KJCEM 16. 5, 105~113 www._kicem.or.kr (pISSN 2005-6095)
SEPTEMBER 30, 2015 http://dx.doi.org/10.6106/KJCEM.2015,16.5.105

ALY SSFEO| of|luix] 85 FIIE ¢t
SSFE CHXE OfIL{XIAL22F Database 1=

' - BEHE" - XIEE - 0ISE
la ety AZ 38y}

Establishing a Energy Utilization Database for Energy Performance Evaluation
of Multi—Family Housing using District Heating

Jeong, Jaewook', Hong, Taehoon’, Ji, Changyoon', Leigh, Seung—Bok
"Department of Architectural Engineering, Yonsei University

Abstract : In order to evaluate the energy performance of buildings, it is important to determine reliable information
of energy utilization during operating phase, It is also required to establish the database which have the amounts
of population deducted by objective filtering and analysis, In this study, all energy sources were applied to evaluate
synthetically the energy performance of Multi—Family Housings(MFH) using district heating and the amounts of
population were obtained sufficiently through data searching in Seoul and neighbor cities, Finally the database of source
energy utilization and CO, emission in 325 MFH complexes were established through cross validation between data
sources and statistical analysis, Additionally, further ideas have been proposed to improve existing MFH Management
Information System,

Keywords : Energy Utilization Intensities, Energy Performance, CO, emission, Database, District heating, Multi—
Family Housing
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Fig. 1. Areas of data collecting
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Table 1. Sample validation for reference area application

Existing Proposed |Energy evaluation Revised
Case }
reference area | reference area in K-APT result
Good 141.1kWh/m?y
2 2
no.54 | 69,994m 53,032m 72% to average |122% to average
Caution 101.7kWh/m?y
2 2
no.299|  55,117m 63,111m 108% to average | 88% to average
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Table 2. Area comparison of existing and proposed reference

Group Sample | Average Interpretation
Under 97% 3 93.8% Closed to exclusive use
proposed area area
97% to 103% 15 99.0% Almost same with
proposed area proposed reference area
Over 103%
ver 3 87 126.4% | Closed to total gross area
proposed area
Sum 325
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Table 3. Comparison of calorimeter and flowmeter

Type unit Advantage Disadvantage

Calorimeter | Gcal, mWh | Precise measuring Expensive

flowmeter M? Cheap and durable |Inaccuracy in calorimetry
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Table 4. Energy Utilization of each energy sources

Calculation
Energy criteria Mean (A) SD (B) B/A

Amount based|13.71 Mcal/m? - yr|46.33 Mcal/m? - yr| 338%
Rate based |40.84 Mcal/m? - yr| 8.82 Mcal/m® - yr | 22%
Amount based| 0.615 Ton/m? - yr | 0.124 Ton/m? - yr | 20%
Rate based [28.83 Mcal/m? - yr| 6.70 Mcal/m? - yr | 23%
Elec. |Amount based|34.22 kWh/m? - yr| 6.82 kWh/m? - yr | 20%
Water |Amount based| 1.99 M/m?-yr | 0.42 M¥m”-yr | 21%
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Hot Water

3.1.4 &7| 0| 2YCHX| HE

A7 ulEeke A F5F TR 2] oA ARl Gk
< E 5 ) Wi, T dRof tigh oux|AE =
dlolElE 531710 $PA A7 |ulEF A AL Elojof gt
o}, FEISROA AlFohs SAREE & nlEg | n
21, 201449 129 7|50 2 A& A 99| A9 F 107AH,
71N GG, A o, E, 1, 2, 821, 399
785 % 5, 31AHN7t =3 F ulEFOoRE HolQlItHMLIT
2015). o|% tIFEel 4 597AIt = A-eHZ 85m’ S 23}
= EHgoR, oifE-2 821A](2,868Ath)2t 1%FA]
(1,012A1tH)oll FF=ef At

T3 ulESA7E S ©A9] FE- w2
el TA] ZAQ] o q A ST WA YERd 4= Qi &
Ao A 2014 AU AAMETRS ke
flofl 9, 20139 =32 79 wIxhAR] AA] E 2010
W o] F FFTHA| ] A9 §RIxe FAS] thEEY FA
UAE gifo g Bt 29 9 2] B5AF SUAEA 2



ARE Fol 20149 vlEF A Tetelglom, YAk 007
-, OO|E, 821 QORI 59 A7|mle) ©A|9] =
database®l| A A 2J5FCE,

3.1.5 EHe MicHE MAEYyH J|& HE

kA jFEe] FESEEo] 60m” o138}, 80~85m’(%
£1¥4 59m’) 100~115m* (-89 85m”), 135m” o] &
A fEoll Uiro] FaEo] gtk 7] Atol w
Z19] SME WA} Hot SAI HA
S5 TA9] o |RIARERRl PRk = adlo] E
4= tHHong et al, 2011), webs] 2 Atof|x] 5a}aL
A} 3= databaseol| A= AT WA = 60m™]3},
60~85m”, 85~135m”, 135m” oJAte & FLEBIg on 312
Aol Agst viet 27 71EHAS Fa A AR &
gz o= A-851517] ol WA ERrlee A
SHZo] ol FFHA 0 & Aot

Jo

[z
o,

AV

> flo | AN
ok

O

=
AL Qi et U B g
A FERA 71202 At AR S ARtk B
Aol WAE|ge, olo] & Ao A HEAL
ARG ARE Mo, 2 axo] Al
gt

e AT A= S5 Al dF= =
T e 88lo)7] wiZell, T8 TR tigk 2
S ofoll w3t Hlole] HA] S| L ojof ghtt, dighil=r
oME TEFE2 2T ATE flsl =515 oY
AfEseol T2 ZEE0] fith seFeegEAI AT
ore 58 TRl tigt 5SS olvR|EEs
woll Wit AT B5 o B AR Sol| Ht HolRE

1 A S-S oot sl v ©
Alof| it Q15 e FEIF A=A et & dtellMe
oy Ee]gTollA AlEsl= 20149 457] 7120 ol | 4]
G8ed UTHA HE} =g itd7 el Alsst
+ 201449 1048 712 5AASR1T A4 JHE o831
AV 32570 ©A] 5 85719] A QISERIe) 817K
quAEESH AR HEE databaseol] ZH3HAT
(KEMC 2015, KEITI 2015).

3.2 K|t ZEZEH 0f|L{K|AFR2 Database

3.2.1 Database 22f

oFx] 1331 data filtering TFELS E3) A} 25
e of| i %] AR database”} & 2T}, Table 5= F-&8
databasec]l thet 7H2FA] Q1 7d AES HojErt

Rk BEFEO| 0lL4X] A5 BIIS I3t BEFY XY LIXIAISY Database 75

W 35S I3 719 2] SE5o] AdiE|ojoksl=

i ARG EAA) 7129 LAl ETHE AlEAIL
ER) 2]t AR AFR] At e TR 7} o] 2
ghelo] Qloith. E3l, Bix| Aol aFeo] T Fa e
S AAQ] 4297} FEFRoldeh 2007 E FEE
A7) ANFE A ZE"Q} 2009 E B B FH
Al o2 Qlaf drfjeio] Befreiat 5o 2719 HH
9 37|15 78 A7 gob o (Kim 2010), 278/ 447
ol M2 84E 7] YRE ddiFgos FHsforst
= ddise SRS Al JFFo R FaolA sadhke
4= Y843 cases) T} 2ot Uo7t St o148
cases)7} B W2 Ao ® Vet T2]al F doisETA]
7} 43 cases F BEA] TR= 14 casesol] EFte], 2000
Al o] xjojxl AehseiofjA] AtAlat Filo] S5k
FE7F B2 o= YEITE 94 g3 BRet ol 99
| AJ3E 2okt AH831et 2000t o] % EAZ o7 XI5
w ARAZ/ AN L] JFFo e AF /R o7 QAR ¢
o] SR e MRS 2RI 4= Qo AR
I FAstoA A= A 2 112 FEs UERSIY, 2010 ©]
3 cagests TR 1A= IS Bt} o] 2000~2007
W7ZRA] A&t 7712 Gef| Hat 520,00041H4€] Q18]717}
oo HkH 2008~2010E2] 213]7} it 380,0004|H
2 A AL 58, 2 dAqtella] A7) R gAE AL
31997] R A= FECHKOSIS 2015). T Aol
i3t WA= A AgHFo] ofd 3gHdS 183
of 5L Qlon, WAH 7t B FAA A A k=
FEHA RO} GABH e, deiEae] )zo
283 SAEAYHAS AR Uis Altie B4
2 14m’Z VER A-gm 3 85m?e] BAM ol ZFH ¢l
1Om’®]l T3 502 EpT), tlo] ZAA 32574
O] & = 201E x| 857)), ouR|aeSg ¢lEth
A= UKol 2709 Q15-S B SHEEE TR s/
EpiT

Table 5. Summary of Energy Utilization Database

Category Description Note
Area Seoul : 96 cases / Kyoungki : 229 cases
Developer Public : 138 cases / Private : 187 cases

'03y : 24 cases / 04y : 36 cases
'05y : 18 cases / 06y : 46 cases

Completion | '07y : 21 cases / 08y : 32 cases unsold
year ‘09y : 64 cases / 10y : 36 cases project
11y : 24 cases / 12y : 16 cases excluded

13y : 8 cases

3) ERZ 1112 / 66m2 0|3} 17%, 67~100m2 47.2%, 101~132m2
31.5% / 133m2 o4} 4.3%
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Category Description Note
Sell : 234 cases / rent : 43 cases
Sales type

/ mixed : 48 cases

stair 256 cases / corridor 14 cases

Corridor type
! P / mixed 55 cases

No. of House | 241,235 houses

under 60m? : 14,384 houses

60 to 85m? : 46,033 houses Supply area

Size WPE | g5 16 135m” : 125,120 houses based
over 135m? : 55,698 houses

Gross Area | 37,921,827m?
(per house) | (157.20m?)

Ref. Area | 27,531,784m’
(per house) | (114.13m?)

G—Seed 85 cases

Certificate | (Best 10/ Excellent 74 / Good 1)

Ener

Efficiei{:y 81 cases

" (1* grade 21 / 2" grade 59 / 3 grade 1)

Certificate
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Table 6. Energy Utilization Intensities (EUI) results

Category Mean SD Proportion
Total 115.22 16.95 100%
Site EUI Heating 47.48 10.26 41.2%
(kwh/m?) Hot water 33.52 7.79 29.1%
Elec. 34.22 6.82 | 29.7%
Total 153.07 23.79 100%
Source EUI Heating 34.57 7.47 22.6%
(kwh/m?) Hot water 24.40 567 | 15.9%
Elec. 94.10 18.76 | 61.5%
Total 24.634 3915 100%
o Heating 4.615 0.997 18.7%
Cizggz'/sni'g” Hot water 3.258 0.757 | 13.2%
Elec. 16.100 3210 | 65.4%
Water 0.661 0.140 2.7%
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Fig. 2. Energy Utilization histograms for databases
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