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Abstract This study was done to reduce total energy demand based on resource shortage problems and to provide
improvement points for more efficient adjustment of the high insulation standards for saving energy in Korea. The
demand sensitivity was fully considered by varying the slope of each building. The energy performance of the
building was maximized by the introduction of outdoor air at night. A final low-energy building model was developed
with the two measures combined, and the short-term operation of the night-fuzzy ventilation system was simulated.
The result showed a reduction of about 6 to 7 percent compared to the base model. The results could have many
implications in terms of the need to conduct demand sensitivity analyses in architectural design.

Keywords : Demand sensitivity, Heat insulation performance, Low energy structure design, Night purge ventilation
system, TRNSYS

2 = 20189 AR A Ao R o v 7|EH 7t AT ZHA|(No. 20164030300230)% 53 =] 2
"Corresponding Author : Jeong-Uk Kim(Sangmyung Univ.)

Tel: +82-2-781-7602 email: jukim@smu.ac.kr

Received July 27, 2018 Revised (1st August 31, 2018, 2nd September 5, 2018, 3rd September 12, 2018)
Accepted October 5, 2018 Published October 31, 2018

625



17

°©

=
R

= AN 5

b glom 7

o

1oy,
A} =) 7]
3 A

o
o

3]

!

oA )<l

L

L

slaLzk

S

AA]

Fog & ATelA

bl
S|

pd

oAl ol A

92.9] 25%0]4k

Wl 4, el o

[€)

=

]

I

oA A3k HAA

=
o=
2] £

o = o4k Hglen oA
35101 Skh1.2]
4

)

. ME

I3

=°] &
At

=

AFe7| &85 =824 A9 A10%, 2018

1.1 g312| g

gl

k]

e el
A4 oluin)

i

1 7P WA aAeka

9]

_ﬂ

=

o eluA] e

=Hua
=T

Zl

1

ke
paA

H a1ef slofof

0]

252

3l

Za

AAHFE AT

A A

i)

g

o

o

A A <F
to] AlE

she10].

S

ool m
A9
25

AABFATHI). ©l
o]

o)
=
=

p.

ato] oluA] 24

S

et

i71el 7hdol

2
-

B AN E 27
ataal gk,
A 2
14 AZEo]l TRNSYS

9]

o

EgE
Y=

A A ot} AAIZ S. Y. Song(2009)

29} v
2o &7

|
)

626

e
uh

Aol

=

=

=
T

.

=

Faol g A&

hal

L

s gt 4

3]

)

o A Ao W
37}
e

bz|

Hoz

L

A A

ep)

L

]

gt

AN2RE FQEAG 2R §55

aoF

o

o=} w&

th[4]
|
= A
gk},
HA 1

L

3
o

]_

wol Aol wFsolo] nje} o Al%she =
R R EEEL R ER ES S

Ho| Walz 97)she)
(U-value)

s
1_
=
S
9]
Q3



AquAdEE AAE A% A5E

24T} oZEe)7] =Yl wE oA A&l dF

o]

=

TYPE

gojd &7

TRNSYS

P A%E AU

563}

stal o8 713 Al
3to] A oY=
TZakaial F{11]. TRNSYSE 1= )
SEL(Solar Energy Laboratory)ollA] 7]@tgh 43

o]

g M

=H

AERE, AR RElA A% AEEE S,

Al =
(=]

21 ¢
AlEdold td UEEL 1|3 oY A F-(Department
of Energy, DOE)°lA4] 8 AFEZ ATt
2+ Large Office Building®]t}. Large Office Building
2dL ol Fig. 1(a)9t 2> FEl= 1259 gE AF-

& Ad5=olth

7Az2 MY

EZ
AL

Fue A%E RAS FEse] X ATl AN
YOIES AR Jo] HEAsht obg T EFAR
2 QAW welo] ¥AF BAZ Tl ATE A%
g} pAk fAR TS REARE DAk,

Large Office Buildings Fig. 1(b)S] W§+=E 7}
A Q)FRo} yFRE i Eo] ok mEd 47}
71549 (Curtain Wall) FEQl AFEE 727 42 v

o] Eom 2 FHAHo| o3 &4 Aol EEste]

[e]
=
IS A O o] FaRst =1

SR
oA AN WeHE HEF wel g Y3 welE
% 912 ole wastel ABdlolH oy AR A
Aot

(a) Building model

(b) Building projection

Fig. 1. DOE Large office building model
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Table 1. Building information

Category Condition
Width : 73.11 [m]
Scale Depth : 48.74 [m]
Height : 50.00 [m]
Composition 60 zones
Orientation Full southern aspect
Location Seoul, KR
22 7580 298Y =N
Agelol o) Ak A%E B ) g5y
Al 3 AR ZEolet 7P s Table 2= A5 U]
i 2PREE BHoAFE Holth AHEY FAS
S AP AEBAS Telsle] 04 9AFE 0F 6
A& 3ol

Table 2. Internal environment of building

Category Condition
Heating Set temperature : 20°C(Huml) : 40%)
Cooling Set temperature : 26 C(Hum : 50%)
Ventilation 0.3 N (1 time operation per 3 hours)
Person (ASHRAE standard)
Gain Lights (SIA2024)
Electrical Equipment (SIA2024)
Schedule Workday(Mon~Fri) 09:00~18:00

1) Hum : Relative humidity [%)]

2.3 AIE2]|0]4d 7|%4H|o]E]
55 A o
317] $13l W]=r2] NREL(National Renewable Energy
Laboratory)oll 4] #|¥-8l+= TMY2(Typical meteorological
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Table 3. Simulation models for heat insulation

TYPE Condition

Base Korean Criteria

Case 1 Eastern slope 20% Reinforced
Case 2 Southern slope 20% Reinforced
Case 3 Western slope 20% Reinforced
Case 4 Northern slope 20% Reinforced
Case 5 Eastern slope 20% loosen
Case 6 Southern slope 20% loosen
Case 7 Western slope 20% loosen
Case 8 Northern slope 20% loosen

HA, Table 32 W83} Zo| Base B2S 7|Fo0=2
Z 479) 9] Aol digk gdxA o] 717 ThE AlEY
o] Case @& A3t T3 Case REES &
HFgol 93t o vAETS vy Yi BF
Table 19| A5= SFEE 2t 9Jom o me <
b ellyA] o Algeeld A= of Table 49 2
AT

628

Table 4, Annual HVAC demand of each simulation

models
Annual Energy Demand[kJ]
TYPE
Heating Cooling Total

Base 775,351,329 | 205,269,990 | 980,621,320
Case 1 769,578,539 195,604,614 | 965,183,154
Case 2 770,944,902 189,222,453 960,167,355
Case 3 769,065,522 195,375,742 964,441,265
Case 4 761,367,173 197,909,954 | 959,277,127
Case 5 825,908,628 165,181,139 991,089,768
Case 6 876,026,217 147,014,409 | 1,023,040,626
Case 7 825,497,570 164,236,535 989,734,105
Case 8 831,321,359 173,454,508 | 1,004,775,867

Table 49] ZZ}E vl o2 o} Fig. 2, 3] Z7te]

O~ = =
Case Wl o117 $29st MPES e,
base
990,000,000
580,000,000
570,000,000
caseq 6000000 casel
950,000,
540,000,
case3 case2

Fig. 2. Comparison of energy demand by reinforcing
heat insulation

base
1,040,000,000
1,020,000,000
1,000,000,000

caseb

caseb

case?7

Fig. 3. Comparison of energy demand by easing heat
insulation



Aol 212

2 HAE ¢

FAHe 243} of7rel7] Eqlo] HE

oANdA AlgFeld A+

Table 5. Rate of demand change in each simulation

Table 6. Conditions of simulation models for night

models
TYPE Rate of changing Condition
Demand
Base - Korean Criteria
Eastern slope 20%
0,
Case 1 1.57% Reinforced
0,
Case 2 2.09% Southerxll slope 20%
Reinforced
0,
Case 3 1.65% Westerr} slope 20%
Reinforced
0,
Case 4 218% Nonherfx slope 20%
Reinforced
0,
Case 5 1.07% Eastern slope 20%
loosen
0,
Case 6 433% Southern slope 20%
loosen
1 209
Case 7 0.93% Western slope 20%
loosen
0,
Case 8 2.46% Northern slope 20%
loosen
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purge
TYPE Condition

Base 0.3N

Case 1 Operating time (11:00pm ~ 8:00am) 9 hours
Case 2 Operating time (12:00am ~ 8:00am) 8 hours
Case 3 Operating time (1:00am ~ 8:00am) 7 hours
Case 4 Operating time (2:00am ~ 8:00am) 6 hours
Case 5 Operating time (3:00am ~ 8:00am) 5 hours
Case 6 Operating time (4:00am ~ 8:00am) 4 hours
Case 7 Operating time (5:00am ~ 8:00am) 3 hours
Case 8 Operating time (6:00am ~ 8:00am) 2 hours

up2bx, Table 67 Zo] Lpo]E #X] 3k7] AJ2Ele]
7FsA e 248kl Case AL Al
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Table 7. Annual HVAC demand of each simulation

models
Annual Energy Demand[kJ]
TYPE
Heating Cooling Total

Base 775,351,329 205,269,990 980,621,320
Case 1 955,814,957 184,378,398 | 1,140,193,355
Case 2 927,724,407 | 186,361,698 | 1,114,086,105
Case 3 897,947,525 188,767,996 | 1,086,715,521
Case 4 867,588,977 191,640,915 | 1,059,229,892
Case 5 835,144258 | 195,023,243 | 1,030,167,501
Case 6 803,065,851 198,986,462 | 1,002,052,312
Case 7 767,310,165 203,576,051 970,886,216
Case 8 734,956,782 208,828,784 943,785,566
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base
1,200,000,000

Caseg 100,000,000 Casel
&

400,000,000
Case7 200,000,000 Case2
0

Caseb Case3

Case5 Cased
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Table 9. Conditions of final simulation models

Fig. 4. Comparison of Energy demand by Night Purge YPE Category
Heat insulation Night Purge
Table 8. Rate of demand change in each simulation Southern 10% Reinforced
models Case 1 Northern 10% Reinforced
Eastern 10% Loosen
Rate of changing i Western 10% Loosen
TYPE Demand Condition Southern 20% Reinforced  |Operating time
Case 2 Northern 20% Reinforced (6:00am ~
Base - 0.3N Eastern 20% Loosen 8:00am)
Operating time Western 20% Loosen 2hours
Case 1 11.02% (11:00pm ~ 8:00am) Southern 30% Reinforced
Shours Northern 30% Reinforced
Case 3 o
Operating time Eastern 30% Loosen
Case 2 8.48% (12:00am ~ 8:00am) Western 30% Loosen
8hours
Operating time
Case 3 5.82% (1:00am ~ 8:00am) Table 10. Annual HVAC demand of final simulation
7hours models
Operating time
Case 4 3.14% (2:00am ~ 8:00am) TYPE Annual Energy Demand[kJ]
6hours Heating Cooling Total
Operating time Base 775,351,329 | 205,269,990 | 980,621,320
Case 5 0.31% (3:00““5“h~ 8:00am) Case 1 638,121,151 | 367,734,777 | 1,005,855,928
ours
N X Case 2 816,988,343 103,785,808 920,774,151
Operating time
Case 6 -2.43% (4:00am ~ 8:00am) Case 3 786,482,474 128,528,700 915,011,174
4hours
Operating time
Case 7 -5.46% (5:00am ~ 8:00am)
3hours o >4
=
Operating time 4. '—;L E'LI-
Case 8 -8.10% (6:00am ~ 8:00am)
2hours
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1,200,000,000 —

1,000,000,000 -

800,000,000 -

600,000,000 -|

Energy DemandkJ]

400,000,000 -

200,000,000

Base Case 1 Case 2 Case 3

Fig. 5. Comparison of energy demand of final models
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