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Outline ) .

= Uncertainty and Sensitivity Analysis

= Methodology

= Models and uncertainty quantification for each model
= Analysis results

= Next steps
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Uncertainty and Sensitivity Analysis @tz

= |f we have perfect data X and an exact model F(X) :

X—| F(X) |— Y is known exactly

= But we don’t have perfect information or exact models:

Xi —> F(XI) _>Y|:’i,i:1,...,

Xi —> G(XI) _>YG,i’i:1""’

= Uncertainty analysis quantifies the uncertainty in Y resulting
from uncertainty in data X and models F, G, ...

= Sensitivity analysis explores the relationship between
uncertainty in Y and uncertainty in data X
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Models considered

= GHI, DNI and DHI to POA:

= |sotropic sky, Hay and
Davies, Perez, Sandia

=  POA to effective
irradiance:

= Accounts for spectral
mismatch, reflections and
soiling
=  Polynomial in AM
= Cell temperature:

= Sandia model
= Module DC output:
= Sandia model
= ¢Siand CdTe modules

= Meteorological data from
Albuquerque and Golden,
CcoO

PV Performance Modeling Steps

-
1. Irradiance and Weather - Available sunlight,
temnperature, and wind speed all affect PV
performance. Data sources include typical years
(TMY), satellite and ground measurements.

. Incidence Irradiance — Translation of irradiance to
the plane of array. Includes effects of orientation and

tracking, beamn and diffuse irradiance, and ground

surface reflections.

. Shading and
Soiling -
Accounts for
reductions in
the light
reaching

the PV cell
material,

4. Cell Temperature - Cell temperature
is influenced by module materials, armay
mounting, incident irradiance, ambient
air temperature, and wind speed and

direction.

. Module Qutput - Module output is
described by the IV curve, which varies
as a function of irradiance, temperature,
and cell material.

Sandia
National

10. System
Performance QOver Time -
Monitoring of plant .
output can help to
identify system
problems (e.g., -
failures, degradation). ~

T
2 9. AC Losses - For large plants, there
may be significant losses between the

interconnection (e.q., transformer).
i

-
| 8. DCto AC Conversion -
The conversion
ks, T~ efficiency of the
inverter can vary
_,P—; with power level
and environmental
conditions,

AC side of the inverter and the point of

Laboratories

7. DCto DC Max Power Point Tracking -
A portion of the available DC power
from the array is lost due to inexact

| tracking of the maximum power paint.
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6. DCand Mismatch Losses - DC string and array
IV curves are affected by wiring losses and mismatch
between series connected modules and
parallel strings.
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Limitations ) =,

= We deliberately do NOT consider uncertainty in measured
irradiance

= Uncertainty in irradiance translates proportionally to uncertainty in power
and energy

= Would obscure effects of other uncertainties, which we want to
understand

= We do not consider effect of measurement error in other
quantities (e.g., temperature, voltage)
= Would add greatly to complexity of analysis
= But they are anticipated to have small effects
= We do not consider uncertainty in calibration of models

= Most models used for PV system analysis (e.g., Hay and Davies sky diffuse
model) are calibrated to a specific set of historic data

= A different ‘Hay and Davies’ model would result from different data
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Methodology ) ..

= Obtain measured inputs X and concurrently measured output
Y for each model f(X)

= Define model residuals, e.g., : €(X) = f(X) =Y

The distributions of €/(X) characterize the aggregate uncertainty
in f(X) over the range of X

= Build a probability model for each g

= Need to detrend and account for correlations

" Generate samples & (X)

= Propagate samples through the sequence of models:
Ppc(X) =Ppc(Ee(X) + &g (X), Tc(X) + €1(X) )
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Uncertainty Quantification: Isotropic sky
diffuse model
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= Partition residuals by
month, sky condition and
time of day; detrend

= Create and sample
stochastic process model
for detrended residuals
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Uncertainty in daily energy ) .

Distributions of daily energy: cSi
module, isotropic sky model,

= Red curve is ‘baseline’ : Albuquerque data (other module,

model results without models, and data similar)
applying sampled errors 1
= 100 blue curves result 09
from 100 error samples 08
= Shift indicates an overall E;
bias toward £

0.5

Probabhil

overestimating energy 0

= But small variation among o
blue curves 02

Models are consistent but o
also consistently wrong

Daily DC Energy (kWhr)
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Which models drive uncertainty?  @i=.

Stepwise rank regression of

: : deviations in daily energy onto
" Uncertainty in POA errors: cSi module, isotropic sky

mOde_l dominates . model, Albuquerque data (other
(relative to uncertainty modules, models, and data similar)
in other models) — T T T T T

* |[ndependent of module
type, POA model and
data source
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Conclusions ) i,

= Given what we have considered (POA, Ee, Tc, DC output),
uncertainty in modeled energy is relative small ~¥3%

= Analysis indicates POA model uncertainty dominates
= POA model error appears to be systematic

See Lave, Hansen, Hayes, et al., PVSC 40, for analysis of POA
models

Future work:

= Consider remaining modeling steps : e.g., effective irradiance
separately broken down into reflection losses, spectral
mismatch, soiling

= Research to improve POA models
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