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SUMMARY

Development of Virtual Sensor for Energy Monitoring and Optimal Control in Building.

In recent years, the world are pouring their interest in energy-saving measures and
efficient use and there are efforts made to save energy in a variety of fields. In the
building field occupying a large part of the energy used requires reasonable measures
saving of energy as well as the efficient use of energy. However, providing optimal
feedback control for energy efficiency and management in the building situation is very
complicated and difficult. Building system may be needed to monitor thousands of
sensors having the respective characteristics. However, to install the sensors in all parts
is very difficult. In general, building system have a tendency for each individual building.
Because of this, a cost threshold for advanced features are high. Therefore, the key to
realizing more intelligent features to reduce the cost of the building is one of the

threshold will have their solutions to take advantage of the virtual sensor technology.

This study was performed the virtual sensors development applicable in the building
and building energy performance monitoring and optimal control technology by utilizing
virtual sensors. virtual sensors developed by domestic and international status survey
and analysis on the development of an existing virtual sensor. After a review of
theoretical and reliable system through numerical analysis, this is based on develop
building energy performance monitoring and optimal control techniques.

In addition, performing the dynamic energy simulation and considering the result in
order to analyze the development of the performance monitoring and energy performance

of the optimal control techniques.

Through this study, we developed a virtual sensor HVAC system applicable to the
BEMS, The development of virtual sensors are similar to the actual measurement data
so it has high accuracy. In addition, the complex management plan proposes to develop
building energy performance monitoring systems and optimal control algorithm by
integrating existing heat source the absorption lines of water purifier through a

geothermal heat pump system.

This study develops a virtual sensor technology as the core technology for building
diagnostics and energy optimal control goal. The effects of study is as follows. 1)It
expected higher utilization in a variety of technology-related research and development

being controlled. 2)Through the HVAC system demonstration project associated with



BEMS, pleasant building environment, easy maintenance building, and energy and energy
savings are expected. 3)Developed technology that can take advantage of the surrounding
objects and sensors to create a new virtual sensor system inside the building and

expected to create a new industry and services.

As a result of this study, we developed a virtual sensor that can measure the flow rate

and the air volume for the development of efficient operation and maintenance
optimization systems aim of building energy system and verify performance over the
performance evaluation of the study. It can be used in building automatic control system
in the building equipment sector, and integrated application of physical and sensors can
be used in building control and diagnostic system. Furthermore, it can be used as an
important technology in the realization of a low-energy building through a linkage with
BEMS system.
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i} Zue Bd 7l 55 2%

= AzeuA ds EUEY B HAAE 913 P Ee #EE TlEs =2
(1) HVAC AJ2=gle] 7RdaA 7= (2) 7P S 283 s BUEy A28 9

A o] 71&R TR A G}

> HVAC Al=819] 7o} #edste] S 53] 53 Hy-sirh,

o HVAC A" HAAlo] 7& 2 dedlyA ds ZYE P adste] e 45
TFES AE FHAHAN e B 5850l Sty B Ae o] TS &8 A
ZolUx A% RUHY 7]& 9 HVAC A= HAHAo duas #d 53 @153
=
[3£1.2.1] =48 5L A 4DB
A %) gt v =
71zt 198072014
. Elis THEAA, AEANUA, He BEUET, HVAC 2 A o]
i Virtual sensor, Building energy, Monitoring, HVAC optimal control
A Google Patents (http://www.google.com/patents)
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state and local incentives to purchase equipment

[£1.2.2] 53 A 23
HE 539 HFg71 89 94
Performance evaluation system for electric installation in
JP2001349 building, outputs building performance evaluation 2001
508A information based on computed energy consumption in SHIMIZU CORP 12-21
building
Energy saving diagnostic method in building using internet, HITACHI PLANT
JP2003091 | involves comparing stored standard energy consumption 2003
. . . .. . ENG & CONSTR CO
311A information with calculated energy consumption information, 03-28
for displaying energy saving evaluation result LTD
Energy management system for buildings of factory,
JP2004227| generates information required for obtaining environment 2004
054A management certification of buildings based on acquired data DAIKIN IND LTD 08-12
related to energy used by equipments in buildings
Energy and cost saving calculation system's energy load
US200702 | e.g. steam, forecasting method for e.g. building, involves Siemens 2007
44604A1 forecasting energy load for building using multi variant Corporation,Iselin,NJ,US| 10-18
non-linear forecasting technique
Web-based auditing system managing and utilizing building
US201100 | energy information, has device that receives login request ECOINSIGHT 2011
29341A1 | from user and transmits message containing user specified INC.,Atlanta,GA,US 02-03
and calculates information
Energy and cost saving calculation system's energy load Siemens Building
US745101 | e.g. steam, forecasting method for e.g. building, involves Technologies 2008
B2 forecasting energy load for building using multi variant Inc.,Buffalo 11-11
non-linear forecasting technique Grove,IL,US
- ] dit o d " I-CONSERVE LLC,US
nergy consumption auditing, monitoring and controlling BOGOLEA Bradl
WOZ200711| method for e.g. private office, involves obtaining energy | ra gy 2007
. . . . D.,US | BOYLE Patrick
S81283A2 consumption and physical conditions data from series of 10-18
modules that monitor and control physical conditions J.US | SHINDYAPIN
Andrei V., US
Virtual business model for specific building energy and
WOZ201103| audits, has federal/state/local incentive database defining ESPINO Mario A. 2011
8193A1 |incentives database that lists information related to federal, Jr,USs 03-31

oh S AR

o "HAl~o] A&RM th8re] LoanSTAR program ¢ <40l A,
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[31.32] A53F 3 A AT

FaAT
- S S AbR W R AL B8 P 54
= 7)E JRAAA e B3k [ciaviely

QEAR )

9] AH AL W A GEA |- 9] AAEAL D AE2ARE B MY 7)1Eas B4
- =) Al AN A AE 9 ek 24}
A Ao -] AR e A A AN 7% 2AE B9 by
Jwer am AA A w2 e 2
S s - b AA AEAEe] A% 2R 9 A 3 A4

L

C 1E AR AU A%
BUEY 2 HHAolo] $a
NPT EVIE -t R

- Tl ke kR Y 2ARE B 54 9 dRivet
- 9] A BEMS +4

- 7P A E 283 AE oUA A EUHE gt

=3

AE
s AR Uyx A 2UEE = ~ B
ST S L VAC Azw Ao s A8 Asan A8 B
= [elre] o]
HE

- BEMS <A 7<= /e 93 A4

=
- b A S A9 9EY Ao} A% =5
-

- HVAC Al =8l 7}AlA 7
- FA A mdd
- oB2AH AT HdE 2 A |- M AN 2d 9 3 B
A48 Bt - 7P AN E@F A8 Z2A s ukd
- 7P AA AEAE HF
- TP AE B B - HEF AE F HF AA 842 AF
s AEAUA A EYUHF |- AENUA 5 RUEHS g PAA A8
S A A A A8 - HVAC A&/ HAAl] daels 7 52 BEMS 97
- FHA Ao daglE AL oA AlEdHoA 4
- AlEgeld 9 A - AA A
37} - 7P A AEE HE
- BEMS &84 &4
- 7P AN E 8T - HF Al=d" A8 A
AFAUA] s EUEHF 2 |- 7P AN Al2E A 74
HVAC #HZ Ao A]2=H] - Bd=st 9 et
Jgst 2 na=s) - AEd A
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2.2 HVAC 7V&AA

W79 A A A S (Coefficient Of Performance, COP)& W%
7o m AREHEH, SFE717F kg WHlE §
A AT(COP) = FA18F Aol =, o' =3 ofgfoll A & HF3dt=
ge] HEREA 779 Hes dE= Agolth

AF&Ete] 71719 Ao7F 758 Aot}

£ A9 sEPLY #44 Aolg AFTGA g He

g3 A AE AE A

gk el A<
T As A 289 s E89ud =2 385 7= A
PE 7]&ete] COPEYHH w
o v A =

EZ Aag Al s fld AnEeR w&

SECE R

= 0O = HH O
&0 1 YES
= - = =
T Ue YHEAE

O = O O A~
e 285 ¥

o 45 EUHPS

ggste] A=zl Ao

X

2 ek Ajxade] g oR F8&3HE WekS B R A stk COP AL A Zadh

(1),(2),3)=

Step 1. Power consumption = 2-& Z A3t}

I/;“(. NVS”U(' Vs”ur‘ P( s
vV, NV, Vb ek
. Veuc v V vNV
Vsue Usue Vsue
| P, \(m=1)/m
» . L dis —
W= mw m {psucvsuc m—1 l( -Ps'u,r: ) 1 (3)
o 7] A,

n, = Volumetric efficiency
VD = Compressor Displacement rate

N = the number of suction strokes per unit time (rpm)
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V,, = the volume of the suction chamber(s) (m3)

Vi,uc: actual volumetric flow rate eavaluated at the suction condition

m = empirical parameter

Step 2. AGIEFZY AT AEI|EFHEZ A|x®le] Ao dubtyoz oA
(COP, Coefficient of Performance)® el th&9o] A (4)3 o] AAg 4= 9t}
COP:Q 4)

w
o] 7] A,
Q = Capacity (kW)

W = Power consumption (kW)
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2 on ] =5(T) ] +5(%)
S A SHA| A
55 26 23 55 45
oF A)| K- 26 22 55 45
ol AR 26 22 55 45
T 24 24 50 50
5] &4 24 25 55 50
A2 26 20 55 45
7 3 26 20 55 45
[ 233] AE 3 EFHEZ Alx=dl A
5 GH-1 GH-2
o 11 1
s ik W vk
(RT) 46.24 48.86 9.86 9.99
EST(TC) 31 5 31 5
(C) 7 45 7 45
=(T) 12 40 12 40
[# 234] MY Y S|EHE A|xd &F 2 F3F
A4 3 EFE
137 2357 357
4% (RT) 48.86 48.86 9.99
r 2(LPM) 564 564 114
£ (RT) 48.86 48.86 48.86
2 (LPM) 564 564 564
£ ZF[RT) 48.86 48.86 48.86
2 (LPM) 564 564 564
£ [RT) 48.86 48.86 48.86
F =Z(LPM) 564 564 564

[3 235] &2 Y271 A

A
H|H 5 DAC H-1 DAC H-2
o 3 1
9 e 9 e
(‘}%T%) (USRT) (Kcal/hr) (USRT) (Kcal/hr)
800 2,419,500 500 1,512,000
2 D =7 B o
12 7 12 7
S 55 60 55 60
7} 32 375 32 375
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SIERAY Yy 4wy AALERY 2ol (Tw>Tset+d) AA2EE 237] 98 v
S JEHAZE FUIE FAFAZY S EPE Y4 E7v A% KTl dolx|

(Tws<Tset+d) =24 o2 S|EFHE A|~"Ho] 255 F A3k},

e Ad s|lEREZE Kot 5 s A4 ol BtF7] S &4
[e3]

of AA gl % anE A glom o]& s As)
71 el W 2xe AR ghe ARskA @ oAyA EHE Eol= Alojwicto] Zad

/Input ‘Tw, Tset, S /
Tw : Heat Pump supply cold water temperature

\L Tset : Heat Pump supply cold water setpoint
S : Heat Pump operating signal
Call Ty (1 =on, 0 = off)

[% 234] HE A<

=B )
e Usedue dues

(2) COP7H4AME &8 AFIEHZ Ao W<t
W 7)o A A A5 (Coefficient Of Performance, COP)¥= W% 719 d&&o] £ s
b= 7Ieo® AREEY, 45717 lkgol WS 45dte] e ¢ e 94R
AF(COP) &2 AT Aotk &, ol x4 ofgfoll A Fasts d(W)ell tiate] Ws &3t
g2 71719 Ades YE= Aot ol & |
d
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Input : Ty, Teet,
COPyp, COPset, S Tw : Heat Pump supply cold water temperature
Tset :

: Heat Pump supply cold water setpoint
\L COPup : Heat Pump COP

COPget : Heat Pump COP setpoint
Call Ty S : Heat Pump operating signal
(1 =on, 0 = off)
~ z
1%
{ l
L ] si=o | | si=1 |

\\Yes—

OPyp; = COP;,

dargF
3 B AG AEWZ ALY Aoy
() 71& A9 HERT N2dn F54 Y257 293
[2% 23619k o] A=) 7 &0 eHe Ad s|EHZ

717 @3els AHUS d4=7F a1 ¥ o

=
o] ¥& A¥ JEHE woz
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Tw: Heat Pump supply cold water temperature

Input :Tw, Twset Twset - Heat Pump supply cold water setpoint

COPyp4 : Heat Pump COP
COPp1,COPset, SHiones Sa, HP1
L set, SHones BA COPget : Heat Pump COP setpoint
Sh.one: One Heat Pump operating signal

SH,on, SH,onmax

\l, (1 =on, 0 =off)
S : Absorption chiller operating signal
Call Troom (1 =on, 0 = off)

Shon @ The number of heat pumps turned on.
SH.onmax : The maximum number of the heat pump can be turned on.

Yes Tw=Thset

Z
o

SH,one =0 | | SH,one =1

Yes OPHp1=COP

(19 238] AL EHE A2wst F44 Jerr] AFEY e
%3] %
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Aok [1¥ 231017 o b=l
Google Sketch up®l TRNSYS 3DZ o] &3le] s, T4 AlEdolAd =z 13
TRNSYSE Alg35te] AES 314319t Trnbuild modeling® TRNSYS Studio modeling
= AH&ste]l didd = AR dHeolHE d¥stal HVAC A&dle 7. o5 S Al
BEYold A¥xE =&t AIE HAF5S T3 Actd daugEs Hrtskdnh

TRNSYS+= 2] A=& 229 sk TRNBuilde} 22
T

= RAYs HAS AA e FxAe st T8 s
=u

- 1l &l
AW}E wE o2 TRNSYS Studiod| A Alz=dlS Rdske] A
&F 59 A4S el AREg

Simulation studio= TRNSYS Al E# o)A & 9Je z17to] Y HdE
gdzglol GUISHE o2 F+A ¥t} Simulation studiool A =
= R Eo] Typeb6 Multi-zone building®]t}. TYPE 56& ASHRAE® 93t (transfer
function method)& EtH® ko] WA, M, vty & RALITh HA Y H&a} vpgEs
fFow RE EAGuI (R FomRHY dupd B & ¥A, Aoty Hupd B

) ag gk

[19 23.10] t73E TRNSYS 3D Modeling
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(19 2.3.12]

Outdoor Condition
o5 76 Multi-Zone Building Description

L External filg

radiation processor
Type 56
» multi-zone building Through TRNbuild

Type 9
data reader

Indoor T
Type 33 condition
psychrometrics v
HVAC

Type 69

sky temp. calculation

Type 927
Water to Water Heat pump

Type 508a

Cooling Coil

Type 557a
; Water Temperature Vertical Ground Heat Exchanger

Control System

Type 911 On/Off Signal
On/Off Controller

Outlet condition

ype 642
Fan
Type 1669

Coi

oil Valve

[1¥] 23.13] CASE1-1 A &d o)A

-
* Casel-1 : H¥| AL EHZ A xdle] Aol e <t
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Outdoor Condition

Type 16 Multi-Zone Building Description
radiation processor External filg
Type 56
Type 9 multi-zone building Through TRNbuild
data reader

Indoor
ype 33 condition

—>

T
psychrometrics
Type 69

sky temp. calculation

Type 927
Cooling Coil
Heat Pump COP Type 557a
Vertical Ground Heat Exchanger Type 642 Outlet condition

Control System Type 3b Fan
Ty T
Coil Valve

On/Off Signal

Type 661
Differential Controller
with Time delays

Type 911
On/Off Controller

Equation

[1¥ 2.3.14] CASE1-2 A EH oA 3 &%
* Casel-2 : HH X3 EHZ A 2wl HFAGo & =214

[e]
gl

(2) 5% A4 S EFZ A =d

[19 231512 5§ A<d s|EHZ Axgle] & Folth A< S|EHEZ Axdy

e

g =
Wes)e] AERe &GUeHCASE2 1) 71Ee] 499 54 Wesrle Ad

1>

B
EfEZ Ax"Elo] AEo] EEyo e gk oltl. Type678 (Absorption chiller) ¥}

E[Oll

o

Type700 (Gas boiler)& AF&3le] §42 W247]5 28 A AlEHolAY MErs
(2% 2316]3% 2ok [28 2317] AE SlEFHZ A2y 424 Y2579 ASET &
FQHCASE2-2)] A5 5gAo® FExo] A= Ad s|ERE F724 W79 A
TS AFste] e AFo® mdgd T AlEdHolA stk COP A4 AolE &3
SIERE Alxdlo] 5§88 FAstal PSS CASEd wtgdsle] 7|Ed 9 S44 W2
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Outdoor Condition

Type 16

radiation processor

[19 2.315] &3 A< s|Ef=

Type 56

multi-zone building

Type 9
data reader
Type 33
psychrometrics

Type 69
sky temp. calculation

condition
A,

Al~Elo] rdg]

Multi-Zone

i

A A -

i

External filg

Indoor

TR LBt el ATt b Tt 8

Building Description

Through TRNbuild

HVAC

Type 927

Water temperature

Control System

On/Off Signal

Type 911
On/Off Controller

[71% 2.3.16] CASE2-1 4]

* Case2-1 @ A& S|EHEZ AJLF} F44 Y719 At

Water to Water Heat pump

Type 508a
Cooling Coil

Type 557

Vertical Ground Heat Exchanger

Type 3c
Fan
Type 1669
Coil Valve

Outlet condition

Type 508a
Type 678 N .
Absorption Chiller Cooling Coil
Type 510 ﬂ Type 3¢ |
Cooling Tower Fan [
Type 1669
Coil Valve
h=4 = =
Yol 8%
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Outdoor Condition
i Building Description
ype 16 External filg

radiation processor Type 56
Type 9 multi-zone building Through TRNbuild
data reader

Type 33 Indoor

psychrometrics condition Outlet condition
Tpe 0 HVAC

sky temp. calculation
Type 508a

Water to Water Heat pump
Type 557a Type 3c
Heat Pump COP Vertical Ground Heat Exchanger E
Control System Type 3b . Type 1669
um @atmn Coil Valve
pump
Sep:

arator

Type 661 ff Si | .

Differential Controller with On/Off Signa Type 508a Outfet|condition
Time delays Cooling Coil

Type 678

Type 911 Absorption Chiller
On/Off Controller Type 3¢
Type 510 Fan
Coil Valve

Equation

o AEHAA A= AF
A AlEEelAe] AHEE Hrbshy] flste] AAl A4 H HolH

9] syE 2 (1)-(4)3} o] MBE (Mean Bias Error)¥ ¥} ¥

AEH oA L o

M

ol
stel Wag 3 EA

E=A 42l (Cv(RMSE) Coefficient of Variation of Root Mean Square Error)E AF&3}%]

ol
o

2 (5— ]L[)L\'T

MBE(%) =21 100 1
(%) oy (1)
(§—M)2,
SEHzrwd = w (2)
INT
PZ ij T
A o — eriod (3)
freriod Niyr
SEp...:
CV(SEPeriod) - MX 100 (4)

APeriod

o] 71 A,
Slnterval : }‘] '% Eﬂ O] A 7337’]'%&\— (kWh)
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Mlnterval : %Xé \Q__ -/;\—H] %]: (kWh)
NIntcrval : /é] Xﬂ Eﬂ O] E:I 'o”] %— 7H '/'IE

Mg © AA ZUEE dolge] Hi

[3£ 2.3.7] Acceptable Calibration Tolerances

Calibration Type Index Acceptable Value

Monthly MBEmonth +5%
Cv(RMSEmonth) 15%

Hourly MBEmonth £10%
Cv(RMSEmonth) 30%

[ 238] A= A5

Month Aug
Measured data (kWh) 348,682
Simulated data (kWh) 337,283
MBEmonth -3.27%
Cv(RMSE) 10.83%

ASHRAE's Guidelinel4el] 23t AA AE A& oA A5 A vlolg <t Hlw A

=
el ek WM el= MBE®] 4% +5%, CVel 4 15% vkl 4§ 2dde] A==7t v

WAL AA 8YE A7) AbgS oF 348682kWh o] Al g oS B3 A7) ALE

37,283kWh o]t} oA MG RUE P AR} vagh A3 dEALEF Al EH o

A ke AA 49 3] 96.7% =2 AFEEH N o, MBE = -327%. Cv(RMSE) = 10.83%%

A4k Tk MBE (Acceptable Value : +5%)2F Cv(RMSE) (Acceptable Value : 15%) #t©]
b Sroll ok wab Al gl dS A= v ddE ¢ gl

ol
rlo
]
o,
o

(29 23181 8147 AYeEs UTEIOZ 44 o

e
o
=
1t
of
ri
1o,
rlo
k1
ft
[

g 23191 547 AYLeEE 4THIT)E A a9S v i AW &3t &%= ved
g oty BE FIhe] AWewrl A ghol A Alo] Ha A 3279 ¥ FHE
dEste stbube] Auehs 1 ZE yErdlh gl Al Fe AHUSS 2 $4 o) »
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Indoor Temperature

=== Quidoor Temperature
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10 - 5
————— OAT CASE1-1LWT ——CASE1-1EWT + CASE1l-1COP
35
. * 7T, "---‘\
s * & ”,’ ‘\\ O A 4 \.\" "_\ 4
£ 30 b N, BT e 4 S
:’ t Q.. e }P‘M‘ ". “ -.______‘
e
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£ Tl 2
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& o
.E 20 v
:
e~ =
4 2
= 15
<
E
_',=: 10
e 1
3
0 T o
14-Aug 15-Aug 16-Aug 17-Aug
Time (hr)

[29 23.22] (a) CASEI-1 AL EHEZ AAE W o &7 2% 2
COP (o5 #)

* Casel-1: HE A EHZ A xglo] Aol ma et

40 5
----- OAT -CASE1-2LWT ——CASE1-2EWT = CASE1-2 COP
35
- W?W 4
How oM ox

£ 30 e
-] .
:
225
£ 3
] B
E S
= 20
E 3
£ 15 !
=
=
g
é 10
& 11

5

0 T T 0

14-Aug 15-Aug 16-Aug 17-Aug

Time (hr)

[1¥ 23.22] (b) CASE1-2 A E3EFZ A2dl WY ¢ & 25 9
COP (A&3)

* Casel-2 @ HE AL EH2E A =dlo] HeAgel mE sx4 &9t

* OAT : Outdoor Air Temperature LWT : Leaving water temperature

EWT: Entering water temperature COP : Coefficient of Performance
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[ 239] 72+ CASE®¥ &3 Al&deld 2}

CASE1-1 CASE1-2
] Min 22.13 229
Room air
. Max 259 25.3
temperature(C)
Average | 23.76 23.59
Min 6.02 7.12
LWT(TC) Max 9.75 16.02
Average | 751 12.93
Min 6.38 84
EWT(TC) Max 11.18 16.02
Average | 7.91 13.33
Max 4.10 4.25
COP
Average | 3.55 4.1

o e vehgor Ay 4302 LJuch ALH wH MYLE gol COP Aol X
Ed Flaha #AA $dPds A§FoRA AY BEAMY 2R LG Faf of

A Bl AvE e Aol

o
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GHP Load-side leaving temperature (C)

50.00

40.00

30.00 . : il 3. .
i ‘e . .
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. o0 =% w oot 2" ;e
- o ST . o3 Lt s *Yus*AE .
. * - . - *
20.00
10.00
000 . S T e
--““‘-t’— "‘--..._____“‘-"‘— hhhhhhh
-10.00
7-Jan 8-Jan 9-Jan 10-Jan
Time (hr)

CASE1-1LWT

—— CASEI-1EWT

« (CASEl-1COP

[1¥ 2323] (a) CASE1-1 HP ¥ 4=+ &

GIHP Load-side leaving temperature (%)

Casel-1 : HE A LS| EFE A|x2gle] HAZE =214
60.00
----- CASEI2LWT ——CASE12EWT x CASE12COP
50.00

30.00

20.00

10.00

0.00

-10.00

[ s %
;

2

7T-Jan

Time (hr)

*

(239 2.3.23] (b) CASE1-2 HP W<
Casel-2 @ HE| A3 EHZ A~
* OAT : Outdoor Air Temperature LWT : Leaving water temperature

EWT: Entering water temperature COP : Coefficient of Performance
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[3 23.10] CASE® A&4 Algdeld 23

i CASE1-1 CASE1-2
Min 22.08 23.53
Room air temperature
(C) Max 25.58 25.44
Average 23.67 23.66
Min 41.02 39.44
LWT(C) Max 45.67 43.75
Average 41.71 415
Min 38.98 39.98
EWT(C) Max 4491 45.24
Average 43.46 42.3
Max 4.19 4.12
COP
Average 3.59 4.3

(ch) oA 2l g 14

HEe UEbd Folvh WE A IS EPE AAFe] AeAgel wE sAA gt
(CASE1-2)¢] 7 ¥ ALS|EHEZ Alxde AAd we sa4 291K

CASE1-Dell Hls of 46%¢] ellq=7} <zt

F=212 £9S s HUS W HP 4Hvte e tiiie] Be=2 a5 gl xd
S ERZ Axee] MAA Lo vlE Dasls FxE7bo] FHol Fgo o xd I E
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100

mCASE1L-1 CASE1-2
90

80

70 -

50

40 -

Energy Convumption (G.0)

30

20

10 -

[19 23.24] @<L AL EFZ A AFH-AE S| EHEZ F oA

]
[ 2311] 92 AL EPL A2d-AD HEPT F oA
]
CASE oA 2 2 (GJ)

CASE1-1 89.26

CASE1-2 48.21
¢ Casel-1 : WE AQSEPL Azule] H4ewe] W 2abs S
¢ Casel-2 : WE| AAFERL A 2de] AAfol e 28 Lo
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160

140

BECASEI-1

CASE1-2

—
o
o

80

60

Energy Consumption (G.J)

40

20

D-Jllll

HP4

HP7

HP10 HP11 HP12 Total
[19] 2325] @G AL EHZ-7 A FE3|EHPE o] An|&F
* GHP, HP : A ¥ S|EHXZ A|2H
* Casel-1: HE AF3|EHEZ A xdlo] Ao mE A4 &9t
% Casel-2 : AEIEFEZ Al 2glo] AsAFe] e &4 Gt
[ 2312] @Y AL EFZ A 2~8-7} CASEWY A Fs|EFZ oA LH|=F
CASE HP4 |HP5 |HP6 |HP7 |HP8 |HP9 |HP10 | HP11 | HP12 | Total
(G) | G) |G [ @G [ G |G [ (G) |G [(G) | (G
CASE1-1 |11.26 |10.93 | 10.77 |10.01 | 9.28 8.87 9.32 9.42 9.43 89.26
CASE1-2 [40.38 |252 [194 |[177 |129 [0.09 [0.00 |0.00 |0.00 |4821
* Casel-1: HH AGEHEZ A~ AL Lo WE ¢4 &9t
* Casel-2 1 HE AL EHZ A 2Ho] ATl |E A4 9t
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Energy Consumption (GJ)
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HP4 HP7 HP10 HP11 HP12 Total

[19 23.26] 5% ALDSEHZ LFLtolA 2 AL EHZ o g

[ 2313] 53 AL EHZ Al28l- 7} CASEY A LS| EHZ o] 2H

HP4 |HP5 |HP6 |HP7 |HP8 |HP9 |HP1O | HP11( | HP12 | Total
(GD) @G @G @G @G @) @) 16D (G)__1Gh

CASE

CASE2-1 | 11.26 |10.93 |10.77 |10.01 |9.28 8.87 9.32 9.42 9.43 89.26

CASE2-2 | 314 18.03 | 14.04 |13.39 |[1292 |1243 |12.3 11.7 11.5 137.7
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*HP : Geothermal heat pump system,

D>

BS : Absorption chiller
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) . ) m Pd'~ (m—1)/m
W=mw =m\pWsuc 7 l( Iz ) - 1] (3)

suc

o171 A,

n, = Volumetric efficiency

VD = Compressor Displacement rate

N = the number of suction strokes per unit time (rpm)

V), = the volume of the suction chamber(s) (m3)

V;wf actual volumetric flow rate eavaluated at the suction condition

m = empirical parameter

Step 2. ALE3|EPZo Ay AIIJEHEZ AlxdHo AT Ul

(COP, Coefficient of Performance)® WEFHNY t}2-2] 2] (4)2} o] A

COP = Q (4)
w

o] 71 A4,
@ = Capacity (kW)

W = Power consumption (kW)
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2. A slEHE HAAo dugF
D wel A SERL Az A
Input : Ty, Tset,
COPyp, COPgy, S Tw : Heat Pump supply cold water temperature
Tset : Heat Pump supply cold water setpoint
\L COPyp : Heat Pump COP
COPget : Heat Pump COP setpoint
Call Tw S : Heat Pump operating signal
(1 =on, 0 = off)
T
L
S =0 | | S =1 |

\\Yes— OPyyp = COPy
© dA SEFZ Azglo] FEFOA B AE
SERE Yg E7kvt AAeERT oW (Tw>Tsettd) SERZE Z5AZIh
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Tw : Heat Pump supply cold water temperature

Input :Tw, Tw.set Tw.set : Heat Pump supply cold water setpoint
COPyp1 COPset, Stiones Sas COPyp1 : Heat Pump COP

COP4e; : Heat Pump COP setpoint

SHon S
Hion, SH,onmax Sh,one: One Heat Pump operating signal

1l (1=on, 0 = off)
S : Absorption chiller operating signal
Call Troom (1=on, 0 = off)

Shon : The number of heat pumps turned on.

T SH.onmax : The maximum number of the heat pump can be turned on.
Ye@—\
T

| SH,one =0 | | SH,one =1 |

\\YES OPHFM:COP
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