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2.2.2 Energy Balancing A| 2®lo] €3 EA
Energy Balancing Al2=®l< T3 € A4 2 F5 wiAYUEFS [O¥

2793 2o W Bl I o7k dAs

A (Available Energy, EJ)E <ol &gttt & AU & Fgstd W
WEAAE dulet Ao dugks Fa W 7
T PHES dE dujet Ao dugs Fa A doluAE
WrEeo R WEIT duds vl dule FEEE FHol ARd

_,d
Hy
e
B
2
=)
A
2
ot
it
2
i

shio AHT. A AH oA E Potential available energy (E)= *

olgty Zt Fdxol AFH Epc®t Enns ©183H9] Energy Balancing©]
Hh Epact BEHZ ZE7|9 AAHI, Eype EFZY &

AAdT S ERLY] Wl &8 Afo]FE o] &3] Eye Sol

Chilled Water

Tank Hot Water Tank

Heat Pump

/ — N
Epa, Ea

! 1

I Condensation _L__
- $ A 1 Where,

: Evaporation : Ea : Available
Ea I\ || Refrigerant Cycle lEpa Energy

=|- Energy Balancing Epa: Potential

Cooling Zone _ Wlezitbas Zowe Available
Energy

[22 2.7] Energy Balancing A|2®le] & 5 & ojAUE

9 MG Kim et al. “Economic feasibility considering capacity of thermal
storage tank for Energy Balancing System” , 6™ IBPC, 2015.
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AZE AUAE Epn S22 ol 5AIHY. o] 3AHS FH3H Epce
Eac®l WEIZ, Epne Eandl FHZE T &, 26 oUAE 3T
T UE FE] duirt "ok o] HAgo] wHEEH
AR E FAll FFgHh

Energy Balancings %al Wy 249& A7) $siAE Epacet
Epah Zefe] @ui7t Aol Basith Epo A7t HAts A2 &

of W RN e FFE olF HuUE vtk D= Energy
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oZ
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vs
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=
S EB¥E It xYo] ayzxog =W Energy Balancing® 2 A Aks}
= Y- 2499 H]&o] F7}8ke] Energy Balancing Al2®le] §&% &%
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“Use of different methodologies for thermal load and

10) Linda Pedersen.

energy estimations in buildings including meteorological and sociological

2007,

input parameters” Renewable and Sustainable Energy reviews 11,

pp.998-1007.
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<E 22> 3 Ak g E?
T 54
o tiEFe oA &H HeolHE T

Statistical approaches /
Regression analyses

Energy simulation
programs

o =dlEy H|ZY : Response function
method, Numerical method
1) Response function method : 413
A A S Sl A
2) Numerical method : H]A1&, A7t
wet Watete Al 2E, o2 B S
Aol siMstEs A5 (Nodal
network)

o Y] HlojE e AT X wEhrH,

AFHOZ BAE HES AFHU e

Intelligent computer
systems

o AA $3E Y3 S58 AHE
H *

o] g3 HatE o=
o A3t Ao} A HoHE FE3
24317 29 ABAAE A8 8]
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Philip CH. Yus 4 A2l o= su@e BAs7] s 2072
Age zAste] o5 Fho B e AE BHYL AAFAT. e
T 7 AEe U ang @ AR Puns), 9¥So Yus
e SARAL o] O E HolE =EAT

Linda Pedersenl®-& &3 oy =] £uj A

[
)
o
fo
o
N

S Ao Yo} wd

11) KSY. Wan, FHW. Yik. “Representative building design and internal load
patterns for modelling energy use in residential buildings in Hong Kong” .
Applied Energy 77, 2004, pp.69-85.

12) Philip C.H. Yu, W.K. Chow. “Energy use in commercial buildings in Hong
Kong” . Applied Energy 69, 2001, pp.243-255.

13) Linda Pedersen, Jacob Stang, Rolf Ulseth. “Load prediction method for
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32
o

Runming Yaol®= A{A olA] A]~®le] wjx]E 3+ Simple method
of formulating load profiles A&ttt 717] 49 Fatz2udol ot
E oAl 71 AAdH-E] g ReE =EFAT 18 dFEA S
o] g3t Haf S Tt tiE F3F 3™ (Typical Profile)s ==

ST

heat and electricity demand in buildings for the purpose of planning for
mixed energy distribution systems” . Energy and Buildings 40, 2008,
pp.1124-1134.

14) AF=. “FETHY odUA AnFS dF37] 93 EY FEESiEd
kel #g A+ . didAdSSs =1y 214 113, 2005, pp.287-294.

15) dhslE, AR, “sd W, JF8& A=Y Jduyx Rt 54 Hw” . A2
Fe=53 A214d A10%, 2009, pp.553-558.

16) Runming Yao, Koen Steemers. “A method of formulating energy load
profile for domestic buildings in the UK” . Energy and Buildings 37, 2007,
pp.663-671.
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2.4 Energy Balancing Al 2~Elo.2 A3 Iz AL 94y
Energy Balancing #3-& Wy $29 Wit a7} dystE 49 A
He WEdH 29SS ol &5ty gt 2B E WRetet st
7V 25 dAsteE AdEel A &7bssit WiEst

9}
AJslel 2t = Energy Balancing Al2-®lo] tf-$-3t= 23 R}
H

rllo
4

RzdYo] ojorslit}. =, Energy Balancing Al ¥l
Energy Balancing A28l BZ2EY A|2HS] F 71A] A|l2x®Hlo2 FA4
o] lth. webA Energy Balancing Al 2~Elo g2 Aiksle &5 A&
of wWristel dpRete] Aot dX|skA ¥evh 1822 Energy
Balancing A28l 2 A2kgE S 73517] A= Energy Balancing
ZEA S o] §dt] AL WRetet RSt tisfA ml time-step
o] oA 4nE, =9I, Energy Balancingo 2 AJ4k3k ko] o s A
AR ALke stAY AEdCIAS o83t #he E==3dteiof ot

L= 1)

M Energy Balancing A| A &l
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AZE Y Rske} dpESke] AR E o] 83k Energy Balancing Al 2-®l

Ak dFe AR oy ZbA FF AL Rl ey, B

2 (FE 2D 2 (F 2
Balancing Al2®lo 2 AJ4kgt Az Wipo|yx] W o] QAEFS

T

Tohe= Aotk 7] AME 7hs oAlUA(Ey ) ©l A time-stepoll Al A%
H 78 A=A Eur) o1tk T 2o Sz AFE ANUA(Eg)e ©l
7 time-stepoll A on] w3 FHFZ AREH A | Th(Egry) ©]
UAls W fa7 dAlete oA dughs st 2571 F5e oy
Ao} RS dAstE EolA Euds gt 257t S oy XA
olt}.

z7] AHgURAE o]t Eo U E FFATH FEo LAEE
Fatol] tfgatr] 9% duAe SFExd AZE AUAQuou)et BE
del o LA ATAQuoandE °1&3td FHTH. FA =0l
AAE  oA|= Energy Balancing Ao o8] AAakdt 7p&
Quoupel™ A"z FFdofst= oluxelth. & time-stepoll A3
st a7t 7HElUA QuoudE 2H3te A5 BE Y-S o] &35

B3bo] o33t} (Quoaucy)

ol

17) Alth$- 9], “Development of evaluation method for Energy Balancing
System in super-large complex buildings” . Proceedings of the ISES 2011;
2011.
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[1¥ 29] p-h A=

Energy Balancings F33te] o= 7F AAt=w yud =9 b

T AREE AU A (Egro)7t HASEE AME 7Hs s AU A (Eyr) 7t

.

23l Energy Balancing #7488 33 0|59 A& 71ed

(Eu,F,t)Q]' AHEE O]]HX](EG,F,Q*‘E Q"ST time—stepoﬂ HFEEa, 99

3} do]E]E o] &3le] Energy Balancing A&l Z  AYAakg)
(QLO,Bal,tot)Q’]' E—-;Jl—g % o= Ag ’1\1’?:’1' oﬂ Lﬂ X] (onne,tot - QLO,Bal,tot)'g‘
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1o Tl Bad HolH FFE E 237 2o}
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{3 2.3> Energy Balancing Al=®le] d&F A4l TZA 2
Calculation Process Symbol
D & F3 9F Qzone.t
2) &4 ety 28] x7] 71& 2-1) 718 <A Euut
iz e} 5 A ALl 2-2) AHE-E oA Egt
3-1) Energy Balancing
3) AR THsol|A = A AT Al=dl o2 A A QLo
Bt AL 2 BEUAE 23}
AAG Fal A 3-2) REUA =
AAG 33 ot
4) 3) ALE FPsta F2 4-1) 718 oy A Euaoy
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5) Energy Balancing 34 -&
ol Ak 7HE | A Epat
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6) & Etd=He] HF AHE 6-1) 7}-& o= Eygt
7bsoldA & = oA 6-2) ALeE o Eop,
ARk
7-D) AA & Fst Qzone,tot
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2.5 &4
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(1) Energy Balancing A]2~¥l-2 Balanced Heat Recovery A]Z~®lS 7|4k
OS2 MdE A=HOREA, AE WRoA YAste do wds T3

Y Fosh WY Fo8 FA FHeE Asgelt WEsast

ol 7hsdtH, ReddS FUIE AAste FE3 qUAE 35T
T AA AA=EG.

Energy Balancing Al2-®l1e] A&l EAdo| os)] WwrQe) duks
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3.2 Energy Balancing A|2®l9] € <& Z2 M2

B oo A= Energy Balancing Al 2Elol Z%Hsl 2YWHS EE3=
Ae ExZ 3t} o]= 9l A= Energy Balancing Al 2~Ele] d#<¢ E
dol & Azgd ofFA GEA Rlste] o] oA wtgd ZAIA

Zet= Aol st

Energy Balancing Al2=®l< T3 € A4 2 I3 wiAYUEFS [O¥
3113 2ok ¥ 9 W et BAEtH FEx vE A" oY
#] (Available Energy, E)& o FF&th 2o dyAE FFstd 3
WEAAE et 4o dugks S8

o

sk AZAET. A AdE JUAE Potential available energy (Ep)= A

oty 7t dxo| AFH Epcst EanE ©]-83+4] Energy Balancing©]
ST Epace SEPzS 7|9 AAEI, Eupe SEFZY &

A AHe] duizt Ak o] HA o] NEHHA @i oz eh Wi o
UAE FAo 33

Energy Balancings 3l ¥E¥ 245 A48t fsiA= Epac®t Epan
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Chilled Water Hot Water Tank
Tank

Heat Pump

Condensation

A Where,

vy :
" Evaporation I Ea : Available
1 Reffri
E gerant Cycle I
a\ | /7 Epa .

Energy
~|—|- Energy Balancing - ) Epa: Potential

Cooling Zone - Heating Zone Available
Energy

[19 3.1] Energy Balancing Al ~Hlo] & &8 Z 2 A~
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32> AU H3E Ao® UEhiY <& 33193 E 34Hm9) 2
o Rsis )yRatel #7)Hskel @ Aolth uEEE AR,
HA, AR, 1Y S 53 Ands s BAHY exje o <

et | Raes B g A4
A5& T3 A=< q=K X A X (4T
HAE 53 A=4d q=K X A X (4T

AgRE | Hre 5% A=d Qon = K X A X (AT)
zrebo], A4, wherg

q=K X A X (AT

7] g F 427 HE g =029 X VX (AT

1w =
37 23} e =g Zd qp =715 X VX (AW)
7] A,
q cd=F (J/h)
K c 4#FE (J/of -h - C)
A 0 1A (of)
AT &2 (C)
V . Z%F (ni/h)
19) Ibid.
20) Ibid.



GE 34> WSty a4 9@ A2

Hatas 9 g A AE A

A5& T3 A=< q=K x A x (CLTD)
HAE 53 A=< q =K x A x (CLTD)
ES 53 A=d Qen = K X A X (CLTD)
TS T AE Qaa = A X (SC) x SCL

qg=K X A X (4D

dAE gs = No X (Sens.H.G)

A T x CLF
4 qp = No x (Lat.H.G)
zw g q = INPUT x (CLF)

977 &4 q = HEAT GAIN x (CLF)
7] 2 AJAA 7] Hd g =029 X VX (AT
w2 B3 A9 qp =715 X VX (AW)

CLTD : AF3e)7]-e%x} (Cooling Load Temperature Difference)
(con s AE=E J/h)

qrad : J—ﬂf/\]'g (J/h)

SC . 2}9 A4 (Shading Coefficient)

No D INA S5

CLF  : ¥®¥53tAS (Cooling Load Factor)

AW dosEAF (kglkg)

HG : €8%= (Heat gain) (J/h)

Sens @<

Lat g
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g AFRAL AE, Age] A gxW A AAZS ASHRAE
Standard 90.1-19892] Building Schdule Percentage Multipliers2®2 o] -&3}
o ARt dolHAY 88 FIHS 24AIE AEH R st A

o8 M At
(E 43> 5ol BE AdA FIF (SO 773007

- Total Heat ,
Activity _ Sensible Heat | Latent Heat
Adjusted
Seated at rest 100 60 40
Seated, very light
. 120 65 95
writing
Seated, eating 170 75 95
Seated, light work,
, 150 75 75
typing
Standing, light work
, 185 90 95
or working slowly
walking 1.3m/s, light
, 230 100 205
machine work
Bowling 280 100 180
Moderate dancing 375 120 255
Heavy work, lifting
Heavy machine 470 165 300
work
Heavy work,
, 525 185 340
athletics

20 2%, 4, A9A. A2 E FMA A=A A E, p.
205, 2009.
28) ASHRAE, ASHRAE Standard 90.1-1989, pp.111-112, 1989.

- 62 - A '_



GE A4 QA NA S TALDRFE [W/RL] (Y5

o ) ~
t~|0~| oo N o
o m23 < © © = < I
—
o T |lwo | o <t To) < o~ o~ 0
Bl=|®| o o0 o S = &
< Lo —
ol~| o N o
o 585 3 o~ ~ L L N
L
N
T o~ | N <t ) © To) =
| o |~ &~ =~ 0 0 > Lo
00 o <t
— || o ) o
o m45 S 0 3 = S ]
©
N —
anl o\ NaN| o <t A\ @\ o S
BARCRRE He) Ne) &~ &~ 9] =
B
0| N o\ o ™
=) © Q Py
| — — N N
A
W
Wﬂma o
T GrelicCl Ny N
o T Nfo
1k g
L O N g
Rr o T 3
NN N

il

_63_



(45 4§54 QA BdFst & @ A 2AF

gamd 9 |
| 2= | &m o g (W/H 2 A7
A 8= sty 3 & (W/H) Aber 2 (a) A A (hour)
AR 150 UM ¢ 0.2 08~22 (H <)
43 185 UM ¢, 719) 0.2 08~22
I o o 0.3 00~08, 18~24 (3<)
—r7% & 150 (7]’31‘{: = . 24/\121_ (—zr‘:'a]‘)
2t 170 (&) AP 0.6 08~03
g o] ] A 100W (HdY%h 0 24N 7
o 100 () 2477t 73

AR, AR, A", 2ABR] 2R AZTAAN 720 3

29) E SR AF7AAER AAVE, A2 37128t FEtA 4L p.47, 2010.
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pp.451-456, 2006.
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ABSTRACT

A Zoning Method for Energy Balancing System considering thermal

characteristic of building zone and economic feasibility

By Kim, Min Gi

Department of Architecture and Architectural Engineering
Master” s Course in the Graduate School of

Seoul National University

Advised by Professor Yeo, Myoung Souk

2016. 2.

A building occur heating load and cooling load simultaneously as
building scale is larger than that of past time. Several systems are
developed to reduce heating and cooling energy consumption for this
large scale building. Energy Balancing system is one of this system
which can supply heating and cooling energy.

Energy Balancing system can supply heating and cooling at the same
time. Using refrigeration cycle, this system extracts heat from cooling

demand zone and supply this heat to heating demand zone. Evaporator
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extracts heat from cooling demand zone and condenser supplies heat to
heating demand zone.

However, Energy Balancing system can be operated when all heating
load and cooling load exist in the building. For this reason, if the
amount of heating load and cooling load occur similarly and the
occurrence time of heating load and cooling load also occur similarly,
ratio of heating and cooling production Energy Balancing system can
increase.

In this study, thermal condition of zone is deduced for operating
efficiently of Energy Balancing system. In addition, zone combination
method is developed as is set the system operating range in a building.
First, thermal characteristics of zones are analysed. Using analyzed
data, building zones are classified by thermal condition; the amount of
heating and cooling loads occurrence and the occurrence time of the
loads. Second, zones which are adapted Energy Balancing system are
found by a method which combine types of zone. Optimization by
Matlab is used for the combination method. Lastly, economic analysis is

conducted for validating the zoning method of the study.

The results from this research are summarized as follow :

(1) Energy Balancing system meets heating demand and cooling
demand at the same time by displacing heat of inside of a building.

For operating the system, it needs to both heating demand and cooling

demand. For this reason, heating demand and cooling demand are
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considered for adapting Energy Balancing system.

(2) Considering heat characteristics of a building, zones are divided
into zones which are operated Energy Balancing system and zones
which are operated auxiliary system. Heating and cooling load occurred
zone are classified envelope(external) load and internal load. Zones can
be classified by the amount of load and load occurrence time. As
classification criteria, 4 classes are set and 5 zone load profiles are
deduced; zone of large amount of heating load is occurred, zone of
large amount of cooling load, zone of majority of heat gain from
internal load, zone of majority of heat gain from envelope heat gain

and small amount of load zone.

(3) To simplify heat produced by Energy Balancing system, 5 zone
load profiles are simplified using fitting tool. Using 5 fitted load
profiles, a year is divided into 7 time zones as heating load and cooling
load alteration. In each zone, heat produced by Energy Balancing
system can be simply calculated sum of heating load and cooling load.
The amount of heat produced by Energy Balancing system is less value
of sum of heating load and sum of cooling load. Therefore, the lesser
discrepancy of sum of heating load and cooling load, the better ratio
improvement of heat produced by Energy Balancing. Using this
principle, zone load profiles are combined. a combination is deduced
from several combinations from several time zones using optimization.

This combination is adapted to a building and conduct zoning.
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(4) Economic analysis is conducted for validating the zone
combination. A large complex building is modeled by TRNSYS. Two
cases are analyzed; whether the zoning method is adapted or not. As a
result, both initial cost and operation cost are more economic when

adapting zoning method.

Keywords : Energy Balancing system, Heating load, Cooling load,

Zoning, Zone combination, Economic analysis

Student Number : 2014-20511
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