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๏ How$to$obtain$GTI$(Global$/lted$irradiance$on$POA)$if$not$measured?$ 

๏ Three$possible$ways$ 

Overview' 
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๏ Measuring$GHI$with$a$pyranometer$is$simplest$but$subop/mal! 
๏ A$seasonal$bias$is$likely,$except$with$selected$instruments$$ 

๏ Beware$of$thermal$offset$(e.g.,$PSP);$requires$appropriate$correc/on$ 

$ 

Experimental'Issues—GHI' 
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Gueymard$&$Myers$2009$ 



 
 

๏ Beware$of$thermal$offset;$may$induce$large$bias$ 

๏ Avoid$shadowband$ 

Experimental'Issues—DIF' 

Gueymard$&$Myers$2009$ 
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๏ Tilted$pyranometers$and$photodiode$sensors$may$require$specific$calibra/on! 
๏ Reference$cells$are$convenient$but$$ 

induce$bias$(2–5%$typical)$ 

Experimental'Issues—GTI' 

Reich$et$al,$PiP$2012$ 



 

 

 
 
 
 
 
 

 

๏ Modeling$GTI:$ 
$GTI$=$DNI$cosθ$+$Rd$DIF$+$fs!ρ!Rr!GHI $ $fs!Shading$factor$ 
# # # # # # # # # # # #ρ!Surface$albedo 
$ $ $ $ $ $ $ $ $ $ $ $Rr!Ground$view$factor$ 

๏ 21$models$tested$for$IEA^SHC$Task$9$study$(Hay,$1988)$for$hourly$or$ 
sub^hourly$data.$This$remains$the$most$comprehensive$study$ever$ 
undertaken$on$this$topic.$ 

๏ 27$sta0ons$were$classified$depending$on$setup:$ 
A. Ar/ficial$horizon,$measured$DNI$(6)$ 

B. Measured$albedo,$measured$DNI$(6)$ 

C. Es/mated$albedo,$measured$DNI$(3)$ 

D. Ar/ficial$horizon,$measured$DIF$(6)$ 

E. Measured$or$es/mated$albedo,$measured$DIF$(6)$ 

๏ Study$found$3$models$with$consistently$best$performance$overall,$but$ 
with$varying$ranking$depending$on$sta/on$and$geometry:$$ 

$Perez$(1983),$Gueymard$(1983),$Hay$(1979)$ 

Transposi:on' 
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Transposi:on'Models'Performance' 

Results$for$U.S.$sites$ 



 
 

Transposi:on'Models'Performance' 
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๏ Many$more$(but$much$more$limited)$studies$followed$ 

๏ Sun$et$al.$(2014)$showed$variable$bias$and$RMS$for$Perez$model$depending$on$site$ 



 

 

   

   
   

 

 

Transposi:on'Models'Performance' 
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๏ For$Golden$(NREL)$and$op)mally!measured!11min!irradiances,$the$lowest$bias$is$ 
obtained$with$the$Muneer,$Klucher,$Temps$and$Gueymard$models$ 

๏ Best$models$under$both$clear^sky$and$all^sky$condi/ons$have$low$bias$(<2%)$and$low$ 
RMS$(<7%),$even$if$albedo$is$assumed$constant$(0.2)$ 
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40°S South 
Optimal GHI, DNI, DIF 

MBE Clear sky 
RMSE Clear sky 

MBE All sky, ρ = 0.2 
RMSE All sky, ρ = 0.2 

M
BE

, R
M

SE
 (%

) 

Transposition Model Gueymard$2009$ 



 
 
 
 
 

Valida:on'Issues' 
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Ideal$ Real$ 

Sources$of$error:$ 
๏ Measured$irradiances$(DNI,$GHI,$DIF)$may$not$be$op/mal$ 

๏ Measured$GTI$may$not$be$op/mal$(/lt^specific$calibra/on?)$ 

๏ Foreground$may$not$be$infinitely$extended$(Rr$less$than$ideal$value)$ 
๏ Foreground$may$be$shaded$by$e.g.$back^panels$(fs!less$than$1)$ 
๏ Surface$albedo$ρ$is$usually$unknown;$ohen$assumed$constant$(0.2)$ 



 
 
 
 
 
 
 

๏ Also$referred$to$as$Separa)on! 
๏ Many$empirical$models$exist$(>100),$so$which$one$should$be$used?$ 

๏ Most$are$of$the$“diffuse$frac/on”$type$ 

๏ Many$valida/on$studies$exist,$usually$just$for$some$models$at$a$few$sites$ 

๏ Random$errors$increase$when$/me$step$decreases$ 

๏ No$known$truly$“universal”$model$$ 

๏ 1^min$DNI$and$DIF$are$desirable$ 

Decomposi:on' 
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๏ Recent$study$by$Gueymard$&$Ruiz^Arias$(2014):$36$models$tested$at$9$arid$ 
sites,$using$1^min$data$ 

๏ Models$in$6$categories,$based$on$number$of$predictors$(Kt,!m,$etc.)$ 

๏ Bias$varies$depending$on$model$and$site;$significant$impact$of$aerosols$ 

๏ Adding$predictors$does$not$necessarily$improve$performance$ 

Decomposi:on' 
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๏ Issues$found$with$Erbs,$Louche$and$Perez$ 

๏ Perez$has$lowest$RMS$most$ohen,$but$systema/c$high$bias$(2–5%$on$ 
average)$ 

Decomposi:on' 
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Decomposi:on'+'Transposi:on' 

๏ Only$a$few$studies$have$considered$the$overall$process$
 

Author Year Decomposition Transposition Study Sites Geometries 

Gueymard 2009 4 10 1 (NREL) 40°, 90° S, 2AT 

Orehounig et al. 2014 2 1 1 (Austria) 90° N, E, S, W 

Prada et al. 2015 22 12 5 (Europe) 90° N, E, S, W 

Lave et al. 2015 12 4 10 (USA) 15°, 25°, 35°, 40° 
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best$with$any$decomposi/on$
 

-5
 

๏ Bias$in$GTI$increases$depending$on$ 
the$bias$in$es/mated$DNI$ -10 

๏ Klucher,$Muneer,$Temps$perform$$ 
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Transposition Model 

40°S South 
Clear Sky 

Optimal
Erbs 
Reindl 

Results$from$Gueymard$(2009):$ 5 

๏ Significant$increase$in$bias$due$$ 
0 

to$using$decomposi/on,$mostly$ 
under$clear$skies$ 
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Decomposi:on'+'Transposi:on' 



 
 

 

 

 

 

 

๏ Transposi/on$is$rela/vely$accurate$ 

๏ Surprisingly$few$transposi/on$models$have$been$considered$by$the$industry$(Perez,$ 
Hay).$Lesser$known$models$may$perform$as$well$or$bemer$(Gueymard,$Klucher,$ 
Muneer,$Temps…),$depending$on$climate$(cloudiness?)$ 

๏ Decomposi/on$may$play$a$major$role,$depending$on$the$generated$bias$in$DNI,$local$ 
condi/ons,$associated$transposi/on,$etc.$ 

๏ Best$model$combina/on$s/ll$need$to$be$found$empirically$(trial$and$error)$ 

๏ Results$by$Gueymard$(2009)$and$Lave$et$al.$(2015)$do$not$agree$well$about$the$bias$ 
resul/ng$from$model$combina/ons$at$their$common$loca/on$(NREL)$ 

๏ Combina/on$studies$need$to$be$expanded$to$more$sites,$using$bemer$ 
instrumenta/on,$and$more$rigorously$controlled$condi/ons$(sky$shade;$ground$shade)$ 

๏ Differences$between$ideal$and$realis/c$condi/ons$must$now$be$emphasized$and$ 
bemer$modeled$(albedo,$shading,$limited$$ 
foreground…),$so$that$valida/on$results$can$$ 
be$correctly$interpreted$in$the$prac/ce$of$$ 
PV$performance$simula/ons.$ 

Conclusions' 
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