le A
o3 9F, efolx Aetae] Watel 44| Axet %
AAH-]L AHA Al A I AR Ve S 236
1l = 7igo]ti(Creutzig et al., 2022). Creutzig et al.
(2022)074 &70E =8 SH 439 -2 719 ©A
Mg WES Hn(Avoidais SR Aeks 7140 A
8S B9 A (Improve) T, 121 AH] F5S A
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AR, AEA Qe 4 5o Sto),
QA oA, AR B9, BlEw
ool Ag Sk A4 % B947
AR E) A (Creutzig et al., 2022).
2A7FA A IRE A AT
o9 247t QMEE &3 A
A4St d=ro] FAAE Brte| 24
o g} 72 AT AL AHTeH,
sk, BFTehL ERICAZIH A 5ol
e e ®E g A=l Ao (Jeong et al,
2014; Kim et al., 2012; Park HJ et al., 2012; Park SY et
al., 2012; Yoo et al., 2018), o|& &3l AT A F-7of|A
TPt 8 i #ilE HRlo] A=A AHE= MY
9 7}A ARE-9lo] gHe % th(Jeong et al., 2014; Kim et al.,
2012; Park SY et al., 2012). £3] A AE @99 &
T oA &HE B Ay, -Gl 2 FZo]
gz 489 i AAsks ALE HERETHKIm
et al, 2017). o]+ AIE HIF O R, AY ALES F
& 779 9 59 43 A=gs 5o v A7 &
S Brioke o FAsstlon, 48 A+ FA= A
g 7| A"y dE R Beke] gk BT
AA O &, LEAP RS &-&sto] AP A = A
&S H7I5FA Y (Jeong et al., 2014; Park HJ et al., 2012;
Yoo et al., 2018), LED £H-2 H|ESH 188 oy A] 7]
7] = AEE EASt= A7t t# A o[th(Jeong et al.,
2014; Park HJ et al., 2012; Park SY et al., 2012; Yoo et
al,, 2012, 2018). o]e} M, FHH A T 7] FRS} of
< BT AHE 33 &4 HiE 3y WUk LEAP 2 ¥
o7 Hrist A1E = Hf Qch(Park HJ et al., 2012;
Park SY et al, 2012). $tH, Kim et al. (2012)2} Kim et
al. (2013)& AA| oJA] AHFE 7|E02 2A47IA 2l
HEZE F5513oH, o] &3l Ert AdA<l HolH
7|5k
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20 =0 A5} MS E5t AHA 4S0| ERA X2t AR 24 MSARHETE S
A &, 717 BE g, olvAY 2 859 oA A 2. A7 4t
F 59] W47} W Q3IH(Yoon et al, 2016). whA, 3

g B¥2 A AR dd A% 59 7% AR} AR B i A A sty AHA
g @ A 27 59 AH A Htgo] olEe g = 7h& &0} x9lof mE g

A7} Qlek. ESE, Choi et al. (2018)2 7]&S] JAAY 5}y
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Sk Ay ©a v S AT 9l 84y J-EE QAsks Aotk o2 A, q}d 21910 uhA Ak
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. olet IR &, A9 A= it dflite] F = W3} Sk A Hysiott. S A, A
tdoll ek B77t B3t HA17F Qlvt. weka] 2 Q 29 7H& $e Hiddsio] A
ol 7|# oA HE&F 4 U= AWA HE Building Energy Models) % 51}Q1 City Energy Analyst
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Fig. 1. Information of study area, University of Seoul Campus
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Table 1. Electricity and gas energy consumption, solar power generation, and carbon emissions of the campus

Year Elec. consumption Gas consumption Solar power generation Carbon emission
(unit: kWh) (unit: m’) (unit: kWh) (unit: tCO2eq)
2021 18,151,208 656,395 1,156,031 9,304.8
2022 19,952,869 736,084 1,150,156 10,316,9
2023 21,698,718 814,255 1,129,379 11,306.8
s 347H4 A= = PV I ndA A 167] 5o 371 AAE 7HEst

B geg T Adv] AR dEl it EE EPE Fig. 13}
£ 2024 71 W A= F 1670 Bl B A7t

B ABRE 2A7kA M AL wotsh] )
) AeAFYetLY A7) D EAZRA A R o
THY ARES BEAAT. ALAYRSRY A7) L
A7bs Ag 9 Bl WAHHS T ARRE Ha

MEFe 20219 J1E A EF F% A o
9,304.8 tCO,eqO. 2 AAMETLE. ESLH Table 104 Hol%
2021 ol & AW AL A7 9 ZAFA AT 27}
Shiod] wisho] Bl WA A4S YTk 20239
71Zzoz AMAS AR FE SHAEEZTFS 11,3038
1COxeq 0% 2021 Thu] 122%0]w], EfFF LAY 7]of
T ESF 20210] 5.4%AE HE 20230 44%E 1%
7Ver st

d

2.2. A THY MBIESH £0 S8 US L5 MY

JI)II
Ji)lI

B Lo AL IPCC ARG BILA0|A A7 607142
8 SS9 5 £HZ 7NeE IS5 AZE Hcia
ot} o HE2 Ivanova et al. (2020)°14] &4 = &
Aol A=s}l=E]l e, Creutzig et al. (2022)°4 3]
(Avoid)-AZH(Shift)-7 A (Improve) ZHYLIE Sl &
2J5oict g2kt ost B WSl ol BEe 4 9
05 suio] ttel WA /) AU H8T 5
SuUs 7Y AU FF WSS Sof 28 &
oz TRl
AR, AZAT R WA EYSo! S,
) 9 AN FITOR A B oI 14
Gt 48 29 Y% s AP 9 AL F
A—]ZJQ 5@111/\011 Eo] 7],__——]. /\_9_ zu;] 7]_§‘<T ko
FF Hd g A, =% AE R A 3E 45
5P oty & AFolA (1) B Hid AR g HA

¢

30 ¥ (r o

rlr (e
2 9 )y ol

o
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Ak PV i d2 AA &4 WA 40% HAE 7HISHA
o, o]z AEAY] ‘BAIYFE AV ZAR
31tH(Seoul Metropolitan Government, 2021). (2) =% ZA
= Pndg A @2 45 A3 eaolAs A=AIEA

o F747) T Ao mE AE g5 9 A Al
A HrgE F71A19(~20353)9] HRET AgS Hhgst
of 770 A&E9 dEdsS AF ASE9 oA Hef
A 7129 Ha 24 52 7HSH =4, U
TS R 8 SH A3}t Ao et YA
Z13ysto] o+ 1}9401]/\1 AT 2ofA AT 5 e Ta
TH d5 vHS A T4 20249 7Y 23Y
5 8d 27%177W 6577+ AAEH Ao, A Yt
s 1790] AW 02 Folstelch. o AL Aol
Ao AA FsT 20 E0 S0 AYeL, 43 A
HART 7715 SEols FAo2 FHHY. o o
W5l YIS Bo WEOM 2] A2 5L AR
2Hz QEE U 28, 45280 e 9 E9E
WS padiety F31 A, st ATAFE Bol
ZH AL g 8 W $E2 H7|E, AUA/AE
oM FeEgion, o] & fa4F Frol sh¥o] Fin
A Y oA AdA o 3o 7hstt eHo R HYs)
Arh HFHoE YIS Sl =&E HuA A+
W o 5 AE ouA B o Es W AL

p

i

J

AX

2

&F Eo17", ‘28 AT 01717t =EEHNIeH &2
AFolA= F ol SAlo AdEE= F9E 7HEs5to]
AFE JPsteh. Y AREF £01719] A
A 2~H9] Setpoint U Setback Point 2% FHS &3t o
YA AN A A 7HYsklaL, 289 AS 33t
ARE Al HE A5S AAE sto] AA AREF
25%9] od A AEZ 75tk HSH o AEd 7Y
HA Yol £8 ¥ A5 9 7] digt %2
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Table 2. Selected demand-side mitigation options and assumptions applicable to the campus

Option name

Explanation of assumptions

Additional installation of

buildings that already have PV panels installed.

* Assumed scenario where solar panels are installed on the rooftops of all campus buildings, except for the 16

PV panels . . .
* It is assumed that solar panels will be installed on 40% of the total rooftop area.
Insulati * Assumed that the buildings slated for remodeling under the "University of Seoul Mid- to Long-Term Campus
nsulation
. Development Plan" by 2035 will meet the 2018 "Building Energy Conservation Standards" for insulation
Remodeling

performance.

Reducing HVAC and
lighting usage through

behavioral changes

* Assumed scenario where individual efforts to reduce the use of heating, ventilation, air conditioning (HVAC),

and lighting are implemented.

* Assumed that the setpoint and setback temperatures of the heating and cooling systems are adjusted, and 25%

of total lighting usage is reduced.

Table 3. Input dataand descriptions required to run the Demand and Resource Potential modules in CEA,

based on Fonseca et al. (2016)

Database name

Explanation

Example

Weather database

time-series data of weather

Ambient Temperature, Relative Humidity, Solar

Transmissivity

Urban database

Geo-referenced information of urban

Buildings, Infrastructure, Local resources and

topography

Archetypes database

Typical characteristics of the local building stock in

terms of their insulation and HVAC systems

HVAC, Envelope data

Distributions database

Time-series data for each building type specified in

the archetypes database

Schedules of occupancy, Minimum ventilation rates,
Temperature set points, Humidity set points, Standard
specific hourly consumption values (Appliances,
Lighting, Server rooms, Cold rooms)
Volumetric flow rate requirements (Fresh water

services, Hot water services)

Sensor database

Supplementary dataset containing information on

non-standardized energy services related to building

usage

Mass flow rate, Operating temperatures

2.3. 42 oLX| ZY¥S 8 ©A HSY Y 9P AAFES #4519 h. CEA 22 Fonseca et al.
(2016)01 4 271E AE A Edo]‘jq 2904 FE9]

Am A F7F HollA 13E 4 Q= AFE 8 59 2 Q] X|Y(Fonseca et al., 2016; Oraiopoulos et al.,
A5 oo ans FAM] AN AF w2 WAL 5023), AZEE(Bello Acosta et al, 2019; Shi et al,
Al oA AEANAY oA aH|et E 8 FH 2023)E SAo® E HFPES o]85te] st T A|ofA
A5 99 =Y A ovA] 8 WSS H|wst T AT B9 oA 8% 2% A7 AP &
98 B A $AS VIR DI SRS o ol Back et al. 2023)014 F78 28 T A
e AN T =7h R HEY R NEA g gy 2ajo] B0, Back et al. (2022)014

5.8 B8o0] Ta vjEFE S

Age] oux Av AE oux =Y
CEA (City Energy Analyst) 282 &-85t0] £ oy
A 49 (End-use Energy Demand)?} Bl oid HXA] A

Shital

oF A WA BAo) 2ed
A &=d ouA +25
qUAY WA A Frhshe
Potential)

v} Qlth. CEA g0
At&E5hH= 48 (Demand) 2ET}
A Z A ZF(Resource
FeiXe AE €3

7]

2EE

http://www.jccr.re.kr
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Table 4. Input data on the current status of the campus
(a) Envelope data in the Archetype Database
Year of building completion Window ‘ Roof External wall Floor
Reference
Period start Period end U-value (W/n’K)
Enforcement Rules of the
- 1979 1.05 2.09 1.74 .
Building Act (1979)
3.49
Enforcement Rules of the
1980 1983 1.16 .
0.58 Building Act (1980)
' Enforcement Rules of the
1984 1986 3 0.58 .
Building Act (1984)
0.58
Enforcement Rules of the
1987 2000 3.373 0.41 .
Building Act (1987)
Enforcement Rules of Building
2001 2007 3.84 .
Facilities Standards (2001)
0.29 0.47 0.41
Enforcement Rules of Building
2008 2009 34 .
Facilities Standards (2008)
Enforcement Rules of Building
2010 2012 2.1 0.2 0.36 0.3 .
Facilities Standards (2010)
Standards of Energy Saving
2016 2017 0.26 0.22 . o
1.5 0.15 Design for Buildings (2016)
2018 (Building) . 0.24 0.2 Standards of Energy Saving
2018 (Domitories) 1 0.17 0.17 Design for Buildings (2018)
(b) HVAC data in the Archetype Database
Cooling system Heating system
Case . Setback point of . Setback point of
Setpoint temperature Setpoint temperature
temperature temperature
Other buildings 22 26 20 16
Dormitory 21 26 26 16

(¢) Distributions Database

Data name Cooling system Heating system
Dormitory 21 26
Setpoint temperature —
Other buildings 22 20
Setback point of temperature 26 16
Start date 1 May 1 Oct
End date 30 Sep 30 Apr

(Archetypes), A|(Urban), Al4(Sensor), 7|4H(Weather),  -A14Ql AW} A Table 30| AA|=|o] 9ict. Egh,

3 (Distributions) 5 T4l 7HA] Y Hlo|E o] 0]
Zo] g Q3}H(Fonseca et al., 2016). & AFA L &8
gt 7143H|olBl= Lawrie and Drury (2022)°|4 A|55t=
TMY (Typical Meteorological Month)d|0]E] & A|-&A] 9]
71%33%Z dlolEE 7IHte g g EPW 1l 419 fo]
HE &8sttt 2 4 tlojeHoj Ao x3te A7 9

Journal of Climate Change Research 2024, Vol. 15, No. 6

2 Aol 24t AHA d ARl die dE
ApE+= Table 40 8F=[0] Qlth. & Ao A= Al 714
F8 SU 45 A () HEF Wd g A, )
‘T AE FREY A 92 ds d5P, ) Ed =
Y AT HAAE AT FeHske avE 45k 4
8, 71 U A=A Table 59} o] & 99 HlolE]

Ol
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Table 5. Modified input data based on selected demand-side mitigation options

(a) Insulation Remodeling

o . . Post-remodeling applicable
Buildings targeted for remodeling Applicable standards
standards
©) ’87-"00
® ’87-°00
® =79
® ’87-°00
’18-
® ’80-83
® =79
@) ’80-83
’87-°00
(b) Reducing HVAC and lighting usage
Cooling system Heating system Lighting
Case Setpoint Setback point of Setpoint Setback point of Rati
atio
temperature temperature temperature temperature
Current 22 26 20 16 1
Other -
o Reducing usage 26 28 18 16 0.75
buildings
Gap 4 2 -2 0 0.25
Current 21 26 26 16 1
Dormitory Reducing usage 21 26 26 16 0.75
Gap - - 0.25
o X dolgg WA 0|99 ARt @ 4ol o wmBL 1] OF 04%9] HolE Holu], WA k2 AHg
gt 9 Azot SUsHA A8t 2ol 814255 m'oh BlLBS W 83%0] QA ek

o s
3. Am ¥ 1%
3.1. AMA HE BF HA HEY FY Zn

B A AT AR ASAIHASHL AT A &
T oyA AMSTF 4 Aate) g wiE 34 A
L Table 63} Zt}l CEA 239 Demand R ES &85t
24 23, A7t A7) ¥R £87F2 21,793.6 MWh, 7}
A 52932 9370.8 MWhE EAE It 7}A AFSFHS
AA| 219} v ws7] Yol m’ Y2 FAS Ak, Azt
OF 888,227.5 m’9] 7}AV} AMEE Zo & AAFEL). o]
St d&X &= 2023 AA| A7) AREEQl 21,698.7 MWh

ot A7] A 29 ¥ 24 A, 2ol A
A7l #8229 26%= 7P 2 ¥lES AAsH, ¥l
21%, 8] d=o] 19%, 7P 9 AA717] ARgol 16%E
AAIBHATE. 7h2 ol|A] =8.9] 73 o] A 9] 92%
£ AASHH, 25 ARl YA 8%E AAIshs AlE
et g4 viEF] A9 AZE oF 12,038.0 tCOxq7}
&g 2oz F4HY, ol HYEF T FAFE 1L
BolA] o2 37 groltt. & MEF B9, £ A
S 2R 7|Uske gafEe] AA MiEF 22%E A
A5hH, @rgol 18%, ofv] A&} o] 242 16%2] vl
EFE At Aoz FAEUH

http://www.jccr.re.kr
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Table 6. End-use energy consumption demand and carbon emission estimated through the CEA demand

module
(a) End-use energy consumption demand per year (unit: MWh/yr)

Grid electricity requirements

Natural gas requirement

. . o Industrial . . Space heating
Appliances Lights Ventilation Auxiliary loads | Space cooling Hotwater supply
processes supply
3503.6 5656.8 1965.7 1759.5 42455 4662.5 8639.3 731.6
21793.6 9370.8

(b) Carbon emission per year (unit: tCOzeq)

Indirect emissions from electricity

Direct emissions from gas

. . o Industrial . . Space heating
Appliances Lights Ventilation Auxiliary loads | Space cooling Hotwater supply
processes supply
1609.6 2598.8 903.0 808.3 1950.4 2142.0 1867.6 158.1
10012.2 2025.8
1,200,000 25,000,000
[
1,000,000 20,000,000
800,000
15,000,000
600,000
10,000,000
400,000
5,000,000
200,000
- Current PV panel expansion
2021 2022 2023

= Solar power generation== Estimated solar power potential

(a) Comparison of the estimated solar power generation potential
and actual generation (2021 ~2023)

m Electricity usage from external supply
m Estimated solar power potential

(b) Changes in generation potential and contribution with

the expanded installation of solar panels

Fig. 2. Estimated results of solar power generation potential through the CEA resource potential module

(unit: KWh/yr)

3.2. EHYE T S AX| Al Bt XZ 20t = 2}

CEA 9| 2l A BES 59 +49 A
o] ¥k I AL AzF 1,092,770 kWhE AHFE]
Atk o= 2021 AR 2023W7HA] AR A AR 7=
o A v ulE o, 4 3.2%004 o 5.5%0 &
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Table 7. End-use energy consumption demand and carbon emissions estimated through the CEA demand

module during building insulation remodeling

(a) End-use energy consumption demand per year (unit: MWh/yr)

Grid electricity requirements

Natural gas requirement

. . o Industrial . . Space heating
Appliances Lights Ventilation Auxiliary loads | Space cooling Hotwater supply
processes supply
3503.6 5656.836 1965.885 1759.475 4927.921 4701.443 7001.671 726.798
22,515.1 7728.5

(b) Carbon emission per year (unit: tCOzeq)

Indirect emissions from electricity

Direct emissions from gas

. . o Industrial . . Space heating
Appliances Lights Ventilation Auxiliary loads | Space cooling Hotwater supply
processes supply
1609.6 2598.8 903.1 808.3 2263.9 2159.9 1513.6 157.1
10343.7 1670.7

do| u]dx" AZo 7} AAT 4L, AT 827,665
kWh7t S84 % 1,920,434 kWhe] ubd ko] 4
drt. ol A A7) AR £87F9 9.6%5 TF
9lom, 882.27 tCOeq?] B4 Bi&FS AT 2= 9l
Aoz FAHct.

e 87 A=
nage &3t 9 45 4%t Al =2 01]1411 T2
4 279t 1o mE gauEF 34 A= Table 7
A o g2 B I BTS2 sHA] 9
oot Frdsg g A Azt A7) odA 8+
22,515.1 MWh, 7}A =9 += 7,728 5 MWhE FHE 0
o, ol 247 @A din] 7] =8+ 3.3%<] 721.5 MWh
7} 7St & 7S 22 17.5%9] 1,642.3 MWh7F 4
ok goll sigettt. CEAS] Demand 2E2 &% §&9
ofux] =25 F0lM T ds A3t Al I oflHA
7} 2358 Z7}t= AFE Hol: AL Baek et al.
(2023)014 2 Ayet FA Aot CEAQ
Demand &5 % §=8 olvA +8 4 43, &
g A5 43 Al F odA #8271 23518 FTtste 7
Fol Uetg=Hl, °li= Back et al. (2023)2] A+ Z¥}e}
A3t} 0|23t H 32 Fonseca and Schlueter (2015)7}
AARE CEAS] dd 8 34 WAolA 7]dgt

z Sl a8 JuF B5k(sensible cooling load)
o AU §= 3L 1¥ske FE Y Foklatent
cooling load)Q] FtoflA] W@u} A|AH]l £A1S 2}7}slo] o]

Fo]ZtH(Fonseca and Schlueter, 2015). o] I}of A @<

g5l 739}90“ ulg}, AEo] IdBE Qo] 7HAsHE 9

A HEL ZolEAT Ui I A5 YA F1H

o, SAl°] X*Eoﬂ o8t 9 &4lo] ZHasta] ATHo=

Atk & Aol s dE fud
ro

. 9]
% 12,014.42tCOxq®E, o]= &
23.6 tCOseq7} ZHEE 3]0}, 011L111%JH£E =A% 4
7, AA7IA AMgoF 9l 71& ﬂ%ﬂl
17.5%91 335 tCO.eq7} ZATH L‘ﬂ
A #jEF2 71 o] 3.3%< 3
O & et

mrN

CEA 2 29| Demand &S 5o 99 Jdd), 29
AEF TAE QS P WS A gEANESEF 24 AT
= Table 83} Zt}. ol 32 Bid 2bd RS 1

http://www.jccr.re.kr



1190

AL -

gdu

. AIXI
—_ -

toh

L AR - R -

. bzt

b

2

o

Table 8. End-use energy consumption demand and carbon emissions estimated through the CEA demand

module during reducing HVAC and lighting usage through behavioral changes
(a) End-use energy consumption demand per year (unit: MWh/yr)

Condition of Grid electricity requirements Natural Gas requirement
the building ) . o Industrial Auxiliary . Space heating Hotwater
Appliances Lights Ventilation Space cooling
envelope processes loads supply supply
3503.6 4338.7 913.3 1759.5 3907.8 3406.4 7982.1 730.3
Current
17829.3 87123
) 3503.6 4338.7 946.9 1759.5 4678.2 3565.4 6590.7 729.0
Remodeling
18792.3 7319.6

(b) Carbon emission per year (unit: tCOzeq)

Condition of Indirect emissions from electricity Direct emissions from gas
the building . . o Industrial Auxiliary .| Space heating| Hotwater
Appliances Lights Ventilation Space cooling
envelope processes loads supply supply
1609.6 1993.3 419.6 808.3 1795.3 1564.9 1725.6 157.9
Current
8191.0 1883.4
1609.6 ‘ 1993.3 ‘ 435.0 ‘ 808.3 2149.2 ‘ 1638.0 1424.8 157.6
Remodeling
8633.4 1582.4

ShA] g2 grolth. @4 A& d Aol fAHE 4%
A9l P& W3t Al AZE A7) oHA| +8+= 17,829.3
MWh, 7}A of|A] 2% 8,712.3 MWhE FH % it}
ol Zkzb #A thH] H7] 48% 18.2%9] 3,964.3 MWh,
7tA QL 658.5 MWh7F Z44E Z2x|olt}. oo ula}t
FHE ©a HEHZ T 10,0744 tCOxqZE, °l= A
i8] 16.3%0] 3FsH= 1,963.6 tCOeq7} TEH FA]0]
oh oA YER AT A3, A7) AHECE QI ©A
&2 7] Y] 18.2%% 1,821.2tCOy7L, 7FA AHE
OF 913} BhA HIETL 7]E TH] 7.0%<] 142.3 tCOseq
2 UEth vhd, ohA A 87 e

A7) ol|A] =8+ 18,792.3 MWh, 7}A oA =8+
7319.6 MWh & Ao = yephdtt A=9] 9 45 3t
2 QI3 A7] v =8 F7F AFZ HAl ATE Table
71X Aot FYottt. 85 oUA] e O
B4 HEFE F 10,215.7tC0eql.2, o= &3} tiH]
15.1%°] sfg5l= 1,822.2 tCOeq7t #5E F=Z|0|t}.
YA HHE B4 43}, A7) Ao QIg ©a #iE
2o 7] thH] 13.8%921 1,378.8 tCO,7}, 7tA Algog
Qe B4 HiEH2 71 tiH] 21.9%%] 443.4 tCOeq”}t
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“In this graph, it is assumed that the potential of PV panels is evenly distributed across all end-use energy consumption involving electricity.

Fig. 3. A comparison of the carbon emission reduction potential in campus buildings based on demand-side
mitigation options (unit: tCO2eq)
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