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< SUMMARY >

Purpose &
Contents

This study aims to develop the probabilistic calibration method that

generates the energy simulation models with a prediction accuracy of

95%, so that the inaccuracy of the simulation model results can be

improved. The specific aims of this study are as follows;

e The development of probabilistic distributions of input variables to
energy simulation models

e The development of optimal sampling methods to generate energy
simulation models

e The development of automatic calibration method for building energy
models

In order to achieve the aims, the following research was carried out;

e Selection of input variables that cause the inaccuracy of simulation
models

* Development of probabilistic distributions of input variables

* Selection of sampling techniques that consider probabilistic
distributions

e Derivation of data for simulation input variables using probabilistic
sampling

* Development of automatic calibration method for building energy
models

* Verification of the accuracy of the developed calibration method that
was applied to the real building

Results

This study develops the probabilistic calibration method of building energy
model that enables the prediction accuracy of 95 % and obtains the
reliability of the energy model and the core technology in the building
energy area.

The LHS based energy model generation technigue developed in this
study can be applied to the calibration of energy model and the
optimization and sensitivity analysis of building envelope and system.

Expected
Contribution

The final outcomes of this study, which are the automatic calibration
method that improve the simulation accuracy, can be applied to various
areas including as follows;

e The reliable energy simulation models are prerequisite in architectual
design and consulting firms, construction companies, building
automatic controls and heating ventilation and air-conditioning
companies.

* The final outcomes are verified using the real world data, so that the
software based on the developed outcomes will be developed.

e The developed method can extend the application areas of the
simulation models in real-time controls and fault detection.

Keywords

Building Energy Probabilistic Building

. . . . Uncertaint
Energy Simulation Calibration Energy Model Y
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(storage
and lag)

adjau:ﬂt zone
aiw n

1>
n@
=
&

a9 6. AEANUA Be d5e S stelE ¥
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occupants mmmlge-  cnicrgy/ mass transfer

—== signal path

1 .
; = = < human action

building
structure

indoor

1
1
1
Sensors 1
1
1
1

environ- confrollers

ment

auxiliary
systems

ydm

outdoor environment fuel supply power generation
a9 7. 29 E v FARE-FAMAEE A8 AU A A dS [17]
sto]lE vhx wdl ZRke] AZoyA] AlEHelde dEAor dAs AA dANA oA
Az 9% AAlel HA3 dAA F2 ARREHJ oY, AEdyA AlEdeld R A
o & 5 A= olyA Al="e] Aojele A §o] 7hssitt

AR AlEH ool HZ9o Al2=dl Aojo] &84 F = 7hsd2> 2000t ol A oF 1|
= LBNL®] Haves ® [18]°] 93 AA= o™ Haves B2 &4 U] AlEHolHd L&
aWE o] g3 AEoYA Al 2= (Building Energy Management and Control System:
BEMCS)e] A sle]l H424<Q BEMCS Al2=gl3 oA AlE#olde] tlolel wgt W
gt A5 FEsA Y

2011'd vl=r LBNL®] Wetter®d2 A=olyx deA 283 dEolyA] Algdol4le] dHel

B %S 7oA sk v E9e] Z93%2 BCVTB (Building Control Virtual Test Bed)
S /I [19]star o] & AHA ASE A2y 99 HA st A&3 AHdE $iEs BCVTB

_17_



= st AlEdeld ZE ¥ EnergyPlus, ESP-r, Radiance, Trnsys %3
Matlab/SimulinkE A& + U+ 7lsS ATstArh (L7 7).

2010 s Yol tfste] Mangharam 3% [20]> MLE+ 2+ Matlab 7]Hbe] E8t2E
W st MLE++E Matlab/Simulink®] 2+ 7] EnergyPlus & AA A&y x e
Alz=Elo] godo A3 4= o] Matlabe] E92~8 &85 tdst HAs A7 He AT
& ¢ qlon, HAZ Siemenst= MLE+E 83 AEAUA #AA =508 /AT [21]¢ v}
A

Existing
Sensors &
control
devices

Additional
Instrumen
tation

Gateway

——

I
| I
I !
I BCVTB I .
(I T T T - !
I I Ptolemy Il ! | !
11 I by :
I v\, |
11 I | Simulator | ! |
| BACnet |, AEtiE «—» EnergyPlus I
I 1| Reader |I a |
11 | ) : ! |
11 | o :
11 | | Database I I
11 ™ Actor L—» Database I
I I
1 1\ )
1] I : I !
I
11 :
I

1% 8 BCVTBE ©| 83 EnergyPlus® AEo| 4= #AejA 28 &
U A YR 2de] A A
ANEHolA Ayl AR At AE oYX gl st AF A A= vjoa]
Tk ooluet fFHAAME wlg s F2AME A e A TAZ Q1A FHI Q)
29 dle] 3 FAGAE oz 3 AF Ao E AJEYolA Aol HAA HAEZ9] Ay
A AFEHFE F AAE Hola 5. 53, AL WES HU dyA] AB[AQ W A A
go] A= AA W dyx e AwjgFo] AlEdolAd Aot Ho 3ue HAE YERY AL
Atk (g 8) [22]
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kWh

10000
8000 - sssssssnnsnansssnnssnsnsnsssnisnsfRRlidspRecccsncscanagacsssnacsssiainser s s aRARARRAS S IR SESE SRR E E
4321 3562
6000 3650 3110
Ul
~1094 — =
'::4‘? // 1765 1974 2231 ”””
2000 == " / 1386 EEL8 700 A 720 7 15007
L B L 900 | s
2560 % 600 T ,1599,4
5 T a5 1770 1201 1288 F000
1 2 3 4 5 Designed
values
B Space heating [ Fans [@ Domestic hot water [M Household appliances

a9 9. A gAY AdA AR dS5A R LA | A AR HadS

40

4@ Energy used: unoccupied or other utilization
351 . _ :
Energy used: permanently inhabited

Coooocooopooooo0 o 0 A tui I R i L O

Simulation : 11.9 KWh/( 7 a)

Heating Energy [kWh/ 1]
N
o
1

Sdo] HAH st AFhAAE HF HAHE s GAE AR WY A] AL
59 RUHYS 7A=Y &3 olF AHHoRZ HAAsta, 1 AdE AE AA dA A
AbE3E A B2 Fel oA AlEd o)l gl PHPP (Passive House Program

2 A3 PHPP TR ol ofx ARzZFHS 12 kWh/m?sE Ve oy, 593 A&
TEYE Bt M e A Wdgelux] 2ue HA 4 kWh/m®l A Ho 40
kWh/m*® et} PHPP ZA3el 2 xol7F e Aoz EAEAT (23 9).
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]

i 4 = 53 9

=92 =U/55HE 3

TA B AF o A A5 dyA AEHolA Ay FA4 Al~®l (System for
N 101254201000 = = oY

QF analyzing energy simulation result of construction)
TA B AF o A A% olyA] AlEHIAY As 4= Al2#l (System for
N 1012267050000 e o e ° vk

oF interlocking input of energy simulation for construction)
AEg sty A8k BIME o] &3 AE olyA] Al&dolA ¥ (A method of
deetn 1012644090000 M el g5t A A AgE I s (A method o
HqEo building energy simulation using BIM)

BIM< o] &3t A& 93 FH st A 9 o] o] &3t
degigta Aksh AE oA AlEHlA WH (Method for the BIM-based
° . 1013940220000 = A, .
deEd automation of building envelope form generation and

building energy simulation)

PR qolHAE dg& LHI HAEoUA AlEHH A2y o
s 1012758970000 I Y (Energy simulation system considering action of

agents and the method thereof)
Algdgelds &3 1 dUA 5&S Z2te A5 AA A~
g 2 o]E A8 AE AA WY (Design system of

building having high energy efficiency using simulation

& 7 5 AFAF 5 42]1020120037442

ZER
N and design process thereof)
Assn e BIM< o]&3te] ARSIAFAS FHAZ AE QYA A&
B 1013937500000 g o)A WH(A method of data information interoperability
H o«

enhanced building energy simulation using BIM)

P o7HE 2 A Bl o] &3 ouyA] AlEEold E o
Aodgiga b E o]&3 AlEHoA ¥ (Ener simulation system
e 1020120120754 e o gy stmuiation sy
shal e o using web-based process model and simulation method

using the same)

3. THEE

W osbAe] SWOT 24 23} a%oﬂwq Aol A Hote] o] AFL A&How
2 Aow oy, FALLNNE AFTe] B E A7%S 9T T Fo] Ay
a9

2@y, #ole] A

SAT Ao mEY Aoy Al Ayt A stste] Al #A
H, X o=l e 22T 2o A#Ade Frlsks 7



F AT Agugdoy, AE AEdeld Ave 4AHL FEAY] 9 ATE
droln], Fel A obA ole] tiak ALr} A ARG Ao},

upekA, Algd el AatE o=
=< Addste] =7k ga wiE A A Sl gAY A HRE Skl 7)o

Aol A3},

220X AlSdlolE

S 2 X
o AZA 2T

x| anl FaAl, AFEe A | we A
an ZWA 5 AR G AR |2
BAg A | A

2T NG ARNAe 22| 4 Bkl g AEe e,
Qow FHNA =7b AAe 2A | ARl Ave ARHL Eol7
R Ag ATE ok ZRA wAY

=W AlFe 43t T =W AMES 33 &3t

Aol Foke] AL AAAH

A 7(-1(?_]_ 7 O—](?_]_ IBM, A D k,
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o] AgE 3 FA|HQl Vo wel 1 AFAo] AT HAEANYA T2 ufg- A3
AEANUA] Mkl of|Zo] 7hEsith, ey 2dE 8 Q490 EIaxon <lste] A
EouA e AyHog AA AEIe= g2 A FEFo] FHaL, ol wel AlE#olAde] &

A7k wAHA HE el

woABdeldoE B B AFS FANI AdAE S dFd gEusse s
g, oleld Qeusel s HEA SHow odd AFHod mdd Aa g Aol

AZo|HA AuEHS HA7E dAFE&Y 28 AEY A8 247 Q3 AHEE oy
717158, 2 Eel, AAF T 2o g @ A7 <l oA ALg 18] HVACS
23 o) egw Ay §&3 e A2E g4a= Q] AHEE qUAZ UE 5 9t

Name

Thermal Zone People

1) A8 (Ed) Thermal Zone Lights
Thermal Zone Equip
BLDG_OCC_SCH
BLDG_LIGHT_SCH
BLDG_EQUIP_SCH
ACTIVITY_SCH
CLOTHING_SCH
INFIL_QUARTER_ON_SCH
3) A8 A (A2E AHE) ERVoperationSch

Heating Setpoints_ ASHRAE
Cooling Setpoints_ ASHRAE

) A &4 (AR

A
L

27

oy

4) AR e (B 25)

b) ZE 84 Insulating board of Glass
) ZE 24 Low E glass
7) A& 24 (Infiltration) Zone infiltration

Design specification : outdoor]
R) A28l a2 (HVACS 23 o7mga [ oo P
air_zone

0) A|2=®l 94 (He]7] &8&) VRF cooling COP




AR Q8% ABRA A2d fzd 94T ek A 21g 4Yss] s
22 ANl ATE @ AR sd AAxdd U Aus SPaAd
A .

o5 =
o & Hr [d

=
N
X

AR, 7171 8 2=rel o7 WE-Edel e VS A5 dys F9ekd 1™ 109 2ol
Al Aok AR WF 2de AT 70 Well A 950Well e ettt el o3 o
5L 1LIW/mold 183 W/mol slddts Aoz ZAEIT 7]7]o] <3 yiade

S6W/meol A 22 W/m'e] HeS yerdt)
a) oAy

950 -1

425 =t
Medium Work

| lainAlexander Macdonald B.Sc., M.Sc., July, 2002, “Quontifying the Eects of Uncertointy in Building Simulation ”,
engal ISR | A thesissubmitted for the Degree of Doctor of Philosophy

W00 Light Work

lain Alexander Macdonaid B.Sc., M.5c., July, 2002, “Quantifying the Eects of Uncertainty in Building Simulation ™,
A thesissubmitted for the Degree of Doctor of Philosophy

130 == =
Sedentary

lain Alexander Macdonald B.Sc., M.Sc., July, 2002, “Quantifying the Eects of Uncertainty in Building Simulotion”,

A thesissubmitted forthe Degree of Doctor of Philosophy

o A -

Watt (W)
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J=1 ez
b) 7171&4
22 —— R "
4 Heo, Y., Choudhary, R. & Augenbroe, G.A. 2012, "Calibration of building energy modeis for retrofit analysis under
uncertainty”, Energy and Buildings, vol, 47, no. 0, pp. 550-560.
Datasource: Macdonald B.Sc., M.Sc., July, 2002, “Quantifying the Eects of Uncertainty in Building Simulation™,
A thesis submitted for the Degree of Doctor of Philosophy
161 =t —

Nicolos IOHNSON, Huafen HU, 2012, “Developing an Effective and Reliable Approach for Building Energy Auditin Support
of Retrofit Decision Making *, Internationa! High Performance Buildings
Data source: Planning, P. F. a. (2010). Standard Space Report.

12897 et
5 b S 1
JianSun, PhD, PET. AgamiReddy, PhD, PE. July 25, 2005, "Calibration of Building Energy Simulation Programs Using
the Analytic Optimizotion Approach (RP-1051), HVACE&R RESEARCH
108 —— | Data source : Reddy, T., 1. Maor, etal. (2006). Procedures for Reconciling Computer-Calculated Results With Measured
Energy Data, ASHRAE Research Project 1051- RP. Philadelphia, PA, DrexelUniversity.
4| T.AgamiReddy Itzhak Maor, 2006, “Procedures for Reconciling Computer-Calculated Results With Measured Energy
Dota”,
ASHRAE Research Project Report RP-1051
8 —— ——

‘Watt per square meter (Wlfm2)

183 w—p— Heo, Y., Choudhary, R. & Augenbroe, G.A. 2012, "Calibration of building energy models for retrofit analysis under
uncertginty"”, Energy and Buildings, vol. 47, no. 0, pp. 550-560.
Datasource : Macdonald, 1.A. 2002, Quantifying the effects of uncertainty in building simulation, .

161 =—t— —
15 —4—

Heo, Y., Choudhory, R. & Augenbroe, G.A. 2012, "Calibration of building energy models for retrofit analysis under

—|  uncertainty", Energy and Buildings, vol. 47, no. 0, pp. 550-560,
Dato source ! Macdonald, 1.A. 2002, Quantifying the effects of uncertainty in building simulation, .
Nicolas JOHNSON, Huafen HU, 2012, “Developing an Effective and Reliable Approach for Building Energy Audit in Support
11 of Retrofit Decision Making *, international High Peiformaonce Buildings

108 —— Data source: Planning, P. F. a. (2010). Standard Space Report.

2 4 — T.AgamiReddy ltzhak Maor, 2006, “Procedures for Reconciling Computer-Calculoted Resufts With Measured Energy Data”
13 - 4{_‘ , ASHRAE Research Project Report RP-1051

14 == 4{ Claridge D., Abushakra, B., Haberl, J., and Sreshthaputra, 2004,

“STUDY MODELLING AN EXISTING BUILDING IN DESIGNBUILDER/ENERGYPLUSCUSTOM VERSUS DEFAULTINPUTS”,
Electric Diversity Profiles for Energy Simulation of Office Buildings.” ASHRAE Transactions

Watt per square meter (W /m?)

AE AME 2AIES AdEoYA AMES T83% 8hon, 53] dEouA Rdo &4
dol mlg- & Ao deA Utk VE S T =E3 A5EY AR 2AES 1F
119 2o,
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BLDG_OCC SCH : WD (Through : 25, Jan)

0.2 02 02 0.2 0.2 02 028 028 028 028 028 028 053 053 064 064 064 064 034 034 034 034 034 034

BLDG_OCC_SCH : wD (Through : 29, Mar})

008 008 008 008 003 008 01 01 01 01 01 01 02 63 063 03 03 01 01 01 01 (N
Claridge 0, Abushokrs, & Hober ) 2004, “STUDY MO
CUSTOM IWPUTS®, ic Diversit ofies f i ic uldings.* ASHRAE Tronsoctions

BLDG_OCC_SCH : WD (DOE Commercial Reference Buildings Report)
--—----—--_ﬂn-n—-lﬂn-——m-
0.1 0.2 095 095 095 095 0.5 0.95 095 0.95 095 0.7 0.4 0.4 0.1 0.1 0.05 0.0
BLDG_LIGHT_SCH : WD
(IS s T ) ) ) [ (S ) (2 () | I i | e (| o () ) [ (e
024 024 024 025 026 029 043 068 081 086 086 084 084 085 08 0.83 069 054 046 044 035 027 025 0.25
Claridge D., Abushaka, 8., Haberl, 2004, *STUDS

TuPUT i 7o ion of offce Buildings * ASHRAE Transactions
Abushakra, 8, Haberi, ., 2 {2004 it i ASHRAE Transacti

BLDG_LIGHT_SCH : WD (DOE Commercial Reference Buildings Report)

005 005 005 005 005 0.1 01 03 0.9 09 09 09 0.9 0.9 0.9 0.9 07 05 05 0.3 0.3 01 005

BLDG_EQUIP_SCH : wD
-------——-----——-_-_--_-
020 005 0.05 005 005 0.15 04 07 085 09 0.9 09 09 0.9 08 09 085 075 063 058 055 065 055

Guzng A 1, THE MODEL ¥ ¥ang %, A Thesfs | 2d to the FACLLTY OF THE USCS OF) Ul
i ez

BLDG_EQUIP_SCH : WD (DOE Commercial Reference Buildings Report)

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.9 0.9 0.9 0.9 08 0.9 0.9 0.8 0.6 0.6 0.5 05 0.4 0.4
ACTIVITY SCH : all
(S N T 0 S 5 O ([ ) I o v i v I (i ] (N e ) I

120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120
Michoe! Dery, kst Fils, Darie! tuser Bing Ly, Mok Hobversen, Dove VARErsK, on Michasl, Kyle Banns, Brent G, 1o8 Husng on Aaul, Faburary, 2013, * 1. cric . : i “nEL

CLOTHING_SCH : Through 04/30

T 7 ) I [ 2 [ 7 I e s v I 7 e 7 e e [ e I [ [
1

1i 1 % 2 il Al Gk 1 1 34 1 1 it 1 1 £l il 1 & % % <1 al

CLOTHING_SCH : Through 09/30

0.5 0.5 0.5 0.5 05 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 {5 Ji TR o oo S 47 0.5 0.5

CLOTHING_SCH : Through 12/31

) [ T S (T () (S o) ) T ) [T [ o (o e i) (W) R0 i s e
1 1

1 1 3, 1 1 1 il A ST 1 35 il ab 1 al) 1 1 3t 18 1 1 1

Wichas! Dery, fristin Fisld, Dane! Studer Bing L, Mork Habversan, Dove Winiarski, and Michael, Kile Benne, Brent Gffith Joe Huang ond faul, Feburary, 3083, * . i s
INFIL_QUARTER_ON_SCH : wD

025 025 025 025 025 025 025 025 025 025 025 025 025 025 025 025 ¥

Michas! Dery, Kritin Fisld, Donis! Studr Bing Liu, Mork Hahverson, Déve Winiarsk, and Michos, ¥yie Benn, Brent Griffth, Jos Hisong and Paul, Faburary, 201, * U, NREL

% 12, AFE] AME A

AzovA Algeeolde ASRAVIES A FRAVY, SRV, FER47IHe

FERAEE 483 FYA AN vgow ABelUX Zzade] gt Ao
2 59 A9 Wsdl U@ ge FAstel nge Axske ol o PHe A8 4T
Aolup AZo] Brbsd Aol /g del AgH T g Wl
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QE s ZF ) JEPlusE 3+-8-3}o] EnergyPlusoﬂ EHSF LHS 584 S
A

w1900, GPL dhol 22 1 o meads) A9E, HAE Bu o8 eadsl B
& s

b LHS-000000
ki LHS-000001
@ = b 0 v EssSM s 131027 + cutput o ot 24 2 ki LHS-000002 _|| epluggu‘t
P OX =@ ki LH5-000003 | epluscut
. . — B ; LHS-000004
AR 8 aea * = . -_,JI eplusout
& shyDrne I 01008 Ly 8y b LH3-000005
§ wasc Ji 1001-2000 % B i || eplusouterr
e ki 2001-3000 g e || eplusouteso
Easan i 3001-5000 bR | LHS-005475 ﬁ__| | ;
b 20015000 b TY 5 | eplusou
% 2 1 sa08200 HivtEss nuEs iyt ® enlusthl
4 6001-7000 SLIERTE £ 1 [ 1 L LHS-005477 = eplust
338 ki 7001-8000 SRR LR, £~ S L | LHS-005478 ep!uszsz
Ji 80019000 PEALNEE. BEER
 uEs Ji 9001-9039 LT T T Y I LHS-005479 | | inepw
e vindows i) 0 RunTimes RIGIEIEE. Moo Bdl Te3ER &in
ami
fpueqa |, LH5-009895 T my
Ji LHS-009996 7 readvars
b LHS-009997
Ji LHS-009908
17 B =S
| b LHS-009999

19 14, LHS & H Ao Htdy A& X wdo AiE

o SERAY ATE Ve A
O HA oy mEle] A Ve

Measurement & Verification (M&V)7]EolA= AlEd oA
%k(‘ﬂ]‘/ﬂx]i‘j]‘j*)ﬂr Hus ga v 9

M&V7tel == Algdeld Edo Agw s 93 oA E 24, MBE(Mean Bias
Error)¢t CVRMSE(Coefficient of Variation of the Root Mean Square Error)& A|A|3}al
Aow, F IRl QAAIFO el A&aE HAGo] # HJua dddit ® 69 747
M&V7tol=¢] 8§ A A% Fhs el
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E 6 tlEA M&V7Eel=e] e AA % 387]%

o ASHRAE
Ay A SAA ® o IPMVP FEMP
Guideline 14
MBE 5% £20% +15%
Monthly

CV(RMSE) +15% +59% +10%

MBE +10%

Hourly
CV(RMSE) +30%

QAA E ] 7IE
M&V 7}o]

=
& ANF e eAAE NE

®

el M&V7iol=e nzae Ea, B =foa AAE M&VHEA(EZ BA)
2 AR o HA 71AL 3 A7te R o] ®HA
S AEYolA 2d AZ A 9214129 7|F=o®Z MBE +10%9 CV(RMSE) +30%E& Al-&

SIEEETIRE

A A 7|24 A AT Excel U ZRE ID, Search String 5 o] o XML 349
Jep IS A ST}

_30_



L AW cotmezer
BEMS cnerar

Pre-Processor

Bayesian
correction

Correction
report

= = ==

XLS file

Dweeoject B2 2w sample-5 x5

Save as OwProjectwAHE I Y 2wet_parameter_EAV_surface_allzone_1_HVAC 1123 jep

Progress (0/0 (%))

Quitput

—

a9 15 dAsE & 4

o

o L4 oo 7

r s
i € Acton Tosk HeD

Pt | Exacuion] Mans post precess

Sainct Proect ton: Enargibis Frfect v Vi smiec_|

P05 | Mows: (New st
older ooy e
Waater la(s): soWomiWeatar Flek  daniaon s =

MOF/ME mmptainGa) oWRBESTERNESY  Whoqumee ERV.e, =

SOWRBE N WIS | | HYAC. =i

Paramaisr Tro

. (P2
Daneripon: Ak toniicnte
PEIPAVEFE basing COPRD
2 144]

FlahigaraeFlam. cusing

Sawetag Vesangn Dodle -

Values
Pl 130,31,32. 39,34,35,38,3 7
43,34)

32.35,40,41,42,

Ficontha == 4 valor in s bch

Pre-Processor 94 A A3t Excel WY ZHE Search StringS 919, IDF 3¢ 2] Search

String # & @@[Stringl@@

P

|11 Bt Stz

ﬂ'EMS Exargr

Energy Simulator

Pre-Processos ¥LS file D Projectd Ak OVE Srsamplo-& wlsy

IDF file

JEplus path DWFrolectWiEFN v1.5 prevdew [EWERINs .v1 5 pre. 06

D Project ARE DV 29 2th o adsmeter ERV_sutace _allzone ) SHYVAC 5 id

Correction step

| Cn‘mmnﬂ favea =M 1000m -jar [EPhus.jas ~clg lenlus, cha -lob imlee/sample-5-20141030, lep Hocal 1 -the 1

Pz MEst= 7les TR Ay (21" 16).

= =

Run

19 16. pre-processor

- 31



(2 GERE 23

TR A% Aol Bk 5 94Y ®© JEplus AWE @A A D B AL st
LHSXXXXXX fa@EZ & A= 75 3 oo (29 17)
e =

BEMS Energy Simulator

Pre-Processor

Bayesian

correction

XLS file

IDF file
JEplus path D#ProjectwiEPIus v1,5 preview 0SWHEFIus_v1,5 pre 05

Energy Simulator

D Project AHS IHE 2Weample-5, xlsx

Correction step

D Project® AHS MY 2% 5th_parameter_ERY_surface_allzone_1_HWAC_0915,idf

@@E

Correction
report

(3) F4 ol

AlEE oA

NMBE gkell o g
S 7zt LHS tHEge
(29 18).

_VL

a9 17. LHSA E#°]A RUN

dE 9 Real Value 7} £9
2 LHAE HMeEste] AgS std
& 99, 7MF & gS %

_32_

+ Excel #dS& AAS ¥
g NMBE ¢t ¢]ske]

]

dezes A48 20



1 B Gptirnizer

BEMS Energy Simulator

Energy Simulator

D ProjectWEMIOpt_testing®output

LHS Dir.

r
5
W
@
g
s
£
[-%

3  NMBE value |5 -

DitProject®BMIOpt testing'real data 281 T&l 48 »l=w

Real values (xls)

LHS End

0

LHS dir. range [LH5-000000 - LHS-000008]

LHS Start

Month |? =

Evaluate

Threads

Output

Bayesian

correction

Checking LHS directony.

[Success] LHS directories: 10

g
R~
s
£2
L)

19 18. 4 BEM ==

ERAY Jle AT

o

)

el

T

EAUA =

v}
=

2 AT A A

—_
fi%e)

)
—_

A=y A A& g o]

= A4 OpenPlan &

A= FAH Ak

= e

_33_



1A B71% FHUA

e85 A2 AE (OpenPlan)

1219 o

A=A A[m3] | 11913.83

uhebE 2 [m2] | 158851

AEAL[E] 125
A U A N
2z 2 EPS/TPS 2

3 HTA] AT 3 ELEVA/H &4 |1
3] o] 2 Pipe Shaft 5
Ak 2 skl 2
o9 1 0.307 W/m2-K

QpEg W 1 0.403~0.473 W/m2-K
A4 10316 Wm2-K

[W/m2-KI uhe} 1 2525 W/m2-K
A5 285 Wm2-K

o

. gxA 2 e

WgEtel 448 FERA2GS Axdoolad 7 F shbel Yl f3 Ay Axd
(VRF: Variable Refrigerant Flow System)® 2 ¥Hx9 A u3t7](ERV: Energy Recovery
Els

Ventilator)7} Ax 5 o] Sl= FHolth. VRF System< 3 the] Hel7]o] ofz] tfe] A7

_34_



g ddstel A R BRFE} b FRALDOEA, RYFANE 3o 29715 26
vle Av7l7h dxse] glow], As)7] 30 F lvlwk §o] vhE mdolth gzt A
A8 g27)e B4 FRATEE E 8 19 207 2

5 |wdd EA s x7] s (/)
ERV RHF-200EB85S 8} 2000CMH
VRE DVM+4 26HP 2 75.4/84.9kW
DVM+4 24HP 1 69.6/78.4kW
A1) 7] IAVXC4H072B3 26 7.2/8.1kW

o 717 E ol E

Algdleld AbgE 71 ol = i Ee] A FAA e A 0dEete] 755 o
&t 71 HlolH &, Meteonorm Z 2135 ©]-§35te] EnergyPlus®] 7]/4tlolE 3<%
epw 2ot}

ro

AR 718 EolH o] R SRS 4 RSk oA 71 EelH e Aget
7122 1057C, §&=+ 7167%212“[1 o] 54 (64-84)¥} 74%%1(11% ZEJ)E Lol 4%
A3, olFde Wyt 23T vEen, Asde] A7l 05T o523 A

Ao HAEEE 727 80.33%, 67.25% % LEML, o EHd = D}%s}u},

2ol gAS DesignBuilder SoftwareE o] &3te] Rl dth. thaka7ke
Fe= A5ews sty 7jE gz 2dydst & gigaide] FxRASEE
o 33 FxA~HE walagS 1838 OpenPlanE BilE 8} o] ZoneS 6719 Zonel &

_35_



nde 253 WE Zoning Eoolth

Faick 299, 10

5|

24

Zone 4

Zone B

Zone &

Zane 12

Zane 1

Zonhe 2

Zane 9 |

Zane 7

Zone 3 I

Zaone 1

Zone 13 Zone 11

a9 22, W AFFA S Zoning BF

ul A% ARe] B4

H
il

=K

_36_



wE Ay L] L ug T a4y us wE 4y us

Wi | FTUD 100+ 'WEHII9T 4P ‘W5 | I | STUD 100+ B{EI%4312.57 27 Wit FIUD &5+ B 44311257 29 + EHI1 T | V15| M | STUD 100+WRF 31197 4P+ W2 1112.57 1P+ E1R1 5T

W2 | BTUD 68+ MIEM4 311 2,57 2P (71W) W7 STUD 45-+8I¥4 111 2. 5T 2P W12 HIUD 100+U543112.57 2P+ = 5T |w17| B | CH—STUD 100 +'WRE2ST 1P+ WHH15T 3P + H+12.87 1P+EHTET

'W3 | I | CH-BTUD 100+ WM I26T 1P YRMTIST | WE STUD 100+ WEN43L12.57 4¢ W13| N | STUD 100+ Hep 4 312.57 4P S 5T Lk CH—STUD 1004 WE2ET 17+ W 5T 3P+ STUD 50-+'9012.57 29+ EHT AT
W4 | B | CH-5TUD 100+'WRAITI26T 1P+ RIETI2ET 2 | WO | I | SUD 65+ BRI 2 8T 2P (EORN) 14| N | STUD 100+ W MT125T 4PERITSTUE |10 BN | STUD 100+ WE&IL1IT 2P

WS | I | STUO 100+STUD S5+ RIS+ WP KEHT 26T 68 WO NI | STUD 100+ REIE N+ RIEMITIIZET 4P (W15 STUD 68 2P+ W12, 57 4P+ BT 5T YR

o9 23 tiEge] WA =

EH

=
ox
of
N
)

A

==

o Az 5

Ho
o ©
i
k)
r o
(A

ot
I
=

& 7 [mml] T 71 [ml]

T | ZeEThaY |24 KPI AA BE
BZ Glazing |6 49024

2 L Glasing 0.17 0.001

(I Eg
TIN5 12 o)
% 10 A2 B9 Am 2 EA4X
HAANSO 298 HE L 24 (95)
SH | 2=Ecs U ]
Material Hl
(mm) (W/m=*K) | (kg/m”"3) |(J/(kg*K))
o205 3 221 2740 896 ASHRAE
2218 228 25| 60 0.047 8 800 ASHRAE
ole_MHANRE (2 E=E T, 100 0.025 1 1024 TAB JI& A
5t) gzEHEen 15| 13 0.04 25 800 ASHRAE
mamge|e 29| 200 2.3 2300 880 DIN
ANBE 22 18 0.25 1150 840 ASHRAE
o=ps 3 221 2740 896 ASHRAE
AE_MNPEURE ( S| gzueem 25| 60 0.047 8 800 ASHRAE
N e z2 150 0.025 1 1024 TAB JIZ A
SelHEen 25| 60 0.047 8 800 ASHRAE
za=ele 24| 300 2.3 2300 880 DIN
L _sH Dojes E=ET! 50 0.025 1 1024 TAB JI& Al
sA 220 30 3.3 2700 1000 KS (1000=DIN)
SI22IANA RIZ5Hs
zolgel 6 0.76 2500 840 i
W OEE
HE 8_F2 e, 12 0.025 1 1024
S22 A0A MB5tE
zolgel 6 0.76 2500 840 i
HoE =
Hier gH 20 2 =32 101.6 P 2400 900 ASHRAE
- ANBIE 22 50 0.25 1150 840 ASHRAE
=g A 22 30 3.3 2700 1000 KS (1000=DIN)

_37_




=321 101.6 2 2400 900 ASHRAE
HIS _ALRA 22 (S| AdE 2¢ 27 0.25 1150 840 ASHRAE
FSE HIEH et
N =E) 3 0.27 700 800 KS (HIZNO)
(ALC400)
EER= 101.6 p) 2400 900 ASHRAE
H&_ 44l 20l B= =l 223 0.025 1 1024 TAB JI= A
(=35 Nosc 9.5 0.19 800 1674 TAB JI= Al
g ADEC 9.5 0.21 800 1008 TAB JIZ Al
ANE ADA B2 (= =31 101.6 P 2400 900 ASHRAE
T e Zot 223 0.025 1 1024 TAB JIZ Al
N =8) DA A 6 0.16 640 115 ASHRAE
vl FEA| 2 mddy
EnergyPlus?oll A AFF-Ad AX5 Qe FxA 289 VRF System¥ ERVE 24 & s}
7o kA, WA Alz"e] JIEEE HAASAT a9 245 2 oYX A EHol A 8%
FEA 2" Mdzoln, = A U9 VRF # 3 to 2&5S uxdoz el
TUL
.............. .}.‘,.,@m.“am.
. v . Zonel3
55‘%}1‘\1}? i g?i!' fé%i. B4 o}é 5 A
QLA
g L2 2
= v ERVL
Zonell
YRE DX
¥ A
i 2 g 3
< v ERV?
VRF1 G 37|
<« oy
a3 24, AAFA FxA 2" 3 E(VRF+ERV)
oA A E g o] ol A FFEL &£ 6712, VRE(AE27]) 3 dd 2719 Tx2&E8 HHd3 s
wde Fglon, 7zt Euitt 3 e ERVZE ey ok =3 1719 FREAE AAE
Ao, A= oAl e A7) (TU: Terminal Unit)7} 425 o]t = VRF 3 & F

_38_



2 oA el A & el duizlek @ el ERV7ZE A2 s St

a9 25% Al 919 VREZF g$9sta e Au7Ee 5SS U AT HHE 9ol A
g Aog, ade gk YErE AUr]E yERdT o) AR AX® VRE Al O F
f2Fo] 28 3 Y(VRF)E AU7] /M7t 48 &3 dZA9es 2dg slon &3
U U x F o] VRF(VRFL, VRF3)+= 27 € dj9] A7 g g9dstes Rdd 3
ATt

VRE] VRF2 VRF3

& weule on .|—£’
IO dr g o (Y
R B f B

|| e = = oL o e ol S o L el ]
izz ]E’ ‘ﬁFTi%Ta*
# Y e Cely T mamel e e e

st Rl R LS RS ?@@az@ Ch R

i 11 ¥x71719 4%

HVAC 22 R As M=
) Rated capacity [kW] 69.6
Cooling
COP 3.5151 1
i Rated capacity [kW] 78.4
Ml Heating COP 4.5057
HeatPump :
(&12101) i Rated capacity [kW] 75.4
Cooling
VAF COP 3.7234 5
) Rated capacity [kW] 84.9
Heating
CcoP 4.6141
Rated capacity [kW] autosize
VRF+ERV Zone . .
Terminal Rated capacity [kW] autosize o6
(%P[ﬁ'gl) Efficiency 0.7
Maximum flow rate [m®/s] autosize
Supply F Supply air fl te [m®/s] 0-55 :
u an u air flow rate [m®/s
pply pply 0275 5
ERV
4 0.55 4
(2w Ex[t_waust Exhaust air flow rate [m®/s]
) an 0.275 2
550 4
Exc'_r'grlwtger Nominal Electric Power [W] 075 »

_39_



EnergyPlus’ol VRF2] A

Zzke] eRAel AGE

r

A %52 A (Performance Curves)®] 4524

ds=4d 0l

ol

Cooling

Capacity Ratio Modifier Function of Low Temperature

Cooling

Capacity Ratio Boundary

Cooling

Capacity Ratio Modifier Function of High Temperature

Cooling

Energy Input Ratio Modifier Function of Low Temperature

Cooling

Energy Input Ratio Boundary Curve

0
0

Cooling

Energy Input Ratio Modifier Function of High Temperature

Cooling

Energy Input Ratio Modifier Function of Low Part—Load Ratio

Cooling

Energy Input Ratio Modifier Function of High Part—Load Ratio

Cooling

Combination Ratio Correction Factor

Cooling

Part—-Load Fraction Correlation

Piping Correction Factor for Length in Cooling Mode

Heating

Capacity Ratio Modifier Function of Low Temperature

Heating

Capacity Ratio Boundary Curve

Heating

Capacity Ratio Modifier Function of High Temperature

Heating

Energy Input Ratio Modifier Function of Low Temperature

Heating

Energy Input Ratio Boundary

i
0

Heating

Energy Input Ratio Modifier Function of High Temperature

Heating

Energy Input Ratio Modifier Function of Low Part—-Load Ratio

Heating

Energy Input Ratio Modifier Function of High Part-Load Ratio

Heating

Combination Ratio Correction Factor Curve

Heating

Part—-Load Fraction Correlation

AL AWEARE R A

Aol J A A& gl o] ol A

AAE Q% AUA 2o JFe ALUE, 2P

ol
o
HE

AL WHIN, IR F 21008 el EA g
Y ¥ K S ol &3] VM S T8 AEHM, & 12+ &



ko] ~AZo] wep

7_]1-

{|m

Gt

jand
0

‘Zrl
=K

B

MEEd
gl |Gl
or | ar
Iz
a5 |
ORI R
US|
DD 4|
UO%._
_x_ﬁl_ﬂﬂ
- | O |y | —
A=_|=_n_ m
Sk
R[> |x
wo b3
m | ™
30 | ~
K|~
00
)
Jij2
3|3 2|
oo | N o
35
l
PN
clelEe
O |~ |-
nIZ=
Ol |
& |io |io
4 |k | Dk
ol [ 80|~
AWK~
=

171 =HE

1

- o Lo -1
= (=] [=] (=]

uoPely

']

T |
3 (=] (=1 (=]
uo el

=]

9101112131415161718132021222324

345678

2

)i

o

45367891

23

1

7| &A=

1

el
0

1

==} o = o
=== =
uoaes,

T T T S T
(=] (=] = =]
Uooed,

223514

=

21

141516171819 20

34567 8910111213

)

111213141516 17 1819

456 T 8818

3 g

1

il
<
B
2

0

TH

=
K3

N

CEEEE

=K

<

Hel n

7171EA 9 dolH £HS ¢

)
=

83 HVAC System <

kit

| BA7| sk a7z

9]

oy

A A

3l

7140l E e HRAS ¢

ilin
ﬂﬂ

o
]

.

63

BR
fite)
1]l
N
e_a

-—

o)
4r
Hio

)

_41_



K
fite)

fellt
o

7171

K
¢
Bo
N
No
oy

o

104744 23

A

B &

o M=t 7171(FH5F

8

N

o
<

gl

N

=

&kttt

A =

==
T=

wE)e] 7]

g ZP A7 0]

Eis

HAAES] BARSe AEHFE B

o
XE:]‘l't_‘

A

|

H

e

]

i N
O Iy .
o W T a
R T )
f e 17r T " T
Dw |¥ 3 z| §
Nr| X <l o oy
U I ] B T
G
H q
b N
o}/ Nf ,# >
w=| M =
& 4| o 3
wm‘o 1X_|O ﬂo
4 o | T| 2| nf
~o| "o
B B | e
o 1A HW
| = -~
ol | |z
fi° M%%Eﬂ%@
—_
W K i
W% ~
o | o T o
mrlogy | A Ham =
100 Gl < =
P e e B B mm
< o) <M Ho o S

bol w7 Aol A&

)

Oi&Ee] o

b

WA A

N
T

oy 27

e 222TCTE vUetgon B4 A AR 7] ol H

-

o] 38T H

7]

|

D

L REE

ke
T

TR EE 184T=, A

3

=

9/]

o

=

K

=7} 105%

iR

g

ko3
T

g

A

66.1%%= JEL B

_42_



£ o [

k=) 2

ECHSE X2

2P - ¥ 2|¥00IE Hi

5 LT rrey

— R I P CIE I Z[C]

SR F2IBUOIEL['C]

AR o, BAY Aol ety wg A Fo LA Ay 9709821
A1), Fx=2k 63%(99 169 2% 3A1A)7HA] zpol 7 WA= A o' eyt o]
& AZu A 71 gdelHe BAe B el 2 Aow Auddch

EETINPUCIEHSE]%]

HBHT IR OIS (%]

I e I 917 I | 941 I 9120 I 9/21 I 522 I 923 I 9/24 I 425 I 9i26 I 9i27 I 9/28 I 9/29 I
a9y 27, B A oFeR: 9 5% Ha
A A3 R2Ee FEo fiste] SAAe] folAd HME 3 tHA8ES AAISHAT
1 A4y, 3 158 2ol FolaE 0059 W fregEe] BT 0.001nRre R eV A AL
2 BA AY $9 YF R FE7F FYHE FEoAA AR A7 e & 7 UM
.
%16 24 A-F & 9 Hw 74 Ay
Independent Samples Test
t-test for Equality of Means
95% Confidence
S t d
M e a n Interval of the
t df P i Error|_.
Difference ) Difference
Difference
Lower Upper
25 | -14.268 | 656.579 | .000 -3.7899 .2656 -4.3115 | -3.2683
% | 8413 670 .000 10.5395 1.2528 8.0797 12.9993
(2 dFAZ A% Ayl
AGASS Tl APdELE, 2HFE, 7|71HetE A AT AL EE g AR &
Fohe F AAJNLE AT st A oR Yol AbEsg o, 2yt 9 77|k
Zhzbo]l  AM|EteE HAEE wigyA R Yol AFESIYT meA] AAEEY d9e
Person/m o] ™, 2@ 3} 7]7]%51e] w¢E W/molrh,



=
=

-
a-

Al

P2

& 28 28°] =& wj

3

)

gtotalz] 9

o 5
=

]

=

o] o

)

A

1mo
Ie Nl L
— — Ak NI
W o= . N
e G M N e
- T o W wu N A
o M_wm o H /mWT HEANE
M ok g o M
il N o T
5 < T T 2
e ~o < ) io} ) ml
o M_rm ilg - Nt
> < Jﬂ% z % o ;
73 - —_ ~ B I |
w & iy o ° E T H
p _ N o U~ P
A Do T Al EGS B HH
ﬂ_/” o iy - ,I‘H’ o | W?J
R gy M g o =i H
< g ERS h .
I o 7 Y ) (e
T W ay T i
—_— ~ (e pl ‘urM > -H; ¢
& EN o ) | E
=y oo B - adl il my
W or A g % D T F::JI_I_
wE Mo R IS o M I 1
® T S o Ol B
Py o|J Mo w E oy
5 o v W = =
o = T % o= O dp
mﬂ i NI ~ ) - % o i
) 5 T 4 N e — RIS
T B N o T o S
i W o= e =% T
wa m;o; RS B 7 o &
of 7 A m R TG
ol g <R N
R <A E i o T
o w e ol c L T2
do < o B Ty ¥R
—_ ‘B° o=~ H;l o ‘UI ,IH — N ,.,“
~ o — o — 2 B o= g
W o S ~ Y e 2~ W P[]
~ N % I~
B oo m

=
a9 28, AR e] Abel i) A =
- 44 -



—_
o

16. B4 H-F

5T
it

w2 oD S
o+ S g - = ~j .
(@) S — = — ~
B g E wE
L.E o fite) ~] fite) ~
o Ao = i+ =
M I = ~ o
| 3 ~ ~ N
jok- B3 N ~ 3
RO =
H_._ = = —
N N = == (]
L O ™ N N
| | O 0
—| O
O =
LO a
_+u m O_b 3 fHY Y ﬁo iy
) NG I N
MR o ™
®S o= 5
e S~ S~
o gl E LB
Al =1 ol o ~ o ~
i B I S — i+ =
SR Pl mo ~ o0
)| =zl = = —
R Nd ~ —
& = ] = S
LO| O] N
O |
O = |9
s | g
;o — N 4 iy iy
) I ™
| H
o o ~ A
o= N ~ =0

10A]74A] & A

R

TA15-H

A

o

or

—

<

gl

~

™
:AE

o

B

o
X

En
]

o

Fao o] 32%= 713

S

o] A4

o] 96%= uEtston,

i
1
=
<

o)
K

62.4%%1 7878 o] A4

_45_



N

17. AA, =9, 7171 2=

3T
it

HITS (TN o|2|R2]|R |00 | N ||
S| Q||| @ CSlom|o|n|@| ol |a ||
dl|s|o|o|lo|—|o|lo|o|l—|o|o|o|o|lo|o| o
Ql
B |
K4 N~
Flo|lo|wW i |||V NIN|IN[NIWO|W|[W
TId|Q|KN|o|m|o|o|o|®|o|ow|o|o |~~~
TI~N|N|lo|]o|K|o|o|o|K|O|©|o|d|w|w©]|©
| HN@ || ® NS |O© o |N O |X|S|©
0 Jdlelv|lo|@|-|@|d| S| |F|(a|O|=|5|D
=] | »| g |O|D|o|v|d|o|R|o|~|©|o|o ||
00 o <+
T |lo|X|ow|o|ld|cd|o |t ||t |w|t|o|o|w|m|]|®
o 04 n
| D <
=| W |o|z|o|0o|o|lolo|lo|©0|lo 0|0 |©|©0|©®|o|©|o
| ~
(1)
Y loltt|lglolo|lolo|sc|lo|lo|lo|st|o|lo|lo|lo|w]| o
T IS S RSN B0 FCT B S I BRScqy =il =i =i =t RS RSU G S B
O
R Q4 |la|u|lo|lo|lo|o|lo|lo|v|~|v]|o|o|o|o|o
W | Yl=s|-|o|o|c|o|o|o|N|~IN|IN|O|O|0|® |
Hig|le|lN|le|Y @S| Y|le|le|o|0 S|t |
= Clo|lvw]|o|t|VN|Sf|d|lo|=|c|lo|lo|<F| =]
B | d|v|lv|v|v|lv|c|loc|lo|c|d|B|w|om|—
< 0
s g
= =
Fla|lvw|o|lo|lo|s|w|o|lv|~|lv|lo|w|o|o]|®
=|—|®m|o|~|© OC|INRININ|N|[F|o|o|m]|
- olo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|o
HiNlglig(gslelelelelele|e|e|e|elele|
— Tl s~ |&]6 OO IN|[dB|d|S|=| N
Wiz |~lo|ad |2 |¥|2F|L|le|®22|2 N

o]l;:

E A 7ol A 90%0] o & LhEbETE

Al

s

=

e

I
M
M
‘._mo
N

o7 AR

alg

UH, 398 EYEol tf

o

A1, ZUH,

&H

o] dA

<

o]
St thebdel mal

/\210

o, A

e
™

AR (124l &= 717]

]

~
XH

8

=

file)

N2

% ol
< —
N
of o
I
H =<
B
N
~ H
=
o T
)A
L
o] Eﬂ,
B
T
. UJ
w T
o= =
=
ol %
o ™
=K T
e
o 2
Sl
X 5
0
Aoy
X
® <
T =
M) oF
W N
o) <
i T
~ o
~ Mo
oM

%
R

&
ol

ol
olp
]

o
ﬂo

)

_46_



)

</

N

el

™
N

%

ofy

g

10% A 2.1}

I

HA F 2AF e

R S Wt by

:::::

- ~

pL TR o

- ~

GO

s, SO

P

YL

7} HVAC System

|

<0 X

MEEERE

o

=02

=

i

491719 9

Ael=

PN
T4

FSA ot

d|

o wet -15m=E =9

afoF o

=
=]

Ae7)ek A7) Abol

_47_



A W AW AUE g ew BRAIL, S ANV FE Ad%
FH A= Z+7F 385m, 23.1m, 61.5m%A , e 4 #8378 E VRF A go= o
Sealch o slol waAsgel e GUREE ALWAAL] AHRS ol Ans
Asersion 169 go) B4 AF wEA~US U dEE A4

= H
2y 2y 5
ERV(HMZ W& D) S AEN On Off
On Off 0l 2 Al2t 7-23Al
BX)| RYEAANE
Off 10-12Al,17=19A1,23=7 Al On 0 2 AlZt
2X)| 4825 [7C] 26 26
VRF1|VRF2 | VRF3 VRF1|VRF2|VRF3
=5 +=4
AQIJI-AUDIC Hel[m] 30 30 30 38.5123.1|61.5
VRE x| 10 % |-15]-15|-15
IAA/IAN0IA BIH
2 [W/compressor] 30 60
23 2os 0.25 0.5

717 ol HAFE 774 AR BAS AAE 5 ®BAY
A AR S48 AA Aoy A vt AlEHolAS ST
A #Z[MBE, CV(RMSE)IE &8 uWetdiglth. & d7olA BAriel== A
Guide 14914 A|Alsk+= MBE®F CV(RMSE)9] 7|2 ZH2F £10%, +30% ¢ o]t}

A% wAY SANEE WET A, guelE, Aundrs 5o 4% @ dolHz
A% Fole eANES NFES VHA/NA RHFO, A71E 013 022 B PPl
MBESH CV(RMSE)gko] #371%% w53t 2o vtk 1 FM%E 371823 022

_48_



LHER T

[e)

=

A F Fko] ZH2F 0.3% 9 16% = FH A%k

O

-

7§ 2]

1o

19. B A7 7¢

hya
ar

< ||l oo |||~ 0|lO|lO |~ |||~ || N
: ool | SIS ||| oo~ N~N|N|[—lO|<]|o©
o N | T | O | OO OO OO OO o ool
™ | N ol N|N|F | — || |FT|O|N|lO|N]|D]|—
- DN —=—|l—|—|lolo|l©O|lOV| S| |D|0|0|c|o»
o Do |lo|looo®oo| OO0 olold|No|Z=
al N|lo|lo|ln|ow|Oo|l—|O0 || OD|lO|lO || WOIO|m|@
- AN |||l |~~~ NN |—=—|—|O|W|D N
o O O N[N | N | N | N[O OO M| o|N|lN|;m|O| =2
— Ol —| ]|l |l N OO|]O|N|]O|lOO|lN|o|o | Q| N
: O -l dg | S| TS| OO ||| |0 ®»|N|O|cs|o
o Nl | N | N[N | N |O|®| NN ||| |2
— L O vl iolN|loO|—|lollV || N |O|N]|D]|O
< c Nl | g |||l N —|— || IO ||
Z | > S S| F| S| F || FF TS| S|~ [FF |0 |o
X
= | RO
S|
ug I;m@ O|l— |0 ||| N[O | |[S| OV |0 | |=|NR|
> ES DNl |ldlolo|lvi S| S| |- |~
=) zoA_ S | | T T T T IF|IF AT T T TS TS B
Bl
o
< > ~N|lo|lo|lw | — | ~Nlo|lo || |w ||~V 0
i < |Oo ||l VDS | D|lO|—=|O|®|a]|
w DO |Oo|lm|®m| ™ 150 B <o BN I <o NN <o B I o5 T I o N A< B o s B I PNV
= Bl Ol | —=]|©O©|®m|Ww S| =S|V | N[ |n | NN
- OO |ln|lo|A|A DIV V||~ |N|O|D | 6|lo
< ol J | S| ||| < Sl S S <o B RS IS RS S = v
05 A || —|WO|m|w Nl |t |||l | — |||
20| @ | m|o || || o|lo|l—=—|=|~N®l0vlo
N O A IS S RS S S o S || F| O T T SO
0 ol —lwjlolo|—|lVlN|lOD | O~ |F|O|=|O| |
KJ N | — | —|— | S| | NN|lN | N|o|o|~N|lo|N|o»mn|o
H < | T T AT AT AT AT AT TFT|O T |TF T |F| DB
=
=
=== O[T | O | — | N[O |00 D[N~ |0 D
S0 Al S|~ | = -|O|®O|O0|O|O|JF| D
— = N OoO|lo|lo NN O[T OO ||V |N|—|N
= f—
<

[MBE|
CV(RMSE)

9/16
9/7
9/18
9/19
9/20
9/21
9/22
9/23
9/24
9/25
9/26
9/27
9/28
9/29

3

38C7F t =skom s 105% ¥ Skt

iy

Fo 3

g

A

H

2.0
T .

]

o] 57

b

43}

o

A

o

o
o

%

S=7F AW 9.7C, 63%7FA o

wmo

s

Al =]
= =

B
J_/NO
;él
]
o
il
Pl
il

<

=+ 0.079Person/m’, =" 11.52W/m, 7] 7] 5-8F+=

1290W/m o2 Uehdow w4 o o ghwr)

R
R

o

_49_



m o
\Mﬁxﬂﬂo
ﬁ,‘u_lﬂ
ﬁor7/} iy
T R ~
mmﬂ”/imﬂmﬁwiiw
Agm@QO
) %AOmLmvﬁ = <+
ﬂmmMmﬂgbbw ,4aﬂ}
mm%qwmﬂ =ErT
N._ 10 =T
mwggwmm 9
;oTuw yHIWc]M dﬂ@WﬂLﬂo Wlﬂ
o,ﬂ%_mvi f1xr£ ﬂmﬂburm lMﬂw.f]
JlZMWWEJW_mE ma:lu.E.]@ ﬁﬂﬂr@ﬂu
%%%m@ ) I ¢wwmﬂ
— A - X gN X % - ! N L, ° jod
%n_/ﬂ waﬂLEﬂMﬂm @M;Mmﬁ oEzﬁ&lmﬁﬁ
—_— EE]H I _] 0 OE‘lﬂLL
ML :ﬂ% CK ML - mﬁ WL N % Axﬁ M o o#u M?. m ~ e
éﬂ@cﬂoﬂ@% ﬂv,% m@wﬁﬂﬂ M
wﬂ%%@ﬂm% %wmgq qumw ©
j G DY e oou .zl.%af o RL X “
%%%g%ﬂgg %mmﬁm ﬂEwMﬂ o
—_ o & = =
%iu%% L3 mm%Q% mémn% = o
@8%&%%4% WNEBMW xﬁ_ﬂr%ﬂ @LLM
_— 7D N o . _— T
;oﬁ JWOH;I 7OﬁL NE,N.MW;VO ‘}loLO,#O‘AIL \MJ.O
mﬂﬂ%&iﬂuwtmﬁ mﬂwo/ﬂz.@6 Mﬂomﬂﬂﬁw m;
X W _ ° o) g j O
w_emﬁ%ﬂnwﬂ1§ﬂ éé%ﬂ% ATEU_.EHE X
%m,l.ﬂ o%b@ N ok muﬂ1r Loﬁauﬂqﬂ oW
zﬁﬂaﬂﬂwiéw Mu_nyv7 N ﬁl_qim] 20
LS - W ~ Y Lﬂ@ﬁo% g o %ﬁxy 5 B
%;24@ p 0 = i < )
= — a Y . Arﬂ_L T %Cé wz
= o H i < — = It 1J o 4 o N % sk
ig;%AEm7 n.ggg qkiw% i g =
o i ERp - s TS i o =
L}1g_uﬂ T %%ﬂl@ ao}& C o
uerch]o,_ﬁ o < X ]8_ T T E]?
ﬂ}kmnfg71rﬂ ogume}é ubzﬁ&rv A Lé
@%Mxﬂqﬂg LEIF 343 . 3%
= ~ %
<A ub ol o W = e W W gy 3 mm oy T mm um "
E%ﬂuur, wﬂ%%?k anﬂmbuo up l&
Urﬂwm_ﬂ Mujldoéam% mm?_ J_Hn_tu B WE;
‘ul L:.J R i ,AEJI,..._.A_.L_Z\JII XOEE
v %,ﬂﬂwa a.W,qMﬁu ) m B
1T ﬂﬂﬁgﬁq : 25
mﬁma]ﬂi Eﬁalﬁz: ~
émﬂﬂ JEA v .WM o K ﬂﬁ
= ML@@MOM 7 R G
_ %J.E =4 = oz
zﬁJlXo = { ME
éaimw, W < F ﬂmm
J:Lﬂbho £} ¢ =r
fﬂm;og 2 N mﬂhmo
U it alfl] of ﬂylé
o= e ) 1_.]
- It
% >E%
—
/\ @ﬂio
U o

| A
“‘L‘]—_,
S}J/]' arﬂ]—
’:j_

2|

a5

0.1
1A
Fol CH!
qﬂijﬁﬂ
401 00'21}73 .

b .3 'jb_‘i

) 05
5 0

103 0 1]

71
&)
s

[} %}]\—EAE

Y

O'C'/]O—]

)y\]:]_

[<]

<

b

o7
]
=

A H

7Htgi

1

3

A

=

kg -

H
et

o

Fut
g

°

[0
1:0.2:1.0]

A
E—]Xél:.,]

1.0
CH7}A



jruze]
X
=
i+

mK

4
o

0

®
el
o

B

-
o

-

SETER

vl
=

- =) -
W 3l . - S)
- RO _ oK S
w 5o [Tzs2 -7 3
< N EREES ol 80 S
< = G0 = a Q 14 © -
R g N0 & o cK® o«
o) o7 90 [<0 m, b0 W K =
200-M Rzl Wz DA T QB —
A RO l== 1 |2 KO | 1 —SEI®
o - E_u_?_._m & ar f0 — RO | A8 E..A_A_.S.
~UWRRNT = Hr su=g
ha 2 |3 & I~ o
RO %9 1= <z o
T — —= —
vs w s S
20 5 o T
3 i
— H
o
. =
S 1S e~ o @ Mﬂ_
) — | —=| & 0 — o | |- a
Pl RS S 5 &= Lo | 5 |o|o Conr
N S oo U S| @ |¥ @ 0O =N
o N T A = - | e |v|w NE o
= &2 5| b o ¢ |k|e )
; — | — | 5 - = o
= < Sl S < K
2, <
2 4
=
[
S I =S I IS I
a | K - T lele|o|nE= =
| - |57 uw |} A= R
T R o R =0 = % B O B N = oy
O — O 80 > i _m 110 = LMM ok <
< H Z | o [om A= H | DF NFEEE ~
w ~ | Z0H of | i
— o) > | > I o - o | = | = | & K
o 7 I |x == gl (80|~ | RS R] o1 O o
= um w WJ A | K|F|o] A
o ¥ =
= <A =
<
0 a
< oll 1o
= =1
el

lom, de|rjet A7|zke] A

—~
file)

N

I Foll A

A

A e AEdYol

MBE¢} CVRMSE #te] 3

(2) L&A %

)
~

ki3

S R bl B ! s

_51_



l:I

el s IMBEIZE 10%60] 89l sk of A= 7087H % eH, CV(RMSE) 7} 30/016}01
JJr%fﬂ M= 174570tk ©17141 IMBE[®} CV(RMSE)9] 7]&&
Mas 9 Ao IMBEIZF 10%°]8), CV(RMSE)7F 30%°]38k]l a+<
B, IMBEP7]E+ ®F53h= B vbdo] CVRMSE)9] 7l5& wEs)
& 22370 32 CVRMSEZ} 20% °]3+9

¥ 21. MBE, CV(RMSE) 3&¥ 92 w=et= 1y 23 5

MEZ o o IMBE|<10%, IMBE|<10%,
N IMBE|<10% | CV(RMSE)=<30% | \(msE)<30% CV(RMSE)<20%
10000 708 1745 708 023

(3) HA7IZHE ke Htof A 4] 2

IMBE| <10%, CV(RMSE)<30%& w3l 708709 o] Hito | x| An#s 243519
oh B 7171 14D (25)0 thdk 7087 o] Hifo| YA A H]FS 302.87kWhel ™ 1t 2]
R 0422 b=, ol UldE el AFEE AA YA A kel H 3t (299.07kWh)

o v aske W, oF 1.3%°] Apol= wig- A e 7HA

d %8 74 w4 @ Assd vl 155—41% AN ST SPSS

10%, CV<RMSE><3 %2 wrEE = 708709 Ao 7+ R

2 WA BAH QA F7]&(InfiltrationlACHD I A= 0.1, 0.3, 0.5, 0.7, 0.92] & 5712 W4
F ‘010l AA 708702 Lol wiste] 542%9] HE&EE 7MY Ho] FEHJ oW F WA B
A

Q2499 Y AALw[TldAE Wire 26, ke 200 b B HEE &Y
ATt
A A FrRaASA = A, AGAT A5 3k A FxE A s 09 H &9
818% % WHES A gor, ERV(ALNI7]) JxAZFS] A EE FXA7Hsh
ERVEZ 71534 & ‘off’ @ H]&o] 76.7%% EFT

_52_



BHAQ4Q ERVZF on¥d ol 74 o=z BAE = oAl HA B4R E

RV &
=9 AA sde] = ERV 29 2AE0] ono® FE5H 39
Z

o] BF7F 7HE weol FEH AT

of A WAl BAQAE VREAZH Ael7]sl A7) Alelel 44, S8 A2 2lm], 5473
= -15, 6, 11, 185 & “157} 271%9] vl&= 714 wo| FEHAoHW, +=HAZ = 1094
807kl Warh Audow wmEA 2EEort 1 FolA 600] 14%2 7Y we uE

< YEHL

B Qe At Rato A AW E[person/m 1= 0.04, 0.08, 0.12, 0.16, 0.2¢]
W F 0.080] 246%= 7+ Wol FEHJoW, 2P Fatet 717 F3HW/m*] el A
33.8%, 27%°] vHl&= 57} 7} @ol FEHAUT o8 WA R Audd
& ASHRAE 1254-RP X114 ¢ Small Office 2=A%S Farste] S AHATA 9 2364,
Al @ F5A] Q HIAI-11A1 9} L F1A-4A], L5124, SFT7A-10A1 2 T35t W

(]

ARt 2AE W A Al 220 77| 2ASS FdeA A" E A

=
T Lo
N o

o o I
N
X

X

)
o0

me to [N orr o me
i
il

QATAI S} 2F6A 9 ARAAZ[F ALAL v dld Azt AU Y B &) 013,
0.33, 0.53 & ‘0.13°], =W % 7|7|=AZ[HAA =W )7D)Fdd dg did Alztge] Azl =
H(717]) ¢ Hl&1L 06, 0.8, 1.0 T ‘0.6°] 35.3% W &= 7} ®o] FEHAL 2 #8A]
o} 9 F5Alo AAAAELE 0470 34.7%, = E NN2AELS 1.0°] 653%2 HE&Z 7}
F wol FEHASH, LHN-1IA = AA=AEY =W 9 7|7 AAE BEFO0.6°]
35.9%% 71 w@ol FEHAT HAAEHC 231249 AAAAZEL 0557F 33.9%, =1
2 A7 AAEFE 100 66.1%E 7 =S nE&S AP on, QFTA-10A = A A~
AZo] 643% H&=2 00], 24 9 77| 2AE2 357%2] HE&Z 0.07°] 71 Bol] FEF]
AT},

_53_



%22 gEAH HAgQg Ao W gk NEEA Ay
S PIE H¥2c([7T] N ERV
bl bl k=S & bl =k
B B B B B B
- [%] [%] [%] [%] [%] [%]
0.1 54.2 20 41 18 15.8 0 81.8 Off | 76.7 of 66.1
0.3 35.0 21 6.4 19 25.8 1 18.2 On | 23.3 2 30.9
0.5 10.5 22 10.9 | 20 27.0 BHE 3.0
0.7 0.3 23 15.7 21 19.2
09 | o | 24 |162]| 22 | 86
25 | 20.6 23 3.2
26 | 26.1 24 .3
28 0 26 0
AQIJ-A WDl Hellm] AL I L6t
7| ks Magde[o/m] | ZHLaH{W/m] | 2121238 w/m]
bl bl bl bl k=
B B B = B2
- [%] [%] [%] [%] [%]
-1.5 271 10 13.0 0.04 23.4 5 33.8 5 27.0
6.0 24.0 20 12.4 0.08 24.6 10 26.8 10 23.9
11.0 26.8 30 11.0 0.12 21.8 15 22.3 15 20.1
18.5 22.0 40 12.3 0.16 15.8 20 17.1 20 14.5
50 12.0 0.2 14.4 25 9.2
60 14.0 30 5.4
70 13.4
80 11.9
A EANE
QETAl, 2F6Al QEBAlI, 2=5A LQLEIAI-T1Al, LZ1AI-4Al
Al =g ¢ Al =4 ¢ Al =g ¢
JAES 99| H 519 JARS, 919
bl bl SRS k=3 k=3 bl
B B B B B B
- [%] [%] [%] [%] [%] [%]
0.13 | 35.3 | 0.6 35.3 | 0.47 | 34.7 0.8 | 34.7 | 0.6 35.9 0.6 | 35.9
0.33 | 340 | 0.8 | 34.0 | 0.67 | 33.8 1 65.3 | 0.8 33.3 0.8 | 33.3
0.53 | 30.6 1 30.6 | 0.87 | 31.5 1 30.8 1 30.8
LE12A LLETA-10Al
AR =% 2 D7 Tl =% 2 2|7
B b2 [%] B HIE[%] RS HIE[%] RS HIE[%]
0.55 33.9 0.8 33.9 0 64.3 0.03 30.6
0.75 33.5 1 66.1 0.2 35.7 0.05 33.6
0.95 32.6 0.07 35.7

_54_



B\

(6) A5 B4 Axelel v

AZUAA B ol HARAVIHES AASA, g tHd A= wHe Axtel
LHS &% 24 Z3= v st}

—_—

B oATelq AgE mARAL @ AR fAowm, oo mE oANE IMBEIS
CV(RMSE)®] 3-&R 9= 217t 10%°]ul, 30%<]Holtt. ASHRAE guideline 140 @=wW, 7}
Zhe] @AAE ghol A25% wAANIE O Frhn Berah

¥ 23 ASHEAN gE54 B i3 IMBE|, CV(RMSE)H] i

A= SX 2D SEXN BF 2
IMBE| 0.3% 0.07%
CV(RMSE) 16.01% 18.18%

220 vehd A5 B4 A¥e] IMBE|#Y LHS &54 B4 A3 |MBE|gtS H] 3|

E?ﬁol 0.07%, 245 BA A37F 03%= &4 24 9 A7t IMBE|gko]
a#y CVIRMSE)gkel A= ok Wiz A5 wA 239
4 A¥e] CVIRMSE)#k Bt} oF 2% 2HA| el

}m-@

©AXE IMBEIgte] WehlE ovle 84 g Aoy kel BT FAEolt &
220] UbEl st o] IMBEIgkel W A& HEH 1y Avel BiteluAhnl el Al
YA 48] #(299.07kWh) % O 24 @5 7HS & 4 Aok b, CV(RMSE) # & B A1
Aol we AA @ ARl gol v Aue] FAHEE olm@h dde fAFe
AR G B ghe] Aol7} ofE & ASUE fAEA YEd & Ak ot X
22614 IMBEI® CV(RMSE)7} 8184915 wEele 884 w4 23 % 59 zol 2
E3 &9l & 4 9tk MBEZI#S wEsts 43 39& 7087193 o1, CVRMSE) WS 7]
Fow 9e W HgoUE HEE FAL 145N, o F T8ME AT ol

1037709] wtd o] AlEH oA FHES A 3ol IMBE|IZ7F 25 10%E X33t upebA
B =R E IMBEIE 7|&£o® gEF

A3} IMBEl#te] o #& st52 BA Ayl 4= B4 AyEvgE 4 Xé@é}ﬂrﬂ n s
At}

_55_



Aol e A8 /el JRES B Astel 452 Bl Qe A
o AAl UA AHEFL FERA/WS HEF ABAUA mLe] qUA AEF o5
Be wustgt. AZduAd wde A4S 9 CVRMSEES Agshgon,
CV(RMSE)#te] 30% ©lahql o] ®is CV(RMSE)#tel 20%0]8hel o] wao
2 Wiro] ®4g dastarh. 2443, CVRMSE) gl 30% olahel oy mde] A%

o LA Abg&wF Hrgke 302.87 kWh, CV(RMSE) kol 20% o]s}el oy =] el oy X
ARE R oS3k Har2 300.92 kWh=E U e o] AA YA A& 299.07 kWhe}
Hl s 2 CV(RMSE) kol 30% o]kl OﬂLﬂX] Zdo] A3 E = 98.7%, CV(RMSE) #t
o] 20% o]&}ql oy x Eelo X@ft% 99.4%0°l s ErE wEbA, B Aol A JhEgE A
oYz mdle] FERA 7He Ay B oo BEgx o AIE 95042 23} A

% o4 AAUA g SEwg A v
M= 2= s 28 2D
(& CV(RISE)<30% CV(RMSE)<20%
e (2 JH 4 7082H) (2! I 4:2230H)
Ha 302.87kWh 300.92kWh
0l L4 X 299.07 KWh —
Epe 299.25kWh

_56_



IH

0

al
Hr

ByA #FH Page
T Y e 9 A

bl

#Hol# 23 - 27
]-.

A
1

e
N
T
=K

+

4 e B A
4 e 2 A

[

[

Ho]A 27 - 29
Ho]x 30 - 33

A

o FEEA Aes 7e pE

Ho]A] 33 - 56

NJo
@

xRy

N

T
o

4
o

™
o
N
H

ol

o | A

}

0
pad

ol o T

=3 BAo] 7}

]

}

)
pad

g, ngex 7lE

o

o
s

0

ko
IH

be

1

=]
=

ZAE

v

st 714 7= A

A

70 X X
(@) (@)
W S S
W om oo ~
M A

T K O
N gl
T o0 B ]
3 i o

alt] ]
o R o

4
T
K
B
Hr
,_lﬂ_,l

jze]
Mo
,_ﬂ
r

AL
00

=
=
= B
| D ®
T _
A
= am =
< |« o | 0
R0 | aﬁg whm
8| 7| F
I
g
ﬁT!
>
ot
BT T 70
Mﬁo ! !
lﬂ T
| = m
| X o
wr < N
T | T B
Mo | & s
w3 i
1_|L (gl
o M
r| x o
M Ly Rt
| T B
| 2 @m
B3 i

_57_




2. & FoF 7=
7h 71EA 7o =

BoATE obd AATNE Y Ahel MedE FE A AEH 7SS AUFoRA,
AgoluA mde RS BRAoR YA ABUA dep Fope s 7ES

)g_
AAsE 59 71442 7|ddErt Avty g

o

B Qe LHS 718 A% A
g thE Hope] AlBe el

A
7]-%6‘]-0:17 T O H%% Z‘—}%—‘ ﬁﬁl

W A 4 PUES AT
9 el 48T S AL 5 OFE PRES

of 243} o e,

td
¢
¢

U AbE] - A el E

f
Q
-
N
i
il
I
u}
o
fr
K‘l
HI
o,
By
offl
e
N
>
s
Y
id
o,
ik
2
WE

IS
2 g, £, 479l A3 AN
o /1% oldElo] Fe A

_58_



PN
T

o

R=%
[}

7171
(i3
=

71E 2 M
Eo

il

0]
pul

el

o

-

% 71

&

]
3 BIMY fA ds&

A

<]

=

2]
12

1o

i

ol gl Apg-o]

o ARA Holuh A
g o goltt.

=

[e)

il

S v A" 4A, A= AEAe] AA, Wiz A=A

]

A=

[e)

R

I

=

o

R

=

R

=
o

O
fi

ECIRE

Hoad AAZA A 9 LHS AZd 7Y MEE Ay
2

2]
£
B

1
o

b gl

S

adeRdy FrAEdA Al

p—

o
-

0
e

wA
o
vze]

of weh AA 2

AlEdleolde] mjal

A IPMVP =4 7]

S

‘(H

AsgE B 7eo

ol

=
[€)

1t

A4

=

o2} A

Njo
~
)
F
iy

!

o)

B!
)

oA AL§ 2}

_59_



Mez. H AFolAM =&

o
Oh
)
AcS |
It
~
>
02
HI

1. =9 3 5%

AMAAQ oy s7 AXHE A2l Navigant researche &0y X &g A ~ & (BEMS)&
20121 17.89) o] RN AT 15% E7Fste] 20200 oF 569 e jFEE 3u) oA
ARe Aoz Adeta o (29 30).

BEMS Aol A st=dlolirts AEduA g oF, £48te AZE o] Alge] A4S F
=atH, AlEY oA T30 a3t BIM A% 20208704 659
UA AlEg ol Aol FiiE Ao ofFHr)

L3k Global Insights 71&5E9] oUW A &-&3) A2 20209717 AMAIH o2 A 14%
% Z7bete] 20200l oF 15009 Dejol B Aow oaaln, B3 FuldlAE Az A
G 8ol oF 23%0] B Aom Adaty gtk

olof me} Goggle, Microsoft 52| IT A& 7|9E% PowerMeter, Hohm & ol *| ©l°]H
o AZtstE 7o ® st YAl EUHE AZEYAE AL wjEsteE 5 AdEANUA A
gHolde] &3t AEAUA AlY Foke AEsA S o, A AHES A% 7=
Zhko] Alggh Aol

$6,000

$5,000

$4000

$3000

$2,000

#1000 I I
$-

202 2013 2014 2015 2016 2017 2019

($ Millions)

1% 30. AAA BEMS A% A

_60_



2. ABquUR T2 A=

N

ABAUA ABH B THY] A% ABAUA Z2age A4 FudEe FF
48 WAl wel A A4S A0 ool AN, AFAH AZE Zzgol

BEs o i

0

N

W5 NRELS] Neymark @79& [EA 97 Zzaee 8 oux Zzade] 4343
NAAE AFT 5 ot AAHD PRRS At 5e] AN WEES 2 3
4 Qualel olg, xzog ko) wa A%, AA AT oyA s wnw FRE
e (24,

ASHRAEE 37 2% W 5 £787k §olatnl, 240 ua 23aiel e 584
Jusel o] g3 TR zhe] Wil 4F PR ol§eke] AA HzE ATeUA Tz

s =
Hol AEAES AFshs 7IES AAEAH. (29 31).

3F 25 zraY A5 deE 54
Method Advantages Disadvantages
Empirical (Testof - Approximate truth standard - Experimental uncertainties
program) within experimental accuracy @ Instrument calibration,
Any level of complexity spatial/temporal discretization
@ Imperfect knowledge/specification of
experimental object (building) being
simulated
Only a limited number of test
conditions are practical
Analytical (testof - No input uncertainty - Limited to highly constrained
solution process) - Exact mathematical truth cases for which analytical
standard - solutions can be derived
Comparative - No input uncertainty - No absolute truth standard (only
(Relative test of - Many diagnostic comparisons statistically based acceptance
model and possible ranges are possible)
solution process) -  Any level of complexity
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Thermal load basic tests
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Peak Cooling Load (kW)
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Opaque

[ 195 Solid Conduction
200 Surface Convection (Int & Ext IR="0ff")
210 Infrared Radiation (Int IR=

220 In-Depth Base Case

230 Infiltration

240 Internal Gains

250 Exterior Shortwave Absorptance
270 South Windows

280 Cavity Albedo

290 South Shading

300 East/West Window

310 East/West Shading

— 320 Thermostat

Non
dead-
band
control

Dead-
band
control

410 Low Mass Infiltration
420 Low Mass Internal Gains
430 Low Mass Ext. Shortwave Absorptance

Thermal load basic in-depth tests
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440 Low Mass Cavity 800 High Mass Opaque Windows

0
South S WindowsEast & West  E&W
Windows.  Windows + Overhang Windows ~ Windows.
+ Ow

940 0
Case 900 Coso 900 Sunspace
wih Hig.  with Night

ang  Temp  Ventiation
&Fins  Selback

< Opaaquo

960
South S Windows East & E&W  Case 900 Case 900 Sunspace
Windows Windows +Overhang West  Windows with Hig.  with Night
Windows + Overhang  Temp.  Ventilation
Fins  Selback
‘ BESPIDMU BBLASTIUS T TSRESBRE l
s o BTested Prgiorg

19 31. ASHRAE 140-2011

2002 vl=r ASHRAE:= oldx| def a3t& AFHor 43587
|

S
S wMe Adsigon, ou A%

Neymark 178 o]
test)S A &3} T}

ANE W F

=5
[\
(@)}
[
it
I
juic)
N,
ol\
=
oE
e
[
X,

Produce a calibrated
simulation plan

Collect data.

Input data into simulation
software and  run model

Compare simulation model
output to  measured data

Refine model until an
acceptable calibration is
achieve

Assume other necessary
input parameters, and
document them

Gather actual weather data
from the calibration
period

Run the simulation and
verify that it predicts
operating parameters

Compare the simulated
energy results  with the
metered energy data

Evaluate patterns in the
differences  between
simulation results and
calibration data(plot)

Revise input data in step 1
and repeat steps 3 and 4
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