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ACRONYMS
AC

Alternating Current

CEC

California Energy Comission. It is the state's primary energy policy and planning agency.

CFSR

Climate Forecast System Reanalysis. The meteorological model operated by the US service NOAA
(National Oceanic and Atmospheric Administration)

CFSv2

Climate Forecast System. The meteorological model operated by the US service NOAA (National
Oceanic and Atmospheric Administration)

CPV

Concentrated PhotoVoltaic systems, which uses optics such as lenses or curved mirrors to concentrate
a large amount of sunlight onto a small area of photovoltaic cells to generate electricity.

DC

Direct Current

DEM

Digital Elevation Model

DIF

Diffuse Horizontal Irradiation, if integrated solar energy is assumed. Diffuse Horizontal Irradiance, if
solar power values are discussed.

DNI

Direct Normal Irradiation, if integrated solar energy is assumed. Direct Normal Irradiance, if solar power
values are discussed.

GHI

Global Horizontal Irradiation, if integrated solar energy is assumed. Global Horizontal Irradiance, if solar
power values are discussed.

GTI

Global Tilted (in-plane) Irradiation, if integrated solar energy is assumed. Global Tilted Irradiance, if solar
power values are discussed.

IEA SHC

International Energy Agency Solar Heating & Cooling Programme established to promote the use of all
aspects of solar thermal energy.

MESoR

Management and Exploitation of Solar Resource Knowledge. Project maintained by European
Commission for removing the uncertainty and improving the management of the solar energy resource
knowledge.

PPA

Power Purchase Agreement

PR

Performance Ratio

PVOUT

Photovoltaic electricity output, often presented as percentage of installed DC power of the photovoltaic
modules. This unit is calculated as a ratio between output power of the PV system and the cumulative
nominal power at the label of the PV modules (Power at Standard Test Conditions).

RI

Reflected Irradiation

SA

Solar Azimuth

SE

Solar Elevation

SRTM

Shuttle Radar Topography Mission. Activity performed by NASA (National Aeronautics and Space
Administration) for collecting topographic data over Earth's land surfaces, creating the global data set
of land elevations.

SWBD

SRTM Water Body Dataset with defined water bodies and coastlines

TEMP

Air Temperature at 2 metres
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GLOSSARY

Albedo

The fraction of solar irradiation reflected from the ground. Surfaces with ice or snow have
typically a high albedo.

Bias

Represents systematic deviation (over- or underestimation) and it is determined by systematic
or seasonal issues in cloud identification algorithms, coarse resolution and regional
imperfections of atmospheric data (aerosols, water vapour), terrain, sun position, satellite
viewing angle, microclimate effects, high mountains, etc.

Frequency of data (15
minute, hourly, daily,
monthly, yearly)

Period of aggregation of solar data that can be obtained from the Solargis database.

Long-term average

Average value of selected parameter (GHI, DNI, etc.) based on multiyear historical time series.
Long-term averages provide a basic overview of solar resource availability and its seasonal
variability.
Alternative terminology: long-term prediction, long-term forecasts.

Root Mean Square Deviation
(RMSD)

Represents spread of deviations given by random discrepancies between measured and
modelled data and is calculated according to this formula:
𝑘
)2
∑𝑛 (𝑋𝑘 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝑋𝑚𝑜𝑑𝑒𝑙𝑒𝑑
𝑅𝑀𝑆𝐷 = √ 𝑘=1
𝑛

On the modelling side, this could be low accuracy of cloud estimate (e.g. intermediate clouds),
under/over estimation of atmospheric input data, terrain, microclimate and other effects, which
are not captured by the model. Part of this discrepancy is natural - as satellite monitors large
area (of approx. 3 x 4 km), while sensor sees only micro area of approx. 1 sq. centimetre. On the
measurement side, the discrepancy may be determined by accuracy/quality and errors of the
instrument, pollution of the detector, misalignment, data loggers, insufficient quality control, etc.
Alternative terminology: Root Mean Square Error (RMSE)
Site adaption

Application of accuracy-enhancement methods that are capable to adapt satellite-derived DNI
and GHI datasets (and derived parameters) to the local climate conditions that cannot be
recorded in the original satellite and atmospheric inputs. The data adaptation is important
especially when specific situations such as extreme irradiance events are important to be
correctly represented in the enhanced dataset. However, the methods have to be used carefully,
as inappropriate use for non-systematic deviations or use of less accurate ground data leads to
accuracy degradation of the primary satellite-derived dataset.
Alternative term: correlation, calibration.

Solar irradiance

Solar power (instantaneous energy) falling on a unit area per unit time [W/m2]. Solar resource or
solar radiation is used when considering both irradiance and irradiation.

Solar irradiation

Amount of solar energy falling on a unit area over a stated time interval [Wh/m2 or kWh/m2].

Solar radiation

The term embraces both solar irradiance and solar irradiation terms. Solar radiation,
selectively attenuated by the atmosphere, which is not reflected or scattered and reaches
the surface directly, is beam (direct) radiation. The scattered radiation that reaches the
ground is diffuse radiation. The small part of radiation that is reflected from the ground
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onto the inclined receiver is reflected radiation. These three components of radiation
together create global radiation.

Spatial grid resolution

In digital cartography the term applies to the minimum size of the grid cell or in the other words
minimal size of the pixels in the digital map.

Uncertainty

Is a parameter characterizing the possible dispersion of the values attributed to an estimated
irradiance/irradiation values. The best estimate or median value is also called P50 value. For
annual and monthly solar irradiation summaries it is close to average, since multiyear
distribution of solar radiation resembles closely normal distribution.
Uncertainty assessment of the solar resource estimate is based on a detailed understanding of
the achievable accuracy of the solar radiation model and its data inputs (satellite, atmospheric
and other data), which is confronted by an extensive data validation experience. The second
important source of uncertainty information is the understanding of quality issues of ground
measuring instruments and methods, as well as the methods correlating the ground-measured
and satellite-based data.
For instance, the range of uncertainty may assume 80% probability of occurrence of values, so
the lower boundary (negative value) of uncertainty represents 90% probability of exceedance,
and it is also used for calculating the P90 value (normal distribution is assumed). Similarly, other
confidence intervals can be considered (P75, P95, P99 values, etc.)
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1

INTRODUCTION TO PVPLANNER

Solargis pvPlanner is a map-supported online simulation tool for planning and optimisation of photovoltaic (PV)
systems using high performance algorithms and climate and geographic data at high temporal and spatial
resolution. The application can be accessed at http://solargis.info/pvplanner/
The application is designed for site prospection and comparing energy yield from various PV technology options
and mounting systems through simple and quick simulations. It is a very user friendly tool, not only for engineers
but also for business managers.

1.1

Sign in and subscribe to pvPlanner

For starting using pvPlanner with full functionalities, it is required to sign in from http://solargis.info/pvplanner/
using your Solargis account (for this just an email account is needed).

Fig. 1.1: Initial Solargis pvPlanner screen

1.2

Select locations and manage bookmarks

Search locations and store them as a bookmark is very easy. Zooming at the satellite map view will help identify
locations for the solar PV project.
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Fig. 1.2: Search for locations in Solargis pvPlanner

1.3

Select PV system configuration and run simulations

The simulation screen allows the user to enter the main basic parameters of the PV plant and calculate the yield
in few seconds.

Fig. 1.3: Solargis pvPlanner simulation screen
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1.4

Data retrieval

Report-generation engine and data export capability for fast and standardized documentation of the results, is
part of this application. Reports and data in pdf, csv or xls format are downloadable, and they contain simulation
results in charts, enhanced graphics and texts or as numeric values and tables, suitable for further implementation
into computation or graphical processing.

Fig. 1.4: Download screen in pvPlanner
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2

SOLARGIS DATABASE

The Solargis database, from which pvPlanner takes the solar resource and temperature data for the energy
simulations, includes grid-based and geographically continuous time series computed by models. These models
read the input data from 19 geostationary satellites at five principal positions, and from atmospheric and
meteorological models operated by ECMWF and NOAA meteorological data centres. The modelled data are
calibrated and validated by ground measurements. The primary data is available globally as time series for any
site on land located between latitudes 60ºN and 50ºS and it includes:


Solar parameters: Global Horizontal Irradiance (GHI), Direct Normal Irradiance (DNI), Diffuse Horizontal
Irradiance (DIF) and Global Tilted Irradiance (GTI)



Meteorological parameters: Air Temperature at 2 m (TEMP), Wind speed at 10 m (WS), Wind direction 10
m (WD), Relative Humidity at 2 m (RH), Atmospheric Pressure (AP), Precipitation (PREC)

In addition, a set of atmospheric and geographic data is used: Aerosol Optical Depth (AOD), Water vapour (WV),
Elevation (ELE), etc.
The temporal continuity is maintained by systematic data update in three time domains:


Historical time series: from the beginning of satellite record (1994, 1999, 2007 depending on the region)
up to the last month



Recent time series: last month up to the present time



Nowcast and forecast: present time up to 7 days ahead

For any location customised data products are derived on request from the primary sub-hourly time series:


Aggregated time series: hourly, daily, monthly and yearly



Typical Meteorological Year (TMY) for P50, P90, or any arbitrary Pxx scenario



Long-term averages.

Global Horizontal Irradiation (GHI)

Direct Normal Irradiation (DNI)

Air Temperature at 2 metres (TEMP)

Potential photovoltaic power output (PVOUT)

Fig. 2.1: Snapshot of the Solargis database representing long-term average values
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GTI and TEMP time series are used as the most relevant inputs for PV electricity calculations made by Solargis
and also offline for consultancy assignments. The development of Solargis PV software is based on our
experience rooted in our previous jobs. The PV simulation is based on published and commonly accepted
approaches and it has been validated in numerous PV power plants, where 15 and 30-minute simulation output
(PVOUT) is compared to real power production.
The Solargis PV software is able to read time series data that can represent any historical or forecast time period,
and it is used in several PV applications:


Online prefeasibility (e.g. pvPlanner application)



Bankable energy yield assessment of planned PV power plants



Performance assessment of existing PV power plants



Forecasting of PV power



Portfolio management and regional analysis of PV intermittency

The data and services are accessible via Solargis online platform (http://solargis.info), through two channels:


Interactive services: iMaps, pvPlanner and pvSpot applications; climData ordering system



Application Programming Interface (API), allowing computer-to-computer access to historical and recent
data and to forecasts.

Solargis data and services became highly appreciated by solar industry due to several key features:


Global extent of the database



High temporal and spatial resolution



Low and stable uncertainty, supported by extensive validation



Continuity of historical and real-time data supply services



Fast access and technical support.
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3

3.1

SIMULATION APPROACH

Input parameters

The application pvPlanner works with high quality input data from Solargis database. The database is derived
from satellite data and atmospheric parameters using in-house computing infrastructure and high performance
algorithms, and it is recognized as the most reliable and accurate source of solar resource information. The data
is calculated using in-house developed algorithms that process satellite imagery and atmospheric and
geographical inputs.
Electrical energy produced by a photovoltaic (PV) system depends on several external factors. Foremost of these
is the amount of solar radiation impinging on the surface of the PV modules, which in turn depends on the local
climatic conditions as well as the mounting of the modules, e.g. fixed or tracking, inclination angle, etc. If solar
radiation was the only parameter influencing the PV module power, the task of estimating the long-term energy
performance of a system would be reduced to finding the average global in-plane irradiation.
In pvPlanner, photovoltaic power production is simulated using numerical models developed or implemented by
GeoModel using aggregated data based on 15- or 30-minute time series of solar radiation and air temperature
data as inputs. Data and model quality is checked according to recommendation of IEA SHC Task 36 and the
MESoR standards using field tests and ground measurements and critical cross-comparison with other available
sources.
The PV production estimates considered in pvPlanner assumes start-up phase of a PV project, and long-term
degradation of PV modules is not considered.
The simulation itself is quite complex process. The chart below shows the main steps of pvPlanner in action.

Fig. 3.1: Simulation scheme in pvPlanner
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Two types of basic INPUTS must be present before PV simulation starts on the preselected site: a) SITE
PARAMETERS are provided by Solargis database (solar radiation parameters, air temperature parameters, terrain
characteristics) and/or formulas implemented in Solargis system (sun path geometry); b) TECHNICAL
PARAMETERS should be provided by pvPlanner user, otherwise default values are taken into consideration. These
parameters are implemented in the COMPUTATION process in eight steps. The main OUTPUTs of this process
are the monthly and yearly values of electricity yield and other derived statistics. The COMPUTATION SCHEME
describes the core process in pvPlanner application. Each particular step is explained in detail in the following
paragraphs. The simulation models have inherent uncertainties which are not discussed here.

3.1.1 Site parameters
For each location selected by the user, solar resource and temperature data from Solargis are used as input for
the calculations. From the original Solargis full time series of data, statistically aggregated data is pre-calculated.
For each month, a series of percentiles are created for representing the range of conditions that are expected for
each location. After the simulation, a weighted average will result the final long-term monthly and annual output
values. This approach is consistent in terms of space and time, and it is indicated for site prospection and prefeasibility stage.
Geographic data relative to the terrain are also used for generating the horizon profile needed for calculation of
the effect of terrain shading on the solar resource values
Regular updates of the pvPlanner on-line pre-calculated database are done every 1-2 years. Solargis updates and
new releases can be checked here: http://solargis.info/doc/release-notes.

Tab. 3.1: Internal inputs from Solargis used in pvPlanner for each selected site
Parameter

Acronym

Global Horizontal Irradiation*

GHI

Direct Normal Irradiation*

DNI

Temperature

TEMP

Solar Azimuth

SA

Solar Elevation

SE

Terrain

-

* Original Solargis input without considering terrain shading

Tab. 3.2: Structure of input data involved in pvPlanner
Data Source
Solargis full time series

Solargis percentiles

Solargis long-term averages

Input/Output

Description

Original input data

365 days in 15/30 min time-step
x no. of available years

Pre-calculated internal data

Average day profiles* in 15 min time-step
x 12 months

Available output data

1 average value
x 12 months

Approx. grid
resolution

~250 m
Up to ~90 m
for some
regions

*In total 7 different profiles are considered for solar resource. One profile is considered for temperature.

3.1.1.1 Global Horizontal and Direct Normal Irradiation
Solar radiation is calculated by numerical models, which are parameterized by a set of inputs characterizing the
cloud transmittance, state of the atmosphere and terrain conditions. In Solargis approach, the clear-sky irradiance
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is calculated by the simplified SOLIS model. This model allows fast calculation of clear-sky irradiance from the
set of input parameters. Stochastic variability of clear-sky atmospheric conditions is determined by changing
concentrations of atmospheric constituents, namely aerosols, water vapour and ozone. As a result, information
about Global Horizontal Irradiation (GHI) is obtained.
Direct Normal Irradiance (DNI) is calculated from Global Horizontal Irradiance (GHI) using modified Dirindex
model. Diffuse irradiance for tilted surfaces is calculated by Perez model. The calculation procedure included also
terrain disaggregation model for enhancing spatial representation – from the resolution of satellite to the
resolution of digital terrain model (250 meters).

Present temporal coverage of solar resource data in pvPlanner application

■

1999-2015

■

1994-2015

■

1999-2015

■

2007-2015

■

no data

Fig. 3.2: Current periods of solar resource data from Solargis time series used in pvPlanner

As soon as new complete years are available, the periods covered in pvPlanner are updated (typically this is
done each 1-2 years). The latest information about pvPlanner can be checked from Solargis web:
http://solargis.com/products/pvplanner/tech-specs/#geographical-and-temporal-coverage

3.1.1.2 Air temperature at 2 metres
The meteorological data stored in Solargis database are calculated from two principal data sources: CFSR and
CFSv2. Solargis algorithms and Digital Elevation Model SRTM-30 are used in the data post-processing of air
temperature and relative humidity. The original time resolution has been unified to the resolution of the time series
data stored in the Solargis database and disaggregated to the resulting spatial resolution of 1 km.

3.1.1.3 Sun path
Position of sun on sky during year is changing not only with time, but depends also on site latitude and day of
year. For PV yield simulations, all positions of sun during all days of year are calculated from mathematical model
in 15 or 30 minute time step. For visualization, all paths can be drawn as trajectories above horizon. Then,
maximum or minimum angle of sun elevation are clearly visible for equinoxes and solstices. Some of those values
are then used as basic input for design of PV field geometry to minimize the effect of shading during periods with
low sun elevation angle.
Two examples of sun path for two sites with different latitude are shown on Fig. 3.3.
In simulation initially, the 100% conversion of global in-plane irradiation at Standard Testing Conditions (STC) is
assumed. Global Horizontal Irradiance (GHI), Direct Normal Irradiance (DNI), terrain albedo, and instantaneous
sun position within 15 minutes time interval (SE, SA) is considered in calculation of Global irradiation impinging
on a tilted plane of PV modules:
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STEP 1: GTI = fDIFF (GHI, DNI, SE, SA, Albedo)
The term irradiance is used to consider the solar power (instantaneous energy) falling on unit area at a single
point in time [W/m2], while the term irradiation is used to consider the amount of solar energy falling on unit area
over a stated time interval, e.g. an hour [Wh/m 2]. Solar radiation is a term that embraces both terms. Solar
radiation, selectively reduced by the atmosphere, which is not reflected or scattered and reaches the surface
directly, is known as beam (direct) radiation. The scattered radiation that reaches the ground is diffuse radiation.
The small part of radiation that is reflected from the ground onto the inclined receiver is reflected radiation (0.2
albedo simplified value is considered; for areas with higher or lower albedo a more accurate reflected irradiation
value can be calculated by simply multiplying by a proportional factor). These three components of radiation
together create global radiation.
Amount of tilted irradiation is also related to mounting system type. More about available systems can be found
in Chapter 3.1.2. For sun-tracking simulation in pvPlanner, only theoretical options are shown without considering
backtracking and angular limitations.

Fig. 3.3: Sun path (yellow area, bounded by the blue line)
for latitude about -9° (left) and for latitude about 48° (right)

3.1.1.4 Terrain
Terrain characteristics such as elevation, slope inclination and azimuth of particular site are derived from Shuttle
Radar Topography Mission (SRTM) and SRTM Water Body Dataset (SWBD). Terrain database in Solargis contains
the elevation above sea level on the land and depth of the ocean and sea bottom. The slope inclination and
azimuth are calculated on-the-fly. Between the latitudes 60ºN and 50ºS, which represents the most of the
continental parts of the Earth, the detailed SRTM-3 data with grid resolution of 3 arcsec (~90 m at the equator)
are available. For regions north from 60ºN and south from 50ºS, only the elevation data from GTOPO30 (SRTM30)
are available. The original grid resolution of the GTOPO30 dataset is 30 arcsec (~1000 m at the equator).
For PV simulations on site, shading by terrain features is calculated by disaggregation using SRTM-3 DEM and
horizon height. Shading of local features such as from nearby building, structures or vegetation is not considered.
An example of horizon line is shown on Fig. 3.4 (orange area). It is possible to change the horizon line and include
impact of other near shading objects such as trees, masts or neighboring buildings into simulations.
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Fig. 3.4: Site horizon (orange area) and sun path (yellow area, bounded by the blue line)

Reduction of global in-plane irradiation is calculated assuming obstruction horizon of terrain and PV modules.
Shading by terrain features is calculated by disaggregation using SRTM-3 Digital Elevation Model (DEM) and
horizon height. Thus Losses due to terrain shading are applied:
STEP 2: GTISHADED = fSHAD (GTI, SE, SA, Horizon)
For open space systems the uncertainty of this estimate is very low due to high resolution of DEM. For urban
areas, where shading is mainly influenced by buildings, an additional analysis must be undertaken.
There are two ways to include those losses into calculations in pvPlanner. The first option is to estimate the
impact of shading and enter it directly as a part of Other DC losses parameter (see Chapter 3.1.2 4, Step 5). The
second option is to draw a shading scenario into the horizon editor of pvPlanner and the magnitude of these
losses will be simulated by the application.

3.1.2 Technical parameters
The user of pvPlanner is required to insert few basic parameters of the PV plant. Default values are used for the
simulation if no changes are made. Summarization of default values is shown in Tab. 3.3. A further explanation
of each parameter can be found in the following paragraphs.

Tab. 3.3: Default input user parameters in pvPlanner
Parameter

Value

Installed power

1.0 kWp

Mounting system

Fixed at 30º inclination

Module type

Crystalline silicon (c-Si)

Inverter Euro efficiency

97.5%

Other DC losses

5.5%

AC losses

1.5%

Availability

99.0%

3.1.2.1 Installed power
Basic definition of installed power is the sum of the nominal (label value) powers of all power-consuming or powergenerating devices in the installation. In terms of photovoltaic power plants, it may mean installed power of PV
modules or inverters. Exact definition usually depends on local laws and regulations in given country and installed
power is often limited by reserved capacity or other criteria, determined by the grid operator to ensure the stability
of the grid.
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In terms of PV planner, installed power is sum of the nominal powers of PV modules installed and connected on
site (ground, roof or façade). Expected units are kWp and as default value 1 kWp is used.
3.1.2.2 Mounting system
In general, PV power plants are distinguished based on the type of mounting the PV modules. Fixed or tracking
constructions are available on market with different parameters depending on the mounting location.
The majority of large utility scale PV power plants have PV modules mounted at fixed position with optimum
inclination (tilt). Fixed mounting structures are basic, simplest and lowest-cost choice for implementation of PV
power plants. Particularly financial convenience and ease of installation caused that fixed systems are currently
mainstream on the PV market. The disadvantage is that they generate at maximum power only for few hours
around noon with some seasonal variability.
Roof-mounted PV systems are mounted on roofs (flat or tilted) or can be used as shade structures. Building
integrated PV systems are directly integrated as a part of building cover. The main characteristic of these systems
is high dispersion and connection into low voltage distribution grid. PV modules are often installed in suboptimal
position (with different deviation from the optimum angle), and this results in lower performance ratio. PV
modules, which are mounted on roofs with low tilt, are affected by higher surface pollution due to less effective
natural cleaning. Another reduction of PV power output is often determined by nearby shading structures like
trees, masts, neighboring buildings or roof structures.
Tracking systems adjust the orientation of the PV modules during a day to a more favorable position in relation
to the sun, so the PV modules collect solar radiation for a longer period of the day. One of the most commonly
type of tracking system is 1-axis horizontal tracker with North-South orientation of rotating axis. This tracker has
limited energy gain in comparison to 2-axis and 1-axis inclined axis trackers. The positive feature however is
elongated power generation profile stretching from early morning till late afternoon in comparison to fixed
mounted systems. Special feature of tracking systems is backtracking, with rotation the tracker gradually to
horizontal position (during sunrise and sunset). This feature prevents the lower part of the modules from being
shaded by the neighboring row.
Another option is 2-axis tracker, where modules are positioned in both azimuth and zenith axes to direct the
modules towards the sun. Alignment to the sun can be achieved by astronomical calculations (system calculates
actual position of sun) or by pointing modules towards to brightest point on sky, measured by sensors. 2-axis
trackers can gain maximum from incident energy. Significant increase of power generation occurs during
mornings and evenings, because reflection losses are minimized by sun-facing geometry. Drawback of such
systems is a more complex mounting structure and in case of failure of system, the modules may remain stuck
in a suboptimal position.
For PV systems with mounting construction which allows tilt selection, it is advantageous to select optimum tilt
for maximum energy generation. Optimal angle depends on location, its microclimatic conditions, mounting
structure and PV field orientation (azimuth).
Air circulation between modules is one of key factors influencing performance of modules. In roof or façade
system cooling of modules is worse, compared to free-standing systems. This is also reflected in pvPlaner by
temperature coefficients which are used for evaluation of PV modules temperature. Depending on mounting type,
temperature of modules is increased according to actual PV field power output. Coefficients considered in
pvPlanner for particular mounting systems are listed in Tab. 3.4.
Tab. 3.5 shows types of mechanical mounting systems of PV installations available for simulation in pvPlanner
and list of parameters for each system.

Tab. 3.4: Module temperature adjustment and mounting systems
Mounting type

Coefficient
[°C/W]

Free-standing system

0.030

Roof system

0.035

Building integrated system

0.040

Tab. 3.5: Mounting types of PV installations considered in pvPlanner
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Diagram

Simulation parameters

Comments

Fixed free standing with one angle
 Azimuth
 Inclination
 Optimization

 not considering row spacing

Fixed free standing with two angle adjustment





Azimuth
Inclination - summer
Inclination - winter
Optimization

 not considering row spacing
 seasonal inclination is considered for half of year

Fixed roof mounted
 Azimuth
 Inclination
 Optimization

 not considering row spacing

Fixed building integrated
 Azimuth
 Inclination
 Optimization

 not considering row spacing

One axis tracking with vertical tracker

 Inclination
 Optimization

 not considering row and column spacing
 no mechanical limitation of rotation

One axis tracking with inclined tracker

 Inclination
 Optimization

 not considering row and column spacing
 no mechanical limitation of rotation

One axis tracking with horizontal NS tracker

No parameters are entered
by customer

 not considering row spacing
 no mechanical limitation of rotation
 backtracking is considered

One axis tracking with horizontal EW tracker
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No parameters are entered
by customer

 not considering row spacing
 no mechanical limitation of rotation
 no losses due to inaccuracy of tracking mechanism

Two axis tracker (astronomical)
No parameters are entered
by customer

 not considering row and column spacing
 no mechanical limitation of rotation
 no losses due to inaccuracy of tracking mechanism

3.1.2.3 Type of modules
There are several types of module technology available on market, but only a few are the majority. For keep of
simplicity, pvPlanner is handling only major technologies and provides generic results for each type of modules.
Crystalline silicon (c-Si) modules represent 80-85% of the global annual market today. Usually, they are called as
1st generation PV. c-Si modules are subdivided into two main categories according to production technology:
single-crystalline or mono-crystalline (mc-Si) and poly-crystalline (pc-Si) cells. Typical efficiencies of conversion
solar energy in c-Si cells are in a range between 13% up to 20%. mc-Si cells have better efficiencies in comparison
with pc-Si cells and can reach values between 15% to 20%. pc-Si cells have conversion efficiency in a range of
13% to 15%, but they are widely used in installations due to their lower price. The c-Si model used in pvPlanner is
based on indoor measurement data of 18 different contemporary mono and poly crystalline PV modules coming
from different manufacturers.
Thin films currently represent about 10% to 15% of the global annual market today. Usually they are called as 2 nd
generation PV. They are subdivided into three main families: amorphous (a-Si) and micromorph silicon (a-Si/µcSi), Cadmium-Telluride (CdTe), Copper-Indium-Diselenide (CIS) or Copper-Indium-Gallium-Diselenide
(CIS/CIGS). Commercial modules have typical efficiencies in range between 5% and 11%. Efficiency of a-Si
modules is lower; they can reach only about 5% to 8% efficiency in comparison with CIS, CIGS or CdTe, which can
achieve efficiencies between 7% up to 11%. The a-Si model in pvPlanner includes a-Si and µc-Si modules, the CIS
model in pvPlanner includes CIS and CIGS modules. CdTe model in pvPlanner is based on data provided by the
manufacturer with recommended spectral correction based on precipitable water dataset.
All types of modules are simulated with typical parameters of modules to represent typical behavior of PV
installation. As main parameter of modules, influencing PV electricity output is considered module temperature.
This is represented in pvPlanner with temperature coefficient of maximum power point output (PMPP). Coefficient
values are approximate because thermal coefficient changes with irradiance and module temperature. Summary
of temperature coefficients used by pvPlanner is in Tab. 3.6.

Tab. 3.6: Module types and temperature coefficients of PMPP considered in pvPlanner
PV module technology type

PMPP Temperature coefficient [%/°C]

Crystalline silicon (c-Si)

-0.44

Amorphous silicon (a-Si)

-0.21

Cadmium-Telluride (CdTe)

-0.25

Copper-Indium-Diselenide (CIS)

-0.36

Module types and the mouting type are both influencing the resulting irradiation, which is subject to Losses from
angular reflectivity (angle of incidence effects) on the surface of PV modules, and the magnitude of effects
depends on relative position of the sun and plane of the module:
STEP 3: GTIANGULAR = fANGULAR (GTISHADED, SE, SA)
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The accuracy of calculations of angular reflectivity losses depends on cleanness and specific properties of the
module surface (antireflection coating, texture, etc.). In pvPlanner a typical high transparency float glass and
“average” effect of dust are assumed. Soiling losses are treated separately as a part of Other DC losses parameter
(see Chapter 2.1.2 4, Step 5).
Thermal effects of air temperature on the site of installation are considered in next step of PV simulation. Global
irradiation (GTIANGULAR) reaching modules of the given type along with the air temperature (TEMP) are the input
parameters to the PV performance model and Losses due to performance of PV module outside of STC
conditions reduces output power:
STEP 4: PVOUTDC = fPV (GTIANGULAR, TEMP, Module type)
The conversion efficiency is non-linear and depends on the distribution of pairs of irradiance and temperature
values. Spectral effects in outdoor conditions are not considered due to missing experimental data. Relative
change of produced energy from this stage of conversion depends on modules technology and mounting type.
Crystalline silicon is the technology with the lowest uncertainty of performance prediction among the three most
commonly used technologies: crystalline silicon (c-Si), copper-indium-(gallium)-(di)selenide (CIS/CIGS), and
cadmium telluride (CdTe). Typically, loss at this step is higher for crystalline silicone modules than thin films due
to higher negative thermal power coefficient of crystalline silicon and higher conversion efficiency of thin films at
low light levels.
3.1.2.4 Other DC losses
Other DC losses depend on system configuration. User can input this parameter as a summary number, consisting
from several types of losses, as discussed below. Output DC power generated by PV system is then reduced by
Other DC losses:
STEP 5: PVOUTDCL = fDCLOSS (PVOUTDC, Sum of DC losses)

External shading
External shading is caused by external obstacles situated close to PV system and generating shadows on
modules area. Shadows can appear during a particular season of the year when the sun azimuth and elevation
reaches specific value, or may reduce output power during the entire year. For example, typical shading objects
are trees, poles, fences, buildings, chimneys or adjacent roofs when considering a roof or façade system.
The most sensitive systems are small roof PV installations, where shading losses can easily reach values up to
20 percent, especially when objects obstruct the modules during midday, when the sun elevation is highest and
electricity generation should be biggest. The least impact of near shading can be found in large ground or roof
based fixed systems which are projected in location with minimum shading objects. Even if any shadow appears,
it influences only a small area of the PV installation and therefore losses are typically lower than 0.5%.
Instead of including them in “other DC losses” factor, external shadings can be also customized through the
pvPlanner Horizon Editor. Relative position of the obstacles can be set in the horizon profile by simply drawing on
the horizon profile chart (see Chapter 5.2). By running the simulation again new shading losses will be calculated.

Inter-row shading
Inter-row shading is caused by arrangement of the modules in the rows. Modules, which are in the front row, cast
a shadow on the back rows. This type of shading applies only if modules are installed in rows on tilted mounting
structures. Inter-row shading losses are higher during seasons with low sun elevation angles and typically
negligible during other seasons.
When considering rail-mounting systems on roofs, there are zero inter-row shading losses. If analyzing larger rooftop system with rows, those losses are typically at the level of several percent (yearly average). Large PV
installations on roofs or ground-based fixed systems are typically well optimized, but in case of poor designs
these losses can exceed 2%. Tracking systems are designed to minimize shading by utilizing a back tracking
algorithm and by larger spacing between individual trackers.

Pollution, soiling, bird droppings
Losses of electricity production due to pollution may be caused by dirt, dust, soiling, falling leaves or bird
droppings. These losses are geographically dependent, and are influenced by the maintenance level of the system

© 2016 Solargis

page 19 of 40

Solargis: pvPlanner user manual
solargis.com

(frequency of cleaning). The tilt of the modules is another important factor (self-cleaning effect of modules). For
well-maintained system typical values are expected to be in range of 2% to 3%. For the unclean systems these
losses can be as high as 25% or more in arid, dusty environment.
It can be assumed, that for typical roof mounted PV installations are pollution losses up to 5%, due to difficult
access to the modules and/or suboptimal tilt angles (smaller self-cleaning effect). Large systems (roof, facade
or ground-mounted) usually have their own service group, which is providing also regular maintenance and
pollution losses may be reduced down to 2% to 3%.

Snow, frost
Losses caused by snow and frost are geographically dependent. For the sites experiencing lot of snowfall, losses
can be 10% or more for low inclination systems. Losses decrease with inclination of modules. It is estimated that
it is 4% for inclination 10 degrees, 2.5% for inclination 20 degrees and below 1% for 40 degrees and higher. Snow
cover is usually related only to particular months of year, but presented values are yearly averages.
It is estimated that (if applicable) the largest losses occur with flat roof mounted PV installations, due to more
difficult access, poorer maintenance and also low tilt angles of modules (self-cleaning is hardly possible, only
melting snow will speed up this process). In case of tracking systems, movement of supporting structure makes
snow to slide easier from the modules, therefore typical losses for trackers due to snow should not exceed 1.0%.

Cable losses
Cable losses in DC circuits are influenced mainly by PV power plant topology. Connections from modules into
string inverters in decentralized systems are shorter, have smaller currents flow and result in smaller losses.
Centralized inverter architecture is preferred for ground mounted PV installations. DC currents from modules are
grouped in string boxes and combiner boxes and then lead to the inverter by long cables. All those items are
increasing resistance and result in higher losses. Centralized systems can reach losses in cables over several
percent. There are also differences between silicon-wafer modules and thin film modules. The ohmic losses are
proportional to the second-degree exponent of current flowing so these losses, and should be lower for smaller
current devices, such as thin film modules.
Estimated values range from 0.5% for string inverters up to 2% for central inverter with poorly dimensioned cables.

Mismatch losses
Mismatch losses are caused by unequal power properties of individual modules connected into series and by heat
losses in connections and cables. Current in the string is limited by the module with the lowest performance and
other parasitic resistances. This also applies in the case of shading of some part of the module (hot spots). If
modules with a production tolerance of ±5% are connected in series unsorted, the losses are less than 1%. If
modules are sorted by Isc current, the mismatch losses are reduced to approximately 0.2%.
For small and medium roof systems, there is usually limited possibility to sort the modules, so the estimated
mismatch losses are higher – between 0.5% up to 2%. Modules for the large PV installations are often supplied
with flash-test measurements and can be sorted during installation. Thus, mismatch losses are expected to be
lower, approximately at values between 0.4% up to 0.8%.
Summary of expected DC losses according to PV system size is in Tab. 3.7.

Tab. 3.7: Range of expected DC losses and size of PV systems
Other DC loss type

Small up to 40 kW

Medium 40-100 kW

Large>1MW

Large>1MW

roof-top systems

roof-top or ground
systems

fixed mounted

tracking systems

Low

High

Low

High

Low

High

Low

High

External shading

0.0%

5.0%

0.0%

5.0%

0.0%

0.5%

0.0%

0.5%

Inter-row shading

0.0%

2.0%

0.0%

3.0%

0.0%

2.0%

0.0%

0.0%

Pollution, soiling

3.0%

5.0%

2.0%

5.0%

1.5%

2.5%

1.0%

2.0%
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Snow, frost

0.0%

4.0%

0.0%

3.0%

0.0%

1.5%

0.0%

0.5%

Cable losses

0.2%

0.5%

0.2%

0.5%

0.3%

2.5%

0.3%

2.5%

Mismatch

0.5%

2.0%

0.5%

2.0%

0.4%

1.0%

0.2%

0.6%

Total other DC losses

3.7%

17.2%

2.7%

17.2%

2.2%

9.6%

1.5%

6.0%

Degradation of PV systems
Degradation process of PV system is not implemented in pvPlanner. However, in the long-term, energy production
of a PV system is determined by the aging of its components, especially modules. Many years of operation of PV
power plants is the ultimate test for all components, placing the module encapsulants, cell interconnections,
junction boxes, cabling, and inverters under stress during weather cycles. Currently produced modules and system
components represent a mature technology – a very low level of degradation can be assumed. Many module
manufacturers provide a double power warranty for their products (including the modules proposed in this study),
typically 90% of the initial maximum power for first 10 years and 80% of the original maximum power for the next
15 years which corresponds to the maximum of 1% or 0.67% linear annual degradation as a worst case scenario.
Although it has been observed in different studies that the degradation rate is higher at the beginning of the
exposure (initial degradation), and then stabilizes at a lower level, an assumption of linear annual degradation rate
might be the first approximation for the payback time of the investment costs. Based on the field experiments
and experience with commercial PV power plants, especially with c-Si technology, a degradation rate smaller than
0.5% can be considered. This degradation rates includes all degradation effects in PV modules because it is
expected that all effects were included in manufacturer datasheet.
2.1.2.5 Inverter efficiency
Direct current (DC) produced in the PV modules is converted to alternate current (AC) by inverters. One of the
basic parameters describing the inverters is the conversion efficiency from DC to AC energy. In product
datasheets efficiency is given as a weighted efficiency (weighted average efficiency from different power levels
most typically encountered during the operation of the PV plant). Lowest efficiencies have low-performance
inverters with built-in isolation transformer (capacities of tens of kVA). Higher efficiency is reached by inverters
without isolation transformers. Highest-weighted efficiencies of up to 98.5% are reached by very high performance
inverters (hundreds of kVA). Thanks to massive development of solar energy market the efficiency of inverters
has been improved during last decade.
Although the power efficiency of inverters is constantly improving, each type of inverter has its own efficiency
function (dependence of the inverter efficiency on the inverter load and inverter input voltage) denoted by fINVERTER,
which characterizes Inverter losses from conversion of DC to AC:
STEP 6: PVOUTAC = fINVERTER (PVOUTDCL, VDC)
Losses due to performance of inverters can be estimated using inverter power curve with 15-minute pairs of DC
data. A simplified approach is used in pvPlanner with inverter described by a single number, euro efficiency, which
approximates average DC/AC conversion losses. User can input this parameter in pvPlanner as percentage
number from datasheet, typically Weighted European Efficiency. But according to the site location, California
Energy Commission (CEC) Weighted Efficiency may better represent local microclimatic conditions.
3.1.2.6 AC losses
Losses in AC section and transformer (where applicable) depend on the system architecture.
AC cable losses parameter includes losses in the wires between inverter and transformer (low voltage side),
losses on junctions and in the wires from transformer into the feeding point into distribution grid (high voltage
side). Small roof installations are connected into low voltage distribution point so high voltage side is not
considered in calculations.
AC transformer losses are defined by size of used transformer(s). Small roof installations does not use
transformers for connection to grid, thus losses are equal to 0%. All installations connected to high voltage
distribution grid use distribution transformer for converting generated low voltage to high voltage on grid side.
Summary of expected AC losses according to PV system size is in Tab. 3.8.

Tab. 3.8: Range of expected AC losses and size of PV systems
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AC loss type

Small up to 40 kW

Medium 40-100 kW

Large>1MW

Large>1MW

roof-top systems

roof-top or ground
systems

fixed mounted

tracking
systems

Low

High

Low

High

Low

High

Low

High

Cable losses

0.2%

0.5%

0.2%

1.0%

0.5%

1.5%

0.5%

1.5%

Transformer

0.0%

0.0%

0.0%

3.0%

0.5%

2.0%

0.5%

2.0%

Total AC losses

0.2%

0.5%

0.2%

4.0%

1.0%

3.5%

1.0%

3.5%

The additional AC side loss reduces the final system output by a combination of AC cabling (ACLOSS) and
transformer losses (TRLOSS):
STEP 7: PVOUTG = fAC (PVOUTAC, ACLOSS, TRLOSS)
Losses in AC section are to be inserted by the user. Cabling losses are typically close to 0% for small roof
installations due to short distances between inverters and feeding points and due to missing high-voltage parts.
Bigger systems are connected to high voltage cables for longer distances; losses may reach values up to 0.5% or
more (for long cables).
Transformer losses typically have values that range from 1% to 3%, depending on their power and efficiency.
Usually the high power transformers are bigger and have higher efficiencies than smaller and low power
transformers.
3.1.2.7 PV system availability
Technical availability of PV system is ability to produce electricity without shutdown. It is expressed as percentage
of production time when PV system is on, completely working, from whole year when production was possible
(i.e. sun was above horizon). Problems can be caused by failure of solar inverter, strings continuity, cables,
connections, etc. Probability of failure increases with the age of the system. Technical availability of PV system
does not include shutdowns caused by grid failures.
Distribution grid operator, according to the Power Purchase Agreement (in specific situations), may require a
reduction in the supply of power to the distribution network. This is usually done automatically by grid operator
during energy surplus in the network. This regulation causes losses in production, because energy can be
produced, but it is not consumed. The level of this type of availability losses is subjected to mutual agreement in
Power Purchase Agreement.
Ranges of expected PV systems availability according to PV system size is in Tab. 3.9.

Tab. 3.9: Range of expected availability and size of PV systems

Availability

Power plant specific availability

Small up to 40 kW

Medium 40-100 kW

Large>1MW

Large>1MW

roof-top systems

roof-top or ground
systems

fixed mounted

tracking systems

Low

High

Low

High

Low

High

Low

High

1.0%

3.0%

1.0%

2.0%

1.0%

1.5%

1.0%

2.0%

Availability losses in pvPlanner are to be inserted by the user. Thus both, PV system availability and grid operator
reduction may be considered in Availability and distribution network level power regulation:
STEP 8: PVOUT = fAVAILABILITY (PVOUTG, Availability, Grid regulation)
Common practice is to assume 1% to 3% of availability loss for small roof systems. Bigger installations have
advanced monitoring tools for early detections of problems and usually are serviced by skilled service group which
reduces shutdown time. Thus, estimated losses for those systems range between 1% and 2%.
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3.2

Output parameters

The main outputs of simulation process are long-term monthly and yearly values PV Electricity yield (PVOUT),
expressed as the total amount for the system in kWh and also in kWh per installed power in kWp. Performance
ratio (PR) values, calculated as a relationship of PVOUT and GTI, are provided together with the annual losses
summary. Global Horizontal Irradiation (GHI), Global in-plane or tilted irradiation (GTI), Diffuse Horizontal
Irradiation (DIF), Reflected Irradiation (RI) and Temperature (TEMP) are also included. Tab. 3.10 shows list of
available output parameters with units.

Tab. 3.10: Output parameters provided through pvPlanner tool as monthly and annual long-term averages
Parameter

Acronym

Unit

Global Horizontal Irradiation

GHI

kWh/m2

Diffuse Horizontal
Irradiation

DIF

kWh/m2

Global Tilted Irradiation

GTI

kWh/m2

RI

kWh/m2

Temperature

TEMP

ºC

PV Electricity Output

PVOUT

kWh/kWp

PR

%

Reflected Irradiation

Performance Ratio
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4

ACCURACY OF RESULTS

Solargis pvPlanner allows knowing the expected PV yield for solar PV systems in the long-term at the early stage
of the project, before designing and constructing. Interpreting pvPlanner results involves the understanding of
various uncertainties, including solar irradiation, theoretical models for PV yield simulations and the user’s
estimate of the losses.
The total uncertainty for the annual electricity yield value is calculated by doing the quadratic sum of all the
uncertainties related to every step in the simulation. Uncertainty values are usually expressed at P90 interval of
confidence (80% probability of occurrence).
The values in the Tab. 4.1 are considering the long-term annual average value and are not the values for one single
year, as this would need the interannual variability analysis from the full time series of data.

Tab. 4.1: Uncertainties in pvPlanner long-term annual values along the simulation process
Uncertainty at
P90 [%]

Description

Global irradiation on in-plane
surface

PV conversion model

Other DC losses

Inverter losses from
conversion of DC to AC
AC and transformer losses

Availability and distribution
network level power regulation
TOTAL

Comments

Low

High

Global horizontal irradiation

±4.0

±8.0

Depends on the climate*

Transposition model

±0.0

±2.0

No angle limitation is considered
for tracking systems

Losses due to terrain shading

±0.0

±4.0

Depends on the location

Losses due to angular reflectivity

±0.2

±0.5

Losses due to performance of PV
module outside of STC conditions

±2.0

±3.0

External shading

±0.0

±5.0

Inter-row shading

±0.0

±1.0

Pollution, soiling

±1.0

±2.5

Snow, frost

±0.0

±2.0

Cable losses

±0.2

±0.5

Mismatch

±0.2

±0.8

Inverter power efficiency

±0.5

±1.0

Cable losses

±0.2

±0.7

Transformer

±0.2

±0.5

Power plant

±0.1

±0.7

Distribution network

±0.0

±0.0

±4.6

±11.5

Generic values for each PV
technology are used

Depends on the PPA

*More info about Solargis uncertainty can be found in additional documentation at solargis.info
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Small roof or façade systems are usually directly connected to distribution grid, what means that inverter must
provide all protections required by regulations (voltage, frequency, isolation check, etc.). It is also required that
inverters have anti-islanding protection, which means that they work only if grid voltage is present (due to safety
reasons). Since these are low-power systems, inverters have lower efficiencies, especially those with internal
isolation transformer.
Benefits of the systems are in short cabling (lower cable losses) and missing grid transformer (lower AC losses
if transformer is not used). But other DC losses must be properly considered (shading from surrounding buildings,
trees, soiling losses if modules are hard accessible, higher losses in conversion due to worse module cooling,
etc.). Flat mounted installations are not suffering inter-row shading losses, but have worse air circulation. Typical
losses and uncertainties for this type of PV installations are summarized in Tab. 4.2. It has to be noted, that
extreme cases may be over mentioned limits.

Tab. 4.2: Breakdown of losses and uncertainties in pvPlanner for small PV system
(roof-top, up to 40 kWp)
Description

Loss range [%]
Low

High

-

-

-

-

Losses due to terrain shading

0.0

Losses due to angular reflectivity

Uncertainty at P90
[%]

Comments

Low

High

±4.0

±8.0

Depends on the climate*

±0.0

±2.0

No angle limitation is considered for
tracking systems

3.0

±0.0

±4.0

Depends on the location, in extreme
cases may be over 3.0%

1.0

5.0

±0.2

±0.5

Losses due to performance of PV
module outside of STC conditions

2.0

15.0

±2.0

±3.0

Generic values for each PV technology
are used, in extreme cases may be
outside of range 2.0-15.0%

External shading

0.0

5.0

±0.0

±5.0

For extreme cases shading losses may
be higher than 5.0%

Inter-row shading

0.0

2.0

±0.0

±1.0

Applies only if modules are installed in
tilted rows.

Pollution, soiling

3.0

5.0

±1.0

±2.5

Snow, frost

0.0

4.0

±0.0

±2.0

DC Cable losses

0.2

0.5

±0.2

±0.4

DC Mismatch

0.5

2.0

±0.2

±0.8

Inverter power efficiency

2.0

6.0

±0.5

±1.0

AC Cable losses

0.2

0.5

±0.2

±0.4

Transformer losses

0.0

0.0

±0.0

±0.0

Power plant

1.0

3.0

±0.1

±0.7

Distribution network

0.0

0.0

±0.0

±0.0

TOTAL

9.5

42.1

±4.6

±11.5

Global horizontal irradiation
Transposition model

Usually connected without transformer

Depends on the PPA

*More info about Solargis uncertainty can be found in additional documentation at solargis.info

© 2016 Solargis

page 25 of 40

Solargis: pvPlanner user manual
solargis.com

Medium roof, façade or ground mounted PV systems can be connected to grid directly, or through grid
transformer, depending on their size and purpose of use. If system is connected through transformer, another
loss (in transformer windings and core) must be considered (in AC losses section) and separated protection relays
are used to provide protections required by regulations (voltage, current, frequency, isolation, anti-islanding, etc.).
Medium ground mounted systems take properties of large free-standing systems (see next pages). Modules are
usually mounted in optimum position and air circulation is better in comparison with roof, which results in better
performance ratio. PV modules are easier accessible for cleaning or maintenance, thus soiling losses or
unavailability may be reduced. On the opposite side, inter-row shading must be applied if installation is realized
with several rows of modules or longer cable paths may raise both DC and AC cable losses. Typical losses and
uncertainties for this type of PV installations are summarized in Tab. 4.3. It has to be noted, that extreme cases
may be over mentioned limits.

Tab. 4.3: Breakdown of losses and uncertainties in pvPlanner for medium PV system
(roof-top or ground mounted, 40 - 100 kWp)
Description

Loss range [%]

Uncertainty at P90
[%]

Comments

Low

High

Low

High

-

-

±4.0

±8.0

Depends on the climate*

-

-

±0.0

±2.0

No angle limitation is considered for
tracking systems

Losses due to terrain shading

0.0

3.0

±0.0

±4.0

Depends on the location, in extreme
cases may be over 3.0%

Losses due to angular reflectivity

1.0

5.0

±0.2

±0.5

Losses due to performance of PV
module outside of STC conditions

2.0

15.0

±2.0

±3.0

Generic values for each PV technology
are used, in extreme cases may be
outside of range 2.0-15.0%

External shading

0.0

5.0

±0.0

±2.0

For extreme cases shading losses may
be higher than 5.0%

Inter-row shading

0.0

3.0

±0.0

±1.0

Applies only if modules are installed in
tilted rows.

Pollution, soiling

2.0

5.0

±0.8

±2.5

Snow, frost

0.0

3.0

±0.0

±1.5

DC Cable losses

0.2

0.5

±0.2

±0.4

DC Mismatch

0.5

2.0

±0.2

±0.8

Inverter power efficiency

2.0

5.0

±0.5

±1.0

AC Cable losses

0.2

1.0

±0.2

±0.7

Transformer losses

0.0

3.0

±0.0

±2.0

Power plant

1.0

2.0

±0.1

±0.7

Distribution network

0.0

0.0

±0.0

±0.0

TOTAL

8.6

42.9

±4.6

±10.7

Global horizontal irradiation
Transposition model

Depends if transformer used

Depends on the PPA

*More info about Solargis uncertainty can be found in additional documentation at solargis.info

© 2016 Solargis

page 26 of 40

Solargis: pvPlanner user manual
solargis.com

Large utility scale PV power plants are designed to provide maximum performance with minimum possible losses.
Horizon and near shading losses are reduced by well selected project sites with minimum disturbances. PV power
plants are usually built with sorted modules and centralised inverters, optimized to high performance and
efficiency.
Fixed tilt installations provide robust and low maintenance solution, but inter-row shading losses are present,
depending on designed tilt and row spacing. Projects are very often built on remote sites with harsh conditions
like dust or sand, where regular maintenance is difficult, thus soiling losses must be considered accordingly. Large
power plants may have significant impact on the medium voltage distribution grid in the point of connection and
distribution company may reserve the right to occasionally disconnect PV power plant during peak hours
(according to Power Purchase Agreement) to ensure grid stability, what will decrease availability of production.
Typical losses and uncertainties for this type of PV installations are summarized in Tab. 4.4. It has to be noted,
that extreme cases may be over mentioned limits.

Tab. 4.4: Output Breakdown of losses and uncertainties in pvPlanner for fixed PV system
(ground mounted, >1 MWp)
Description

Loss range [%]

Uncertainty at P90
[%]

Comments

Low

High

Low

High

-

-

±4.0

±8.0

Depends on the climate*

-

-

±0.0

±2.0

No angle limitation is considered for
tracking systems

Losses due to terrain shading

0.0

1.5

±0.0

±1.0

Depends on the location

Losses due to angular reflectivity

1.0

3.0

±0.2

±0.5

Losses due to performance of PV
module outside of STC conditions

2.0

13.0

±2.0

±3.0

External shading

0.0

0.5

±0.0

±0.2

Inter-row shading

0.0

2.0

±0.0

±0.8

Pollution, soiling

1.5

3.0

±1.0

±2.0

Snow, frost

0.0

2.0

±0.0

±1.0

DC Cable losses

0.3

2.5

±0.4

±0.8

DC Mismatch

0.4

1.0

±0.2

±0.8

Inverter power efficiency

1.5

3.0

±0.5

±1.0

AC Cable losses

0.5

1.5

±0.2

±0.8

Transformer losses

0.5

2.0

±0.0

±1.0

Power plant

1.0

1.5

±0.1

±0.7

Distribution network

0.0

0.0

±0.0

±0.0

TOTAL

8.4

31.8

±4.6

±9.4

Global horizontal irradiation
Transposition model

Generic values for each PV technology
are used, in extreme cases may be
outside of range 2.0-13.0%

Depends on the PPA

*More info about Solargis uncertainty can be found in additional documentation at solargis.info

© 2016 Solargis

page 27 of 40

Solargis: pvPlanner user manual
solargis.com

One- or two- axis trackers extend power generation from early morning till late afternoon in comparison to fixed
mounted systems. Sun-tracking systems adjust the orientation of the PV modules during a day to gain more solar
radiation and reduce losses caused by shading. Drawback of such systems is a more complex mounting structure,
which may require more maintenance and can cause additional losses of electricity during failure. Internal power
consumption is higher due to motor drives and this should be also considered in electricity production calculation.
Other components (and losses considered in calculations) remain similar as for fixed mounting structures. Typical
losses and uncertainties for this type of PV installations are summarized in Tab. 4.5. It has to be noted, that
extreme cases may be over mentioned limits.
Three examples with characteristic conditions and settings according to these conditions can be found in
Chapter 6.

Tab. 4.5: Breakdown of losses and uncertainties in pvPlanner for tracker PV system
(ground mounted, >1 MWp)
Description

Loss range [%]

Uncertainty at P90
[%]

Comments

Low

High

Low

High

-

-

±4.0

±8.0

Depends on the climate*

-

-

±0.0

±2.0

No angle limitation is considered for
tracking systems

Losses due to terrain shading

0.0

1.5

±0.0

±1.0

Depends on the location

Losses due to angular reflectivity

1.0

3.0

±0.2

±0.5

Losses due to performance of PV
module outside of STC conditions

2.0

13.0

±2.0

±3.0

External shading

0.0

0.5

±0.0

±0.2

Inter-row shading

0.0

0.0

±0.0

±0.0

Pollution, soiling

1.0

2.0

±1.0

±1.5

Snow, frost

0.0

0.5

±0.0

±0.5

DC Cable losses

0.3

2.5

±0.4

±0.8

DC Mismatch

0.2

0.6

±0.2

±0.5

Inverter power efficiency

1.5

3.0

±0.5

±1.0

AC Cable losses

0.5

1.5

±0.2

±0.8

Transformer

0.5

2.0

±0.0

±1.0

Power plant

1.0

2.0

±0.3

±1.0

Distribution network

0.0

0.0

±0.0

±0.0

TOTAL

7.7

28.4

±4.6

±9.2

Global horizontal irradiation
Transposition model

Generic values for each PV technology
are used, in extreme cases may be
outside of range 2.0-13.0%

No shading between rows is
considered

Depends on the PPA

*More info about Solargis uncertainty can be found in additional documentation at solargis.info
Reports and information in pvPlanner show solar power estimation in the start-up phase of a PV system. Ageing
degradation process of PV system is not implemented in pvPlanner, thus calculated power output represents
performance of PV system in first year of operation.
The estimates are accurate enough for small and medium-size PV systems. For large projects planning and
financing, more information is needed: statistical distribution and uncertainty of solar radiation, detailed
specification of a PV system, interannual variability and P90 uncertainty of PV production, lifetime energy
production considering performance degradation of PV components. More information about full PV yield
assessment can be found at: http://solargis.info/doc/consultancy
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5

5.1

OTHER USEFUL TIPS

Optimum tilt

For PV systems with mounting construction which allows tilt selection, it is advantageous to select optimum tilt
for maximum energy generation. In pvPlanner the optimal inclination is calculated by running simulations for
various tilt values and then selecting the one which is producing the highest yield. For running simulations for the
optimum tilt, the user just need to tick on the box ‘optimize’, which can be found in the PV system configuration
parameters when applicable, i.e. by selecting fixed mounted systems and 1-axis tracking systems for inclined and
vertical axis.
Optimal tilt does not depend uniquely on the latitude of a site. Optimal angle depends on location, its microclimatic
conditions, mounting structure and PV field orientation (azimuth). Therefore the horizon profile seen by the
surface of the modules will play a role on the total diffuse irradiation that is harvested. For instance, when there
are high mountains in front of a PV power plant it makes sense to face PV modules more to the sky, so that they
harvest more diffuse radiation.
Regarding azimuth, sometimes the highest yield is not happening when the module is facing perfect south, as in
certain areas there is higher occurrence/formation of clouds during certain period of day, for example during noon.
Therefore it makes sense to shift a bit the azimuth. This effects are considered in pvPlanner optimum tilt
calculation.

Fig. 5.1: Potential loss of PV electricity assuming that PV modules deviate from theoretical optimum
Inclination and azimuth for a fixed mounted system in Europe

5.2

Horizon editor

Terrain, horizon and sun path are in PV planner considered automatically, based on selected location. Terrain
characteristics such as elevation, slope inclination and azimuth of particular site are derived from Shuttle Radar
Topography Mission (SRTM) and SRTM Water Body Dataset (SWBD). Terrain database in Solargis contains the
elevation above sea level on the land and depth of the ocean and sea bottom. The slope inclination and azimuth
are calculated on-the-fly.
Position of sun on sky during the year is changing not only with time, but depends also on site latitude and day of
year. For PV yield simulations, all positions of sun during all days of year are calculated from mathematical model
in 15 or 30 minute time step. For visualization, all paths can be drawn as trajectories above horizon. Then,
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maximum or minimum angle of sun elevation are clearly visible for equinoxes and solstices. Some of those values
are then used as basic input for design of PV field geometry to minimize the effect of shading during periods with
low sun elevation angle.
For PV simulations on site, shading by terrain features is calculated by disaggregation using SRTM-3 DEM and
horizon height. Shading of local features such as from nearby building, structures or vegetation is not considered.
It is possible to change the horizon line and include impact of other near shading objects such as trees, masts or
neighboring buildings into simulations. This can be done directly by drawing a new horizon line or inserting data
pairs of azimuth and solar elevation expressed in sexagesimal degrees.

Fig. 5.2: Site horizon (orange area) and sun path (yellow area, bounded by the blue line)
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5.3

Use of solar resource and temperature data in PV system design software

Solargis data can be used in advanced PV system design software like PVsyst. From version 6.12 onwards, the
process of importing monthly values of irradiation and temperature is very easy and straight forward. For previous
versions, values can be easily copied from pvPlanner excel report and pasted into PVsyst.

Fig. 5.3: Importing pvPlanner irradiation and temperature values from PVsyst through csv files

Fig. 5.4: Importing pvPlanner irradiation and temperature values from PVsyst by copy-pasting
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5.4

Other ways of accessing pvPlanner

For users who wish to integrate the Solargis data into their own applications, Solargis web services are offered.
Web-services are widely accepted standard services for automated machine-to-machine communication over the
web. This way the click on ‘Calculate’ button in pvPlanner online application is imitated in pvPlanner web service,
and the output values are provided instantly after user’s request. This is to be accessed via SOAP or REST endpoints.
For simulation of PV systems portfolio, pvPlanner batch processing is also possible. For large number of PV
systems (roof top portfolios), simulations for several PV systems can be performed offline by GeoModel Solar in
batch mode. Selected user input parameters will be required from the customer to be filled in one spreadsheet,
including location, mounting system, azimuth and inclination. For PV output calculations, installed power, type of
modules, inverter efficiency and DC/AC losses will be also required.
Both alternative ways of getting pvPlanner values can be implemented under request.
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6

TYPICAL CONFIGURATIONS

This chapter shows three examples of losses and uncertainties which are applied for particular typical
installations. Values are commented to provide better explanation of selection. Following typical configurations
are presented for imaginary installations and real conditions may be different (and taken into consideration in
pvPlanner settings).

6.1 Small roof installation
Tab. 6.1: Small 5kW roof installation in central Europe, no tilted rows, flat roof with 10° tilts,
short connection to grid
Component loss

Loss

Uncertainty

Comment

Other DC losses
1

External shading

5.0%

±4.0%

neighboring row partially shading on morning, partially shading
tree and mast on afternoon

2

Inter-row shading

0.0%

±0.0%

no inter-row shading, modules are flat mounted

3

Pollution, soiling

3.0%

±1.5%

higher pollution due to low tilt angle, bad access to roof so no
cleaning is considered

4

Snow, frost

2.0%

±2.0%

higher snow collection due to low tilt angle, bad access to roof so
no cleaning is considered

5

Cable losses

0.2%

±0.2%

low DC losses due to small installation - short cable paths

6

Mismatch

0.8%

±0.7%

higher mismatch due to higher module power output tolerance
(±3%)

Total for other DC losses

11.0%

±4.8%

AC Losses
7

Cable losses

0.3%

±0.2%

low AC losses due to small installation - short cable paths

8

Transformer

0.0%

±0.0%

no transformer is used

0.3%

±0.2%

Total for AC losses
Availability losses
9

Power plant specific

2.0%

±0.7%

worse fault detection, longer service times so slightly higher losses
are expected

10

Distribution
specific

0.5%

±0.3%

occasional problems with grid shutdown

Total for availability losses

2.5%

±0.8%

TOTAL FOR SYSTEM

13.8%

±4.8%
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6.2 Large ground installation in North America
Tab. 6.2: Large ground based installation in South America, fixed modules mounting with 15° tilt,
centralized inverters
Component loss

Loss

Uncertainty

Comment

Other DC losses
1

External shading

0.0%

±0.0%

flat terrain, no surrounding shading objects

2

Inter-row shading

0.1%

±0.1%

no inter-row shading, rows of modules are well designed with
almost optimal row spacing

3

Pollution, soiling

2.5%

±1.5%

higher pollution due to low tilt angle, but regular cleaning is
planned

4

Snow, frost

0.0%

±0.0%

no snow is considered in this region

5

Cable losses

1.8%

±0.5%

higher DC losses due to centralized inverter topology

6

Mismatch

0.4%

±0.2%

modules have only positive power output tolerance so lower
mismatch losses are considered

Total for other DC losses

4.8%

±1.6%

AC Losses
7

Cable losses

0.8%

±0.5%

higher AC losses are considered, becouse there are several
transformer stations in site plot

8

Transformer

1.0%

±0.5%

low loss distributions transformers are used

1.8%

±0.7%

Total for AC losses
Availability losses
9

Power plant specific

1.0%

±0.7%

low occurrence of shutdown events is expected

10

Distribution
specific

0.0%

±0.0%

stable and well maintained grid is available on site

Total for availability losses

1.0%

±0.7%

TOTAL FOR SYSTEM

7.6%

±1.9%
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6.3 Large ground installation in Africa
Tab. 6.3: Large ground based installation in Africa, horizontal single axis trackers
with North–South oriented axis, centralized inverters.
Component loss

Loss

Uncertainty

Comment

Other DC losses
1

External shading

0.0%

±0.0%

flat terrain, no surrounding shading objects

2

Inter-row shading

0.0%

±0.0%

no inter-row shading, trackers are eliminating shading

3

Pollution, soiling

2.5%

±1.0%

lower pollution due to modules rotation and rainy seasons on site

4

Snow, frost

0.0%

±0.0%

no snow is considered in this region

5

Cable losses

1.8%

±0.5%

higher DC losses due to centralized inverter topology

6

Mismatch

0.8%

±0.7%

higher mismatch due to higher module power output tolerance
(±3%)

Total for other DC losses

5.1%

±1.3%

AC Losses
7

Cable losses

0.8%

±0.5%

higher AC losses are considered, becouse there are several
transformer stations in site plot

8

Transformer

1.0%

±0.5%

low loss distributions transformers are used

1.8%

±0.7%

Total for AC losses
Availability losses
9

Power plant specific

1.0%

±0.7%

low occurrence of shutdown events is expected

10

Distribution
specific

0.5%

±0.3%

occasional problems with grid shutdown

Total for availability losses

1.5%

±0.8%

TOTAL FOR SYSTEM

8.4%

±1.7%
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ABOUT SOLARGIS

Background on Solargis
Primary business of Solargis is in providing support to the site qualification, planning, financing and operation of
solar energy systems. We are committed to increase efficiency and reliability of solar technology by expert
consultancy and access to our databases and customer-oriented services.
The Company builds on 25 years of expertise in geoinformatics and environmental modelling, and 15 years in
solar energy and photovoltaics. We strive for development and operation of new generation high-resolution
quality-assessed global databases with focus on solar resource and energy-related weather parameters. We are
developing simulation, management and control tools, map products, and services for fast access to high quality
information needed for system planning, performance assessment, forecasting and management of distributed
power generation. Members of the team have long-term experience in R&D and are active in the activities of
International Energy Agency, Solar Heating and Cooling Program, Task 46 Solar Resource Assessment and
Forecasting.
Solargis operates a set of online services, which includes data, maps, software, and geoinformation services for
solar energy.
http://solargis.com

Legal information
Considering the nature of climate fluctuations, interannual and long-term changes, as well as the uncertainty of
measurements and calculations, Solargis cannot take guarantee of the accuracy of estimates. Solargis has
done maximum possible for the assessment of climate conditions based on the best available data, software
and knowledge. Solargis shall not be liable for any direct, incidental, consequential, indirect or punitive damages
arising or alleged to have arisen out of use of the provided information.
© 2016 Solargis, all rights reserved

Solargis is ISO 9001:2008 certified company for quality management.

Contact and support
Solargis website: http://solargis.com/
Solargis support center: http://support.solargis.info/support/home
Email: contact@solargis.com
Office address: Pionierska 15, 831 02 Bratislava, Slovakia
Tel: +421 2 4319 1708

Solargis s.r.o.
Registered at: M. Marecka 3, 841 07 Bratislava, Slovakia
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