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ABSTRACT Typical meteorological year (TMY) data consist of hourly values of solar radiation and meteorological elements over a 1
year period. This reflects the long term meteorological characteristics because it is derived from a long term meteorological database.
The data were produced by applying the Sandia method and weighting factor of National Renewable Energy Laboratory (NREL) by
new and renewable energy resource center in Korea Institute of Energy Research (KIER), and it was registered as the qualified
reference standards in 2015. The reliability of the solar radiation is important as weighting factor of the solar radiation in the TMY data
is 50%. The hourly global horizontal irradiance (GHI) among the solar radiation was provided by Korea Meteorological Administration
(KMA), and direct normal irradiance (DNI) was predicted by applying Reindl-2 model.” The uncertainty of the DNI is higher than the
experimental value as it is a predicted value. The GHI, extra-terrestrial radiation, and zenith angle were surmised as the principal
factors of uncertainty. The uncertainty on the zenith angle was highest among the 3 factors. The procedure of the uncertainty
evaluation obeyed the guide to the expression of uncertainty in the measurement (GUM).[g] The uncertainty on the DNI of TMY data
in Daejeon was calculated and analyzed in this paper.

Key words Typical Meteorological Year Data(3 3 7] 4Hd ©] o] ), Direct Normal Irradiance(*tH A1 ™ 22 A}eF), Zenith Angle
(A A Z}), Uncertainty(&-2}F =), Reference Standards(#Z E5)

Nomenclature I, :total diffuse irradiance on a horizontal surface,

W/m?

¢, : correlation coefficient . . . 2
' : direct normal irradiance, W/m

FS; : finkelstein-schafer statistic for index

[ extraterrestrial radiation, W/m?
I, :solar constant, 1367 W/m’
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2) Kookmin University

k, :diffuse fraction, dimensionless

k, : clearness index, dimensionless
3) Korea University

n g : the number of daily readings in a month
4) Korea Research Institute of Standards and Science
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n :day of the year
: uncertainty
w,; : weighting for index
z; :ith ordered sample value
g, : absolute difference between the long-term CDF
and the candidate month CDF at «,
§ :declination, degrees
¢ :latitude, degrees
6, :zenith angle, degrees
w :hour angle, degrees
sp :spring
su :summer
f o fall
w @ winter
subscript
CDF : cumulative distribution function
DNI : direct normal irradiance
FS : finkelstein-schafer
GHI : global horizontal irradiance
GUM : guide to the expression of uncertainty in
measurement
KIER : korea institute of energy research
KMA : korea meteorological administration
NREL : national renewable energy laboratory
TMY : typical meteorological year
WS  : weighted sum
1TLME
AU AIE E-85F Al|le] e Bl a8 High
A 7

71*“‘1 glelE7k mi’ﬁ}‘:}. FEE7VE dlolEl= J7I7J

R T RIS ERTTINE P [ £
A

HEEI | Hlo[He| HdH

4 o

olglg, 20159 fEYEFTZoE R tﬂ°1E1°l
o}, 199149 19 1A ¥E] 2010 129 312 7/]—X] 20W7F
o] A7) 71/ dlo|gH|o]|AE IS 2, Sandia method
(1978)"'5 o]g3}1, NRELS] 7154"'5 #-g3}0] A%

3tk Table 19] 714 840 715415 B Ao 7}
SA7F50% 2 T2 2 A5 Hj3| HlFo] w3S & 4= 9l
oh, QARRES 7R AE SOl RSk vlFo| 7 A
ng 27140 dlolg 7t A uA] & dAEES] F%F
< ol vh= e, BigE T siolldA] 4ol A gt
tolE S 758 = ok = AYAEF 2 A%
HF2k 59 tlojE= 7 C 2 HE Algk 4 )
olE}S ol g3t on HAH ZgUAlEke] L Reindl-2
model(1990)*'& o]g3}0] o
(1960)" -2 H|Z3E TioFat A
oYx|7|&d-del A 2007~2009H ZA3t A o] 43
A AYAE glo]ElS o]83F 7% A7} Reindl-2 model”
°] RMSEZ} 70.29W/m? & 71 Agkst Aoz drsAe) ¥
Reindl—2 model P ofl A= k, 9] F17to] wh k, 9} k, 9] 3t

ALE 8l 5 Tl olE ol8ste] AW A DUt
F& o17] Wil k, 9} k, o] A7} Saslct [3]9]
ofeb vl=t §3 W F 671 A3 247 19 oo

712 B4k 5

[¢)
SO, FOILE, STLE BO ol £E9 A
[¢]

B U2 ko 9 vixle 78 WeE Al

e AU, AR AR B2 WAl

i o_>|i

gl

ARSI ES Sandia Method NREL TMY

T AUARF 12/24 5/20
HAH AU 0 5/20
Ao Huizk 1/24 1/20
AT Fagh 1/24 1/20
Ao Bk 2/24 2/20
Se ozt 1/24 1/20
S Ak 1/24 1/20
S Haigh 2/24 2/20
=2 2zt 2/24 1/20
Z2 Pazk 2/24 1/20

2016, 10 Vol.12, No.S2 37



ek, ool 2 =] dkd A QL -=lvet i A ell=

#2710 dloleV o] WAH Aol HmE B
gfokoll ] 2|3kl o] AW Hrolaleke: gty 27
ATLo] WAH Heklajeol Hla| MykA o e A
S Ho|u], RMSE 196,76W/m?®] 2}o]7} glct. o]
oA ghatol|ulA) 7]t 274 dlolg™
W Zrlaeel| gigt AlRAe ARk A=t
o2 oA} Behwol a9le BA 4
Agict, BEE Byt A2 quMES 4
], oA UAkFo] HjmA =& i 7
7 AE: 127°37)2 oAk Aoz s}
sl 7L A7kE chokel Bl A sAslEs] S, |
JcholAlepo] Z7to) wh2 Bahwol Halw u|o] wig),
o] 7tol Wk ko HAH A, Bele
o Bk 3 oefgh W} ol st
Jol2 etoby] SJa A dol w2 AnES v,

.
Sl

i
(="

pacs

)

K4 1oz o 1y rE

i)

-
0
Mo
il

RO g ok

N “ﬂ o§ s

ul of . o
- ol

4
o
=
Lo

t

[e]

1o
I
Lo
0.

o

32

2
)

iy
ny

M
dz
el
=

38 Ax{MoIAX|

2. HHE

2.1 EFE7|AH flo|E
2.1.1 Sandia Method™
1) Sandia method A&} T4

[e]
@] FAEEITE AR 7A v, E 212 107

Fs=—13%, (1)
Npsi=1
WS= Y Jw,FS, 2)

ARV AT A 1S o) S8 WA A5
5]

3 A708 R AYARY 5 olgate] kB ik

I =1 cosf, (4)

= 7,(1.00011 +0.034221cos B+0.00128sin B
+0.000719c0s2 B+ 0.000077sin2.B3) cost.,

cos 6, = cos ¢ cos §cos w+ sing sind (5)



B:(n—l)% ®6)

kO] PR W ke g ek Y

by = @)
d [t

=1.02—0.254k, +0.0123cos0_ (k, < 0.3) 8

|~

I
Zd =1.4—1.749k, +0.177cos, (0.3 < k, < 0.78)
= 0.486k, — 0.182c0s6. (k, = 0.78)

I, =1(1—Fk,)/cost. 9)

2.2 28tz hrp =xf*SF

A US4 (9014 ZgEe A
HE g AU olH, Akl 22/ divd
ub ArfEF 1 FARRD HAZE coso, otk o] A 7HA] 84
= HAY AgUapre) a3t Eobe @Qlow FAH
o, ool Al AR Zekelle) [ of et B3 7}
WA oot 2

1)k <03 ¢l 3%

0.254 0.02

= = 2— .
Ioncos%["‘ (0.0123+ 030 ) (10)
2) 0.3<k, <0.78 2 7F$
I N I 0.4
y=1 = Tcos@; P—(0177+ 056, )L (11)

HEZE7|SE Hlo[E2| HMH XHUAR S0 Cet o0&

3) k, =078 2 BS

0.486
](-771COS202

40182+ L)q (12)

y=1 =
= cosf,

WA A maAe] Waoln] Fa BokE 20l
Q1 4 AYA, Aol o)W v AR, el
AR 2] that BEBSHES ek, A7 g
HAAFS 7VRONA] 1k S8 4 dakerolm)
=g BAN 24 Z SARo] OJg BIwoL Qi

Almanac algorithm(1988) o]
Azto]| o3t FFES = o] algorithm @] FHeE §14

Kiss

() =u’(f o) +u?(1 5) (13)
S \9 I \o
:(\/85)2 (0.032-4 )

(14)

3) cosf. ol tigt ESHe 7]of5F 1 [18]] &8l ¢, =87°
A o, cosf, & sl WAsk= 7,9 BT} 0.35% 2L

7Vysten

u(cost,) = ——== = (15)

PHEZRIRE O T FEBHwS 2 BEE 2

2016, 10 Vol.12, No.S2 39



Dk <039 7

_of 0508

oy
0fo
1o
oy
B
b
o
to

cosé,) (16)
=i (W (L o) +u’ (L 5)) +u’(,) +uly,

0.02
iy T o5 024 (0.0123+ OS(L)Z) 17
0.2541°
) (18)
oL, cos?0.2,
2) 03 <k, <0.78 Q1 H$-
_of 3498 0.4
‘=50 Tcos?ez r—(0.177+ osez) (19)
1.749
o= LTI (20)
0L, cos’0. I
3) k, =078 A HBS
_of 0972
Sy Tcos L+(0.182+ saz) (21)
0.486 17
o= of _ 04564 (22)
oL, cos®0.1?

40 AXHAOlER]|

DNI and uncertainty {(W/m?)

on

1,200

(200)

2

S

=~ MmO W;m A~ m g
m G WO ™N G WD G N
muu o — M W e s
o AN NN N MMM

3725 .
3991

2.2.4 stxtzstc

H

AESE = QHBFESE o (1) of] EFRIAL K E
wroto] et IR} k94 U y— UM y+ U]
ZllA 8t=l= AlF 9 ol weh 2Eed), & =&
Me A=azol oF 95% d WlE 7St k=29 k&
A3

U=2+u (24)

whetq 24t

i
h
<

H
Q
il
Bl
ret
it
O

3. O+ Azt

#2714 dlolele] AR WA AgdAlge] digh
Eahw g5yt At k, 7ol W k,, HA
B3l o] Wal |1 AR vl wst Avks oReal 2o

&)
™
iy
e,
>
ol

3.1 28 It Zut
F27VE dlole o] AlRbE w2 dAlgre] gt
== F7} A¥bs Figure 13} g}, A7HE 281=9]
L 11.15W/m?, EZ2 Q= 0.2W/m?o|H

Mm-S~ MNauUmS~MOLuuUu—M™~m
W Mo Wwn N0 LW 00w 00 00
NN~ O MM 0 A M WO s M~ G N W
= =t =L W W W W M~~~ 0000
Hour

Fig. 1. Hourly DNI of TMY data and uncertainty
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