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Abstract

In this paper, inverse building modeling was applied to building perimeter zones which have different window
orientation. Two test zones of east-facing and west-facing zones in ERS(Energy Resource Station) building ,which
is representative of small commercial building, was used to test performance of cooling load calculation and peak
cooling load reduction. The dynamic thermal load model for the east and west zone was validated using measured
data for the zones and then it was used to investigate the effect of peak cooling load reduction by adjustment of
indoor cooling temperature setpoints during on-peak time period. For the east zone, the peak load can be reduced
to about 60% of the peak load for conventional control even without any precooling. For the west zone, PLR is
nearly independent of the start of the on-peak period until a start time of 1pm. Furthermore, PLR has a small
dependence on the precooling duration. Without any precooling, the peak cooling load can be reduced to about 35%
of the peak load associated with conventional control.

329 (Dynamic load model), W% +4-3H(Cooling load), €55 & (Perimeter zone),

Keywords : 54
by 8} 4 7+ (Peak load reduction)

gz 20119 69 79, AAREAE 2011 69 114, AAMEA LA 2011d 72 154
WAIA AL o]75‘.i(khlee@kler,re,kr)

Journal of the Korean Solar Energy Society Vol. 31, No. 4, 2011 1



[=2] e delAetsl =2

72l M4

e D AES AT

T C2x (10)

J B E

NS : Night-setup <% 7] o] 14

PLR A N

(Peak Load Ratio)

PR : Peak-reduction &4 Ao

S D AGE A WY

u DR 9je WE

Q. D AEY & EXE (kJ/hr)
.M B2

AEH AeEde] o= F2 Ywhg A9
Foo) o3l AA FUFEHERE kg A A
H2IE9S HaAMeE AEY Jadwse A
s Fote] HOdEFeE Folve =90
FTo3slth AEFEHAA T4AE AELS T
A= vste] AlA D Ao iG] A X7} H-
ot AE #EAS FH Formz 27|
AH|go] AL B3t @ YA E 93 AHE
A7 717F esit FAEAES Y3 27
A7t o] va WikRstaelE 9 A= A

W 7}
R (A% 2233, Thermostat)S &
2 9

ol & S omx BN
ot
et
4
wo |
o
t
&)
=)
i
>,
)
=
o
)
=2

roh g Y T2 oo b
B S
24
o T
ol
oz H
i
in)
Ho

R o

, =2 = Le) %
NEHoz A4 4 gla, Az dxE
W7o AAews A5t 2z Wilo)
] o] FojA ,

oo s TaTEY] AFAEE A
5o Fiwee] % &S gt 9 F
5 ZE(Perimeter zone)S Ao 2 3% ow,
old] tigt v & FndS et EW
Ay gRsts Hasey] e A=A
o] 7| WS AH&3 AN EHIAS Bt 11 &

2 AFE 9 g4dE2 ERS(Energy
Resource Station)AE=ZA, 19 1o A&
Qi S eI o] A=
TowaT2] Ankeny°l ¢ (&9 41.71%, A4
9361=)% 15 TR ASAES AT &

-
Y Azolth Ao =2 & A, T =

AHU-A  AHU-B Mechanical
—t+—  room

AHU-1

West -
Classroom | Display[lnt. & lat.
Room [> A | B

East
Classroom

Scrvice rooms|

o
Al
TR

Q‘ Served by AHU-A

[ Served by AHU-1
Reception
[3 servedby AHU-B

center

1 Office
N X

a2 1. ERS de 74 Huz @ 25, b) HWF

S=Ef ORISR =& Vol. 31, No. 4, 2011



4700l £omA 247k Add BEE v oA

Atk B =ForE= East A9 East B2 &

3fo] T3 07 3}, West A$} West BE
[e]

NG o sl Agud £o AAHY
9. 5% £ 4G £ A% 5E AR
Fah o] Fro] Jov] Fro| e
AA A ersrh A% 2ol vF FlehetE Q)
4ng oy 20 Ve, ¥ £9 59
A AgH 9o FEL 0TmTAe
| FudFolu], nihe ASER Hojolrt
7 Eolls WY AASS Ashe] 2B kW
&

ol
Ay
i

>~
>

QL
30
o

Double glazed glass =

Top wallof /

exterior envelope )
Interior walls

.5
p—4sm y

’ Single .
Bullomvwdll Floor Door
ofexterior

envelope

31 %4 Fs=d

AE2 WAL 2t 483 9Pz F
ol zholy Avzde] Ay WEEe
ol dA B A Fmdsdel v
LA sz ols Qe 5T F e
T4 wetrdel FAasirh T4 Fand>

slo] EMF A~ (White-box) E@ 3} 1 o]utx
(Grey-box) =@ 7|W o & LR o] 2=
= =AM e dEel g dests 524
Jd 2SS FYsta, 2l wgdyHE A

Al HolH & olg8te] ek WA el 1 o

ERS A& 9|F5 o] 3 nde ¢7]¢}
Asle e R JAgd, Axwy A
sk v, o] g &3 e 8o
2 gdesA A e 17 39 43 Z(Thermal
network) = UERIQLTE ZH7be] We = ) 9]
AEFT A e dATS 2 F e 4

s A3 RE A

4 ez Pyete] o
[ex]
=

=l o
St ZF o) iR 44

SRR

Ef=ALE

Q7|2e

T
rlo
l

Hi=arg

[ e g
o] dgzoz
EEE

i) vhe) axg

A & 7H(state—space)
om Fo AAHLEE

N N
Q.= (Eosjuk—j)_ (ZlejQz,k_j) 1)
- i

Journal of the Korean Solar Energy Society Vol. 31, No. 4, 2011 3



[=2] e delAetsl =2

A= ERSS Aul Eof digh Fakn
w2} Bl &= 845 (Training) o] 2= 34
o A4, 7 Fd Ulste] RdS
AL 1-?40]_9} Az YurE g}

2 %}‘:,: 7} o] A Ae

7)
SR

4 T2 ¢ ¢
¥ A A Oﬂ kS %3 = HEEANE
Al HolHE o] &3te] TRNSYSY
olar radiation processor®%-E A A&}

o o=
)

>
¢

o
ol
2L

S
N

N

o)
)
g

12

oo oo
0 oﬁ,

ol
_&NIOEQ

o
-

_u H:l il
|m
3@ R
lo,
Z
C)
_>.:

D:

il

==

)
_|\l
rl rkN

41 10 o off mu & > O to u@
U)I"EOSL' o

ol
il
¥ 2

FH

A & = (Accuracy)

+0.14°C

+1.13m'/min

01T
o =3kel +0.5%

13 A Gl WA AeEs
QA §A 53w gA R e
g 4gagstel FANE N8 24

oA ofzte] A LEE Ul
RS EIR RN EXEERS
2l

o
ol
2
i
Jo

=
=
21(NS, Night-Setup)= A &3t 1, 23+
3
v

ey
1

oy
IN'oE:“‘.:-E—YiP.EE‘loEL

B 4 S4ol F verd 5
13t 23 AP elele g el 8
d& AeH7go R o] &3
o5 22Hrmse)E 3 29 UrEPH?iE‘r
olule] ©2HE vhetulo] Aea)

Jfu

.ﬂ

N\

102
A wd anes @ UA}O}MJL eE
Yreksh o5 WREE 1y 40

R

= RS o SEES
12 A3 22 A ¥ 8.94%
53
22 A9 12 A9 8.78%
12 A9 22+ A1 9.46%
A8k
22 A1 12 A3 12.4%
——Measured = Calculated
Las,om
30,000
[1 25,000
- Rod LY I {
ﬁliﬁ S L A
o T8 TR TN N
g | L Y
(a) 1 25 49 73 o7 121 145
Time [hours]
000 —— Measured = Calculated
30,000
gzs,ooo i)
20,000
B S 3 W W N 2 LT\
ﬂm,mo ‘i
9 5000
(I
(b) 1 25 49 73 o7 121 145 169
Time [hours]
}I —— Measured -~ Calculated
40,000
35,000
§ moo
P 20,000 |
15,000
' A ] i I
2 5o 7 CAN W AR
04
() 1 2 49 73 o7 121 145
Time [hours]
1000 —— Measured = Calculated
35:000
[{ 30,000
25,000 1 IH i’
;fgg / _/ _/ / f
ggg - ‘ N !k ViV
0
(d) 1 25 73 o7 121 145 169
Time [hours]

% 4. HE o 55 Rslpdel Yyssto sl A
% digtstel @, @) S8 = (1% AlEHof
HE =& F 24A " HolHE oFH[1), (b)
E3 = QA AHHOIHE 35 & 1ZAIE o
OlE{2 ol &F8|w), (o) ME & (1X AlEHolH
2 3tE = 24 AlEHolEE2 o FH|1), (d) M
& = (24 AMECOoIHZ st& = 14 AlEd ol
EHZ o d|u)

S=Ef ORISR =& Vol. 31, No. 4, 2011



T %0 o) EW%&%@W%%%@%W g
o N o Am o ol N gg B o o o o) o . <
Mwﬁ MR e oo e P R B3 g S ow
TIP  mBAT P BRET Mo T i, : < B
X < o 0 \lor,mﬂ,‘ﬂl o ‘mW AT o 2252 - = - m_._.l
TN - o o O o T o Oy TN ._u v | =L | | S W
of HA_IA_IQ#O‘LIHOEI‘%deI ﬂax__@ﬂ o 5 b § I

“wﬂpl __II.VI‘IL.E]_I;OW_.O;O_:OZ\IQE.#‘I -2 -2 3
O = T R TR ol T N ok of o & o
=B il P o o = - £ 29 c B Ty
Sl R R R £ EE Foo

— T o nt . i T o— Ay = ° e g ° o o
1Am1# . .uv_AIﬂHﬂE ,UIdl]rLﬂﬁBﬂl‘olAr‘AoawMo ~ g 2 ~ WT%
Ml s o Pl inr A% e - 25 . D3
WA PE pxPTaomsl o w e - i o P
ol W T 5 ) s |

Seb woyi®r _FeHrzn T - T
PTH mogmPompTipma K MX $88888° 288888 ° g
TR©R T A TS E O S&geoa Sggsce s
i } o £y E t :.L = o HW ,ul = A NN - = A NN - - o ok
N T B o 9 < oy n_r = ° s N - E L UTQ. TE—000 S (TOUQ. BE—00W “
0 E..* C..ﬁ _ﬂwﬂ o ﬂ z.f \.Iﬁ_Al D..# ~NK m‘.# Z..f z‘t _EE OE ~ JH Eo . _ il
TP E  GH YT R MR o = S
N R N W OEK - R T Mo ok T o

Lﬂmﬂﬂf%%rﬂﬂ@. S TTLXOCUWT VX waoﬁ%ﬂ%i%ﬁmﬂa
NKT o L e - TG = RT o ® T S I T W - T
o o} o o) o
Gy ,b_dﬂMEEAT —_ ﬂLﬂL]ﬂ_;ﬂEuTﬂ.anOL M%iot.iﬂor%ﬂodﬂﬂu“
G =T R g iR WT g P oA 8 Br
On_ o OT ﬂ.o% OW e it ri .ﬂwa me ﬂ X oF _,io ‘m_ﬂ T ﬂ ‘._f ..m _— = T D] ﬂ/ﬂ_ :.L ﬂ.o% e
= 1k =0 =0 o}/ Bl —_— = M W A NS o mZM = & il 3=
sl RE 55 PR _TaTF 8 A RN

— - ~ 0 ) )
BoN L lT T OEE xR T P 0T o o oy o Moo B
TRl erTEY s mnldEe ww T 20 rL 30 x e G R o

~n o= m. < o = M AL o) = < . o ol — = & Ho X o oF = o
7ﬂnﬂzt0t mi° BUS N L N Urmﬂ;ho1 b%m Ew o FoAR R e
T Mm@ s £ o Podm_ = 5o W wE T = E
}%L_/ﬁo_LEurmm_ﬂa% S ﬂw_%ﬂmuﬁr7m o ugztﬂEﬂztmﬂEWﬂaﬂP
10 = e —_— — o~ R
2o B W Mg M I _Eﬂomuﬂu ol M W o W ﬁ%ﬂﬂai%(%%ﬂmﬂ@
TN Mg ® S O o W oo Moo o) aF wo BR do e N WX = T oar
T w..oﬂﬂdr dlﬂoxg.,_ . Wﬂm&EEoﬂ_.Poﬁeﬂw otmﬂ]z_.;oﬂotmm Loﬂuﬂo
W M2 P aT .y 8 W I o) R oy mo et N O~
o AN —_ X o < o) T G e e = < =0 X
El B+ HENY T S BT S e e W PPy o BT
o~ WETETRT R TrTUEE R Ty (o3 EsE EwnTw
< HAIP NN TY S N T ol TETRENT <o T THmPTERD W
FERTH G N W WA e TR T W R do TN X O BT oF R B G

Journal of the Korean Solar Energy Society Vol. 31, No. 4, 2011



o 2R A7 %% A71a7] 9% A
= . Peak load ratio)

- max{Q. ys} 3)

g ol g AlEeold A
st 11 60 YERH AT

[
Azree] AAAZEE 0 A TARH 14

—=-No night precooling
—*—6am
——4am
—0-2am

(@) 7 8 9 10 11 12 13 14 15
On-peakstart-time [hourof day]

-#-No night precooling

0.68 - —+*—6am
——4am
0.66 A -0-2am

E0.64 E

S B ERE

HoldFE T4 Gobd AR AL
7} o AAE Row vhehgth @F 14
$H F 64744 AARAALE Fad
s Aol okt Y e S 2 Aol =
oF 60%°] 717hE W AAZEATL o3
oRRFly Agrol WA RSA G vl A
Tol A A dEA T 3

RIS 2 GBE T A A

.ﬂ K

Foll = 2% 32419 ¥ars
’\131“1 —% A& star= PLR%EHo] ¥ =LA 7k
o AJ2A ZEe] Wl S 9 AR SHAI g 7 A
AXAY oA = W3lol]l Ao J&gdFS X

%= o yEyton, oty e 1 o
ol 2] A stk okt YS A &
T Aol vaksts oF 35%7HA Aol 7t
T8 Ao E ey

3 T T =3 AT o A 2A
w=of To) mhE WWRekE 71 NS4
PRE el o3} 2 8o 7}zt

o o o fN f Fo fr T K ro

H AHLES 206TE2 31 24 oy
Ag o & 2F INFE AaRsANS
ato] 244CT7HA Ao AZE F7HA
Aol g AlEdeld Aot} F &
749 5 PREAAANA 2 7AW
S At A whAbe]l & o 4% 4§
A7 S R 2A e o,
O ol FRE 7]EEAN S)oﬂAH To}g} F
AbeE el o2 Ysirl 1A o]
FHREE 59 A g5t

=9 A et 2
SA AR AELAeNA Y AN 7t
Ao guare 4s e ¢ e Aow
Lheb

€ A2 2 gAems) Aol the

S=Ef ORISR =& Vol. 31, No. 4, 2011



NS
R

a
[ ]

3 5 7 9 1113 1517 19 21 23

3 56 7 9 11131517 19 21 23

1

1

Time [hours]

Time [hours]

<p
< 5
P
4 0
« 0
<
e
pal
e
« 0
« ]
e« D
4 ]
e« 0
« 0
2 & s
a LA
4« b aop
A
4a v
ab
P
4
L)
o © < INE=] ©
™ N NN NN -~
—~2 @S Eu-

]

e

[ ]

B 0w «

ne z o

he
oe 4B
ne
Oe
ne
Q
40
L ] »
. [
] [ ]
L ] [ ]
< a

[

n

o

a

n

"

7]
—r
«© © < o~ o ©
o~ o~ o o o -~

—~2 e oo Eu-

9 1113 15 17 19 21 23

7

7 9 11 13 15 17 19 21 23

5

Time [hours]

Time [hours]

o,

30

700

700

©
_6_1

&5 AlE ol

Foll A

7hEk

=
[}

N
T ofp

o)

100
ERE
or o
ol
B 3

R ERPR R

o]

K

Al E e o]

R

71 9l

el
N

-
N

o
ali

e

olo

Al

Al =
=6

1)

N
o°

1Ho
)

oy
)

o

o}
)
Nr

of o

=z
F =

i

A

O

Nr

A% 2o AFAte)

o=

ol

o

BX

o

—

0
o

(2) ERS

M
&

oy
=

o

il
"

1o

gl
A

~

A|m
o

al7)

B o617 o] WA el vy

4
N
i
o

il

]_

R ERFEE R

S

=
54

WeLS 4TCHENA AL £9

Journal of the Korean Solar Energy Society Vol. 31, No. 4, 2011



e8] Beigel et w8

(3)

(2)

1.

A HAHoE FAE A WA A
% 233C% A= Bl 7
Hlgte]  F&F FolA 60%, A &

w2 rfz
>
fo
N

xe rlo

NoHtoror
fuj
o2
d
>
1o

=2
= BT ood 2 oo

oo O, 1o
o
o

—z

ol

o

2

5\

fd

i)

=

C

o

e,

ko

et
Rl

e

ot M
lo,
rO
-
fit
w

ol X[ orh = B o XNorflr O Moo RO O
o
fl
ki
e
w
32

do 1o i ro % 34 ok ob o

Lee K.-H. and Braun,].E.., Model-based
Demand-Limiting Control of Building
Thermal Mass, Building and Environment,

Vol.43, No.10, 2008, pp.1633~1646.

. Price,B.A. and Smith, T.F., Description of

the ITowa Energy Center Energy Resource
Station: Facility Update III, Technical
Report ME-TFS-00-001, The University
of Towa, 2000.

. Lee, K.-H. and Braun,]J.E., Evaluation of

Methods for Determining Demand-Limiting
Setpoint Trajectories in Buildings Using
Short-Term Measurements, Building and
Environment, Vol.43, No.10, 2008, p.176
9~1783.

. Wikipedia, mathematical model.
. Seem,].E., Beckman,W.A., Mitchell, W.,

Transfer Functions for Efficient Calculations
of Multi
Journal of Heat Transfer—-Transactions
of the ASME, 1989, Vol.111, No.1, pp.5~12.

Dimensional Heat Transfer,

. Chaturvedi,N., Braun,]J.E., An Inverse

Grey-Box Model for Transient Building
Load Prediction, International Journal of
HVAC&R Research, 2002, Vol.8, No.l,
pp.73~100.

. NREG(Nonlinear regression) analysis,

Fortran library.

. University of Wisconsin at Madison,

TRNSYS 15.0 Manual.

S=Ef ORISR =& Vol. 31, No. 4, 2011



