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potential of renewable energy sources,
considered. Data sources and methods for ggiculating the output of solar and
wind power plants are analyzed, and addi

of the technical potential of renewable en sources arejgjven.

1 Introduction

territory of a country is a complex scientific
e energy source (RES) is a part of the gross
1 energy is possible at the existing level of

Assessing renewable energ

e scale of agricultural production, forestry, and population. In contrast to
resources of solar energy and wind energy can be estimated from
ical and actinometric observations.

The flux of incident solar radiation at a given point on the globe can be determined [2] by
alculation, processing of long-term ground-based actinometric measurements, or
hematical modeling of the propagation of solar radiation in the atmosphere based on
satellite monitoring and ground-based data.

The rationale for using calculation methods to estimate solar radiation fluxes and amounts is
that although they only work well under clear skies, it is under these conditions that solar
installations provide the greatest returns. Since on the territory of many countries, including
Russia, there are practically no zones of seasonal (monsoons) or year-round (trade winds) winds,
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and the value of wind speed is stochastic in nature, it is not possible to estimate it using calculation
methods.

2 Materials and methods

The preferable (from the point of view of accuracy, nomenclature of parameters and duration of
series) sources of data on solar radiation arriving at the earth's surface are long-term acti
observations. The results of measurement processing are presented in printed p
(bulletins, directories) and in the form of databases (DBs) with various types of at
commercial). Ground-based actinometric measurements provide reliable data
its nomenclature for assessing the performance of solar installations. The
number of actinometric stations. The average distance between them in

cations

generators. The World Data Center for Meteorolo
Scientific Research Institute of Hydrometeorologi
data is free, but it is not stable, which leads to t]

ofurgent (after 3 hours for weather stati
out at weather stations included in the
and airports included in the METAR net

To solve the problem of ins :
climate parameters, mathel
recent decades. As suc
meteorology, climato

to present.
sed data on solar energy input and weather and
data recovery have become increasingly used in
of all, reanalysis, which is widely used in
fields. Currently, reanalyses [6, 7] present data
nd speed on a high-resolution grid. Based on data recovery on a
regular grid, the Surface meteorology and Solar Energy) database, which is
i urrently part of the NASA POWER database [8]. Using

als (SoDa), Solar and Wind Energy Resource Assessment (SWERA),
lobal Wind Atlas, in the IRENA atlas [10] and a number of others.

and wind power plants, long-term time series of total solar radiation and wind
ourly (or less) time step and the most detailed spatial resolution are required as

One of the sources of such actinometric and meteorological information widely used abroad
e database of the NASA Prediction of Worldwide Energy Resource (NASA POWER) project
. The NASA POWER project has made publicly available hourly totals of solar radiation and
surface albedo at 1°x1° resolution from March 1, 2000 to the present. Meteorological parameters
(ambient temperature and humidity, atmospheric pressure, wind directions and speeds at heights
of 10 m and 50 m) are shown on a 1/2° by 5/8° grid in latitude and longitude. In addition to NASA
POWER, several databases of actinometric and climatic data are available, completely or partially
covering the territory of Russia and the countries of Central Asia, including the databases of the
European Climate Monitoring System based on satellite data (CM SAF [11]): SARAH (+65°
latitude and longitude, 0.05°%0.05°), SARAH-E (+65° latitude, -10° to +130° longitude,
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0.05°%0.05°), CLARA-A (global , 0.25°x0.25°) and the European Center for Medium-Range
Weather Forecast (ECMWF) database: ERAS (global, 0.25°%0.25°) [7] and its version with
higher spatial resolution ERAS-Land (0.1°%0.1°). According to our estimates [12], a higher
resolution of the SARAH and SARAH-E databases does not lead to a significant reduction in the
error in calculating the productivity of solar stations. An analysis of actinometric data from six
satellite databases and two reanalysis databases in comparison with data from a ground- based
measurement network, carried out in [13], showed that actmometrlc data from reanalysa

used. from the ERAS database with original spatial resolution (0.

When assessing the technical potential of renewable
generating installations is modeled. Programs for calculati
solar power plants (SPP) can be divided into 3 groups:

1. Programs for an integrated assessment of the
(HOMER, RETScreen). They use simplified model
evaluate the parameters of solar power plants at the

2. Engineering products used for profess1onal
plants. A typical example of this group
fledged detailed design of solar power pl

3. Specialized software products (T
o functi d specialized libraries of modules for
them (PV_LIB Toolbox forg¥ia as specialized libraries for general-purpose
ntages of this group of programs include the

batteries and flexibili dbility tor the user to upgrade software modules or build their
own modules tha apmbilities of the programs.

i af photovoltaic modules, a single-diode five-parameter
(PVC) and the module as a whole is usually used [15],
ost common silicon PVCs. Model parameters: photocurrent and
ction under standard conditions, internal and shunt resistance
coefficient of the current-voltage characteristic varying from 1 to 2. In this
ated by the photoconverter is calculated from the Shockley equation

dules manufacturers at the points of open circuit, short circuit and maximum
) e module, the temperature coefficients of the short circuit current and open circuit
voltage under standard STC test conditions, as well as the module temperature for NOCT test
onditions by solving the system nonlinear algebraic equations. 3T mapameTpsl TO3BOJISIOT
CUPICTUPOBATh BOJNBTAMIICPHYIO XapaKTePUCTHKY Momyna. In our comparison of the
estimated productivity of three solar power plants on the territory of the Russian Federation
determined by various methods with the actual productivity [16], the best result was shown
by the calculation in TRNSY'S in combination with NASA POWER data.

Ifthere is a characteristic of a wind generator, which is the dependence of the generated power
on the wind speed, the calculation of the hourly output of the generator comes down to
recalculating the wind speed at the height of its tower into the average hourly generated power
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[17]. The ERAS database contains wind speeds at heights of 10 m and 100 m. Wind speed at an
arbitrary height from these data can be determined using a power law.
3 Conclusion

When planning energy facilities and assessing the technical potential of renewable energ
sources, taking into account natural and infrastructural factors is now actively usg

[1].
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