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Abstract

The reliable Typical Meteorological Year (TMY) data, sometimes called Test Reference Year
(TRY) data, are necessary in the feasibility study of renewable energy installation as well as
zero energy building. In Korea, there are available TMY data; TMY from Korea Institute of
Energy Research (KIER), TRY from the Korean Solar Energy Society (KSES) and TRY from
Passive House Institute Korea (PHIKO). This study aims at examining their characteristics by
using Principle Component Analysis (PCA) at six ground observing stations. First step is to
investigate the annual averages of meteorological elements from TMY data and their standard
deviations. Then, PCA is done to find which principle components are derived from different
TMY data. Temperature and solar irradiance are determined as the main principle component of
TMY data produced by KIER and KSES at all stations whereas TRY data from PHIKO does not
show similar result from those by KIER and KSES.

Keywords: ZE=7]4d(Typical meteorological year, TMY), 53214 (Principal component
analysis, PCA), 71725 (Dry bulb temperature), 538 H 7 QALK Global horizontal irradiance,
GHI), H4™ 212 LA Direct normal irradiance, DNI)
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LME

TMY (Typical Meteorological Year) Hlo|Eli= 47171 Hlo|eH|o] A5 vigfo =2 7} dnjr} tiid-& A
5lo] THE 11371) AZPE 7| R 2 n]=oll = TMY, -804 TRY (Test Reference Year)2Fal et

i

TMYo] that & Fig, 131 2ok, TMY Hlelefis 5w AU, HAw Ao, 272, 34 5o
PR 7 245 TSl A L FAjo] whel TP 7R 4] v 2ol7} glek TMY Hlolels 7

B 20 & Bl g Adu] A e} iR, Bl 5 EellUR] A A|1S] 435 TB 7T Al AREIEE A7 IRE 7
30] TS vtdstng EA7|7k] 71 ofiSolu AARE AEolvA], as Hrtole AdshA] Ytk

TMY<] tieh A28 A-9] Hitkr= AP B TMYS 5= 7113849 Blal@ Ao isf oL 9l
T} Table -2 =Hje]H 02 TMY Hlo|8E Algshe tiEAR] 7|1 8ET TMY 9] 5, AR
t}, al=oflA FAH o2 TMY Hlo[eE BiZ5tal Q)= NREL(National Renewable Energy Laboratory)-2
1978'39] 2487} 2172 TMY Elo]el8 Azho 2, @A 1,0207H 212] TMY3 Hlo]eE Algata Jet. 2
Zolle 12d7k2] 914 glolelE 71Hte 2 10 km X 10 km ZE TMY HjoJel = kst QIep, Aoy
AlEFo]4 I 2 73021 EnergyPlus®] -, -2luzt 47 2174 9] TMY tjo]EE 3t Al A Zk=9] 71 d|o]
El7} =0 Qtt?. o] 9]l SolarGIS, Vaisala 5 TMY Hlo[EE G2 & Brjjshs gAlEo] 9
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Fig. 1 The Concept of the TMY

Table 1 The representative TMY data sets

Institution Type Period Method Number
™Y 1952-1975 Sandia Method 248
TMY2 1961-1990 Sandia Method 239
NREL T™MY3 1991-2005 Sandia Method 1,020
TG(;?G(IT?) m 11(;qut1’) 1998-2009 Sandia Method N/A
Overseas  ASHRAE IWEC 1982-1999 IWEC Method 227
CWEC (Canadian Weather for Energy Calculations)
CityUHK (City University of Hong Kong)
CSWD (Chinese Standard Weather Data)
ETMY (Egyptian Typical Meteorological Year)
KIER T™MY3 1991-2010 Sandia Method 22
Domestic ~ KSES TRY 1981-2010 ISO 15927-4 7
PHIKO TRY 2005-2014 ISO 15927-4 70

=] 38 TMY dlo|8 2= e ol 2]8F3](The Korean Solar Energy Society, KSES)ellA] Al-g5l=

770 2174 ] TRY djoTel7} oot Tejut 24 71 g

glo|EE WHshA] et Thgo] Qlof, 20174

S A| BAZEH 8] (Passive House Institute Korea, PHIKO) o4& =] 707l A1 2] TRY dlo|ElE AJ4ls}
A} el 2]7]4A A (Korea Institute of Energy Research, KIER)OA= 201598 E U] QA=

2270 213l tit TMY Hlo[8E Al2slal =7 EE Hlo[8 = S5513 e, =7}

£ Eof Lma Algst i,

TMY Blo]E12 A2 Wk 7o) 45871 g sle] 1

e o)A

o]l oJehH® | E=AZE 2o A% TMY

Hlole] 2k o]} gllow], E5] Wi Hste] 4 TMY elolelo] wte} A8 oA Aslo] 2 ol7} 2435
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o}, o] U1 setspr] 18} TMY dlolee] 71k 1H ARk A0 A S5 A Aol Kol
71915k AROR ANt Ik, THCKA ABIA|) AR HZ A FolA 2

I e el A| 28 B Alo]l o' TMY dlo]elE AT 4= Qlertell tigt o] A7Ict. Yang”,
Wan'¥, 221 Lam!'& A2e] @it ofu7] 4ol 482 L nlAls AFLE, ST-LE, AU
(Global solar radiation) 2] 30W7F L dlo|glE Etj2 4524 (Principal component analysis, PCA)<
£85It £3] Yang”& FARE f2e HEg 295t 57 71522 EAIE giake 2 TPCY(Typical
principal component years)E A2SIATE TPCY ] 79 @4 §I917F0.2% < MBE < 1.5%=, TMYE °-&
Shufct 7] AROMA) S0 o50) AT e Ao W sk gle. Ja oS e Wi 2}
Bior ol g} T4 W =AA] okt HEHA|AHE] Ejofd HEHA| A Z Q6 95Re n|X]= H
A 8120 thsfl i FAEEAS aEA] o9, 7] HskE Hhdet AReluA] a8 BAjsher &
o) grlAglct. olo} o] AAATEE FARHAL H8310] TMYE ARSI TMY®] 74228 57
0= BluZASIAARE @A Bl Q= =]l TMY 9] 4 @4 disf] 32742 4-85t] TMY 9
S5 ottt AR TEE A aslek

2 =2olAE =W TMY Hlolg 359] 2lo|E Blwst7| flofl |7 7148401 A2 E4& v, 4
Sl TMY HIOJElE sk 713840 72291 Aot wWisty, Am+29] Ad diHds A5

57] 18] F4REA S Sasiol

U

2, AR

AHg2t Hlo]el = KIERS] TMY, PHIKO®] TRY, KSES2] TRY o[’ o] 11 Zizte] glog] Azt 2
ARERE A7THlolE o)A 9] 7|7k} AikRe R, ZhEa]o] tiet E = Table 29 Wb 9ioh KSESS}
PHIKO®] TRY H|o]&}=1SO 15927-4 ®RiEofl whet A&t s =] o] i Eels= 4725, 8 HUAL
%, 559|718 4E 0|4, Finkelstein-Schafer(FS) $A'Vo]l 7125}0] tELS A43tct, KIERS TMY
tlolel k. thEE-S Aot WH-2 FS 5A 79l 2Rt A% A ARgol= 7138 47t o] §om Z¥7e] 714
Q4] et 7REAlE A8RATh F, AR5, oS, 35, £ AUARY, HAH A UARRS o &
SbH YAfekol] tiet 7FEA] 71 50%= g Aokt A= S8 57t =2 Holrh Table 3042+ 7]
TTMY HloE9] TYRAES HojFal glom 2 L8 AES B2 48RS S4ogirt. F/4%
B4 43 Alolle 8 4B tist 7M1 E A-851A] (7] gl 7Fsx|et £ Aol g ERA At 1t
ofi= Fo] gltk. A2 Al 713He] FEAHQN FAE, A2, 1A, o, th, 332 67 Aol

k=)
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Table 2 The comparison of the TMY data between the 3 institutions '>'?
KIER PHIKO KSES
Finkelstein-Schafer (FS) statistics
Method .
Sandia method ISO 15927-4 method ISO 15927-4 method
Period of database 1991-2010 2005-2014 1981-2010
Decomposition model
DNI Model )
Reindl-2 model Skartveit & Olseth model Lee et al. model
Dry bulbtemp Max 5%
Min 5%
Mean 10%
Dew pointtemp Max 5%
Min 5%
Weighting values Not used
Mean 10%
Wind velocity Max 5%
Mean 5%
GHI 25%
DNI 25%
Table 3 The elements of the TMY data between the 3 institutions
No. Element KIER PHIKO KSES
1 GHI (Global horizontal irradiance, Wh/m?) [ ) (] ]
2 DNI (Direct normal irradiance, Wh/m?) [ ) o
3 DHI (Diffuse horizontal irradiance, ) ( } o
4 TA (Dry-bulb temperature, °C) ] [ o
5 TD (Dew-point temperature, °C) [ (
6 HM (Relative humidity, %) ° ° °
7 PA (Air pressure, hPa) [ ([ (
8 WS (Wind speed, nm/s) o ([ o
9 WD (Wind direction) L o  J
10 VP (Vapor pressure, hPa) o
11 PW (Amount of precipitation, mm) ] [ o
12 CA (Total cloud cover) ] o {
13 TG (Ground-surface temperature, °C) [
14 SC (Snow depth, cm) o
15 AH (Absolute humidity, kg/kg) (
16 AD (Air density, kg/) (
17 ET (Enthalpy, kl/kg) o
Total number of the elements 13 9 14
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TMYOIA A2 TMY 9] g2 71 Ho] Argeto =4 TMY 784 5 7P St ke mia= 2
20|11, A 25452 o] S A THAIR A5 Re] AHEotA] Eohs WA HE-Z 7Y Hol Aol 84
ofth. & =wolile FARRAS 538517 ] 916l SAS AT E QoS o853, scree plot 0F85}e] 1fgke]
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2] A5l 23231 Y& 7AW, JRd, B HAAARS] 5ol 7FE S8t 8491 5o AAE]
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T TMY Hlol8 9] 35 74840l diet Bt BEHAE vlwdt 27, 2=
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Table 4 The comparison of solar irradiance and meteorological elements between the 3 institutions

Element Institution Measure Busan  Seoul Incheon Daegjeon Daegu Gwangju

Mean 14.8 12.9 12.3 13.1 14.4 14.4

KIER .
Standard deviation 8.3 10.3 10.1 10.3 9.9 9.6
Mean 14.8 12.7 12.5 12.8 14.6 14.3

Dry bulb temperature (°C)  PHIKO o
Standard deviation 8.7 10.3 10.4 10.8 10.1 9.9
Mean 14.9 12.6 12.2 12.9 14.6 14.0

KSES

Standard deviation 8.4 10.5 10.3 10.5 9.8 9.8
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Table 4 The comparison of solar irradiance and meteorological elements between the 3 institutions (Continued)

Element Institution Measure Busan  Seoul Incheon Daejeon Daegu Gwangju
Difference of mean (%) 0.7 2.8 25 1.7 1.7 2.7
Difference of standard deviation (%) 4.1 1.9 2.8 4.7 2.8 3.7
Mean 3.7 24 2.9 1.8 2.3 22
KIER .
Standard deviation 2.0 1.4 1.8 1.4 1.5 1.6
Mean 3.3 2.6 2.9 1.7 22 1.9
PHIKO
) Standard deviation 1.8 1.4 1.8 1.2 1.3 1.3
Wind speed (m/s)
Mean 3.7 2.4 2.8 1.7 2.1 2.3
KSES
Standard deviation 22 1.4 1.7 1.4 1.4 1.7
Difference of mean (%) 11.8 8.1 29 7.6 9.5 14.8
Difference of standard deviation (%)  20.5 2.8 6.6 11.1 14.3 25.1
Mean 64.4 62.2 67.2 66.7 60.1 67.2
KIER .
Standard deviation 20.6 19.5 19.2 20.6 20.3 18.7
Mean 61.8 60.3 68.3 66.1 57.1 66.3
PHIKO
. » Standard deviation 20.6 19.6 19.7 20.3 21.8 19.2
Relative humidity (%)
KSES Mean 64.5 64.1 68.4 66.5 61.1 68.7
Standard deviation 20.4 18.7 18.9 20.3 20.8 18.9
Difference of mean (%) 42 6.0 1.7 0.9 6.6 3.5
Difference of standard deviation (%) 1.0 4.8 42 1.5 7.6 2.6
Mean 156 137 154 161 149 158
KIER
Standard deviation 226 234 240 217 240 244
Mean 170 141 148 158 160 166
PHIKO o
Global horizontal Standard deviation 259 223 229 240 241 246
irradiance (kWh/m’) KSES Mean 151 132 141 156 146 152
Standard deviation 237 220 229 235 224 234
Difference of mean (%) 11.9 6.9 8.5 29 9.6 8.8
Difference of standard deviation (%) 14.4 6.3 44 10.8 6.8 4.8
Mean 117 90 120 128 102 120
KIER .
Standard deviation 210 179 211 230 187 222
Direct normal irradiance Mean 66 53 60 65 59 65
) KSES o
(kWh/mr) Standard deviation 129 115 123 127 116 128
Difference of mean (%) 43.6 40.6 49.7 49.0 41.7 46.2

Difference of standard deviation (%)  38.5 35.5 419 44.9 38.2 422

4.2 FEEEM Aot

(1) KIER?| TMY Cl|0|E{

KIER®] TMY H|o|E}i= Table 59 o] ol& 2=t 5719, A7-2=ot A|H2 57t A1 57209, o]e}
U] AR 58 A AR AREIARE, AW 2 dibgo] AR o8 EEF Ik ABTAE
S F& BF 50| F 45700 FAR MR 76~81%2] A E-S 7HT Fig, 2014= tdof| A o] AR
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of k2 4ot A S Bolert 471e] R0 2 77%0] A9ee e & 4 9lek KIER®] TMY §]

olEf A 71 % Fgwe] Aelo] 4

Table 5 The PCA results of the TMY data of KIER

Eigenvectors Busan Seoul Incheon  Daejeon Daegu  Gwangju
TA 0.41 0.43 0.43 0.41 0.46 0.42
o TD 0.44 0.45 0.45 0.43 0.47 0.43
Principal component 1
VP 0.42 0.44 0.44 0.41 0.47 0.42
TG 0.39 0.43 0.43 0.40 0.46 0.40
GHI 0.54 0.54 0.57 0.59 0.55 0.57
Principal component 2 DNI 0.33 0.42 0.44 0.33 0.37 0.40
DHI 0.54 0.52 0.55 0.55 0.54 0.53
Scree Plot Variance Explained
5 1.0 o 60 ©-0 ©-0
4- 087 o
= § o6 ¢
27 g | —
g ] 3 04 o Cumulative
b 2 o ' —S=— Proportion
1 02 -
0 00

Principal Component Principal Component

Fig. 2 The scree plot and variance of the TMY data from KIER in Daejeon
o= tliS dl= All, AFdE= Alos BASHH 2(8), 9)oF Ao
Principal component 1= 0.41xTA + 0.43xTD + 0.41< VP + 0.40<TG + --- ®
Principal component 2 = 0.59x GHI + 0.33 < DNI + 0.55xDHI + -+- ©)

(2) PHIKOS| TRY H|O|€{
PHIKO2] TRY Hlo|&]+= KIERS] TMY Hlog|e}t E2] 7|4 a 4of o]&H 2, AH2 L, HAH ZgUAL

=] girk. WY Aol ifere e 2 Agshe L2190 R A 4 GLOLHTRY Hloleelis Z3t#4)
ORrt, PHIKO TRY Elofelo] o 545 2t et 7ol u]s) lghgo] Hag A =2 =il ,
Table 69+ Zo] 67 2134 5 27 Aol et A1 54 80] L2, APFAHo] Qifero 2 EEw|olm, e, %
oA FAE0] L&D EIGLOR] A, T, Bl WAl AT LT e FRo R £ g
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oh=REfYoHA(ete] =23
=3I}, 3709 TR M= 64~68%2] B ES 7=t S o2 F/dRe] wE whgtt A Es
HH Fig. 33} 2} tfAe] A$ 3719 FAHR 0 & 65%2] AelS 71t PHIKO] TRY tlo|el= A 7]

% 4ol 71 vt

Table 6 The PCA results of the TRY data of PHIKO

Eigenvectors Busan Seoul Incheon Daejeon Daegu Gwangju
TA 0.48 0.42 0.40
HM 0.49 0.54 0.50 -0.39 -0.54
L PA -0.48 -0.40 -0.46
Principal component 1
CA 0.41 0.43 0.42 -0.39
GHI 0.55 0.52
DHI 0.52 0.51
GHI 0.66 0.50 0.58 0.43
DHI 0.61 0.54 0.59 0.50
o TA 0.47 0.45 0.53
Principal component 2
PA -0.56 -0.46 -0.55
CA 0.46 0.48
HM 0.45
Scree Plot Variance Explained
o5 8 1.0 @'_O_.@-Jﬂ
20 - 0.8 - o
[ c o
3 15 £ S
E)’ g 0ad . o+ = Cumulative
o 10- ~— o ’ : —=— Proportion
02 - \sw__\\y
05
0 0.0 ©
1 1 1 1 1 1 1 1
2 4 6 8 2 4 6 8
Principal Component Principal Component

Fig. 3 The scree plot and variance of the TRY data from PHIKO in Daejeon

(3) KSES2| TRY Cf|o|&]
KSESS] TRY Hjo]el= B 7|2 TMY Hlol8E3} 22 At dAfgo] gle thal s, 37185, 4l

w)7} ;o] SIk. Table 79k o] &gz, e, B, AL, 37U} AIFA RO 2,
W A S el ANFARCR EEE0R], F 3v470] AR WER 69~77%¢] A
212 7HItt, Fig, 4o i o] 2 S840 nhe 1 3lat Adee Helzrt 370) F4R.0 2 69%9)

22 rbEe 2 4 gk

gt

od X

A
=

oEL
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Table 7 The PCA results of the TRY data of KSES

Eigenvectors Busan Seoul Incheon  Daejeon Daegu Gwangju
TA 0.38 0.39 0.39 0.39 0.38 0.39
TD 0.40 041 0.41 041 0.41 041
Principal component 1 AH 0.39 0.40 0.39 0.40 0.40 0.40
AD -0.38 -0.39 -0.39 -039 -038 -0.39
ET 0.39 0.41 0.40 041 0.41 0.41
GHI 0.60 0.55 0.57 0.54 0.54 0.54
Principal component 2 DNI 0.61 0.55 0.58 0.54 0.54 0.55
HM -0.43 - 0.46
Scree Plot Variance Explained
6 1.0 o 0-0-G ©-0-0
57 0.8 - 2
o 4 - g
=] S 067 g
2 3+ S ’ s -
g & oa- - - - Cumulative
o 24 o —S— Proportion
14 0.2
07 T T T T 00 T i T : T - T
0 5 10 15 0 5 10 15
Principal Component Principal Component

Fig. 4 The scree plot and variance explained of the TRY data from KSES in Daejeon

(4) 2HEEH A3t bl

T o™

A 71 TMY Hlolels ek 7V aso] ther 984 23t KIERS] TMY Hlolelot KSESe]
TRY wlofel AT A2FA o] 217 =0 QAFo R EEH FEFL Y. Teit PHIKO
S TRY wlelel= 5 67 217 5 270 Aol Het AL FA R A7 o] 217} Lo} Akfego] maw|m v
u2] 47 A L} AARgO] obd THE 71 R4TF FAROE AEEE 5 o 7|Tiaks 4Rz

Aol7t 912 Sersint

i

5. 24
2 = Ro A Fjo] ] 4K 2 TMY lo]5E A85He KIER, PHIKO, KSESS] TMY Hlo]&l 74
SR 714847} o] o]e} S4S 7P Gl=x] Poliy] 15 F5-040) QBT U BFWAL vlLFL
24 71 AT SAHE TMY FA R4l theh SAH B4} co] TMY ) AR S4-S Poh
7] 9151 TMY 74 8450 that FAREAS S5}k, o] Folol =20 A2 theat 2ot
(1) = 67) Aol et TMY Hlo]elS | vk, AT, B, Ak, 48 AUARe ABg 2
BEEUR] Ao]7} 22 1599} 25% oA, WA MDA 247} 45%5% 40% AT ATHC

rr

=
2
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2 2 7o} BYr}. T Agke Fu) AR AgUkael 49
DS AHgle] F415150] TR 2
A 24g3H| Hlo e, A4He) 247t 2

() FAEEAL Bt TMY O] AR 72 EAS BAG AT AL A2 5482 712, Antete] 41
o] g A0 Urhirh. 5 TMY®| i) A7 3
KSESE: RE Aol AL, A2FA5o] 242 L0t Qajeros Agky ol 2vp} Uepd v,
PHIKO'= A|gmte} th 714ha.4:9] v)o] 27| Uehie 5 Qgbdo] glis 202 BAasiglt afepy
B3] PHIKO®] TRY tlo]d Azl A8 /1ol AT S-2 S5 B e} ks Alm gk

(3) L0t Afero] 0 FTL HIA) AROIUIA] A5} L Bjok, Bl TN AE RS Slgt
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