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Abstract. This article considers an urgent task of using autonomous sources for power supply systems of 

industrial enterprises of small and medium-sized production. The efficiency of choosing the time of their 

switching-on in peak hours of power system in order to reduce the cost of electricity is shown on the 

example of diesel generators. 

1 Introduction  

At present the problem of increasing electricity tariffs for 

centralized electricity supply is brewing in some areas of 

industry. Statistical analysis over the past few years 

shows that the cost of electricity to the end consumer is 

increasing. The following factors have an influence on 

this trend: 

- Transmission of electricity over long distances 

results in severe losses; 

- Obsolete electrical equipment is still in operation; 

- Electric networks have a lack of flexibility and 

mobility. 

This problem can be solved by switching from 

centralized power supply to distributed generation. The 

main advantage of this process is production of 

electricity directly at the place of consumption, which 

guarantees optimal efficiency during its transportation 

[1-4]. 

The aim of the study is to assess the efficiency of 

distributed generation in low-voltage electric networks 

for production facilities. 

Currently, in the Russian Federation, the primary 

consumers of electricity are industrial enterprises whose 

installed power range from several kilowatts to ten 

megawatts. 

Today, the following categories of distributed 

generation can be considered: 

1. Isolated generating plants. 

2. Combined heat and power plants. 

3. Diesel, gas turbine and gas piston power plants. 

At first glance, these categories of distributed 

generation have more disadvantages than advantages for 

small production facilities. 

To obtain the optimal saving effect from the use of a 

diesel generator when powering an object, the necessary 

condition is to come up to coincidence of hours the 

generator is turned on with hours of peak loads in power 

system and with hours of power take-off. Studies of 

electricity consumption schedules show that it is possible 

to reduce the cost of electricity and power in the 

specified hours [5]. 

For enterprises of small and medium-sized 

production it is inefficient to use large isolated 

generating plants, due to the lack of territory for their 

construction and significant costs for their construction 

and maintenance. In addition, many enterprises do not 

have gas distribution stations, substations and main gas 

pipelines in the immediate vicinity. One of the 

advantages of diesel power plants is the possibility of 

their widespread use, since diesel fuel is much more 

affordable than other types of fuel. 

The comparative characteristics of diesel and gas 

power plants are presented in table 1. 

Diesel generators are oriented to longer work in 

comparison with gasoline generators. Gasoline 

generators can operate continuously for only a few hours 

and have power limitations. 

Undoubtedly, to obtain the greatest economic effect, 

it is more expedient to switch to autonomous power 

supply using gas generators. However, due to significant 

one-time investments related to the commissioning of 

gas power plants for small and medium-sized 

productions, it is more rational to use diesel generators. 

For any organization, the expenditures for purchasing 

electricity comprise a significant share in the cost of 

produced goods and services. All subjects of the Russian 

Federation according to the procedure for settlements for 

electricity can be divided into two groups: 

- Zones of wholesale market in which the price of 

electricity is formed under competition; 

- Non-price zones without competition, in which the 

price for electricity purchase is approved by the local 

executive body with authority in the field of tariff 

regulation. 

It should be noted that the bulk of the electricity price 

is formed by the prices of transmission services, sales 
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allowances and purchase prices of electricity in the 

wholesale electricity market [6], [7]. 

Currently, six price categories can be distinguished 

with different procedures for the formation of the final 

price for electricity. Practice shows that the right choice 

of price category can reduce the cost of purchasing 

electricity by up to 30 percent. 

Using a diesel generator at the enterprise and turning 

it on during peak hours of power system allows one to 

get an additional effect by reducing expenditures for 

power purchase [8], [9].  

2 Materials and methods 

Consider the idea of implementation of own generation 

in a low-voltage electric network using the example of 

electricity consumed by a manufacturing enterprise for 1 

month (December) [10]. 

The greatest economic effect can be achieved by 

reducing the payments for power. For this, it is necessary 

to turn on the diesel generator during peak hours (peak 

load monitoring hours), thereby reducing the amount of 

power paid for in the wholesale electricity market. For 

this purpose, it is necessary to simultaneously solve the 

problem of choosing the optimal power and strategy of 

the diesel generator [10]. 

Electricity consumption should be considered only 

during hours of power take-off, that is, during peak 

hours on working days of month. 

For clarity, we present them in the average monthly 

load schedule during power take-off hours (Fig. 1).  

The methods of mathematical statistics were used to 

study the X criterion, i.e. power at peak hours on 

working days of month. 

Table 1. Advantages and disadvantages of diesel and gas power plants. 

Power source Advantages Disadvantages 

Gas generators 1) The cost of a unit of generated electricity 

is much lower than that of gasoline and 

diesel generators; 

2) Low noise during operation; 

3) High environmental performance. 

1) Gas is explosive fuel, the probability of ignition of 

which is much higher than that of diesel fuel; 

accordingly, it is necessary to observe special conditions 

of operation, storage, transportation of fuel tanks; 

2) The relatively large dimensions of the installation; 

3) Obtaining special permission from the relevant 

authorities to connect the unit to the gas pipeline; 

4) Temperature conditions for storage of gas fuel. 

Diesel generators 1) Low operation costs; 

2) A relatively high efficiency, within 50%; 

3) Low noise during operation; 

4) The ability to work in various weather 

conditions; 

5) Compactness; 

6) Quick start, stable performance. 

1) High cost of primary fuel; 

2) High requirements to the quality of diesel fuel; 

3) Load factor of diesel generator should be at least 40%; 

3) High power diesel generators require additional 

installation of a ventilation system. 

 

 

Fig. 1. Monthly average load schedule during power take-off hours (December) 
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The average value (analog of mathematical 

expectation) of the investigated criterion is: 
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The variance is 

 

296097.76D kW=  (2) 

The sample standard deviation is the most accurate 

variation indicator, which indicates by what value the 

entire set of random variables may differ from the 

average value (mathematical expectation): 

 
96097.76 310 .kW = =  (3) 

Based on the study, we determine the possible 

number of operation hours of the diesel generator, 

provided that the costs of the diesel generator will be 

covered by the cost of compensated power. The amount 

of paid power will be lower, and additional benefits will 

be achieved by reducing the amount of purchased 

electricity [10]: 
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where CW is the purchase price of electricity in the 

wholesale electricity and power market, $/kW; CN is the 

system utilization charge of electrical networks of the 

selected tariff, $/kW; CD is the price of kWh of 

electricity generated by a diesel generator, $/kW·h; ND is 

the number of working days in a month. 

Practice shows that to obtain additional savings, it is 

necessary to partially reschedule the work of production 

equipment from peak hours to another time, if the 

technological process enables this change. 

3 Results and discussion 

Thus, we find that the optimal number of operation hours 

of a diesel generator per day (in December according to 

the original schedule) is 12 hours. For the considered 

situation, by switching on the generator at the indicated 

hours, we are guaranteed to reduce both the amount of 

power paid in the wholesale market and the network 

power by the value of the nominal power of the diesel 

generator. 

Based on the data obtained in the study, it can be 

argued that the diesel generator power should be selected 

from the condition: 

 
2.5 , ,MINP P kW      

where PMIN is the minimum power consumption, kW; σ 

is the standard deviation from average power, kW 

It is impractical to set power over 2.5·PMIN , since the 

load factor of a diesel generator in some hours will be 

less than 40%, which will lead to accelerated wear of the 

internal mechanisms of unit. 

We obtain that  

 
310 2.5 407.45 .P kW     

According to the range of standard power we accept 

P=400 kW. Given the generator’s operating strategy for 

12 hours a day during peak hours (from 8 to 12 hours 

and from 15 to 21 hours, inclusive), it is possible to 

determine the economic effect of using a diesel generator 

when reducing the power supply. However, turning on 

the unit for all 12 hours is irrational, therefore, it is 

necessary to determine the most probable reporting 

hours. Since peak hours are published at the end of the 

reporting period, the most probable hours should be 

determined based on statistical data over the past periods 

of time.  

We denote H as the peak load hour on working days 

of the considered December, obtained as a result of 

measurements and determine the numerical 

characteristics of the considered criterion H: 
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We denote Y as the peak hour on working days of 

another month (February) obtained as a result of 

observations. The determined numerical characteristics 

of the investigated characteristic Y are: 
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We use the Pearson's chi-squared test, as one of the 

most frequently used in studies, to test the hypothesis 

that the peak hour of the load is the same in different 

months. This fact allows us to judge that the populations 

from which the samples are extracted are the same, so 

they have the same distribution law. The description of 

the experimental data using the well-known distribution 

law makes it possible to present the probability density 

function and the distribution function in an analytical 

form. This is useful in finding the probability of falling 

into a certain interval of the real peak load hours. [11]. 

Table 2 shows peak hour data. hi in December and yi 

in February, as well as the number of working days in 

which this hour took place. 

Further we calculate the empirical value of chi-

square: 
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Using the chi-square table for the number of degrees 

of freedom k=l-1=6-1=5, we find the probability that, 

due to random reasons (rather than sample 

homogeneity), the value 
2  will be not less than 

empirical value [11].  

The found probability is quite small, therefore, the 

hypothesis of uniformity of samples, indicating the same 

choice of peak hour of power system every month using 

the Pearson criterion chi-square, is rejected. In addition, 

the spread of obtained numerical characteristics speaks 

in favor of different distribution of peak hour of power 

system in the indicated months. Studies based on 

probabilistic and statistical methods show that the choice 

of optimal hour is irrational.  

Therefore, it is necessary to determine the time 

interval for the strategy of own generation. When 

choosing the optimal solution, other power 

characteristics in low-voltage electric networks can be 

taken into account, for example reactive power [12]. 
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Table 2. Statistics of peak hours. 
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