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{ SUMMARY >

loT-based building load prediction sensing technology, and
retro-commissioning technology are developed and test-bed demonstration is
conducted to secure building stability and resident comfort and energy
saving through optimal control of the HVAC systems.
O Development of loT-based predicted building load sensing
technology

- Development of terminal unit virtual sensor
- Development of predicted building load sensing technology using HVAC

PUI’DOSG & systems
Contents - Verification of building load prediction sensing technology through
uncer tainty analysis and reliability through field tests
O Development of Retro-commissioning technology
- Development of building and HVAC system' s performance monitoring
technology
- Development of HVAC system’ s optimal contrel algorithm(By load
prediction sensing element)
O Demonstration of development technology through est-bed
- Performance evaluation of building load prediction sensing technology
and Retro-commissioning technology
— Development of lol-based predicted building load sensing technology
using virtual sensor
— Development of real-time load prediction technology using HVAC systems
- Development VAV terminal unit control and operation technology using
Results load prediction sensing technology
- Development of prediction technology of heat source system performance
factor through load prediction sensing technology
- Development of heat pump control technology using coefficient of
per formance
- Development of Retro-commissioning technology for heat source system
- Utilization of HVAC system’ s optimal control and fault detection
diagnosis through load prediction effectively
- Building energy diagnosis and fault detection diagnosis tool utilizing
HYAC virtual sensor can be used for  building problems and
Retro-commissioning technology is expected to reduce energy consumption
Espesiad of existing buildings

Contribution

- Zero-energy building will be possible through the development of
retro-commissioning technology utilizing loT-based building load
prediction sensing technology |inked with BEMS

- Using lol-based building virtual sensing technology, continuous
monitoring for maintenance of building energy performance in various
types of buildings is possible and it can be effectively used for
building maintenance.

Keywords

loT
Virtual Load Retro-commissi s
) o : Energy saving | (Internet of
sensing prediction oning
Things)
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7|9 = of Virtual sensing, Building energy, Monitoring, HVAC optimal
= control
74 Af HIEH Google Patents (http://wew.google.com/patents)
(S5l 24 23]
HE =&Y Hao02y E3d
Performance evaluation system for electric installation
JP2001349 in building, outputs building performance evaluation SHIMIZU CORP 2001
508A information based on computed energy consunption in 12-21
building
Energy saving diagnostic method in building using
AN conslunmtetrinoent,inlfr:)Vromle:lteisor? (:\:"iptahr Icr:agl CSutIOarteedd Set:enrdardcoennseurmgyt ion HI LA PLANT BN & 2005
3114 Suiptton ! . oroy P CONSTR €O LTD 03-28
information, for displaying energy saving evaluation
resul t
Energy management system for buildings of factory,
JP2004227 | generates information required for obtaining environment DAIKIN IND LTD 2004
0544 managenent certification of buildings based on acquired 08-12
data related to energy used by equipments in buildings
Energy and cost saving calculation system’s energy load et
Us2007024 e.g. steam, forecasting method for e.g. building, Corporation. lselin N 2007
4604471 involves forecasting energy load for building using multi P ' 1018
variant non-linear forecasting technique Us
Web-based auditing system managing and utilizing building
Us2011002 energy information, has device that receives login ECOINSIGHT 2011
9341A1 request from user and transmits message containing user INC. ,Atlanta,GA,US 02-03
specified and calculates information
Energy and cost saving calculation system's energy load Siemens Building
Us7451017 e.g. steam, forecasting method for e.g. building, Technologies 2008
B2 involves forecasting energy load for building using multi Inc. ,Buffalo 11-11
variant non-|inear forecasting technique Grove, L, US
: y it o ©controll |-CONSERVE LLC,US |
nergy consumption auditing, monitoring and controlling |paeiEa Bradlev D US
W02007118 Inethod for e.g. private office, involves obtaining energy . B 2007
. . L . | BOYLE Patrick J.,US
128A2 consunption and physical conditions data from series of - 10-18
modules that monitor and control physical conditions | SHlNDEAPJg Andrei
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VYirtual business model for
WO2011038 audits, has federal/state/local incentive database

specific building energy and

defining incentives database that lists information ESPINO Mario A. Jr,US ail
193A1 related to federal, state and local incentives to 03-31
purchase equipnent
US2002005 | Fault detection and virtual sensor methods for tool fault 2003
5801A1 o e ing APPLIED MATERIALS, INC 0398
US7143580 | Virtual conpressor outlet tempe.rature sens.ing for charge DETROIT DIESEL CORP 2006
B2 air cooler overheating protection 12-05
KR1017798 | Bl HIo|EHE 0|&8t M ST HYAC LA 2| AlA ) 2 o (Z=)m0| Y 2017
04B1 D= i 09-13
Us2dClED2 Sensor-free optimal control of air-side economizer Jetnson Controlls 200
46041 Technology Company 10-18
RO2012021 Energy-optimal control decision for hvac systems - 2010
69242 08-20

2l [l AITEA U MRS

He o

o BIALA2| ABM CHEF2| LoanSTAR program 2| 937-0lIA, O|o| AddH|7|E 4

E=13

M Ho] &HEt +-=(US.

o |EA2| ZA=E0F Annex,

d=2
=T

RED7} REH22 £3lET e

o ASHRAE 2! NEBB 7|=Z1E oL{X| kS 28t 7=

s SUOME 2= d5 2HEE H HAC Al2E2 ZHF 02

o|Els AlN

=
=
g0

Hol =&HEh=s olHx| ks
742| A= ollet olAx] BotE =1SKES.
Al Boks o|F7|= =7ks5in Mo 2 HER dui 20t AAECHHE Fie| BIE ZIHE O

Q

S ol=7|Y, HERIEEX S
A

A
—_— O
|°.=1 S2E25E 70% o2 ol 2|&ESH

2l =7
| =3t

Cool Earth, O|= DOEAFS| LBNL/NIST

=
o
of AEB} FF2 RRD ¥ 230l 3 E

o

bl

I

—

19

Zks7 1,
O] dAFoIME &

24

=

ot O}

Hetoh (g, R

7+ O|FO{Zl 372 =0
MEZHET} 2
oot dEZi 22 F[ohe| o4

YyRFEe| HEOX




jHI:II-

A
=

dd 7

__I.I.

5

0

| o

[+)

=
T

A3

1.

-

ok & ol 3% <0 0 = 5% 00 Kr o "/ s S
50 ll i _ATMVI@M@ A._ﬁ_“_:___._._._ Aom_ E
-~ oown B G R ™ 2w W
I wloo ST A uo — 1f
Of AT gy <0 of H o0 -0 o g A o __Mvﬁ = xe
marm Wy A NS XX
ol < T R ety 3N ° -
L TR HAdgF Tapd %
17 4 w4 © . v Qﬁkou_'qw & |
Tz T 0wy ) = = IE3 l
Hom oo o % IR U R S =
S B3 " 1 e ™ 5T B ooy ogyon e
" 0 — . i
ﬂ%w il == o oo W N Rl QQHC_O e wmg =]
N = (O WEMOL og 5 *—
K Sah =N e %%Hﬂu@ A<l o = [T [z
: e ol = O3 Ul or P o < 3 O v L.
0 = [ a5 =) K = L Lol o
ﬁ Ty oo 4o 20 M0 g 2 3 T gy oF Wg of o P RN
LR K B op By e W B R B ERn TAVERRRR
Yok gy %ﬂmwi_ﬁ uﬁmﬂ%% %mmmw
N L ] T g3y pWF LR 26
= I B T TR o & Ko
o o 0{0 T DO - = of O X progr
= Al 7 ok - o = S U M
R HoN R _W___Qmw _ N,
K < i . pjo o0 RI KoEr o, O 0 S o 5 2 i
1 I A~ i W o 2w = al 3 RS |
It ~ o o o WO S g <l g EE | -
Wo gl | = ) < I ﬁ |
S A 3 e N ww = % yae 1 M
30 =< _|*N|8|M & O o on __ b & o = : i y
- S I 25 x T g o Tk It S48, ¢
o U W = o = 2 o M
- b A ) — D__._._ i e W.ul_l = o o a1 G Y
wop ¥ Kz oo @ 2N g =5 LS o PO
=l e ™ =l < HE O ~N ™ & c_u___.__a jild =0 m.o | o m_: ”_HL | —> w m m
hsw hzw® emgdw W omwd o T
Ly ,Hol w|r ] A w old @ ;ﬂAL . U ™3 ,ﬂ_‘ N P H2 e = o . _ R S
~wl -g Hl ol o3 § % £ 9 AR TR
T < Sl S i [ R— o ™ o A OM
& _H_u_ O_D Mx_ IArO Du_.: ifs} _ M@ il _._—._l_ OT < [ ™ vAy
ik 5% Mg us Ty T ~ 3 _ o _— ., 4 S8
S XN g 2R mMy W a
He ” ) = H| o K o ol &l
< ® O =< F oo <0 o > % 01 00 0 &R0 W0 T M

20

o
17|
7]

)

(=

k=3

W 28 (=9, 7|7, YA
2#1= (=9, 717, W4

Nz =% (9, XS, v 8)
=

Al



2], 2) =

A
=

e
-

1) olo|H

K-
=

MEHZ &

L

L—;

At

4] g Bx

0 JHAF M

foll

ST

HlolE 2|

g

(6l
il

ol
<l

¢
[EL

_l

| 2 2ol

0l
ul

Bl

FhAF MA B

Aol mh2p 2k
?) Z® MEiDl x=H

|

=

¢

pon U
5

1|
o
al

&

AA
ol
ol

T
o1
Kfo

Pl

L

Pl A 2t

—
= U

P

Jtet HMME Hes

S22
| G

0

k{0

0j

ol

ol

Implementation
and validation-
Error analysis,
laboratory testing
and/or in-situ studies

»

} Output
|

approaches
sensors

1

nd training-

Multi

i

Model selection

a
or medeling virtua

[c
Qeotar = i Qi

»

Input

rocessing-

Data collection-
Measurements; empirical
cients and/or user
specifications
Data filters by using
mathematic methods, e.g. PCA

coeffi
& Pre-

ll

<0
=l

Hr

1o
I+

0o

Indoor load

Output

Virtual sensors
for Indoor load

|

»

Input

Correction coefficient

Supply air flow rate,
Supply air temperature,

Indoor set temperature,

Hir

21



Ho

il

i

{2l glo|EE 2

A
1o

=

Efo|g oA

o

=

@_
__OD

fiju

i)

, Al HIoIHE

= CLIASE|0

<
s

Ty
-

W:_

or

Air Handling Unit

IoT Technology

Sensor
CPU
Analog-Digital-Analog Signal Processing

<Indoor load calculator>
Controller

Heat source
equipment

Sos Y

7t

ol
K[

fiju

ol

il

Mo

|l ae 2

S

5

ZAA

Z0|

(2)<t

Al

et
od SFxd
i,

3} ets)

o
=

S

o|Z0lod, ofAX[7} A2 &

L

;
G

s

2}

=
22

=

=
2 MEE o|HA=
x|
S

sy

=
=

of| LA %
oo 2LE
o]

| —
=
£xg
=

=

==
[=]

Al A
Aol

=
0|

_l

& of| 4 7|2
o LA &[ol| A Z Abx

=
e

o

E

=
-

A2

A ol
= e
1}

5 A

‘CD

=

j@x|

=

od &
It

A

ot
st

A=
Q- W
FAN
A =0
[SR==pni
Em 7Eout +E_Tg

[

=
tot
st
A&
7
L 0l A

oo
GO T |
AL
g
=/
A,

7| M

u]



o17I1M, B, : AAMIE2Z Sol7k= HolHx|
£, @ AARIEAM L2E 2oL
£ HAHIY UsolMd 2y Hof x|

o BAHAS H1HEAAML F oUAl= S0UHAl, #Ix[olHX] ¥ WRAHAZR F4=0
s, H 1HE0 FMEE0| U BAE Z= BAAEHN HEE mjol= oi{X] nes
F e 22 s, A HE 992 F=U(flow work)O|2t sl A2 ZE Aol ZAE
&5t S2&= FAof ol B Uz Hda=E oo He|E R ofer Ao 42 U

=3

I, HAHEH=2Z
e Zo| LIEL

o FAHS| cHR|EEF| E RYLX FERRO Y ZEE nE =
F F )2t &
= EE5H o

S0{77L | (
4 & 2US. SRIEYY WRoAXIY B2E RATF B Yl BE A (4)
(=]

2z tidE += US.

; 1 ; 1 :
mlu, +put+ 5 Vitgz), —mlu, +pu+ 5 Vgz), . +g— W=0 (3)

g - AL F5}
W BEE R E U #
i=u, v (4)

0{7|M, 5 1 AE]

o 7AHE HE0| dYE J|HZ JiFectH, TR FE AlOloAM cHe[EEE HE
Ol AM(5)2 HEH == UZ. & (3)olAM = 2EE W7 HEHXI= 4 (6)2 HEt
Sloi, el eyt g, Edo| sicty JHgstd, duf Fots A7) Zo| FeElE

=
Ea e =1
T AT

(@m @(mf) - C;J(j;n Tmnf) (5)
(U’t,m ut,wt) - qg(jzn - Taut) (6)
Q=mG(T,,.— T,) (7)

23



D AAHHOAN HH2s Bl A

od

12| =

x
AR A L Fol M 2 E ol 14X

[

Tin
Tout

oi7IM, ¢,

o

I+

<l

ol =

I

—

AL E|
— =

71E2 HYAC Al

—r
o

i

o
11

i

Fral|

<l

K4
H0

o
0fo
il
i

ioll

<l

!
)

I

R
pal

K

I
L

o
-l
__OH—

i

1

249

?

Q=5V,T,,T;)

Qtat al

[I[e]

I+

<l

Kl

N

o7|M, @ :

LH
ol

0

==

Zl

l[e}

1+

e
pal

K

i~

Qtotal

2ol AlHES N

=

=

boodl

=)

=

T

tod

©

L=
[=]

2 AHE N

b Al&tol Zt

=)

=

=5

toil

EHS
Aluy

a

Lt.

Aol A

.I

=zl

4

ml
ol

0,

0l
83

it 2y
10

|oad

Contents

Air flow rate
Indoor

Room set temperature

Specific heat of air
Supply air temperature

Sign
G,
TS

Tr,set

24

Fixed Value
Parameters

Category
Output

[nput




[Fst & 22 AMHE HM=Z]

Section Model Spec
Micro Control ler ATmega328
Freguency 16MHz
EEPROM 1KB
Control
SRAM 2KB
Memory 32KB
Aduino Uno ,
Operating Voltage 5V
Power Supply 24\ AC/DC£20%
Air Velocity Range 0~20m/s
< £ ] | | 1
Working Humidity 5-05% R
D q Range
”é;' - Output 4-20mA
= _/ Working
- 5 Temperature [-25C~50C
Porbe
EE650 (Air Velocity
Transmitter) Working
Input Temperature Range Temperature |~10C~50C
Electronic
Storage _30°C~60C
Temperature
Output 4-20mA
Operating _40C~10C
Temperature
Probe Length 150mm

EE431 (Temperature Sensor)
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2. HVAC A|AHE| Retro-commissioning 7| ZH&

7}. Test-Bed 7R

(1) 7i=

o 2 AFoAM IS 7|esS8 HE Y "I fls] MEE Test-bede = AHES #E
HT L AEHAZEA, HAC &8 Eu|7I 7EEO AS. SEFRZE CRUAHE VAV A|AH
o] &[0 20, Hold RFY HMHE s A A= Mol LYAFHRZ= H2
5 YME = A= S SIEHZIF LR[FHAHAUS

o Test-bed2| HVAC A|AE HO{E 2/5104 BAS(Building Automation System)O| == 0 2!

enf, F=x7(7] & L7|7|e] A SHOE S8t AL A Hof, I 4A JIsE.
[HAHE AAE HE]
Category Mode!l Name Number of Equipment
HVAC VAY System " 1
System 4 VAY terminal unit with 5
reheat coil
Heat Source System System Boiler 1
[Test-bed A|AE AM| HE]
Category Spec
Supply Air Fan Return Air Fan
m Air Flow P?;:;Lfe Power Air Flow P?;:;Lfe Power
(CMH) (MMAQ) (kw) (CMH) (MMAQ) ( KiW)
12,000 92 5.5 9,600 35 3.7
Rated capacity of |Rated capacity of Power Consumpt ion
System cool ing heat ing (kW)
Boiler (W) (W) Cool ing Heat ing
46,400 52,000 0.01 0.01
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[ VAVIW/COIL) ISHA HBE

TYPE "8 (vAy-27| w/Re-hzat coil)

A7E Gable & (18]
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i
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RT
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{4 SETS)
| EXTFOEL]

| SUEE VAV ZONE ) 24 & HEW

2 VAV IONE B 2 MRS FHCOOUNG/HEATING. DAY/NIGHT MODES]
3VAY 37 WY AR N0y

| T 4 VAY E TEY YA

& REHEATING COIL VALVE PID A%

1. VAY  Vorialbia Alr Volume Unit |
— S B RS wWATSio L8 SHE al L 2B B
= YAV H093|(YAC]E BIHE S| (YDMIS FID 4 MO015 321 H@ 20019 ’j E0jAlg |

- SUZSE SIDOF WHOM 4% ARD i Jor = 3 o
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(2) Test-bed ZEH =

o Test-bed2| 7|& A|AH JNE4+E ST HAC A|AH Commissioning 7|22 HE 2 HJ}
5t7| %8l TRNSYS 172 A|SZ2I0d Z2IYMS=Z ALZSIFS. TRNSYS= A= 4HM| &4
E2OMS2M ALEARL HEZHE(Component)S2 AME ¢1Z5H0] A|ZFE|0|ME &
Google Sketch Up ZEIES S5t thydd=S ZUZ S5, =2 HHEEE
TRNBui IdE S35t UHSIFS. A=2| HVAC A|l2H 2 3l ofE Z2HES TRNSYSS
Simulation studio® &3l ZHHSIHZ.

1 Outdoor Condition
S

radiation processor External filg

Ty T \ Multi-Zone ) —( Building Description

Type 9
data reader

- Type 33 L condition
psychrometrics

sky femp. calculation

fi Type 56
multi-zone building Through TRNbuild

Indoor T

Y

( 3
Type 69 HVAC J

AHU
Type 508a

Type 1669 Heating Coil ]
Proportional Controller

Cooling Coil
Air flow rate VAV ferminal unit

Air temperature Outlet condition
| _‘ Type 3¢ Type 754f ‘
Indoor load calculator | Fan Reheating Coil

Type 1669
TIpeyolt ‘ Damper Acturator ‘

Type 661 Minimum
Delayed Inputs air flow rate

[l Z220]d Cjojo] T3 |

[ZREHE fiet Al=2lod H=Ha]

Lists Contents
Location Gyeongsan, Korea
Buildings Use Laboratory
Space size 5.4mx7.2mX3m
Syt AHUs Single duct VAY system
Terminal unit Terminal unit with reheat coil
Operating Schedule 24 hours
conditions | Set point temperature 24°C
Seated, Light work, typing
Load Occupant
150W/person
conditions Light 13W/m?
Equipment 16W/m*
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L}. Retro-Commissioning Z?|& 7|4 & &S

(1) VAV E{o|d 4

(Zh) ZI& vav Eo|d |4 Hof
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o ALfe] 25 #Hetol| w2l SFWAM= BHold 7R H2SF S Hel ofuo
M 27 782 USS| flol HHE Moy, Hold fH2 30| ST ==t
o odro| HHEEESIIE 2 A, dulel HAHE 22 ®XE Q5 32 FFe 2XE =
o7 #laf M 2ol =7, 2| SF= & 2o HEFSH 2 88 252 52
25L& 0|85t HFstn, Fax S LUl Fo HHEES E= 8@V 2TFHE 0|85t
o ohEE

o 7| &0 AMEEHD A= DHE FHLFFE2 MAAS SAHHE of7|AFI2, AdlHX]| HH|E
Fag = s Mo ghetd. dY FEE UESte A 2 22 HaSEE sZVIE
=6l 428 78 =225 MItEsHA 2ol S=7[= 2R oldke] W oH|AE 28]
st &

o EAFEF AE HHH Z HYAC A|AHIO|M et oz JLE Bo| AlEEE= e F-
ol 30%2 MAE. el BT EHolgd fYe ZA2FE AMFo| 2iSHe Ot AMH|S
M| ZstEzo| M HA|L Al (1)E O|&5t0] Eold RRAQ ZHCHEZE AHESILD
e Zto| Z|HZEZke| 40~50%2 ZS HLAEHoZ MAE 1)

1) digtdujgee], dulgeaa A28 57128t 2011
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=90 1
QS 30t1" 7 (1)

Q. = (0.4~ 0.5)6, (2)

W7IM,Q : HEE HEY

Q. : EHAE

g, - (153 =i g =5t
i, . AR
£ dE g2

= 7|& VAV Ejojd ®HE2 24 2=(Al8

)
E dHE Aldls e vav HEE2EE /A

VaY HIHZE 25 =82
S Jetste] F7i2 IZR2EE HOE (ON/OFF Mo ghal),

Input: d. Ta. Tae Tak. Ta Tosa
Ta, max, Worsas Vi Wi Yiomin

Tr: Zone Temgperature
W Supply airflow
T Discharge air temperalure

NG T Room temperaiure cooling setpoint
) T+ Room temperature heating setpoint
P (T Tre: V. Vi) J PHTa . Tan: T Tama) Tas0 - Discharge air temperature setpaint
= " d - Temperature control band
Vi Vi : 0.3~0.5V s W max Maximum coaling aiflow setpoint

W e Minlmum cooling airflow setpoint

W iy Minimum Heating airflow setpoint

r W e © Fied minimum airfiow

Ta e Maximum discharge air lemperature

Output : Damper, Valve

[PIE& VAV B0l f4e dof g E]
vav B0l FYH XASHO Input, Output]

Lists Symbo | Contents
Analog
Al 8B Room Temperature
[nput
Analog A0 9 WAY Damper Operation
Output AD 1D WAY terminal unit reheating coil valwe
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600
500
400
£
=
9
v
F 300
E Minimum outdoor air flow rate
< 200 conmde[mg ventilation Air flow rate considering
. indoor load
%‘f» .
100 S “Av
0 : ; : ‘ > :
30 20 10 0 10 20 30 40
Outdoor air temperature (C)
[Fstet et & Defsh FHA FE]
600
500 —
400
T
=
L=
o
T 300
z Minimum air flow rate of
E VAV terminal unit
200 =
u,
100 -
0 : : : : ; . .
30 20 -10 0 10 20 30 40
Outdoorair temperature ('C)
[VAV Hojd 7o x4~E2]
4) BES5to|EE &8 VAV Hol'd {745l Hof ghet Het
a J|1&= YAV EHold RY JHESLE ZT Retro-commissioning 7HE Z|&2
Al AU F35t olE 22 ME5I0] MES AU FSHE 0| &5t chd et
ek Fa 7| EE SA0 st WAl E A eteh
I A e = (S
s 2% (A1), S=2% (Al12), dUH=2Z (Alg)2 Y iE Sl AUl 7o
o AU 25HE HIZHOE VAV E{Oi8 R A B M
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MHEE 25 grE FX[5H7| flgted HE (A E HMHE Slod B3l ol sl U 7
St e =|o/E4 FEE AT S8
Azt dUdEdd2cE2ct =€ dF (I = T, ,) YWE AZtg. E82 551 o
E DEE S510 oS8 HE B2otol ofs] dE=Eod, EEFD FAFF ALOO|A 4
W d8==E FAISH| 2510 BEHAL) 7t =8
HUH =7 dfttd e 2ot WUE 2R (T = T, S AIESE 282 83 of
E ZHE 510 oS e Bot 2 Fag|=2UEE S8 2EEAH, 27 244 Ex
£ F7XI57] 25l ME =Y " (A00)7}F |3 o=
Input : d, Tr, Tag Tan Ta Taaa
Tﬂ. i, \'rl"'.j)h V'.\I"- Vl!. V” min TH: Zﬂne Ti-!'l'l;}{-'rrl[ula
WV Supply alrflow
T, Descharge air iemperatun
bl oy Tr o Room temperature cooling setpaint
Tr.n Room lemperature heating setpoint
Tize - Discharge air temperature selpaint
d : Temperature control band
W e Maximum cooling airflow setpoint
Pl (Te, Tue W Minimum cooling airfiow setpoint
WV nMinimum Heating airflow setpoint
o hdinimum Ventitation airflow setpoint
W - 2 Variable minimum airflow
Pl [Yﬁ. TP.ll- TG: TI| mu] o HEBUTIQ laad
Vo= Vour © HCLIACH 1AQ : Indoar Air Quality
T = 322 Tat e Maximum discharge air lemperature
AHU Econamizer mode
T
v
Output : Damper, Valve
[Aieret VAV Elolsd #Ha] Al 72 &
[Pied vav Eolw S XHEAM Input, Output]
Lists Symbol Contents
Al AHU Supply Air Temperature
Analog
Al B Room Temperature
Input
Al 12 AHU Supply Air Volume
Analog AD 8 VAY terminal unit Damper Operation
Output AD 10 YAY terminal unit reheating coil valve
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HEE Hol & 5 2Us AE =SS = EE0| AHEd
Foiond, oo o2 W Az, Hetdo A 2 A ol bR 8] A-H| 7 ZastEE

o Z|ELS IHE HAFEEHE AMESIE VAV HOlY RY L Hojgete F5 o5 2HE &
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30 1200

Indoor temperature
75 v PRI - 1000
TR Y (1 | — VTN s
=
<
]
i
0 800 3
o) &
Kl £
2 - -
= I CO, concentration =
5 e L | \ 600 =
5 *' :
2 [
g s
. :
10 400 £
8
=
8
S
1 1 Air flow rate of VAV terminal unit =]
5 \ 5 & 200
0 T T T T T T T T T T T T T T ﬂ
1 641 1281 1921 2561 3201 3841 4481 5121 5761 6401 7041 7681 8321
Simulation Time (hr)
[vav E{0|d F'A Hojglet A|Se|o]d Hi]
20,000
® Existing CASE 1 Proposed CASE
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& 8,000
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| 7]
6,000
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[Vav B{0]'2 7 Moot o Lx| s g]1]
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(2) EelAlaH
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WSol2 ofE 230 2EE Folo| REEC AfMoR WAL W Mez X5
£ HS Lkod, WEI| AAH HHe B2 Yolo|2t MH WEI| AAHel ofLfx| 8
g zaspsie 2 AES Felg

=HH2z2 d=7)of e 7|EES o= (AHRND 2 80l 28 sA" F B3
o] =2 XEHL, HsEUE AMLHE o= ZHSS | (ASHRAE) 2| BE ol= XY
ofget ofEt A[A ofE] LiBte] AX|H o7t B EEe=2 &Sstod TE. FH| AHRI
el ZlAEe f2oM SE57|, 2mety]|, dof So 25t e HetE ASsi &
M5, M2|Eel RRAME 7|Sg, AHE{(VSD), HOf SolAM e wHo| AS

A He HHO| O|FO{H,

O 7HME Cist HS7|ZET ofL{E} WEME A[AHEO|M
E A

Z = ASHRAEOIM = M50 Cieh HIHE HE7|0M H-EUHE A

HEZE Z2ZA|AH9| HARRZE AREE WET| A|AHE(chiller system)2 T8 A4H|
20| Moo, =5 3™ WSEsko| HES WISAIAHe MA, MY, Mx, 2Ha2|
sol 2laf 7fMel ZhsAME Bl O|F #lof W=7 AlAHe RRZI HME ol ol
X Hdlot2 =& & £ 22

=7 AlaE0| 2= 2U= 2EjollA ClimaCheck Performance Analyzer&
WE WEo| 7|52 =7 3& e, @ FEE ol ST e, @ € nEv|e Ms
P2 2R 7Al 5=, @ MO 7|52 &l AlAE BES, & M5 It @ F,
Coefficient of Performance) / E.E.R.(Energy Efficiency Ratio), MH/AE

(
| 2IAE 2HEE & & US.

ClimaCheck Performance Analyzerl| A= HI|I &AM LHESZ = 1O EER / COP (A|AH
B X SEI, &F7| 25, ol AOIE E5, €57 &5, YV 28), @ YEL,
@ Yol ™, @ Ho, ® oL{X| & - &M 50| US

ClimaCheck Performance Analyzer?|= 10702| H|O|Ef HEZ C.0.P., HE/2r¥ =g
A My, AF7|2| Isentropic EE FH L A |ILUAIE & £ 2Act. 22| ofEE
Q

==
P2t & 273 dlole =% ZAlol o/st dE| Hyg R olHX| BHd= & 5 US.

&l

o ofef 222 ClimaCheck Performance Analyzer2| 107§ Cio|g =X H&£E
o, 2702 LEHHAM HOlE, 7742 2 =M A HiolE, 1742] M3 Hjo|EHZ FAE.
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[CI imaCheck

e ClimaCheck Performance Analyzer”Z|=

Ol 7} &h=g. 2 dAFuAM=

v

* 2 pressures

= 7 temperatures

»
* 1 power input
Performance Analyzer |O|E S& z2lE]

eA&E7] 58 9 G

1074 Hlo|EH<e[d= C.0.P.,

MXA O|&4 ClimaCheck Performance Analyzer& EZ35}
of Performance),

o WES7| AlARS Ms #HIt AEHS=Z C.0.P. (Coefficient
E.E.R.(Energy Efficiency Ratio), NMZ/HFE S ZUEHEZSIH Z|=xel HdsHIIE
AAlg, J2|2 X&sHMez DFA ClimaCheck Performance Analyzer2 #2304 EER /
COP (A2” &8 X SEI, &F7| &8, Ao AO|E 58, 8&7| 28, 82| &8
Ss= AAZN #F DL HBeR AH| ™5 2Hd &S5t X g
= : = 1
= i =L e !R —
: \ PR
TS = bl /
o M_——— =
- Jﬂ,’.lrJir[i‘;{” S ——— ==
W ClimaCheck

® ClimaCheck

[Cl imaCheck Performance

Report fiom Perfiomance inspétion

[rrep—

Analyzer OB 2L{ETE]
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1)

Azl o e

I

> DAl

P
M=l

M2HZ7| CONDENSING UNIT2F D728l =2l CONDENSING UNITE
CHAtS 2 ClimaCheck Performance Analyzer& #2350 W2 A|AHZS 72Xl Ms

= U5t

[DAF M EWEZ| CONDENSING UNIT Ap2k]

X2 H=7] CONDENSING UNIT - CA

24 CPB200SMDHSS
Hz=HS
M@ 32t 380V 60Hz
Hold& Chal 220V 60Hz
£ LRA(A) RLA(A)
AE7| 2H 34 380V 15kW X 1EA 201 47
S57| #l=ZE 34k 380V 0.75kW x 2EA 3.6
AESH ol R-22 HEd=53 7.96RT
= e IF 2.2MPa 25 1.3MPa
L A R B IF 2.42MPa N5 1.43MPa
L 2HA ] B 2000
[DZ] &% CONDENSING UNIT Af2f]
CONDENSING UNIT
24 SCU - 40HP
M 32 380V 60Hz
B2 E 0.75KkW X 4 3% 380V 60Hz
MATCH WITH HMS -U0170
COMP. 30kW HYASE =
AlR VOLUME 880CMM 201 47
S&7| HZH 34k 380V 0.75kW X 2EA ALE oY R-22
LH A 2t 3.3/1.95MPa MFG. NO. 10_000348_HVC
JIEA 2.2/1.3MPa H=4E 2010. 09
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1
[

T

o HS7(2 MsAl+== 4 (10)~(13)E
Analyzer&

24 A C
ZEZ C.0.P. Cool % Q=7| &8
=

2 C.0.P. Heat & &=7

Hlectrical input — Heatloss
Mass flow = P

k=13
=

FEnthalpydifference

Cooling Capacity = Mass flow < (h2—h1)
Heating Capacity = Mass flow X (h1— h3)

COP =

Cooling cacity

 Electrical power

NN\
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(b) D7|=2 CONDENSING UNIT

=

7ts€. ClimaCheck Performance

ONDENSING UNIT 32+ 380V 15kWoil 107Hz~2| H|O|H

3! 2M&. 2|12 ClimaCheck Performance
Analyzer£ &&3510{ D7|=% CONDENSING UNIT 34 380V 40Hpoll 107H22| H|OIE A=
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2) DAL

@ DA}

-IQI_

[

A2

LH

S 7| CONDEN

=7| CONDEN

SING UINIT A= =7}
SING UNITEl cHE&Ql AZ ool

=) : = = =
= o2 B2 ClimaCheck Performance Analyzerg Z23%t DA H2H=7| CONDENSING
o TA O = = o = = 8 o == db .2 % e o}= =
UNITE| hEFHLR AHSE HIoEE HERNACE 852 25, s27 25, 457 =&
=2 AH | % O = = Al = L}
=, —l—Hll_E_:‘l, |j::|, |_-| COP DOl Ej\||7_|' 7:||—| EJ-|'§ L"E|'M|:|'
2 ested Equipment ClimaCheck onsite Performance Inspection [
5
Term, Elec. Stab
Refrigerant R22 eff.  effi  Max Deviation Current Max Deviation Voltage |COP
7 093 1.00 010 0.03
8
3 Min No of Scans " 77 4 50 70" 30" 150" 600" 01 208 208 208 050 2126 2126 2126 18"
10 Max 466 60" a1t um' 20" bl 100" 1250° 750" 10000 254 254 254 100 2350 2350 26| 35
1 Secon:jary cold media SecnnaaryWarm Media
14 |pate 2017-03-22 |i.e, Air{water/brine |Low Pres, Refrigerant iie. Air/water/brine |High Pres. Refr Comp.
16 |Span 61 02 03 0.0 0.0 6L g4 0k B2 01 01 93 00 03 (02 02 02 O0& 08 87 80 15 14 14 |oo
17 Average 151 02 49| 22 132 03 129|128 181 52 | 137 383 151 232 1126 3BS 116 240 233 23 07 2228 235 2233 240 2
18 Max 151 03 150 | 22 132 03 138 (128 182 53 | 137 3B4 150 233 (1127 1 117 M2 BT D6 08 ?_23.‘7 743 2AL| 248 2
19 Min 150 01 147 | 22 132 04 128 (128 180 532 | 136 | 38% 151 230 (1125 338 115 J36 229 210 07 2002 0359 2007 148 A
Date Time  |SecondSecond  diff [Reflow Ref | Ref | Super |Second Second Second[Reftigh Ref | Ref  Sub | Ref Comp Power Amps Amps|Amps Power Volt A VoltA VeltA| COP G
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3% 20170322 17:38:23 | 151 01 158 | 22 132 03 129 )| 129 182 53 117 238 074 224 2032 v
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Time o 2| Time o 2| Time e 3 Time e 2| Time e 2|
I I P 2. P L I
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Vb9 | a6 | a0 | 1517 | 26 | 540 | 1719 | 246 | 541 | 1525 | 247 | 548 | 17525 | 248 | 54.5
145 | 246 | 540 | 117 | 246 | 540 | 17207 | 246 | 541 | 1022 | 247 | 544 | 17525 | 248 | 544
115 a6 | sa0 | 1017 | 26 | 540 | 17207 | 26 | 540 | 1722 | 247 | 544 | 1725 | 248 | 544
172157 1 246 | sa0 | 1017 | 247 | 520 | 17200 | oap | sa1 | 1025 1247 | 543 | 1725 | 248 | 544
175151 2.6 | sa0 | V2T | 2a7 | a2 | 175207 | 2a6 | sa1 | 1725 | 247 | 542 | 17525 | 248 | 54.8
150571 26 | sa0 | VelT | 247 | 64 | 17520 | 246 | 641 | 1522 | 247 | 542 | 1725 | 248 | 542
17057 246 | 540 | 1518 | 246 | a1 | 175207 | 246 | 521 | 1025 | 247 | 541 | 1585 | 248 | 542
1745 246 | a1 | 1518 | 246 | a1 | 17520 | 246 | 641 | 1723 | 247 | 541 | 1785 | 248 | 542
1700 | aae | 541 | 1018 | oae | sa0 | 120 | 2as | 541 | 1725 | a7 | 542 | 1725 | 048 | 541
145 a6 | 540 | 1008 | 246 | 540 | 1729 | 246 | 540 | 1029 | 247 | 542 | 1725 | 248 | 54.1
1l a6 | a0 | 15187 | 246 | 540 | 1529 | 247 | 542 | 1025 | 247 | 542 | 1525 | 240 | 541
115 a6 | 540 | 1518 | 246 | 540 | 1529 | 246 | 541 | 1529 | 247 | 542 | 152 | 249 | 542
175167 246 | a1 | 17308 | 246 | a0 | 17521 | 246 | 541 | 1523 | 247 | 542 | 1726 | 240 | 541
Wlb- | bute | wdd | VoIS | ot | S0 | VO2D- | et | 840 | 1029 | 2di | Bde | 172% | Bde | B
17:16° ) 246 | a1 | 17208 1 oae | a1 | 1781 | 26 | 541 | 1723 | 247 | 542 | 1726 | 240 | 542
WP | bl | mdd | V18 | ol | S | V2T- | ekl | 840 | 102% | 27 | Bda | 102% | Bde | 842
1716 |26 | 50 | T8 | oas | sa2 | TTEV | as | sa0 | TTES | 247 | 540 | 126 249 | 542
175007 26 | san | 1218 | 246 | a2 | 1521 | 246 | 540 | 1529 | 247 | 540 | 15207 | 249 | 542
1718 | 2.6 | a2 | 1019 | e | sa2 | 1721 | pag | sa0 | T52% | 247 | 542 | 17257 | 249 | 542
1706 1 2.6 | 540 | 17519 | 246 | 541 | 122V | 2as | 540 | 172% | 247 | 542 | 17260 | 2.49 | 542
1706 1 248 | 541 | 1719 | 2as | sa1 | 102V [ 247 | a1 | 172% | o8 | 544 | 17020 | 249 | 542
17067 246 | a1 | 17209 | 246 | a1 | 17817 | 247 | a1 | V2% | 248 | 545 | 17267 | 2.40 | 542
17167 26 | a1 | 1519 | 246 | a2 | 17217 | 247 | 6a2 | V2% | 248 | 545 | 1725 | 240 | 542
1721671 246 | sa1 | 1509 | 246 | a2 | 17217 | 247 | 522 | 1024 | 248 | 545 | 17525 | 2.40 | 542
1747 246 | a1 | 1319 | 046 | a2 | 17522 | 247 | 642 | 1024 | 248 | 545 | 1727 | 2.40 | 542
VLT | aae | 541 | 1519 |\ oae | sa | 1022 | 2a7 | sa2 | TTE% | 24 | 546 | T57 | 249 | 542
VoA a6 | a0 | 1009 | 26 | a2 | 1722 | 27 | 541 | V2% | 2ug | 546 | 1720 | 249 | 542
VA7) a6 | a0 | 1219 |26 | 541 | 17227 | 247 | 541 | 172% | oug | 546 | 1727 | 249 | 541
1EL0 | 2.0 | san | 119 | pas | 542 | 1022 | 247 | a2 | T72% | 248 | 546 | 1527 | 240 | 54
1L a7 | san | 17580 | 246 | 541 | 17522 | 2.47 | 523 | 1iE% | 248 | 545 | 1027 | 2.40 | 541
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(L) S|EH = Retro-Commissioning 7|& 7Hdt

1) dsds o F 7=

o BEIAQl FEET AAH HOE 28 MuUEoE2 =2 £Zo MAs ZUHEYZ 28
S5 COP RUEIZ MBI B HE AERO| AAHN BEA B Fof U Fek
AAdol BoMoz BRI Wole £2. M5 A% oS0 LR 2452 Vol
SIB %Al (14)~(16)2 Bol A Z2MAE 238 + 28
~ Tsue NV;’uci T/:;u,c: C dis \1/m

n, = = e 1-0= (P ) 1 (14)

VD NVD VD ¢ SUC
T.I'L: Véuc: T}uVD: T]uNVD (15)
Ysue Vsue Ysue

. P, \(m=D/m
w&mwzm{pmvmil l( "””) ~1 (16)

sue

0{7|M, 5, = Volumetric efficiency
VD = Compressor Displacement rate

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

V7, = the volume of the suction chamber(s) (m’)
V = actual volumetric flow rate eavaluated at the suction condition

suc

o= empirical parameter

s S|EHIZ A|AHS Mzg et oz M=AH=(COP, Coefficient of Performance)® L}
|
A

m, dsAs Adol 2R F3t=

7|M, @ = Capacity(kW)

W = Power consumpt ion (kW)
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2) XE3EHE Retro-commissioning 7l& ZH &

At) dsATE ZET BE S|EEZE HY 7= Y

Input : T.,Tae,
COPup, GOF..:,

Tu : Heat Pump supply cold water temperature

T :HeatPump supply cold water setpoint

Car :HeatPump COP

COP. . : Heat Pump COP setpoint

:Heat Pump operating signal
(1=on,0=off)
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ANS|/ASHRAE/ IES Standard 90.1 : Energy Standard for Building Except
Low-Rise Residential Buildings

Auther ANS|,ASHRAE, IES
T et Keyword Energy Efficient Requirements; HVAC
Except Low-Rise

Residential Buildings
ion

\ 3

- ME FAS d=2 HMele HFE2 Rl =2 HY2=E oHX]
28X dAE 2T FH2 7|EE S

- = 21, HVAC, 25 3a, =Y7[F, 7|&t &8| 3ol et 7|EE2
M=gt.
- = dTolAM= HVAC 2t J|E2 EE.

for Acceptable
Indoor Air Quality

ANS| /ASHRAE Standard 62.1 : Ventilation for Acceptable Indoor Air Quality

Auther ANSI, ASHRAE

Keyword Ventilation; Indoor Air Quality
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A virtual supply airflow rate meter for rooftop air-conditioning units

Auther Daihong Yu, Haorong Li, Mo Yang

Virtual sensing technology; Virtual calibration
Keyword methodology; Rooftop air-conditioning units;

Airflow rate; Fault detection and diagnosis
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Development of a pump water flow station in HVAC systems

Development of a Pump Water Fiow Station for HVAC
Systems.

Auther Liu, G., M. Liu, and G. Wang
Keyword Flow(Dynamics); HVAC equipment; Pumps; Water
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A smart mixed-air temperature sensor

Auther Wichman, A., and J.E. Braun
Keyword Mixed-Air Temperature; Virtual Sensor
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Decoupling features and virtual sensors for diagnosis of faults
in vapor compression air conditioners

Auther Haorong Li and James E. Rraun
Air conditioner; Refrigerated equipment;
K . .
gyword Process; Detection; Faults; Modelling
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Predicting the Frequency of Hot and Cold Complaints in Buildings

Clifford C. Federspiel, Johnson Controls, Inc.,

Auther .
Milwaukee, WI

Keyword Predicted Percent Dissatisfied
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