Available online at www.sciencedirect.com

corenor @omeer- ENERGY

CONVERSION &
MANAGEMENT

www.elsevier.com/locate/enconman

ELSEVIER Energy Conversion and Management 46 (2005) 2075-2092

Measurement and comparison of diffuse solar irradiance
models on inclined surfaces in Valladolid (Spain)

M. Diez-Mediavilla **, A. de Miguel °, J. Bilbao °

% Electrical Engineering Unit, Department of Electromechanical Engineering, Burgos University, 09006 Burgos, Spain
® Department of Applied Physics I, University of Valladolid, 47005 Valladolid, Spain

Received 16 June 2004; accepted 24 October 2004
Available online 19 March 2005

Abstract

This paper presents the performance of 10 arithmetic models used to estimate diffuse solar irradiance on
inclined surfaces in a comparative study with actual data readings made available on an hourly and a daily
basis. The data readings have been taken from a south facing surface inclined at 42° in an area at some
distance from the provincial capital in the Spanish province of Valladolid. In order to confirm the results,
three statistical parameters have been used in the study; root mean square error (RMSE), mean bias error
(MBE) and Stone’s z-statistic. The results obtained favour the Muneer model, followed by the Reindl
model, for hourly as well as for daily values. The Temps—Coulson model gives rise to great discrepancies
with respect to the values measured. The results for the Perez model are not good due to the use of para-
meters that are not specifically calculated for the area in this study, which underlines the need to take an
area’s features into account so that predictions for diffuse irradiance measured on inclined surfaces may be
as accurate as possible.
© 2004 Elsevier Ltd. All rights reserved.

Keywords: Solar radiation; Diffuse irradiance; Tilted surfaces

* Corresponding author. Tel.: +34 947 25 89 25; fax: +34 947 25 89 10.
E-mail address: mdmr@ubu.es (M. Diez-Mediavilla).

0196-8904/$ - see front matter © 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.enconman.2004.10.023


mailto:mdmr@ubu.es 

2076 M. Diez-Mediavilla et al. | Energy Conversion and Management 46 (2005) 2075-2092

Nomenclature

By hourly direct horizontal irradiance (kJm >h™")

B, hourly direct inclined irradiance (kJm>h™")

*Dyo  hourly diffuse horizontal irradiance (kJm~>h™")

Dy,  hourly diffuse inclined irradiance (kJm 2h™")

Gno  global irradiance on horizontal surface (kJm >h™")

Iy, extraterrestrial irradiance on horizontal surface (kJm >h™")
K global hourly and horizontal clearness indices (Gyo/lon)

K; global clearness index—10 min (Gy;/Iy;)

MBE mean bias error

m mass of air

N cloud cover factor

Ry direct radiation conversion factor
Ry; isotropic configuration factor of sky
RMSE root mean square error

r radius of diffuse sensor shadow band

Greek symbols

p inclination angle of sensors (rad)

& clearness index (Perez model)

¢ anisotrophy factor (Perez model)

0 angle of incidence on inclined surface (rad)
0. zenith angle (rad)

1. Introduction

The majority of practical applications of solar energy are systems based on thermal or photo-
voltaic processes. An understanding of the global and diffuse constituents of solar irradiance inci-
dent on inclined surfaces is essential in the design of such systems. Different models need to be
developed that allow radiation values to be known or predicted for proper optimization of solar
power installations.

The objective of this study is to compare 10 diffuse irradiance models on inclined surfaces.
Each model was published at a different point in time, and all of them have been satisfactorily
tried and tested. Some of them are over 20 years old and are still being used at present as
models with which to modify or establish new coefficients to relate different climatic variables.
Others, which are more recent, are also currently being analysed and modified, so as to arrive
at increasingly accurate results when predicting values for the solar irradiance on inclined
surfaces.

It is important to highlight that none of the models being used for the study have been defined
to calculate diffuse irradiance itself. All of the authors have published their models to predict val-
ues for the global irradiance incident on inclined surfaces as a sum of three components: direct,
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