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Abstract
In this paper, the optimal design of a grid-connected the hybrid energy system for a sample area in the north Iran is 
studied. A new innovative cost-based objective function is proposed which is combination of life cycle cost and reliability 
cost. Also, loss of power supply probability (LPSP) criteria, is considered as constraint for ensuring at the same time cer-
tain level of system reliability. Designing process is implemented in such a way that the total cost of the system reaches 
its minimum. For this purpose, a modified version of Bee algorithm has been proposed to achieve this goal. In order to 
carry out studies, the actual sample system, whose data has been available, has been studied. The results indicate the 
good performance of proposed hybrid system to reduce system cost.

Keywords Modified bee algorithm · Hybrid system · Solar–wind system · PSO · DE

1 Introduction

Renewable energy sources such as wind and solar have 
grown dramatically due to the need to preserve fossil 
fuel resources for future generations and to prevent the 
burning environmental damage caused by them, and 
they can be found near utilization centers in order to 
decrease losses [1–3]. For improve renewable resources 
performance, the sources work together and complement 
each other, known as hybrid systems. Because the power 
systems with two or more different sources of energy, 
they are more reliable than systems with one source. The 
hybrid of photovoltaic and wind turbine systems can pro-
vide a wide range of facilities. But these systems should 
be more robust and flexible in terms of power generation 
[4]. One solution to this is the optimal design of solar and 
wind combined systems. Various purposes for designing 
hybrid systems such as reducing costs, reducing emissions, 

improving power quality indicators, and improving reli-
ability are considered [5].

Designing optimal and determining the optimum 
capacity of different sources of energy production and 
with different approaches in these references has been 
discussed. In recent years, the use of renewable energy 
in order to generate energy and supply to the grid has 
increased steadily. For example, in [6], heuristic based algo-
rithm is proposed for optimal design of independent solar 
and wind power system incorporating load forecasting. In 
[7], the design of a hybrid solar–wind and battery system, 
and considering the probability of losing power source 
(LPSP). In this paper, a differential evolution algorithm has 
been used. In [8], a hybrid search optimization algorithm 
is used for optimal design of a solar wind power plant 
with hydrogen sources is presented. In designing proce-
dure, weather forecasting is also used for accurate results 
of simulations. In [9], a new optimization method called 
Swine Flu modeling based on quarantine optimization is 
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proposed to determine the optimal location and size of 
dispersed generation units in the distribution network, 
in order to minimize the active power losses. The above 
algorithm performs randomization through quarantine 
and healing. The proposed algorithm has been applied to 
a 33-bus distribution system and the results of the pro-
posed method have been compared with the results of the 
PSO optimization method. In [10], simulated annealing-
chaotic search algorithm-based optimization is proposed 
optimal design of reverse osmosis hybrid desalination sys-
tem driven by wind and solar energies. The model used 
in this work includes a solar-powered hybrid system with 
energy storage, or the same battery. In [11], applications 
of distributed generation sources are integrated and trans-
mitted separately from the network. Homer, HOGA and Ret 
Screen were introduced in this reference. DE algorithm, 
particle communities, and harmonic search of intelligent 
methods have led to the design of optimal hybrid power 
generation systems. In this paper, the main objective of 
the design of the hybrid power generation system in the 
studied grid, the reduction of energy production costs 
and the improvement of system reliability indices such 
as unprotected energy (ENS) and LPSP in design consid-
erations are taken. Considering the cost per kilowatt of 
energy not provided and adding this cost to energy costs, 
a single target goal of energy will be created. As a result, 
the algorithm must minimize this function. On the other 
hand, according to the defined standards, the LPSP limit 
value should be less than the permissible limit (2% per 
year), which is applied as an optimization limitation in the 
problem [12].

In this paper a new comprehensive objective function 
is proposed for designing solar–wind hybrid system in an 
area in the north of Iran. The proposed objective function 
is a combination of life cycle cost and reliability cost. Also, 
reliability constraints are considered in the design process. 
A modified version of the bee algorithm is also proposed 
to solve the optimization problem.

The remainder of this article is presented in the sec-
ond part of the study network. In the third section, the 
relationships required for modeling the proposed system 
are described, and in Sect. 4, the Bee algorithm is briefly 
described. In the fourth section, simulation results were 
presented in three scenarios. Finally, this article ends with 
the results and conclusions in Sect. 5.

2  Power generation hybrid system

In recent years, distributed sources have been used abun-
dantly in distributed electrical energy networks to reduce 
losses, improve reliability, reduce environmental pollu-
tion, and reduce energy costs, and so on. According to the 

statistics, among the distributed sources of production, 
solar and wind sources have been used more than other 
sources. The reason for this is the availability of solar and 
wind power in most parts of the world, as well as their lack 
of pollution. But the issue that is of great importance in 
this area is the power to extract solar and wind resources 
depending on the intensity of the sun’s radiation and wind 
speed in that area. Now, if there is not enough sun in the 
hours of daylight or wind speed, these two power supplies 
will not be produced. By combining solar, wind and solar 
resources together, a hybrid power generation system 
can provide more reliable reliability than systems with a 
source [13]. It can be connected to the power grid so that 
there can be power exchange with the network. In Fig. 1, 
a hybrid power generation system is shown in which solar 
and wind resources are used as two sources of distributed 
generation that are responsible for supplying the region. 
The surplus power will be sold to the grid and in the event 
of a lack of power; the network will be used to supply the 
required electrical energy. In this system, meters are used 
to determine the amount of power exchanged with the 
network and load. One of the challenges ahead in power 
generation hybrid systems is the optimal size of each 
resource, which is strongly dependent on the amount of 
load in the area and its geographical condition [14]. The 
number of solar panels and the number of wind turbines 
used to minimize costs, in addition to supply, is a com-
pletely non-linear problem.

3  Objective function and constraints

The purpose of the design of the solar hybrid winding sys-
tem for the studied network is to determine the number 
of solar panels and wind turbines with the aim of reducing 
energy costs and minimizing the cost of energy due to the 
energy not provided in the network. The total cost of the 
proposed system includes the total initial investment costs, 
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Fig. 1  The grid model studied



Vol.:(0123456789)

SN Applied Sciences (2019) 1:1742 | https://doi.org/10.1007/s42452-019-1710-y Research Article

the unprotected cost of energy and the net present value 
of all operating and maintenance costs [15]. This includes 
the replacement cost energy not supply cost (SCOC) and 
residual value of each component of the system plus the 
difference between the present value of the cost and the 
revenue from the delivery of power to the network, which 
is the cost function in the form of Eq. (1): 

The variable to be calculated is the total area of the solar 
panels and the swept surface of the wind turbine blades 
represented by the  Apv and  AW variables per square meter. 
Therefore, the total setup cost is:

It is worth noting that the N-year evaluation horizon of 
the project is equivalent to the useful life of a solar panel 
 (LPV), so the cost of replacing this component from the sys-
tem is zero.  (RNPV_PV = 0). The useful life of wind turbines  (LW) 
is usually less than that of solar panels (here it is equal to N). 
Therefore, additional investment for wind turbines will be 
required before the horizon of the project is completed. The 
number of times the N-year horizon of the wind turbine pro-
ject should be replaced is equal to  XW = N/LW [16]. If αW is the 
initial investment in the current time in dollars pe r square 
meter, then the investment in year y is equal to: 

Total Net Value Total O&M costs are:

Total revenue from resale and total net worth total rev-
enues from resale are equal to:
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The resale price of the  Sd wind turbine in dollars per 
square meter during its useful life is linearly reduced from 
αW to  SW.

Assuming a constant consumption of energy per year, 
the total net value of purchasing energy from the network 
will be as follows:

If the amount of energy sold to the network is equal 
to  Es and the annual energy sales to the  Ps network are in 
$/kWh, then the annual energy sales to the network are 
equal to  Ia = Ps.Es, so the total net sales value of energy 
sales to the network is equal to With:

The LPSP limitation for a solar-hybrid hybrid system in 
the time period T is calculated from the following equa-
tion. The amount of LPSP  should not be less than the 
amount considered in this article is 2% [17].

In Fig. 2, the stack-to-step simulation steps and the LPSP 
control are shown in the flowchart.

4  Under study network

The studied grid is a residential town with 15 households 
located on the outside of the city of Sari with a geographi-
cal location of 36°33′48ʺ N, 53°03′36ʺ E. In Fig. 3, the geo-
graphic location of the target area is shown. It should be 
noted that the town has access to the national electricity 
grid and only used to reduce costs and improve the reli-
ability of distributed sources of energy.

The amount of consumption of the city at 8760 h (for 
one year) is shown in Fig. 4.

The data on the amount of solar radiation and wind 
speed in the studied geographic region have been 
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Fig. 2  Flowchart simulation system

Fig. 3  The study area
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obtained for 1 year and hourly hours using the Homer 
software. The average solar radiation and wind speed in 
different months for the region studied in the study area 
are shown in Figs. 5 and 6.

The average solar radiation in the region is about 
4 kWh/m2/d and the average wind speed is 1.73 m/s. Due 
to network constraints for power supply, its availability per 
hour with a normal function with an average of 40 kV and 
a standard deviation of 20 is considered to provide the 
required data for 8760 h. In Fig. 7, the network capacity 
is shown.

5  Bee optimization algorithm

The bee colony algorithm was first introduced in 2005, 
an algorithm inspired by colonial bee behavior. Bee 
colony algorithm is used to solve continuous optimiza-
tion problems and to find optimal values   of a function 
or a combination of multivariate numeric functions. 
This method has better performance with less control 
parameters than other algorithms. The population in 
this algorithm consists of three groups of worker bees, 
treadmills and spectators. The first half of the population 
includes artificial laborer bees and the second half of the 
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spectators’ bees. For each food source, there is only one 
worker bee. In other words, the number of worker bees 
is equal to the number of sources of food around the 
hive. The beekeeper whose food supply is out of date 
becomes a predator bee [18].

In the first step, this algorithm is initialized. In this way, 
a set of food supply positions is randomly selected by the 
bees and their nectar values   are determined. Then, these 
bees get into the hive and the nectar information is shared 
by each resource to the bees waiting in the dance area 
inside the hive.

In Eq. (13), xij the j-th variable is optimized from the ith 
most reliable solution to the problem of optimization, 
xmin,j the lower limit of jth optimization variable, xmax,j 
the upper limit of jth optimization variable. Equation (13) 
states that optimization of random numbers for each vari-
able is produced for each variable. After generating the 
initial population, the ABC algorithm uses Eq. (14) to deter-
mine the fitness of each possible solution.

where  fi is the cost of solving the possible  xi. Any worker 
or spectator bee may make changes to the available food 
source (possible resolution) in its memory and calculate 
its fitness. If the new solution’s resolution is greater than 
the previous one, the new solution will be chosen and the 
old one will be forgotten; otherwise, it will keep the same 
solution in memory. In this algorithm, the new solution 
is the solution of the previous solution based on Eq. (15):

The variable k is generated randomly and must be dif-
ferent with i. In this equation, Φij is a random number in 

(13)xij = xmin,j + rand[0, 1] × (xmax,j − xmin,j)

(14)fiti =

⎧
⎪⎨⎪⎩

1

1 + fi
if fi ≥ 0

1 + ��fi�� if fi < 0

(15)vij = xij +�ij(xij − xkj)

the range [1, − 1]. This number controls the production of 
food sources around  xij, indicating a comparison of the two 
food sources by a bee. With this equation, the difference 
between  xij and  xkj decreases, the deviation from the  xij 
location will also decrease. Therefore, as the search process 
approaches the optimal solution in search space, the devi-
ation from the optimal solution decreases. In this equation, 
one dimension of one of the food sources is tried to be 
selected and, depending on the value of Φ, in its direction 
or opposite direction. If the variable generated by Eq. (15) 
violates its limit, its value is replaced by an acceptable 
value. If it violates its upper limit, the upper limit value 
replaces it and if it violates the lower limit, the lower limit 
value is replaced. After exchanging information between 
the worker and spectator bees, spectators choose a food 
source with a probability that fits the quality of the nectar 
in the food source. This probability can be calculated in 
various ways, which are expressed in the equations [19].

In Eq.  (17), max (fit) is the largest amount of fitness 
among all possible solutions. The parameters A and B are 
constant values. According to the explanation of this sec-
tion, we can say that the parameters of the number of food 
sources (SN), which is equal to the number of worker or 
spectator bees. You can use Flowchart Fig. 8 to design a 
hybrid power generation system using the Bee algorithm.

6  Simulation results

This section examines the results of simulation in Matlab 
software environment. In order to locate and determine the 
capacity of distributed generation sources in the studied 
network, three Bee algorithm (BA), Particle Swarm Opti-
mization (PSO) and Differential Evolution (DE) algorithms 
have been used, taking into account the objective function. 
Table 1 shows the parameters of the used algorithms. Stud-
ies are repeated in three scenarios. In the first scenario, only 
wind turbines were used to supply power. In the second 
scenario, solar panels replaced the wind turbine, and in the 
third scenario, a solar–wind combination system was used. 
System cost values are calculated and compared with each 
other after optimization by the proposed algorithms.

The amount of energy requested from the network (Eb), 
the annual cost of energy purchased (Ca), the amount of 
LPSP constraint, the amount of unpaid energy fines (Ce), and 

(16)pi =
fiti∑SN

n=1
fitn

(17)pi =
A × fiti

max(fit) + B
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the total cost of the system under basic conditions, in which 
there are no dispersed sources of production in the system., 
Is given in Table 2.

The amount of energy demanded from the upstream 
network in one year of study is 45,625 kilowatt-hours per 
year. The annual cost of purchased energy is 174,560$ and 

Fig. 8  Flowchart of the bee 
cluster algorithm for the 
design of a power generation 
hybrid system

start

Bee Algorithm parameters are entered
(Nbee, Population, Iteration,…)

reading of the radiation intensity R (t), the wind speed V 
(t) and the load amount P (L)

Initial population is randomly numbered

Estimated solar and wind power production

Calculatethecostfunction
(Eq. 1)

Choosethebestbee
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Have the conditions 
come to an end?

Choosing the best bee (with 
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particles

end
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(Flowchart Fig2)
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Table 1  The parameters of the 
algorithm BA, PSO and DE BA nScoutBee MaxIt nSelectedSite nEliteSite nSelected-

SiteBee
nEliteSiteBee

100 40 10 4 10 20
PSO pop max_ite c1= c2 w VMin VMax

100 40 2 0.7 0.6 0.9
DE pop max_ite βmin βmax PCR

100 40 0.4 0.8 0.6
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the non-energy fines are estimated at 840$. The LPSP con-
straint is obtained in the absence of dispersed generation 
sources of 3.68%. For a standard stand-alone system, the 
LPSP should be less than 2% in a year.

6.1  The first scenario

In this scenario, the design of a single-wind system con-
nected to a nationwide power grid has been studied. For this 
purpose, BA, PSO and DE algorithms were used to optimize 
the design of this wind system. In Fig. 9, the curve of the cost 
function changes for the three algorithms is shown.

Figure 9 shows the performance of BA optimization algo-
rithms (continuous red line) and PSO (Blue dash lines) and 
DE (Black dots). It can be seen that, as the response of the BA 
is optimized, the convergence of responses in this algorithm 
is more rapid. The final cost function for the BA algorithm 
is 192,908$ while its value for both DE and PSO algorithms 
was 193,154$ and 193,161$ dollars, respectively. The results 
of optimization are summarized in Table 3.

The comparison and comparison of optimization 
results with three algorithms in Table 3 shows that the 

BA algorithm has reached 147 wind turbines, while the 
algorithm of PSO aggregation has 140 numbers and the 
DE algorithm has 161 numbers. The value of LPSP for the 
BA algorithm is 0.0198 and for the PSO and DE algorithms, 
respectively, is 0.02 and 0.019, respectively. The annual 
cost of purchased energy for BA, PSO and DE algorithm 
are 8691$, 9109$ and 8432$ respectively. Also, SCOC is 657 
$ for BA, 658$ for PSO and 376$ for DE algorithm. Although 
the energy demanded from the grid is less than two other 
algorithms using the DE algorithm, the cost of energy pur-
chased from the network is reduced, but due to the higher 
number of wind turbines, the overall system costs have 
increased. According, the final cost of the system based 
on the bee colony algorithm is less than the proposed 
two alternative algorithms. Similarly, the annual amount 
of energy demanded by each home of the network was 
less than that calculated by calculating the bee colony 
algorithm.

6.2  Second scenario

In this scenario, it is assumed that there is only the possibil-
ity of installing solar panels in the study system. This time 
BA, PSO and DE algorithms have been used to design a 
power generation system. The comparisons of the perfor-
mance of the algorithms are shown in Fig. 10 for finding 
optimal conditions. In this case, the convergence rate of 
the algorithms is roughly the same, although the response 
of the bee algorithm is more optimal than the other.

In the following, in Table 4, the results obtained from 
the optimization are presented by three algorithms.

The number of solar panels offered by the BA algorithm 
is 121, while the number for both DE and PSO algorithms 
is 115 and 113, respectively. The final cost of the system 
based on calculations of the bee colony algorithm is 135$ 
less than the PSO algorithm calculations and 71$ less than 
the DE algorithm. Also, the amount of energy that each 
house requests per year, and the annual cost of purchasing 
electrical energy from the network under the proposed 
conditions of the colony bee colony algorithm is less.

6.3  Third scenario

Each of the first and second scenarios has the advantages 
and disadvantages of using solar panels and wind turbines 
simultaneously to provide energy to minimize the existing 

Table 2  Requested energy of the network and cost for the base 
mode

Eb(KWh/year) Ca($) Ce($) LPSP CT($)

45,624 174,560 839.17 0.0368 228,120
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Fig. 9  The curve of the objective function changes in the first sce-
nario

Table 3  Optimal design results 
in the first scenario

AW  (m2) Eb (KWh/year) Ca ($) SCOC ($) Ia($) ENS (Kwh) LPSP CT ($)

BA 138 26,145 8691 657 689 1722 0.0198 77,556
PSO 140 26,663 9109 685 612 1712 0.02 77,574
DE 161 25,125 8432 376 861 940 0.019 77,560



Vol.:(0123456789)

SN Applied Sciences (2019) 1:1742 | https://doi.org/10.1007/s42452-019-1710-y Research Article

weaknesses while simultaneously taking advantage of 
both systems. In this scenario, the hybrid state has been 
investigated and the optimal number of solar panels and 
wind turbines has been obtained in the solar–wind hybrid 
system. The objective function change curve for three BA, 
PSO and DE community is shown in Fig. 11.

The optimal design results of the hybrid system are pre-
sented by three algorithms in Table 5.

The comparison of the proposed optimal state with each 
algorithm shows that in the output of the PSO algorithm, 
due to the increase in the amount of wind turbine (com-
pared with the output of the BA algorithm), due to the 
more uniform nature of the energy produced by wind tur-
bines, the amount of energy Each house per year requests 
the network has declined proportionally. However, due to 
the intensity of radiation and wind speed in the study area, 
reducing the number of solar panels has reduced annual 
revenue from the sale of excess energy to the network in 
the output of the PSO. In the case that the annual cost of 
purchasing electrical energy from the network and the 
LPSP constraint is almost identical in both outputs, the total 
cost of the system as a function of the system objective in 
the proposed model of the BA algorithm has decreased by 
358$ compared to the output of the PSO algorithm.

6.4  Numerical studies of the results

Table 6 compares the baseline (without a power genera-
tion hybrid system) with three other power generation 

systems. In the base state (without installing distributed 
energy sources), there is the highest cost involved in pur-
chasing energy from the network. The next most expen-
sive scenario is the use of wind turbines. The lowest cost 
is the hybrid system, and the scenario of using the solar 
panel is only second. The annual amount of energy pur-
chased per household from the network is in the best-
expected hybrid mode. In contrast to the wind turbine 
scenario, despite the final cost of the solar panel scenario, 
the annual energy demand is lower than the network due 
to the lack of available solar energy at hours the begin-
ning and the end of the day. However, due to the amount 
of radiation in the study area, this weakness of the solar 
scenario is offset by increasing the revenue from the sale 
of excess energy to the network, so that in this section the 
solar scenario is even better than the hybrid state.

The Fig. 12 shows the cost of an optimally designed 
hybrid system for solar and wind divisions. In this chart, 
initial_investment represents the initial installation cost, 
replacement_cost replacement cost, O_M cost-of-charge 
and maintenance, and salvage_value value of the equip-
ment’s disposal at the end of the review period. 

As shown, the installed solar panel suite, despite the 
initial cost, has a lower cost of replacing, operating and 
maintaining. In Fig. 13, the net present value and projected 
hybrid system revenues are shown.

Fig. 10  The curve of the objective function changes in the second 
scenario

Table 4  Optimal design results 
in the second scenario

Npv Eb (KWh/year) Ca($) SCOC ($) Ia($) LPSP CT($)

BA 121 27,700 9664 685 1593 0.02 166,291
PSO 113 28,007 9700 685 1392 0.02 166,426
DE 115 27,922 9663 685 1444 0.02 166,362
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Fig. 11  The curve of the objective function changes in the third 
scenario
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The sale of surplus equipment and surplus energy to 
the network are system revenues that are shown in a nega-
tive graph (income), and other items that are costing are 
plotted with positive outcomes. As shown, the purchase 
of energy shortage from the network has the largest share 
of the final cost of the system, and the initial installation of 
equipment is in the second order of cost.

7  Conclusion

In this paper, the optimal design of the hybrid power gen-
eration system in Sari has been studied. The main objec-
tive of this study is to provide a model for designing a 

hybrid power generation system that uses solar cell pan-
els and wind turbines. Designs are implemented in such a 
way that the total cost of the system reaches its minimum. 
These costs can be the cost of initial investment, the cost 
of maintenance, the cost of purchasing energy from the 
grid, and so on. To this end, the BA algorithm was used 
to achieve this goal and the results were compared with 
the results of DE algorithms and PSO. In order to carry out 
studies, the actual sample system, whose data has been 
available, has been studied. Using the geographic loca-
tion of the area, the amount of sun radiation and wind 
speed is obtained from NASA’s site. Then, studies have 
been conducted in three scenarios. In the first scenario, 
the system only includes wind turbines. The final system 
cost was 192,908$. In the second scenario, the only energy 
sources of solar panels are the system, with a final system 
cost of 17,691$. In the third scenario, the combination 
of a solar–wind system has been used to provide power. 
The total cost of the system in this scenario is estimated 
at 171,489$. The results of this section indicate that the 
hybrid system has a better performance than the other 
two scenarios in terms of the objective function (total cost 
of the system), and the scenario of the solar panel is better 
after the hybrid mode.

Table 5  Optimal design results 
in the third scenario

APV  (m2) AW  (m2) Eb (KWh/year) Ca($) SCOC($) Ia($) ENS (Kwh) LPSP CT($)

BA 80 63 23,853 7872 226 1192 565 0.0182 75,105
PSO 67 74 23,716 7812 210 976 525 0.018 75,643
DE 93 52 24,255 8036 376 1390 940 0.0191 77,553

Table 6  Compare the results of 
different scenarios

APV  (m2) AW  (m2) Eb (KWh/year) Ca($) SCOC($) Ia($) LPSP CT($)

Base 0 0 45,624 17,456 839 0 0.0368 220,747
Scenario 1 0 138 26,145 8691 657 689 0.0198 87,956
Scenario 2 121 0 27,700 9664 685 1593 0.02 176,291
Scenario 3 80 63 23,853 7872 226 1192 0.0182 75,105
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all

Fig. 12  Comparison of hybrid system costs

Fig. 13  Comparison of cost 
and system revenues in hybrid 
mode
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Comparison of the energy that each house requests per 
year in different scenarios shows that according to the pre-
diction of the hybrid scenario with 23,853 kilowatt hours 
per year, it is less than the other scenarios, and unlike the 
overall cost of energy demand from the network in the 
wind scenario the solar scenario is less.
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Appendix

See Tables 7 and 8.  

Table 7  System parameter 
values

Amount Unit Parameter symbol Parameter title

1/0 r Interest rate
04/0 � Inflation
075/0 �PV and �W Annual increase in operating and maintenance costs
25 Year N Lifetime of the project
9/0 �inv Inverter efficiency
7/519 $∕m2 Δ The initial cost of the solar panel

1% off �PV $∕m2 �OMPV The annual cost of operating and maintaining a solar panel

25% off �PV $∕m2 SPV Solar panel sales price

25 Year LPV Solar life span
14/0 �PV Solar Panel Efficiency
2/544 $∕m2 �W The initial cost of the wind generator

2% off �W $∕m2 �OMW Annual cost of operation and maintenance of wind turbines

30% off �W $∕m2 SW Wind turbine sales price

20 Year LW Lifetime of wind turbine
85/0 � Efficiency
59/0 CP Power factor
225/1 kg∕m3 �a Air concentration

Table 8  Energy retail price

Monthly consumption Consumption inter-
val (kWh)

Price (kWh/$)

Less than 75 kWh 0–50 1196/0
50–75 2649/0

75 kWh and more 0–10 1196/0
10–75 2649/0
Larger than 75 4402/0
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