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i- Introduction

* Predicting how a conventional PV system will
perform in the future is a challenging task

— Estimate future weather (irradiance, temperature, wind,
etc...)
— Characterize the technology
« Model and technology-specific parameters and test methods
— Choose and run a performance model

* Models are generally opaque. Hard to know how inputs affect
results, how methods are implemented, etc...

« Estimate derate factors (soiling, shading, wiring losses, etc.)
— Adjust performance for expected availability
* O&M policy is important
* Further challenges for new technologies and
designs. @sma
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# Estimating Future Weather

* Which data sources to use?

— Typical Meteorological Years (TMY, TMY2, TMY3)
« Most of this data is not directly measured.
« What is typical? How to estimate variability (e.g., P90)

— Satellite data (various vendors)
* Indirect, calibrated model to few locations

— Ground data (limited timeframe and spatial extent)
— Hybrid methods
« Measure, Correlate, Predict (ground-satellite)
« Multi-year runs
- Data quality is very important for energy
estimates

e Uncertainty vs. variability
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?- Module Characterization

Current Situation

 Modules are rated at STC which does not tell you how the
technology will perform at a given site.

 Module performance parameters describe performance under
different conditions but are model-specific (.PAN files, diode
parameters, Sandia parameters, etc.)

» Diverse and nonstandard methods for estimating parameters
(spec sheet, Photon table, test lab, indoor vs. outdoor, proprietary
code).

Recommendations
* Develop standard reporting of performance characteristics that can

translate to how the technology will perform at a given site (e.g., IEC
61853-1 or reduced set).

* Develop and promote standard methods for estimating parameters
(will be model-specific but should not be model-exclusive)

* Quantify uncertainty in coefficient sets
* Insist on validation
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%ﬂhoose and Run a Performance Model

Seems like a simple problem, right?
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Reality is More Complicated
Traditional Central Inverter System

Environment
Irradiance
and
Weather
I B
) P N Description
Incident
Irradiance
Shading
and Soiing Array Voltage
Losses :‘ """""""""""""""""""
PV Array 0
Cell Module DC and
Mismatch
Temperature Output Losses
Inverter
In an operating system, the inverter DC to DC
adjusts array voltage to optimize output. MPPT
Most models calculate module Vmp and DC to AC
propagate that forward to determine the Conversion
dc input voltage at the inverter v
AC Losses
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Choose and Run a Performance Model

* PV performance models are really modeling

applications.

Standard Modeling Steps

1. Irradiance and Weather
2. Incident irradiance

3. Shading, soiling,
reflection

4. Cell temperature
5. Module output

6. DC and mismatch
losses

7. DCto DC MPPT
8. DCto AC conversion
9. AC losses

Loss diagram over the whole year
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PVsyst Example

Horizontal global irradiation

1207 KWhim*®
f’/ﬂlﬂﬂ.ﬁ% Global incident in coll. plane

&,—4.1% Far Shadings / Horizon
-2.8%  |aM factor on global
1244 KWhim? * 441 m* call.

Effective irradiance on collectors
PV conversion

Array nominal energy {at STC effic.)
PV loss due to irradiance level

PV loss due to temperature

Module quality loss

Module array mismatch loss

Chmic wiring loss
Array virtual energy at MPP

Inverter Loss during operation (efficiency)

Inverter Loss over nominal inv. power
Inverter Loss due to power threshold
Inverter Loss over nominal inv. voltage
Inverter Loss due tovoltage threshold
Available Energy at Inverter Qutput

Energy injected into grid
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. ' The Problem:
%‘ Wide Variation in Modeling Results

* Variable levels of detail and

SOphiStiC&tiOﬂ in available QSDOUODTOtaI Energy vs. Model Type by Model Type Legend
= 5-Par
mOdeIS 22000004 ¢ * Internal
* Models Do Not Always Agree : Other
. . . . 2100000+
— Field validation is rarely 2 - * PVForm
available to improve 20000001 * PVSyst
confidence %900000_ . . Z::‘f:ts
* Model accuracy and R
uncertainty have not been ke > 2 g
generally and independently 17000004 .
verified | 16000004
— Uncertainty (x £ y) generally
not stated 15000007 g
— No validation standards 000 e Intemal  Other PVForm PVSyst PyWatts SAPM
* New technology faces a _ - ModelType
barrier to inclusion into « Sandia Blind Study (2010)
models o 20 modelers
— Rely on component
Dol o 7 models
databases with little QA or : -

models —
. National
Many knobs to turn - submodels, database selection, derates... @ Laboratores
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*’-‘ Reliability and O&M Factors

* PV plants are complex interconnected systems
with thousands of components

« As profit margins tighten, effective design and
operation and maintenance (O&M) strategies
become vital to ensure that the plant operates as
designed and delivers a return on investment.

* Important questions include:

* What is the value of increased component reliability?
* What level of monitoring maximizes my profits?

» Should problems be fixed as soon as identified or as part of
a periodic maintenance program?

* What is the cost/risk/value of the warranty?

Sandia
National
Laboratories



'
$- How Do We Succeed?

* Organized development of consensus standards
that allow stakeholders in the value chain to:

— Provide trusted PV production estimates using approved
standard and valid methodologies and data

— Evaluate pros and cons of different technologies
— Demonstrate actual performance meets expectations

« Other industries provide great examples to follow
— HVAC, EnergyStar, MPG ratings, others?

« DOE and National Labs can help to:
— Facilitate, organize, and contribute to developing such standards

— Conduct independent, applied research to support standard
methodologies, model validation, and procedures.
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