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Impacts of the Solar Radiation Variation on the Optimum
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—— A Case Study in Beljing
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Abstract: As one of the key design parameters for the fixed grid connected solar PV array, the optimum tilted angle is not only
related with the geographic location, but also directly affected by atmospheric conditions. On the basis of long-term variations of the
observed solar radiation (global radiation, direct horizontal radiation, diffuse radiation, direct irradiation ratio and diffuse irradiation
ratio) in Beijing, the variations of the optimum tilted angle for the fixed grid connected solar PV array are calculated and analyzed
in this paper. It is shown that: 1) there was a declining tendency in the global radiation during the recent 55 years, among various
radiations, the decrease in the direct horizontal radiation took the main proportion while the decline in the diffuse radiation was not
obvious, these lead to the significant decrease in the direct irradiation ratio while the obvious increase in the diffuse irradiation
ratio. 2) The long-term optimum tilted angle variation also shows a downtrend. Compared with the optimum tilted angle in the
1960s, it falls by 2 degrees in the recent 5 years. It is presumable based on the calculation that the declining tendency in the
optimum tilted angle is mainly caused by the significant decrease in the direct irradiation ratio, which is intensively affected by the
atmospheric conditions. Therefore, the variations of atmospheric condition and its impacts on the solar radiation should be paid
more attention for determining the optimum tilted angle in design and construction of the photovoltaic power plants.
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Fig. 1 The annual variations of global radiation, direct
horizontal radiation and diffuse radiation in Beijing
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Fig. 2 The annual variations of direct irradiation ratio and
diffuse irradiation ratio in Beijing
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Table 1 The annual values of the optimum tilted angle for the fixed grid connected solar PV array in Beijing

F  mEEA/() FH  SEER/() F6H RE@ERS/() & REES/ () S sEES/() £ &EER/ ()
1961 39 1971 39 1981 37 1991 34 2001 36 2011 37
1962 38 1972 36 1982 36 1992 35 2002 38 2012 37
1963 38 1973 39 1983 37 1993 36 2003 37 2013 37
1964 36 1974 36 1984 37 1994 36 2004 38 2014 36
1965 37 1975 38 1985 38 1995 41 2005 39 2015 35
1966 37 1976 37 1986 38 1996 39 2006 36

1967 40 1977 37 1987 36 1997 37 2007 37

1968 37 1978 37 1988 39 1998 38 2008 39

1969 38 1979 37 1989 36 1999 38 2009 36

1970 39 1980 38 1990 36 2000 36 2010 38
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Table 2 The decade value of the optimum tilted angle for the fixed grid connected solar PV array in Beijing
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Fig. 3 The inter-annual variation of the optimum tilted
angle for the fixed grid connected solar PV array in Beijing
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Fig. 4 The inter—decadal variation of the optimum tilted
angle for the fixed grid connected solar PV array in Beijing
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