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Comparison of the fraction model of direct and diffuse solar radiation
—Taking Beijing area as an example
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Abstract:In the simulation of building energy consumption and solar energy system design, hourly direct
and diffuse radiation is one of the most important basic parameters. While, due to Chinese solar radiation
data missing, it is difficult to obtain hourly direct and diffuse radiation data. Many domestic and foreign
scholars has studied and put forward several diffuse radiation models. 2009-2011 year’s measured data of
total solar radiation and diffuse radiation were scleted and five typical separation models, that is Erbs
model, Orglill and Hollands model, stochastic climatic model, Zhang Qingyuan model, were put to analyze
and compare the measured data and the simulation data between the correlation coefficient, root mean
square error and relative error. Found that Erbs model predicts diffuse radiation with the highest accuracy,
followed by the Zhang Qingyuan model and Orglill and Hollands model, Clearness index K, can be used as
the main influence factor.
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Fig. 1 The correlation diagram of the measured value
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Fig.2 The comparison of measured valve and the estimated value
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Table 1 The relationship among theHourly scattering measured values, the calculated value, the clearness index K
I ] USRI/ (W« m—2) K.
QRGELS
S i e I Erbs Orglill and 1| WML %
T LT Hollands ey 7

8:00 20. 13 22.35 23.00 22.48 22.30 23. 30 0. 14
8:30 51. 24 65. 10 71.67 69. 30 62.91 74. 40 0. 28
9:00 73.08 105. 82 123. 28 123. 28 100. 67 87.51 0. 40
9:30 86. 25 128. 08 149. 67 148. 79 120. 25 107. 16 0. 49
10:00 99. 31 140. 99 160. 15 163. 42 130. 02 117. 48 0. 54
10:30 109. 56 141. 10 153.97 165. 09 125. 20 116. 49 0. 60
11:00 116. 27 140. 76 148. 32 164. 60 120. 57 113. 80 0.63
11:30 118. 22 132.91 135.57 155. 94 106. 16 108. 77 0. 66
12.00 129. 20 129. 18 130. 25 151. 58 99. 20 106. 52 0.67
12.:30 137. 62 145. 85 151. 41 168. 99 125. 23 116. 88 0.63
13:00 145. 06 128. 49 133. 19 152. 38 102. 48 106. 02 0.65
13:30 142. 98 120. 54 128. 31 145.59 95. 80 101. 02 0. 64
14:00 136. 15 113.11 125.78 139. 30 93.02 96. 30 0. 62
14.30 125. 05 106. 68 125. 56 132. 57 94. 31 94. 24 0.58
15:00 106. 99 88. 97 110. 53 113.51 81. 64 81. 47 0.55
15:30 86. 86 61.39 81. 68 83. 85 56. 77 60. 19 0.55
16:00 62.95 35. 39 51.17 51.98 34.08 37.40 0. 54
16:30 33.18 2.39 6.73 6. 69 5.23 3.45 0. 76

x2 TEEZIEH K REPTSH LB

Table 2 The proportion ofthedifferent clearness index number
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1.000
0.900

A RBR
=]
S

0.0- | 0.1- | 02- | 0.3- | 04- | 0.5-| 0.6-| 0.7- | 0.8- | 0.9-
0.1 02| 03 0.4 0.5 06 | 07| 08 0.9 1.0

m KA | 0.996 | 0.995 | 0.989| 0.971 | 0.947 | 0.875| 0.638 | 0.353 | 0.429| 0.831
m Erbs 0.996 | 0.995 | 0.989| 0.970 | 0.944 | 0.868| 0.643 | 0.367 | 0.560| 0.860
= OH 0.996 | 0.995 | 0.989| 0.969 | 0.944 | 0.869| 0.636 | 0.359 | 0.560| 0.860
=) 0996 | 0.995 | 0.989( 0.970 | 0.947 | 0.876] 0.620 | 0.342 | 0.492| 0.702
BEHERY 1 0.995 | 0.995 | 0.966( 0.970 | 0.944 | 0.869| 0.632 | 0.296 | 0.423| 0.830
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Fig.3 The correlation coefficient of different K, interval
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Table 3 Thecumulative distribution percentage of relative errors %
LR 5 10 15 20 25 30 35 40
7K J5 AR 17.53 38. 16 52. 45 61. 30 67.52 72. 31 76. 15 79.18
Erbs #& 71 18. 48 40. 97 54. 40 63. 00 68. 32 72.99 76.76 79. 98
Orglill and Hollands 14. 85 35.29 51. 80 61.29 66. 79 70. 90 74.35 77. 47
LR G 15. 04 30. 04 39. 40 45.71 52. 43 60. 53 69. 56 76. 86
1 A 13.05 30. 69 47.58 59.77 67.67 72. 94 77. 20 80. 17

4 #Hit

D e B - Erbs 58 72 b 5t b X B #y
RN TSR o B AR e i E R BE L T A S R G
S Ty b DX AR ARG A R B i A T S A L kg
FEIIFD Orglill and Hollands 48 %Y i #f FE I 22 .

2)Erbs # %I F1 Orglill and Hollands £ %I 5%
K., 43 D[] R B PR B 1% o I I D AE 28 SR T AR X TR7 503 114
R B BB AR ES R E AR, B
5K i J A AL P — ok RN SR SO R AL AR B RS
N

MR K 5 Ky KMEMKAH R 5T
0.96 Aty . ik WIS A 25 45 80 K, LR R AR
9, K 2R i EE SRR . Ko B, B
O BN L SRR RO XN e A 1 K BH R
IR 58 KOG AR 22 5 A B A OB

PAIb 5 B4 Sy Bl b BRIy B A R Y 3 B 1
HEAT T 400 A% T 35 A b S5 2 AU T 0 B OO
BIRERL, DA P R B AR B R T
— 2D B A 3 g 0 ki ) A R A — 2D
FASE T A [ A5 Y 1 328 I A B 6 S 4 28 00 23 #r S 25
RS A TR E AR R Y BT B R Sy B
R AU AE 3 ] 1 35 17 M T 5% i (4t B 22 A B K 0

S 30K

[1]JLiuBY H,Jordan R C. The interrelationship and char-
acteristic distribution of direct, diffuse and total solar
radiation [J]. Solar Energy,1960,4(3) :1-19.

[ 210rgill J F, Hollands K G T. Correlation equation for
hourly diffuse radiation on a horizontal surface [ ]].
Solar Energy.1977,19(4) :357.

(3 ) RZE. HA KSR B O 700 S5 AT LT ], E#
I K224 .1997,18(9) 1 69-72.

Song A G. General situation and analysis of model of

solar radiation in Japan [J]. Journal of Capital Normal
University,1997,18(9) :69-72. (in Chinese)

[ 4 ] Collares-Pereira M,Rabl A. The average distribution of
solar radiation-correlations between diffuse and hemi-
spherical and between daily and hourly insolation values
[J]. Solar Energy,1979,22(2) :155-164.

[ 5] Erbs D G, Klein S A, Duffie J] A. Estimation of the
diffuse radiation fraction for hourly, daily andmonthly-
average global radiation [J]. Solar Energy, 1982, 28
(4):293-302.

[ 6 ] Reindl D T,Beckman W A,Duffie ] A. Diffuse fraction
correlations [J]. Sollar Energy,1990,45(1) :1-7.

[7]LamJ C,Li D H W. Correlation between global solar
radiation and its direct and difuse components [ J].
Building and Environment,1996,31(6) :527-535.

[ 8 J5kN§J5.Joe Huang. v [E 4 37 F A5 <5 088 2 LM,
HUBL Lok i Bt . 2004. 9.

L9 T4, T, R 2R Q. 25 0/ 2R 48 BB AT 43 B W 43
RERI[T]. B RRS %4k AR B 1.2002,08:73-76.
Su H,Tian S Y,Su F X. Models to separate daily diffuse
radiation from daily total radiation for energy consumption
analysis of air-conditioning system [ J]. Journal of
Chongging University: Natural Science Edition, 2002, 08
73-76. (in Chinese)

C1o] Ve, =W A fr it B BE UL R B BILT ], ¥ 2 4k
1981,7(3) :45-55.

Jiang Y. The stochastic weather data model for the heat
system [ J .
Refrigeration Journal,1981,7(3) :45-55. (in Chinese)
[(N]FESLRIEELPORLTEE  BERFEHER
BHER. PEAEFNRISE ST AR BEEIM]. 1L

a0 i S Tl RR AL L 2005.

(127 =i, WE T4 XRE L 55, 7KV 1D H K B 0 6 S 452 74
X aFgE )], K BHBE A4k 2013, (5) :794-799.

Li Z R, Yao W X, Zhao Q, et al. Study on the

comparison of models for daily diffuse solar radiation on

gain calculation of air-conditioning

a horizontal surface [J]. Acta Energiae Solaris Sinica,



http://gks.cqu.edu.cn

% 1 7z

Bk AR A A B A L B A

VAAb T R A ) 17

2013,(5):794-799. (in Chinese)

C13] k0 #F 20t X B L 55, JLRN IR S8 S0 452 B OKE JE 17 %
FELT]. [ R 224l A SRR 24 AR, 2014, (6) : 937-943.
YAO W X, Li Z R, Zhao Q. Comparative study on
accuracy of several diffuse radiation models [ J]. Journal
of Tongji University: Natural Science, 2014, (6): 937-
943. (in Chinese)

[14] Soares J,Oliveira A P,Bznar M Z, et al. Modeling hourly
diffuse solar radiation in the city of Sao paulo using a
neural-network techniquue [J]. Applied Energy, 2004, 79
(2):201-214.

[15] Boland J, Scott L, Luther M. Modeelling the diffuse
fraction of global solar radiation on a horizontal surfacee
[J]. Environmetrics,2001,12(2):103-116.

[16] Boland J, Ridley B, Brown B. Models of diffuse solar
radiation [ J]. Renewable Energy, 2008, 33 (4); 575-
584.

[17] Sokol D, Ardeshir M. Computing diffuse fraction of
global horizontal solar radiation: a model comparison
[J]. Solar Energy,2012,86:1796-1802.

[18] Srivastava S K. Comparison of methods for estimating

daily and hourly diffuse solar radiation [J]. Applied

(E#% 11 70

[ 5] Synnefa A, Santamouris V., Apostolakis K. On the
development, optical properties and thermal performance of
cool colored coatings for the urban environment [ J]. Solar
Energy Journal, 2007, 81(4):488-497.

[ 6 ]Sugawara H, Takamura T. Longwave radiation flux
from an urban canopy: Evaluation via measurements of

L]
Sensing of Environment, 2006,104(2) :226-237.

[ 7 ] Meier F, Scherer D, Richters J.

directional radiometric temperature Remote

Determination of

persistence effects in spatio-temporal patterns of upward

long-wave radiation flux density from an urban courtyard by
means of time-sequential thermography [ JJ]. Remote
Sensing of Environment, 2010,114(1);21-34.

[ 8 1Meyn S K, Oke T R. Heat fluxes through roofs and
their relevance to estimates of urban heat storage [J].
Energy and Buildings, 2009,41(7) :745-752.

[ 9] Zhang J, Heng C K, Malone-Lee L. C. Evaluating
environmental implications of density: a comparative
case study on the relationship between density, urban
block typology and sky exposure [ J]. Automation in
Construction, 2012, 22.:90-101.

[10] Svensson M K. Sky view factor analysis; implications for
urban air temperature differences [ J]. Meteorological

Applications, 2004, 11(3):201-211.
[11] Holmer B, Postgard U, Eriksson M. Sky view factors

Energy,1995,51:119-123.

[19] Koray U, Arif H. Diffuse solar radiation estimation
models for Turkey’s big cities [J]. Energy Conversion
and Management,2009,50:149-156.

[20] Indira K, Bimal P, Kavita P. Evaluation of different
diffuse
predictingthe best fit model [ ] ].
Sustainable Energy Reviews,2011,15:2378-2384.

L2010 Ml v, (B 40L& il 30 A 7 T 0 A o 0 4 1) AR 7
P55 AT A RR IR, 2013, (1) ¢ 1-4.

Lin W,Shen H. The numerical simulation of diffuse solar

radiation models for Indian stations and

Renewable and

radiant exposure by using total solar radiant exposure on a
horizontal surface [ J]. Renewable Energy Resources,2013,
(1) :1-4. (in Chinese)

C22] i g de , A0 W4T & - 5. B OK PRECH & 55 ¥ E A6 5
BT % e 43 [) ], AT PR A RE IR, 2013, (3) : 1-6.
Xie Y H, Yu T, Gu X F. A comparative study on
estimating models to compute monthly mean daily diffuse
solar radiation [ J]. Renewable Energy Resources, 2013,
(3):1-6. (in Chinese)

(i 30 #)

in forest calculated with IDRISI [ ] .
Theoretical and Applied Climatology, 2001, 68 (1/2):
33-40.

[12] Sailor D J, Fan H L. Modeling the diurnal variability of

canopies

effective albedo for cities [ J]. Atmospheric Environment,
2002, 36(4).713-725.

[13] Chimklai P, Hagishima A, Tanimoto J. A computer
system to support Albedo Calculation in urban areas [J].
Building and Environment, 2004, 39(10):1213-1221.

[14] Small C. Comparative analysis of urban reflectance and
surface temperature [ J]. Remote Sensing of Environment,
2006, 104(2) :168-189.

[15] Gluch R, Quattrochi D A, Luvall J] C. A multi-scale
approach to urban thermal analysis [J]. Remote Sensing
of Environment, 2006, 104(2).:123-132.

[16] Ratti C. Urban analysis for environmental prediction:
city geometry and the trapping of solar radiation[ D].
Cambridge; University of Cambridge,2000.

C17] 2 E i, B PC, Wi B, 3ol vl b i 0 K 2 B A3 iy R 4
(i) 50 1 SR A LT ], 7 PR R %% 41, 2006, 29(2) :86-89.
LiB Z, Luo Q, Yao R M. Solution on configuration
factor from ground to sky [J]. Journal of Chongqing
University, 2006, 29(2):86-89. (in Chinese)

(% F



