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THE PURPOSE
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• The purpose (normally) is getting an economic profitability of the PV installation

• Here, only PV energy production simulation is addressed

PV Energy 
production 

(Yield) [kWh]
LCOE 

[c€/kWh]

Capex + Opex
[€]

Profits [€]

Remuneration 
scheme 
[€/kWh]

Main outputs we are looking for:

• Yearly energy production [kWh/year]

• Yield [kWh/kWp]

• Performance Ratio [%]



FROM SUN RADIATION TO AC ELECTRICITY
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Moser D. et al. “Uncertainties in Yield Assessments and PV LCOE,” Nov. 2020. IEA-PVPS T13.
https://pvpmc.sandia.gov/
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FROM SUN RADIATION TO AC ELECTRICITY
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• Example of gains/losses along each modelling step and the related 

uncertainty.

• Typical output tables or diagrams in yield assessment show the 

contribution. Rarely the uncertainty is provided. 

• The starting point of PR = 100 is considered after applying the horizon 

shading as this become the annual insolation seen by the PV modules

• Note that radiation in [kWh/m2] and electricity in [kWh/kWp] give 

comparable numbers.

• Uncertainty equal to 6.5 % is the result of the sum of the root mean 

square error of the relative uncertainty of each step.

FROM SUN RADIATION TO AC ELECTRICITY
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Example done by Fraunhofer ISE

Moser D. et al. “Uncertainties in Yield Assessments and PV LCOE,” Nov. 2020. IEA-PVPS T13.
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ENERGY YIELD
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J. Ascencio-Vásquez et al. “Methodology of Köppen-Geiger-Photovoltaic climate classification and implications to worldwide mapping of PV system performance,” 
Solar Energy, vol. 191, pp. 672–685, Oct. 2019, doi: 10.1016/j.solener.2019.08.072.
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THE PERFORMANCE RATIO
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J. Ascencio-Vásquez et al. “Methodology of Köppen-Geiger-Photovoltaic climate classification and implications to worldwide mapping of PV system performance,” 
Solar Energy, vol. 191, pp. 672–685, Oct. 2019, doi: 10.1016/j.solener.2019.08.072.
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IMPORTANCE OF YIELD
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• Yield assessments (YA) and Long-Term Yield Predictions (LTYP) are a prerequisite for business decisions on long term 

investments into photovoltaic (PV) power plants.

• They should be provided with a related exceedance probability

• A reduction in the uncertainty of the energy yield can lead to a stronger business case.

• The main challenge in YA and LTYP relates to the trustworthiness of site-specific information

• The YA is not only about the software used; it is mainly about the user.

• There are always personal experience and assumptions: irradiance database selection and site adaptation, degradation/PLR 

assumption, total modelling uncertainty, soiling and far/near shading, … 

Moser D. et al. “Uncertainties in Yield Assessments and PV LCOE,” Nov. 2020. IEA-PVPS T13.
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PV APPLICATIONS
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PV Utility Scale
PV Yield is crucial
Most common application

Floating PV
PV Yield is crutial
Common Temp models are not valid 

Agri PV
Yield is important
Crop Yield is also important

BIPV / BAPV
PV Yield is important, but not crucial
Potential building energy needs reduction
Profitability depends on demand profile

Multiple software options No specific software options

No specific software options

GoPV Project | SUMMER SCHOOL
PERFORMANCE ANALYSISImages from Soltec, BayWa r.e., Huaneng Group, Onyx Solar  



PV SOFTWARE FOR EACH APPLICATION
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• Probably the best option among free 
software

• Complete options and accurate
• Most financiers do not accept SAM 

energy models in lieu of PVsyst reports 

• Useful to get meteo data of Europe and 
Africa

• Useful for first design and simple 
simulations

• The reference in the market for big PV 
projects and bankability analysis

• Very detailed descriptions
• Confidence has been earned over time 

via repetition, experience, and accrued 
knowledge

• Uses the same core as PVsyst for energy 
modeling. 

• Unlike Pvsyst, it features an intuitive 
graphical user interface with Google 
Earth and SketchUp integration.

• Developed for BIPV, it uses a ray-tracing 
engine to calculate irradiance.

• Possible to import 3D files of buildings or 
other objects

• Compatible with BIM format

GoPV Project | SUMMER SCHOOL
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MODELING STEPS
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Example done by Fraunhofer ISE

Moser D. et al. “Uncertainties in Yield Assessments and PV LCOE,” Nov. 2020. IEA-PVPS T13.

Example with SAM

GoPV Project | SUMMER SCHOOL
PERFORMANCE ANALYSIS



MODELING STEPS – METEO DATA
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• You can take the meteo data from 
PVGIS and load it in SAM
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THE IMPORTANCE OF RADIATION DATA
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• Prediction of weather in a particular place is the most difficult process.

• The selected radiation model may provide variation up to ±4% in the simulated output.

• Overall uncertainty of the energy yield to fall in a range between 5 and 11%. The main source of uncertainty is related to 

the insolation estimation.

• For comprehensive analysis of big PV plants:

o High-quality long-term ground-based measurements have been are rare.

o Site adaptation techniques combine short-term measured data (about 1 year) and long-term satellite estimates.

o Assuming a strong correlation, the strengths of both data sets are captured and the uncertainty in the long-term estimate can be

reduced.

o Root mean square errors for satellite-based irradiation reported in literature are situated between 4 % to 8 % for monthly and 2 % to 6 % 

for annual irradiation values.

• Solar irradiation at the Earth’s surface is not stable over time for all locations on earth.

• An increase in the average irradiance has been suggested. In Germany, about 1,1%/year

[1] Sekhar et al. 2017. “Performance Simulation of a Grid Connected Photovoltaic Power System Using TRNSYS 17.” IOP Conference Series: Materials Science and Engineering 263 (November): 062078. https://doi.org/10.1088/1757-899X/263/6/062078
[2] Müller, Björn, and Klaus Kiefer. 2019. “Long-Term Trends of in-Plane-Irradiance, Energy Yield and Performance for PV Systems.” In 29th International Photovoltaic Science and Engineering Conference. Xi’an.
[3] Moser D. et al. “Uncertainties in Yield Assessments and PV LCOE,” Nov. 2020. IEA-PVPS T13.
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https://doi.org/10.1088/1757-899X/263/6/062078


THE IMPORTANCE OF RADIATION DATA
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• Solar irradiation at the Earth’s surface is not stable over time for all locations on earth.

https://solardata.3e.eu/maps/solarindex

2016 2017 2018

GoPV Project | SUMMER SCHOOL
PERFORMANCE ANALYSIS



THE IMPORTANCE OF RADIATION DATA
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• Solar irradiation at the Earth’s surface is not stable over time for all locations on earth.

https://solardata.3e.eu/maps/solarindex

2016 2017 2018
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EXAMPLE IN SAM – PV MODULE

16

Partner logo

• Normally there is a module database.

• PAN files is a standard file format for 
PV modules information.

• It can be also defined from 
manufacturer datasheets.

• It is becoming common the 
characterization by independent 
parties.
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EXAMPLE IN SAM – TEMPERATURE MODEL
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• Here there are two model for calculating the PV module operating temperature. In general, this models works fine with the appropriate coefficients

• It is important to select the proper mounting configuration of the models, as the module temperature will impact the final PV production results
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EXAMPLE IN SAM – INVERTER SELECTION
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• Normally there is an inverter database.

• OND files is a standard file format for 
inverters information.

• It can be also defined from 
manufacturer datasheets.

• It is becoming common the 
characterization by independent 
parties.

• Inverter power (AC power) is normally 
lower than DC power for optimizing 
the inverter cost and efficiency

• Normally DC/AC power is 1.2 for 
monofacial, and 1 for bifacial.

GoPV Project | SUMMER SCHOOL
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EXAMPLE IN SAM – ELECTRICAL CONFIGURATION
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• DC – AC ratio is normally 1.2 for monofacial installations. About 1 for bifacial due to extra production of rear side
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EXAMPLE IN SAM – ORIENTATION
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EXAMPLE IN SAM
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EXAMPLE IN SAM
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EXAMPLE IN SAM – SOILING AND DC LOSSES
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• Soiling is an uncertainty which strongly depends 
on the environment of the system, raining 
conditions, etc.

• In medium-rainy climates (like middle of 
Europe) and in residential zones, this is usually 
low and may be neglected (less than 1%)

• Common values are: 

o 5% for regions with long dry seasons

o 2% for regions with year-round rain

• O&M costs are in part dictated by the frequency 
of cleaning required

• In bifacial, soiling on rear side is normally 10 
times lower than in front side.

https://www.pvsyst.com/help/soiling_loss.htm
https://ratedpower.com/blog/soiling-losses/
https://www.aurorasolar.com/blog/understanding-pv-system-losses-part-3-soiling-snow-system-degradation/
E. Grau Luque et al. Effect of soiling in bifacial PV modules and cleaning schedule optimization. Energy Conversion and Management. Oct 2018.

• Between 0,01%-3%. Industry consensus is 2%

GoPV Project | SUMMER SCHOOL
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https://www.pvsyst.com/help/soiling_loss.htm
https://ratedpower.com/blog/soiling-losses/
https://www.aurorasolar.com/blog/understanding-pv-system-losses-part-3-soiling-snow-system-degradation/


EXAMPLE IN SAM – 
AC & TRANSMISSION LOSSES
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• In big PV plantas there are transformers to 
increase the Voltage

• This data should be taken from transformers 
datasheet

Potential losses between inverters and transformers 
(AC cabling resistance, …)

GoPV Project | SUMMER SCHOOL
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THE AVAILABILITY
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• PV power plant effective availability

o Availability of our power plant because is working properly

o Availability of the grid to accept power

• O&M contractor guaranteed availability values typically are 99% or higher

• Availability is between 92% and 99.5%, typically 99 % ±1 % 

• Unavailability has decreased over time, possibly based on improved O&M 

protocols

• Plants in areas with constrained grids can have availabilities below 90% 

“Market Notices - Update to system strength requirements in North Queensland, Market Notice 76455 CONSTRAINTS,”Jul. 27, 2020. https://aemo.com.au/Market Notices
C. Tjengdrawira and M. Richter, “Review and Gap Analyses of Technical Assumptions in PV Electricity Cost - Report on Current Practices in How Technical Assumptions are Accounted in PV Investment Cost Calculation,” Solar Bankability WP3 Deliverable D3.1, Jul. 2016.
K. Hunt, A. Blekicki, and R. Callery, “Availability of utility-scale photovoltaic power plants,” in 2015 IEEE 42nd Photovoltaic Specialist Conference (PVSC), Jun. 2015, pp. 1–3, doi: 10.1109/PVSC.2015.7355976.
M. García, J. A. Vera, L. Marroyo, E. Lorenzo, and M. Pérez, “Solar-tracking PV plants in Navarra: A 10 MW assessment,” Progress in Photovoltaics: Research and Applications, vol. 17, no. 5, pp. 337–346, 2009, doi: 10.1002/pip.893.
E. Muñoz-Cerón, J. C. Lomas, J. Aguilera, and J. de la Casa, “Influence of Operation and Maintenance expenditures in the feasibility of photovoltaic projects: The case of a tracking pv plant in Spain,” Energy Policy, vol. 121, pp. 506–518, Oct. 2018, doi: 10.1016/j.enpol.2018.07.014.
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EXAMPLE IN SAM – 
RESULTS
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EXAMPLE IN SAM - RESULTS
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Thank you for your attention!

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 792059

Follow us



EXTRA INFORMATION
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Moser D. et al. “Uncertainties in Yield Assessments and PV LCOE,” Nov. 2020. IEA-PVPS T13.
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• Probability analysis of having a minimum yearly production.

• P90 data is the minimum PV production that we will get with 90% 

probability.

• Mainly required by banks and investment firms.

• Main contribution will be the uncertainty and variability of the meteo 

data. But other uncertainties should be considered.

• It is also used in wind farms. Not specific of PV.

• TMY weather files includes 1-year hourly data choosing ”typical” months 

to represent the long-term properties. TMY files are not valid for P50-P90 

analysis.

• It is required several years weather data to ensures that the performance 

prediction accounts for potential worst-case years.

ANALYSIS P50-P90-PXX
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• Calculated by PVSyst based on Meteonorm data.

• Normally between 2-6%

https://www.pvsyst.com/help/p50_p90evaluations.htm
https://www.pvsyst.com/help/meteo_notes_annual_variability.htm
A. Dobos, P. Gilman. P50/P90 Analysis for Solar Energy Systems Using the System Advisor Model. 2012 World Renewable Energy Forum. https://www.nrel.gov/docs/fy12osti/54488.pdf 

GoPV Project | SUMMER SCHOOL
PERFORMANCE ANALYSIS

• We can use uncertainties from datasheets

https://www.pvsyst.com/help/p50_p90evaluations.htm
https://www.pvsyst.com/help/meteo_notes_annual_variability.htm


• Uncertainty in yield assessment can be reduced by decreasing 

uncertainty of irradiation.

• The more years of irradiation data, more uncertainty reduction

• Reference scenario is defined for the case of 20 years of satellite 

data on the horizontal plane (20 y sat GHI DiffHI)

• P90 values which could be up to 20 % higher for the case with 

reduced uncertainty

HOW MANY YEARS OF METEO DATA?
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Moser D. et al. “Uncertainties in Yield Assessments and PV LCOE,” Nov. 2020. IEA-PVPS T13.
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THE TERRAIN
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• Uneven terrain represent both a construction and yield assessment challenge

Moser D. et al. “Uncertainties in Yield Assessments and PV LCOE,” Nov. 2020. IEA-PVPS T13.
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THE BIFACIAL CASE
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• Challenge of calculating rear side irradiance

• Two main approaches: ray tracing and view factor

• Published errors compared to in-plane irradiance measurements 

range from 5 % to 40 % showing that both methods have high 

accuracy potential if appropriately implemented.

• Challenging task to obtain such measurements as albedo

• Albedo variations: 

o intra-day due to anisotropic ground reflectivity

o seasonal variations due to changing vegetation, ground moisture or 

snow cover

• Albedo difference of 0.1 results in an approx. 1 % bifacial gain 

difference

• Non-uniform rear irradiance is inevitable in bifacial PV systems

Moser D. et al. “Uncertainties in Yield Assessments and PV LCOE,” Nov. 2020. IEA-PVPS T13.
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• Two benefits: mitigation of land-use conflicts and improved 

energy performances

• Lack of simulation tools specific to the FPV

• Most installers/researchers are still using conventional 

simulation tools that do not account for the PV-water 

interaction and cooling effect caused

• The temperature model should be changed

• There are temperature models depending on whether the FPV 

system is on a lake/river or on seawater

THE FLOATING PV CASE
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N. Manoj Kumar et al. “Advancing simulation tools specific to floating solar photovoltaic systems – Comparative analysis of field-measured and simulated energy performance,” Sustainable Energy Technologies 
and Assessments, vol. 52, p. 102168, Aug. 2022, doi: 10.1016/j.seta.2022.102168.
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Huaneng Group. Yellow Sea Number One. 



THE AGRI-PV CASE
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• Two targets: electricity production + crop production

• This application is still under study

• Impact of lower irradiance received by the crops?

• Potential protection of the crops by the PV modules (hailstorms)?

• Optimal inclination/tracking of the PV modules

• Performance depends on the type of plants/crops

• No specific software currently available

• Currently, common PV tools are being used.

GoPV Project | SUMMER SCHOOL
PERFORMANCE ANALYSIS

BayWa r.e.



METEO INPUTS AND CLIMATE CHANGE
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• Growing number of publications is using data 

from global climate models (GCM’s) for 

predictions in years 2050 or 2100.

• They can predict either higher and lower 

irradiation depending on locations, but in 

general higher temperatures that impacts the 

PR.

• The regional analysis and more realistic PV 

performance modelling including uncertainties 

need further exploration.

J. Ascencio-Vásquez et al. “Methodology of Köppen-Geiger-Photovoltaic climate classification and implications to worldwide mapping of PV system performance,” 
Solar Energy, vol. 191, pp. 672–685, Oct. 2019, doi: 10.1016/j.solener.2019.08.072.
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