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Abstract. The paper briefly describes a methodological approach to
determine the maximum effective capacity of a renewable energy source
for an off-grid consumer, considering natural factors. The annual
distribution of indicators of solar and wind energy resources in the northeastern regions of Russia is analyzed. The groups of the characteristic
maximum of average monthly wind velocities and the areas of their
manifestation are revealed. The results of studying the dependence of the
optimal capacity of an off-grid wind power plant on the annual distribution
of wind velocities at different wind potential values are presented. The
installed capacity utilization factor of wind power plants is shown to
depend on natural factors. The results of this study are applied as a basis
for guidelines on the priority of using renewable energy sources subject to
natural conditions. Keywords: Decentralized consumers, technique to
determine optimal capacity, annual distribution, ratio between optimal
capacity and consumer's maximum load.

1 Introduction
Insignificant scales of using renewable energy sources (RESs) in the Russian Federation
are currently due to their high capital intensity, Hence, determination of the optimal
capacity value for RESs to substantiate their use is a topical and significant task.
Determining the optimal capacity and the effect of natural factors is more relevant for
decentralized consumers. Electricity supply to such consumers is related to difficulties of
fuel delivery and its high price rise due to their remoteness and underdeveloped transport
infrastructure [1, 2]. The bulk of such consumers are in the north-eastern regions of the
country, therefore, the main attention is paid to these territories.
Note that due to the stochastic nature of renewable natural energy resources, the use of
RESs for electricity supply to decentralized consumers is impossible without traditional
energy sources. Both in Russia and abroad, in most cases, those are diesel power plants [3–5].
The previous studies have showed that under present-day price conditions, RESs are
competitive only for off-grid consumers located in hard-to-reach areas, in order to replace
part of the expensive fuel and to reduce subsidies for electric power generation [6–8].
In the addressed regions, the Republic of Sakha (Yakutia) is the leader in developing
solar energy for decentralized consumers. There are currently 20 operating solar power
plants (SPPs) with a capacity from 3 kW to 1 MW, including those located beyond the
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Polar Circle [9]. However, both SPPs and wind power plants (WPPs) operating in isolated
areas are built without substantiation of their capacities [10, 11].
Therewith, the use of RESs with the optimal capacity allows the maximum electric
power to be produced at minimum capital investment.

2 Methodology of studies
This problem is solved by the methodological approach developed at the Laboratory of
Energy Supply to Decentralized Consumers of Melentiev Energy Systems Institute of the
Siberian Branch of the Russian Academy of Sciences (MESI SB RAS) to determine the
maximum effective capacity of a renewable energy source for an off-grid consumer,
considering natural factors. The approach is described in detail in [12].
The conditions for the competitiveness of RESs are determined at the first stage based
on their aggregated indicators for the territory (region) on the assumption of equal costs on
electricity supply. As a result, the obviously inefficient versions are excluded from further
calculations and the amount of initial information is reduced. At the next stage, the monthly
possible electric power generation by RESs with conversion of the potential indicators into
the plant parameters is determined by the multifactor analysis and calculations. The
capacity enumeration cycle with a corresponding calculation of the indicators is arranged.
The units with different rated capacity are selected. The useful generation is determined by
superposition of the possible generation with the annual electric power consumption
schedule. Further, the ratio between the investment in RES and the cost of the substituted
fuel at a supplementary energy source is calculated. The optimal capacity of RES
corresponds to the version with the minimum ratio between these indicators. And the
financial and cost efficiency of RES usage is calculated for this version. The calculations
are applied to work out guidelines on renewable energy development in the territory,
indicating specific locations of RESs. The methodological approach and the technique to
determine optimal capacity are universal for all types of RESs.
The optimal capacity of RESs depends, to a greater extent, on two natural factors: the
potential of renewable energy resources that is characterized by the installed capacity
utilization factor, and the distribution pattern of its indicators throughout a year.
The higher the potential of natural energy resources, the lower the installed capacity of
RESs is necessary to generate the same amount of electric power.

3 Results of studies
The main natural factor affecting the optimal capacity of RESs is the uneven annual
distribution of renewable natural energy resources.
The analysis of the solar potential at more than 30 points in the addressed territory [13–
16] has revealed that its maximum value in summer months does not depend on the locality
latitude. As an example, Fig. 1 provides comparative indicators of the solar radiation
incidence on a horizontal surface from 46°N (Yuzhno-Sakhalinsk, Sakhalin Region) to
72°N (Taymylyr, Republic of Sakha (Yakutia)). The solar radiation incidence significantly
increases in the north-south latitudinal direction in winters. The mainland or coastal
location of the observation point has a greater effect in the summer months. At the coastal
points (Fig. 1a), the maximum incidence is lower than in the mainland territory (Fig. 1b).
This is explained by the greater number of cloudy days in the summer. Therefore, for the
localities with close latitudes, the annual radiation incidence in the mainland is higher than
that in coastal areas.
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а) coastal location

b) mainland location

Latitude,
deg. N

Annual arrival,
kW·hr/m2

Observation
point

Latitude,
deg. N

Annual arrival,
kW·hr/m2

YuzhnoSakhalinsk

46°6´

1235

Khabarovsk

48°3´

1371

Petropavlovsk
-Kamchatskiy

53°0´

1100

Aldan

58°4´

1084

Khonuu

66°3´

1119

Okhotsk

59°2´

1044

Syskylakh

71°6´

897

Uelen

66°1´

758

Taymylyr

72°4´

829

Observation
point

Fig. 1. Total solar radiation incidence on a horizontal surface

The pattern of the annual distribution of solar potential, regardless of the location, is the
same and has a pronounced summer maximum. Therefore, this factor does not significantly
affect the optimal capacity of solar power plants. Its value will decrease with an increase in
the annual solar radiation incidence. Previous studies have showed that the cost of
substituted diesel fuel has a greater impact on the efficiency of using solar power plants
than the solar potential indicators [17].
The annual distribution of average wind velocities is more diverse. The analysis of the
wind potential indicators for more than 50 points with weather observation stations
revealed characteristic types of annual wind velocity distribution: with winter, summer, and
spring-autumn maxima (Fig. 2).

а) winter maximum

b) summer maximum

Fig. 2. Annual distribution of average monthly wind velocities
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The winter maximum is typical of the Pacific coast, the summer is characteristic of the
Arctic Ocean coast, the spring-autumn maximum is more often observed on the mainland,
where the wind velocities are much lower.
The developed technique was applied to calculate the optimal capacity for a wind power
plant and its ratio to the maximum consumer's load for three types of the annual
distribution, when the average annual wind velocities varied from 5 to 7 m/s. The results of
studies show that the optimal capacity decreases with an increase in the average annual
wind velocity. The minimum capacity value is typical of the winter maximum, the
maximum value – of the spring-autumn maximum. At the same time, the impact of the
average annual wind velocity distribution on the capacity value decreases with an increase
in the average annual wind velocity (Fig. 3a).

а) WPP optimal capacity

б) ratio between WPP optimal capacity and the
consumer's maximum load

Fig. 3. Impact of the annual wind velocity distribution on the WPP optimal capacity, and the ratio
between its optimal capacity and the consumer's maximum load

The ratio between the optimal capacity of a wind power plant and the consumer's load
decreases with a wind potential increase. At small average annual wind velocities (about 5
m/s), the difference of this ratio is substantial: for the winter maximum, it is about 1.5
times, for the spring-autumn, it is about 2–2.5 times. At 7 m/s and higher, this ratio is less
than 1, regardless of the annual distribution type (Fig. 3b).
The installed capacity utilization factor of a wind power plant for all the wind potential
values is higher at the winter maximum of wind velocity distribution (Fig. 4).

Fig. 4. Impact of the annual wind velocity distribution on the installed capacity utilization factor of a
wind power plant
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4 Conclusions
The analysis of the conducted studies has showed that:
– dependence of the optimal capacity of a renewable energy source on the annual wind
velocity and its ratio to the maximum consumer’s load is hyperbolic at all types of the
annual wind velocity distribution; the optimal capacity and the indicated ratio decrease with
an increase in wind potential indicators;
– with the equal values of wind potential indicators, the highest value of this ratio is
observed at the spring-autumn maximum of the average wind velocities, the lowest value is
observed at the winter maximum;
– the most effective for the wind energy utilization is the annual velocity distribution at
the winter maximum, where the installed capacity utilization factor is higher than that for
other distribution types, because it is more consistent with the consumption schedule of
decentralized settlements.
Based on this analysis, the following conclusions are drawn:
1. The Pacific coastal regions possess the best natural conditions for wind energy
development.
2. Natural factors have a lower effect on the solar energy development than the ratio of
price indicators.
3. For substantiation of the efficiency of using renewable energy sources, it is necessary
to determine their optimal capacity, which will provide the investment minimization.
4. Based on the results of this study, it is possible to preliminary estimate the value of
the optimal capacity of a renewable energy source as a function of the consumer’s load and
the indicators natural potential indicators.
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