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Abstract : Building simulation is used in a variety of sectors. In its early years, building simulation was mainly used
in the design phase of a building for basic functions. Recently, however, it has become increasingly important during the
operating phase, for commissioning and facility management. Most building simulation tools are used to estimate the
thermal environment and energy consumption performance, and hence, they require the inputting of hourly weather data.

A building simulation used for prediction should take into account the use of standard weather data. Weather data,
which is used as input for a building simulation, plays a crucial role in the prediction performance, and hence, the selection
of appropriate weather data is considered highly important.

The present study proposed a technique for generating real-time weather data files, as opposed to the standard weather
data files, which are required for running the building simulation. The forecasted weather elements provided by the Korea
Meteorological Administration (KIMA), the elements produced by the calculations, those utilizing the built-in functions of
EnergyPlus, and those that use standard values are combined for hourly input. The real-time weather data files generated
using the technique proposed in the present study have been validated to compare with measured data and simulated data
via EnergyPlus. The results of the present study are expected to increase the prediction accuracy of building control
simulation results in the future.
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. regression coefficients

©6.54

: 14.526

: 0.7389

:0.09486

: 0.4569

. cloud cover (tenth)

. regression coefficient

. solar altitude angle (deg)

. horizontal IR intensity
(W/m®)

. global horizontal radiation
(W/m®)

. solar constant,
1,367 (W/m’)

. clearness index

. critical point of Kr

: opaque sky cover (tenth),
clear sky(N=0)

. total pressure (kPa)

. water vapor partial
pressure (kPa)

. barometric pressure (kPa)

: celsius temperature (C)

. absolute temperature (K)

. dry bulb temperature at
hour n (C)

. dry bulb temperature at
hour n-3 (C)

: wind speed (m/s)

. humidity ratio (kgw/kgd)

. intermediate time to be
calculated

: weather data of
intermediate time to be
calculated

: altitude (m)

a2l A X

a . Inp,
. Stefan—Boltzmann constant,
56697e-8 (W/m’K")

o . relative humidity (%)
st & Xt

b . beam

d . diffuse

da D dry air

DB : dry bulb

DP . dew point

1 . given time

(in 3 h intervals)
W © water
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Table. 1 Weather data file elements
Used by B
Data element Energy-P B’(I:‘I\S/
lus
Year @D
Month
Day
Hour
Minute

Data source

Dry bulb temperature

Dew point temperature

Relative humidity

Atmospheric station pressure

Extraterrestrial horizontal radiation

Extraterrestrial direct normal radiation|

Horizontal Infrared radiation intensity

Global horizontal radiation

Direct normal radiation

Diffuse horizontal radiation

Global horizontal illuminanace

Direct normal illuminance

Diffuse horizontal illuminance

Zenith luminanace

Wind direction

Wind speed

Total sky cover

Opaque sky cover

Visibility

Ceiling height

Present weather observation

Present weather codes

Precipitable water

Aerosol optical depth

Snow depth

Days since last snow

Albedo

Liquid precipitation depth
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SiSlSlSIISISISIISISISHSHSISISISISICICISISISIElSHICHSISI SIS

Liquid precipitation rate
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Fig. 1 Process of generating a weather data file based on forecasted weather
(KMA: Korea Meteorological Administration; DBT: Dry Bulb Temperature; RH: Relative Humidity; WS: Wind Speed;
WD: Wind Direction; SC(N): Sky Cover; DN: Direct Normal radiation; DI: Diffuse horizontal radiation;
Pb: Atmospheric station pressure; W: Humidity ratio; DPT : Dew Point Temperature)
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Table. 2 Site-specific regression coefficients
Seoul | Daejeon | Daegu Busan |Gwangju

¢ | 06144 | 0.6450 | 0.5445 | 0.7002 | 0.7016

¢ | -0.0225 | 0.1070 | 0.0670 | 0.1920 | 0.1190

Cy | -0.3088 | -0.4313 | -0.3916 | -0.5745 | -0.4518

C3 0.0333 | 0.0245 | 0.0248 | 0.0223 | 0.0163

¢, | -0.0024 | -0.0020 | -0.0015 | -0.0021 | -0.0020

s 0.0122 | 0.0047 | 0.0167 | 0.0033 | -0.0048

d | -6.9008 | -5.4206 | -4.2085 | -7.5030 | -2.2362
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Kpe=0.4268+0.1934sin(h) (6)
(Kp = Ky (7
Kpg=K;—(1.107+0.03569 - sin(h)\(1—K;)*

+1.681 - sin*(h)
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Result |Dew point temperature

Input 1|Dry bulb temperature
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@TdpFnWPb Input 1|Humidity ratio

Input 2|Barometric pressure

A WA d4H(@TdpFnTdbTwhbPb)= 7
Tk, F7 25, 7] 37H4] M E o
g3to] o] &EHLLEE Tk dhgola, T
A S (@TdpFnWPh)E= Hdiseel 7]
gFo] 27HA] WG 5 o] &3 ottt Auis
e ATLEY FTREE du 9g o
T g Jdong F IHA e s9g |
£S5 HAE F5A Aot AFolA =
T AR s et oEd EE
=38tk

3.4 Default 7|1 %4 &4%&

o] o A AFe FQ V|4 84 99 7|
2% ‘missing’ HelHZE Al sAh 7|4
= 4

d) A (weather processor)= ‘missing’ Ul

ko

A

SrREfYOILRIEtE] ==& Vol. 34, No. 1, 2014



fop

¢

Ak
2}

]

718 71} 71 ElolE e

%

golite 9l

AN Y AE

66°666'6660'666'66 666666 6°0'66666'6666'66'66 T7L0FLOFLOTLE
6666 6'666°0°666'6666 666660 666666 666'66'6 6'L60LE 0LE0LE 0L

‘006 666'006 666006 666°0C

6666 00 L
6666 6'666°0°666'6666 666660 ‘666666 666'66'6 6'L0FL0FL0FL0TZE'8LLLLLLLL LLLL'EZ G 00666 600666 6°006666°00666 610°0°0°0'6666°0°L¢ 766666 666'0°CT 6001 GEFCILIB0GETS BE TICOTBISBLY0L GG CBERGLIIOGBES" TE G 04w il b it wigk Wi (xiwi i¥wd v+ ¥ 09°08 "L '8'ET02
66'666'666°0 666666 066666 ‘666666 66 70LE 0LE0LEQ. 2460066 660066 66'0066 66 0066 66°0°0°0°0 6666°0°09% 6666 ‘6666°0°S 16001 6L9SHEG106L9'SS THIEBI068EIBL GG CLAREBTOITLER GE G i it ik w6 i il wi it st ¥ r e i+ 09'6 T L8'E 108

66666 666'0'666'66666 666606 66666666 66'66 0°t'0'55a 006666 006666 006666 ‘006666 G6S6£9 LTF808"68°6L9E

66°666 '666'0°66 6'66666 6666'0°6 666666 666666 ‘€88670 912288 72 6664 666646 666 L¥a 006666 00!

66666666 066666666666 606666 6'6666'6 666'S"10"523 006 666006 666 006 666'006 666802 11990 THEZ 9S FEST6S 60088F 98'6EE 6666 061 6666 6666 065 L0T'0'6S 6LEIBINBOBITE G 0"EE G 06w 4T s el wipk 3 Wi Lxiwi s v ¥ 09T 1L 'RET02
66'666'6660'666'66 666666 6°0'66666'6666'66'66'660 5E7SIL 860F 6 £ 616006 666006 666'00

66'666'666'0 '666'666 666666 0'66666 ‘666666 '66'6°0°0°¢ €1°0066 660066 660066 66001

66'666'666'0 ‘666'666 666666 066666 666666 '66'L999999999996°0°TT TTTTTT TTITT'9ET 0066 66'0066 66°0066 660066 66'0°0°0°0 '6666'0°9

666666660666 066666 666666 66 9 961°T°29999999 999991020066 66°0066 66 0066 660066 66°0°0°0°0 ‘6666°0°€ 16666 '6666°0°€ GG 10T'B0FLOFLOFLOFL 88 FETESHOTEGET T HE T8 IBY IR IBY 106 ¢ #ipkiwdiim o s e wipe 3 i iwie v v+ %' 09'C 'L '8'E 102
666666660 ‘666'666 666666 066666 666666 ‘66 T8FT8FISFT8F0'T 20066 660066 66°0066 660066 66'0°0°0°0'6666'0°9 176666 '6666'0°¢ 16001 GT8FI8FIRFI8T'88'G0GF1GFET6641 72 GS81S8TS81SRI G

TE/21'T /1 ABUNSIRQ T T'SAONAd V.L VA {£2P/Z ¥} £0—~H09LEZZEE JO AINISTIIP [10S PIEPUE]S BYIIM PaONpoad sdws) punon) —— ‘7 S LNAWINOD

1BWD JHIM Z2-400'T SLNENINOD

00'0ON'SONIAVS LHOI'AVA/SAVAI'TOH

68TTLET T LITIRTULIBIFTIOTEZETO00 T TTLES 96968 F 86 FOFTEEB 8606 TH 1666 129 CIT60I0LC GT T EL'E PI'C G 08°C8S T I8 LI'8F 56 8S H6 FE€2 62'6166 105G 3¢ 229004 TS e STANL VIHAINI.L ANNO¥YD

Q1/5'Z1 /5 TE01dA [ POLIA J 104 ameiadum | a8elony 198aN 00\ — SULIAS'T/0T'ST /0T OIGAL POMa g b aImesodua [ aBeIaAY 159180\ Hoa M — UWININY'ZT/1°9 /T'[eAIA L poriad

61/1°61/1*3WaIINE POLIa] 10,] aamesaduwa [ Uy 1SBAN 3PN — JOIIN'EZ/8"LT/Q BIIIAL POLIa 40, BMEIAIWS | aFeIaAY 1SOIEAN YoO) — JDUUNG'G /Q°€ /8DUBLIX'POLI 404 NIEIadwa], X S3.aN Yo | — JOWWNS'g* SOMEd ANRLIXH/TVOIdAL

0'SNOLLIANOD NOISEa

00060k L10€°9€"~ -~ HLM 5-H0d"="~"006€ 1Lk NOMIVL'NOLLYDO'T

104 auniesadwa], a8e10A Y 1SABIN YOO N — I

NET W TN G

ﬂﬁfr\wﬂﬂﬁ,% ~ T RE

dl.u_nlu.mm'ﬂoL maﬁn__i

w8 ST v M = o W

W oo 4 T _z._/ei

maﬂul..%ﬂmon_,ﬂ*ﬂl ,ld_ﬂoL poia

WO g g W PN G

TE £ e~ 2T NN o N

i wo7oa£o o M
ﬂ,g&‘g%i maoazﬁwr%ﬂmﬂﬂﬂ ;
TE T m oo I B ™ {
A N F—m PR 5 :
2 E T T ° Eprm_ W
na‘mLC,_Aﬂ sl ‘NV‘HLI ~ T T
.m%%zcmﬂ TETOF g R g

° — o) o R T A Do L
IV T S R
a o T 3 S Y IR SR M N, et i
‘al ﬁm.mnv»vﬂq ﬂlx uxwlixﬁd;ooz :
wp X0 g % T o T 9 g = TP :
TN®E®E. L E W o5 M T R gy o
CRNCIR e S d BN TH SSH

Fig. 3 Example of generation of real~time weather data file

Fig. 2 Combination of real-time weather data and the others
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Table. 4 Calculate hourly MBE and Cv(RMSE)

Hour Measured Standard Real-time

8 15.273 38.938 26.221
9 29.451 52.420 49.744
10 42.926 59.723 54.926
11 233.206 188.635 236.936
12 204.969 174.304 206.108
13 70.477 95.661 56.496
14 253.352 208.219 240.276
15 42.228 70.990 39.770
16 135.015 133.520 116.648
17 248.596 207.234 235543
18 37.398 45.077 26.041
19 22.087 21.412 23.496
Acceptable
value
MBE +10% -2.9% -1.7%
Cv(RMSE) 30% 25.4% 10.7%

H, & A Ao AAZE 714 dloly et
§ Al7rell A R JLd 7| AS vt
A5 7] wie)] A A7 714k olga
o S Lo TS R A2

AlZEe] 7)ol Hhed E o] of B E] 7]

. T3 BCVTBOA] Al E# o]l A-e 244 7F
(86,400%) Pt} WEEE == A 81951, oA
AlZb 718k o] v A 28 AAITE

™

e
=

o, mot
2 |o FIO rﬂ"‘
N

ol
o
(ol

ﬁJlN_l

2

o

o

< A

7174 dlolE Ido]l AAdE = JA HHAdE A
ojt}. 19 63} 79| ‘synchronizeToReal Time’
BEOIY HA FE) A¥(check)S 3

FH, HFEH A AEHolA A7 F7)

s}7F

% Edit parameters for SDF Director (==
'g‘ localClock:
- iterations: 100000 %
wectorizationFactor! 1 ‘
allawDisconnectedGraphs: [
allowRateChanges:
constrainBufferSizes: =
FEGHG _|eosBor2s |
synchronizeToRealTime: [
c
startTime:
stopTime:
[ Commit H Add H Remove H Defaults HDvefereﬂcesll Help || Cancel I

Fig. 6 Real time synchronization on the BCVTB

52 E

e,

9

Fo A= BCVTB kol A o3

A4 2 EnergyPlus® W@ 7%,
s o]gste] AlEdold W& AARE
toly U AAdstes 7S Algks
o] 712 v 1Y 13] 9] 24A7H&
ol B mtdo] A=Al ghet. At
3 ZAAE A7 714 dlolg I
717 Hlo] Ei J}O‘Elﬂr S Eds

717

.

ko
il
<

N

{0

N

i

o ooz b
N

N

L[‘
e

Bl oo o ¥R

M o

Lo
>

=,
o

+ o

Lo L
>

iy
LD
to rx My 2w (o o

(3
S o

oo i

o]
A
e
2
AN
2

Lo
o
ot
%
xg v
K}
e

A
>

o

b

o

rjr 6‘l—ﬂ ]

(b
_Y\_I‘
i
ne

J

¥ o
%0,
filo
s,
o
ll
N
o
i,

Aoy A 7| EA T F A
A(FHAHZT : B3-2431-03).

fitl
+
o,
%
o rlr
—Yi
eie

Journal of the Korean Solar Energy Society Vol. 34, No. 1, 2014 17



e8] Beigel et w8

it}

F 3 11. Watanabe, T., Urano, Y., and Hayashi, T.,

o
rot

. Augenbroe, G., Trends in building simulation,
Building and Environment, 2002. pp. 891 ~902.
. Guan, L., Preparation of future weather data to
study the impact of climate change on buildings,
Building and Environment, 2009, pp. 793 ~800.
. Wong, S. L., et al., Generation of typical
weather years with identified standard skies
for Hong Kong, Building and Environment,
2012, pp. 321 ~328.
. Adelard, L., et al., A detailed weather data
generator for building simulations, Energy and
Buildings, 2000, pp. 75~88.
. Crawley, D. B., Creating weather files for climate
change and urbanization impacts analysis,
Proceedings: Building Simulation 2007, 2007,
pp. 1075~1082.
. Chan, A. L. S. Developing future hourly
weather files for studying the impact of climate
change on building energy performance in Hong
Kong, Energy and Buildings, 2011, pp. 2860~
2868.
. EnergyPlus, EnergyPlus documentation Version
7.0, 2011.
. Kwak, Y., et al., Feasibility study on a novel
methodology for short-term real-time energy
demand prediction using weather forecasting
data, Energy and Buildings, 2013 pp. 250 ~260.
. Seo, D., Development of a universal model for
predicting hourly solar radiation— application:
evaluation of an optimal daylighting controller,
Ph. D dissertation, University of Colorado-Boulder,
USA, 2010.

10. Seo, D. H. and Thm, P. C., Comparative solar

models performance analysis for typical
meterological year development of Korea, Journal
of the Architectural Institute of Korea, 2010,
pp. 147~154.

18

Procedures for separating direct and diffuse
insolation on a horizontal surface and prediction
of insolation on tilted surfaces, Transactions,
No. 330, Architectural Institute of Japan, Tokyo,
Japan, 1983, pp. 96~108.

. ASHRAE, ASHRAE Handbook fundamentals

(ST Edition), 2009.

. Kwak, Y., Predictive control of cooling system

through the development of real-time building
energy simulation framework, Ph. D. dissertation,
University of Seoul, 2014.

. U. S. DOE, M&V Guidelines: Measurement

and verification for federal energy project,
Version 3.0, 2008.

SrREfYOILRIEtE] ==& Vol. 34, No. 1, 2014



