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Consumer behavior is the key factor in Demand Response (DR) programs in the residential 
side; So, modelling of residential energy consumption based on consumer habits for home 
applications is essential. These models provide infrastructure for energy management and 
facilitate applying several DR programs into residential side. This paper aims at finding optimal 
delay time in the most energy consumption equipment based on the priority of each appliance. 
The program reduces the peak of consumption and fills the valley in household appliances. It is 
applied into a conventional three level Time of Use (TOU) program. In order to achieve this 
target, first domestic appliances consumption models are identified and classified in three major 
groups based on acceptable delay time; then, equation for each appliance is estimated. An 
objective function is defined as minimizing the square error of demand and load curve. After 
that, all models are inserted into a general equation and solved with genetic algorithm.  During 
the optimization process, several factors such as consumer satisfaction, addressing minimum 
demand of energy in each scenario, and average use of appliances are considered. Finally, delay 
time for each appliance is obtained and applied to conventional three level TOU program. In 
other words, in the critical peak period of consumption, with considering the priority of each 
load and consumer satisfaction, an obtained delay is inserted in less essential loads 
hierarchically. This insertion continues until achieving the optimal objective function. Results 
are compared and   demonstrated that using simple programmable delay relay, which can be 
easily integrated on the path of each appliance, reduces he peak in daily electricity consumption 
as well as electricity bill for consumers.  

Keywords: Consumer behaviour, residential energy management , hierarchical delay, appliances 
model, optimization. 

 

 1. Introduction 

 

Electricity is the main source of energy for our domestic basic needs. Suppliers of 

electricity are trying to provide constant electricity for all customers because power outage 

is closely bounded with consumer satisfaction. In addition, cost of energy has gone up 

nowadays so consumers are willingly want to reduce their electricity bill. Demand 

Response (DR) programs help energy managers to deal with these kinds of obstacles. DR 

programs have been being widespread and practical since the invention of smart grid 

concepts. These programs have been widely used in energy management to reduce the 

electricity bill as well as boosting efficiency and reliability in power systems. DR programs 

can be applied in both industrial and residential sectors, however, these programs have been 

used in industrial sectors so far. On the other hand, residential sector consumes 22% of US 

total energy which is growing rapidly due to housing and population growth [1]. A large 

portion of energy can be saved through coordinated scheduling of smart household devices 

and management of distributed energy resources [2-5]. However, only 10% of residents 

enrol in DR programs and even fewer are compliant [6,7].  

1. Several methods have been presented in DR programs to boost the participation 

of customers in the mentioned programs such as automated demand response 

(autoDR), advanced metering infrastructure(AMI) and energy management 
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system(EMS). Involuntary programs like autoDR directly control the loads of 

consumer which is not popular among residents because they do not like to lose 

their autonomies in using energy [6,8]. Although These kinds of programs work 

independently and properly, consumer’s satisfaction has not been considered as 

a critical factor. Voluntary programs such as (AMI) depend directly on 

knowledge and willing of contributing in this programs. This factor is an 

elusive quantity and it is almost unpredictable. Predicting whether a consumer 

wants to participate in a program or not is almost impossible or depends on a 

lot of variables. EMS programs are too complicate and need infrastructure and 

considerable budget to succeed [8,9]. Based on these obstacles, a practical and 

low-cost residential DR program seems to be essential. It can become more 

important particularly in countries and regions with limited energy production, 

facilities and budget. This new DR program should be practical, low-cost and 

provides consumer satisfaction.  It must guarantee that the minimum essential 

load for consumer will be met constantly. To do so, in this paper, firstly, the 

consumption behaviour of residential sector is observed in details. Then, some 

appliances that consume the most energy in home are recognized and 

categorized. Appliances are divided in three main clusters known as non-

shiftable, short-shiftable and long-shiftable appliances [10,11]. Average 

demand for consumer is estimated based on this information in 24 hours a day 

in specific period of a year (summer) and represented based on daily energy 

consumption curves [12]. Estimating and recognizing consumer behaviour are 

done using system identification toolbox in MATLAB software and represented 

by 5th degree sinusoidal equation. In the second step, several diurnal use 

applications are observed and modelled. Based on cultural and economic 

circumstances, acceptable delay time for these appliances are identified and 

modelled in equations. In the third step, all equations and models are inserted 

into an optimization program hierarchically. Then for each application an 

optimal value of delay time is obtained with deferent optimization methods. All 

data are collected and summarized in a table. During the optimization, long-

shiftable appliances and less essential loads are inserted in the optimization 

with priority to obtain the most satisfaction in the consumer side. Finally, the 

best values are chosen and applied to a conventional three level time of use 

curve of real power grid and compared with previous methods. 

 This article is organized as follows. Section II provides information about appliances 

and represent the method of categorizing appliances in several groups. It gives details about 

energy consumption of each category and allowable shift time for each appliances. 

Mathematical modelling and system identification for one appliance in each group are 

represented in section III. In section IV optimization and load scheduling method is 

presented and objective function is defined. The final and optimal delay time for each 

appliance is obtained. Then, these times are inserted into a real conventional three steps 

time of use consumption curve. In the conclusion, the obtained values from DR program 

are compared to the curve of non-DR program and demonstrates that using simple 

programmable delay can effectively diminish the peak of consumption as well as electricity 

bill. 



J. Electrical Systems 17-1 (2021): 77-89 
 

79 

 
 2.  Classification of Appliances 

 

  Based on general classification, residential most used appliances can be classified in 

two main groups: discrete loads and continuous loads. Both discrete and continuous loads 

can be classified as shiftable and non-shiftable loads. Shiftable loads are the loads which 

can be shifted forward or backward while non-shiftable loads cannot be shifted. Providing 

sufficient power for non-shiftable loads is essential and makes consumers feel more 

satisfied and convenient. Shiftable loads can be divided into two main groups, short-

shiftable and long-shiftable loads. Based on the circumstances, several loads in a 

households are unknown or hard to predict. These kinds of loads are imposed to a grid 

without any announcement or regular patterns. Consumers tend to use several appliances 

such as laptops, televisions and entertainment appliances all over a day; so, they may feel 

more convenient if they can use these applications anytime. Providing energy for these 

kinds of consumptions means that consumers feel they have their autonomies in energy 

using. With considering consumer satisfaction and simplicity, these loads are classified as a 

non-shiftable loads. Indeed, although these appliances may be shiftable, they have been 

categorized as non-shiftable loads. Load classification is closely twisted with cultural 

circumstances, geographical location and technological development, however, some 

consumption norms can be found in the most popular household appliances [13]. 

   In this section, loads are investigated based on longevity of possible shift time in a 

daily use.  To do so, first, loads classified into three main groups named non-shiftable, 

short-shiftable and long-shiftable; then, the average consumption of each application have 

been recognized and finally, based on consumer satisfaction and convenient the acceptable 

shift of time is determined for each appliances. 
 

 2.1. Non-shiftable loads 

Many appliances are known as non-shiftable loads. These appliances are essential and 

important for consumers. Consequently, each energy management program should handle 

these needs appropriately. One of the most important and sensible examples of non-

shiftable loads is lighting at night which must be ON during the darkness of night.  These 

loads can be called uncontrollable loads. Other examples are elevators, water pumps and 

security applications. An appropriate energy management program is a program which can 

handle the least daily energy needs in each household.  Regarding to non-shiftable 

appliances without any controlling ability for manager, the least consumption of a house 

can be obtained. This value shows the essential load for grid because it has to be met by 

supplier constantly. Non-shiftable loads are non-elastic and do not vary under any DR 

programs. The elasticity of each load can be defined as (1) [14]. 
 

 0

0

.
d

E
d

ρ δ

δρ
=  (1) 

 
Where E is elasticity, d is demand and ρ is defined as a price. In this case the value of E for 
non-shiftable loads is zero. 
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 2.2. Short-shiftable loads 

Short-shiftable loads and appliances have been defined as the loads which can be shifted 

up to an hour and do not make any discomfort for consumers [11]. For example, all cooking 

appliances and refrigerators are defined as short time shiftable appliances. These loads are 

entered in the management programing in the case of emergency times. Shorter delay time 

means the lower controllability and effectiveness on overall load. In another word, these 

loads are in the second priority of management and it is preferred to be shifted much lower 

than other long shiftable loads. Table I shows some short shiftable household appliances 

and acceptable time for each item [15]. 
 

Table I. Short shiftable Loads  

item Type of load Average consumption Acceptable time 

 1 Freezer  403 Kwh per year  25 min 

 2 Cleaning and hygienic  600 Kwh per year  30 min 

 3 refrigerator  414 Kwh per year  30 min 

 4 Cooking staff  650 Kwh per year  50 min 

 
The value of elasticity for these loads can be defined as (2). 
 

1 0E− ≤ ≤  (2) 

Refrigerators and freezers should be in ON state constantly. Using some peripheral 

equipment such as ice makers and working with open door, these appliances consume more 

energy. Average consumption for refrigerators and freezers are 403 and 414 respectively. 

360 kwh per year is essential electricity consumption for both refrigerators and freezers to 

keep them in ON. Remained energy consumption could be shifted short time. It means that 

manager can use small proportion of energy in DR program. 

 2.3. Long-shiftable loads 

Some loads can be used in other times without any significant discomfort for consumers. 

long shiftable loads have been defined as the loads that can be controlled and shifted over 

than 60 minutes.  These appliances are the main tools in our energy management schedule 

due to their flexibility. For instance, heating and ventilation are categorized in long time 

shiftable loads with 120 minutes allowable time. Another example is dishwasher with the 

value of 300 minutes acceptable delay time. Shifting these appliances does not make any 

disturbance in domestic use. Most of these appliances already have manual delay options; 

However, based on statistics less than 25 percent of consumers use delay option properly 

[15]. Table II shows several long-shiftable appliances and allowable shift time for all items. 
Table II. long shiftable Loads  

item Type of load Average consumption Acceptable time 

 1 Heating  7 Twh per year  120 min 

 2 Clothes washer  170 Kwh per year  90 min 

 3 Dish washer  241 Kwh per year  300 min 

 4 Cooling  5 Twh per year  70 min 

 5 Dryer  200 Kwh per year  90 min 
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Long shiftable loads can be controlled much more than other two groups. With applying 

delay on these appliances, not only consumers feel less discomfort, energy manager is more 

likely to achieve its goals with shifting these loads. Based on these facts, inserting long 

shiftable appliances in programs has priority than short shiftable loads. In our program, 

loads with longer shift time and more energy consumption are inserted in program sooner 

than other loads. Value of elasticity for long-shiftable loads can be defined as (3). It means 

that long –shiftable loads are more effective in the peak reduction process. 

1E−∞ ≤ ≤ −  (3) 

2.4. Method of applying  

Using simple programmable delay switch helps manager to control the best time of 

consumption for each appliance. Consumer press ON switch in any time, but, the grid 

signal processor decides whether the consumption is under the peak or above. If the 

consumption of house needs to be managed, delay processor calculates proper shift for each 

appliances and send the shift time for delay relay. Because all calculations have been done 

based on the consumer satisfactions and comfort, calculated time is not make any difficulty 

and interruption in daily activities of house holders [16].  

 

Fig. 1 Power sharing between grid and consumer  

 

Figure. 1 shows that with comparing consumption loads with grid signal, a switch can 

opt and activate the delay state. Then after applying optimization into the consumption 

signal based on grid signals, appropriate times for shifting will be send to short and long 

shiftable appliances. It can be seen that non-shiftable appliances do not contribute to 

optimization and these appliances connected to the grid directly without any relay.  
 
 3. Model of appliances  

 

In this section several appliances have been observed and average consumption of each 

appliance have been modeled based on real consumption data.  Hereinafter, several 

appliances from both short and long shiftable loads are selected and modeled in details. The 
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method of obtaining mathematical equation has been clearly illustrated through washing 

machines, air conditioner and dish washer as three examples [17]. Fourier series is used to 

estimate the data as below. 
5 5
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n
a and 

n
b are Fourier coefficients and 0a  is defined as constant term. All coefficients 

are calculated as below: 
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General equation for all appliances is shown in (8). The fitting process tries to calculate the 

best value for coefficients 

1 1 1 2 2 2

3 3 3 4 4 4 5 5 5

( ) sin( ) sin( )

sin( ) sin( ) sin( )

f x a b x c a b x c

a b x c a b x c a b x c

= + + + +

+ + + + +
 (8) 

All 
i

a , 
i

b and 
i

c are coefficients and are calculated  for each appliance and summarised in 

table III. 
 
 3.1. Washing Machines 
 

Conventional type of washing machines consists of a tub and a drum rotating around 

axis as shown in Fig.2. Generally, washing process has two main stages, water heating 

stage and rotating stage. In the water heating stage, water is heated up to the desired 

temperature using a resistant heating system of between 1800 and 2500 W rated power. In 

the second stage, a motor rotates in certain speed in a reversing way. At the end of the 

whole washing process the drum is rotated at a high speed to extract the water from the load 

and to reach a - as much as possible - dry load at the end of the program. The whole process 

is controlled by a step timer or/and an electronic control device and lasts between about 15 

minutes and up to 3 hours, depending on the program and temperature chosen. A 

programmable simple delay relay can decide when washing machine starts to operate. Time 

delay functions are incorporated in some machines and allow either to shift the starting time 

by a defined number of hours or to end the process at a predefined time. After the end of 

the program, electricity is used by many machines to keep some safety functions alive, like 

water protection sensor systems or remote control systems. The average consumption of 

washing machine can be assumed as Fig. 3. All data is collected from 10 European 

countries from 100 households [15]. A mathematical model for this appliance is 

summarised in table III. The accuracy of model is obtained 98.4 %. 
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Fig. 2 Principals of washing machine 

operation 

 
Fig. 3 Washing machine demand curve 

 
3.2. Air Conditioner 
 

The simplest air condition system cools the space by rejecting the heat outside the room, 

with a limited or complete control of the room humidity and air quality as shown in Fig.4. 

The main technology for cold production is the compressor cooling machine. Evaporation 

of the liquid refrigerant creates the cold in the evaporator, which subsequently absorbs heat 

from the refrigerated space. The characteristics of the evaporator technology depends 

primarily on the required application and the type of cold source. After its full evaporation 

the refrigerant vapour is compressed by a compressor and then condensed while evacuating 

the heat corresponding to the one absorbed at evaporator level and the thermal equivalent of 

the work of the compressor to the outer space. After condensing, the refrigerant is expanded 

by an expansion valve which is used to throttle the refrigerant fluid back to the evaporator 

and to control the refrigerant flow. The circulation of the refrigerant is driven by a 

compressor, which demands electrical energy. So the average consumption of energy 

dramatically depends on whether condition and regional conditions [18,19]. Fig.5 shows an 

average consumption in 10 European selected countries [15]. Using a 5th order sinusoidal 

fitted curve into these data demonstrates domestic air conditions behaviour model. The 

accuracy of model is obtained 98.7 %. 

 

 

Fig. 4 Principals of Air- conditioner operation Fig. 5 Air conditioner demand curve 
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 3.3. Dish Washer 

 

Automatic dish washing machines consist of a square tub where dishes are placed in 

baskets on mainly two levels. Water is filled into the tub up to a defined quantity or low 

level which is maintained throughout the individual steps of the cleaning process. 

Depending on the program selected by the consumer, the water is heated up to the desired 

temperature by a resistant heating system of between 1800 W and 2500 W rated power. The 

whole process is controlled by a step timer or/and an electronic control device and lasts 

between about 25 minutes and up to 3 hours. Depending on the program and temperature 

chosen, time delay functions are incorporated in some machines and allow either to shift the 

starting time by a defined number of hours or to end the process at a predefined time. 

Electrical energy is used mainly for heating up water to desired temperature. Additional 

electrical energy is used for driving the circulation pump motor and for the other electronic 

devices, including the user interface. After the end of the program small extend of 

electricity is used by machines to keep water protection sensor systems or remote control 

systems alive. So like previous equipment these data are obtained from same survey and 

shown in Fig.6. A sinusoidal equation is fitted to demonstrate the behaviour of dish washer 

mathematically. the accuracy of equation is 99.1 %. All obtained data are summarized in 

table III.  
 

 
Fig. 6 Washing machine demand curve 

 
Table III. Estimated coefficients of equations   

Coefficients Washing 
Machine 

Air 
Conditioner 

Dish 
Washer 

1a   61.47  117.7  181.5 

1b   0.0238  0.0313  0.0212 

1c   0.2148  -0.446  1.341 

2a   21.25  15.05  135.4 

2b   0.09289  0.1878  0.05393 

2c   1.383  -4.35  3.605 
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3a   18.16  57.57  51.16 

3b   0.122  0.069  0.99 

3c   -2.572  1.366  4.417 

4a   145  4.507  11.59 

4b   0.286  0.257  0.2496 

4c   -1.142  -3.59  -1.638 

5a   142.8  2.405  10.52 

5b   0.287  0.443  0.1749 

5c   1.967  -4.62  0.9854 

Accuracy  0.987  0.987  0.991 

  
 4. Optimization Method 
 

In this section, new model for appliances are presented with a variable parameters '
i

t . It 

is defined as a shift time for each appliance. This constant is obtained based on acceptable 

delay time and the priority of each appliance[20]. In order to calculate the acceptable value 

for '
i

t , first of all, several non-shiftable essential appliances for households are obtained 

and considered as a fundamental value for daily energy demand. These values fluctuate in 

the vicinity of average consumption as time passes. Essential or non-shiftable consumption 

is subtracted from daily consumption value, because these loads must be provided 

constantly. As a result, the remained value is the amount of energy which can be managed 

in programs. In the next step, short and long shiftable loads are obtained and modeled with 

5th order sinusoidal equations. Although all loads have not contributed in all households in 

their cycles, the worth situation is considered here. The priority for shifting in this case is 

directly depends on the acceptable shift time. The longer a load can be shifted means that it 

participates in program sooner than other loads. In order to find the optimal value for time 

the objective function of optimization is defined as (4): 

'

2min ( )
tt meanPD PD−∑  (9) 

where 
'tt

PD is defined as a demand in time t and 
mean

PD is average demand of all loads in 

specific time. In this optimization several constraints are considered as below: 
NS SS LS

t t t t
PD PD PD PD= + +  (10) 

',

NS NS

at t
PD PD=∑            ,

n
a A t T∀ ∈ ∀ ∈  (11) 

',

SS SS

at t
PD PD=∑            ,

s
a A t T∀ ∈ ∀ ∈  (12) 

',

LS LS

at t
PD PD=∑             ,

L
a A t T∀ ∈ ∀ ∈  (13) 

max0 i delayt t −≤ ≤  (14) 

each value for t is divided into two main parts as below: 



D. Karamalian et al :residential energy management using hierarchical delay in home appliance 
 

86 

't i i
t t t= +  (15) 

Where NS, LS and SS are referred to non-shiftable, Long shiftable and short shiftable 
respectively. In (4)  i  refers to numbers of appliances.  a demonstrates each appliance 
demand.   

  In (5) it is time of a day and varies between 0 and 24, and 'i
t  is shift time that obtained 

via optimization. Because of large equations and daily change in loads and demand, genetic 
algorithms optimization is derived in scheduling proses. GA is used because it can evolve 
and adapt its behaviour based on different working conditions and find approximate global 
minimum in a high-dimension, multi model function domain in near optimal manner. GA 
tries to find the best candidate in the space of roulette wheel. the process of optimization, 
delay time for each appliances is set as genes. string of these genes provides chromosomes. 
figure. 7 shows a chromosome of defined optimization. 
 

 

Fig. 7 Encoding of consumption parameters as genes of chromosome 

According to Fig. 7 as the best fitness value is required in this optimization, fitness limit 
is selected as a main stopping criteria. time limit and stall time limit are defined to prevent 
over simulating of data and provide near optimal answer in specific time. the recombination 
of process is important and it is applied with the probability which vary between 0.6 and 
0.8 to obtain the best value. Mutation process is defined based on initial value of 
conventional MATLAB GA algorithm as it works accurately. 
 

 5. Results 

 

   Based on the optimization method, two main methods are used to manage the overall 
consumption of residential side appliances. In the case I, short-shiftable appliances are 
inserted into a program with a predefined coefficient which is presumed 0.1. It means that 
the priority of short-shiftable appliances are tenfold lower than long-shiftable ones. In the 
case II, appliances are inserted hierarchically into a program. It means that, firstly, all long-
shiftable appliances are inserted in program and if consumption still needs improving, 
short-shiftables will be inserted. In this case all priorities are based on allowable time. The 
first aim in both methods are to meet the least daily demand and the second goal is to obtain 
minimum ripple and most equality in demand curve and daily load. In another word, 
moderating maximum daily demand. These values for shift are closely depend on the daily 
consumption curve of the loads. Optimal shifts are summarized in table III for several loads 
in both case I and II. 
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Table IV. Optimal shift time in two cases    

number Type of load Sift time case 

I 

Shift time 

case II 

 1 Freezer  0 min  0 min 

  Cleaning and hygienic  7 min  0 min 

 3 Refrigerator  1.5 min  0 min 

 4 Clothes dryer  12min  87 min 

 5 Cooking staff  12 min  0 min 

 6 Heating   60 min  112 min 

 7 Clothes washer  73 min  74 min 

 8 Dishwasher  180 min  284 min 

 9 Cooling  40.7 min  68 min 

 10 Dryer  75min  90 min 

 
With considering the case I, it can be seen that two appliances, dryer and dish washer, 

shifted more than other appliances because these are long shiftable appliances. Besides, 
some short-shiftable appliances are shifted with a negligible time. For example, refrigerator 
is shifted just 1.5 minutes. In the case II, however, just long-shiftable appliances are shifted. 
The amount of shifts correlates with the amount of acceptable shift time. For example, dish 
washer has 300 minutes allowable shift time, shifted far more than other appliances. The 
second most shiftable appliances, heating, shifted 112 minutes which is considered as the 
second longest shift. It is important to mention that, in the case of dryer, the obtained 
number is delay time after finishing the washing process. In reality, this number should be 
added to washing machine delay time because dryer's consumption is directly depending on 
washing machine consumption. 
 5.1. Grid Consumption Curve 
 

Finally, all equations are applied in new load management method and load curve after 
optimization is achieved. For illustration, a sample real load of a day is represented in Fig.8 
In this curve, demand peak is occurred between 16 and 22. In the case I, all appliances 
inserted and peak reduction obtained for both cases. Optimization is applied and output 
characteristic is compared to one before optimization. Then, all obtained times are inserted 
into appliances equations. New behaviour of each appliance with shifted time are applied in 
new load management. Least Square Error method is used and load curve after optimization 
is achieved. 

 
Fig. 8 Comparison of daily demand before and after optimization 
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It can be seen that in the peak of consumption, between 16 and 22, the amount of 
consumption dwindled 20% while in the valley times, between 1 and 6 the average of 
consumption increased from 0.68 Kw to about 1.7 Kw. It is noticeable that the overall 
amount of consumption did not change and it just shifted in another time. 

 5.2. Cost Reduction 

Because loads are not omitted and they are just shifted, before and after applying this 

program to grid, average consumptions of energy are equal.  It means that in the single 

constant pricing, the total cost of bill does not change; however, in the price based program, 

cost reduction is noticeable. One of the most conventional programs in DR is Time of 

Use(TOU) program. In the TOU price of electricity is calculated at least in three levels: the 

peak, off-peak and base of consumption [15]. Fig.8 shows TOU pricing with 18 $/MWh in 

low load, 30 $/MWh for off-peak and 42 $/MWh for peak of consumption. Applying this 

new method into IEEE RTS14 standard grid with mentioned prices and shifting loads at the 

peak, reduce 8.4% of electricity bill in residential side. 
 
6. Conclusion 

 

To sum up,in this paper a new, cost-effective and practical approach for controlling 

residential consumption is presented . In this proposed method, firstly, grid energy 

consumption is monitored and compared with grid capacity. If energy manager realizes that 

the consumption needs to be lower, the switch turns active. This switch actives peak 

reduction mode in order to decline the overall consumption of energy. The main feature of 

this program is that it shifts loads based on their priority and acceptable time without any 

discomfort to consumer. It means that this program shifts certain loads known as Long-

shiftable loads before other loads or Short-shiftable loads. Besides, this program provides 

sufficient energy for essential and Non-shiftable loads constantly. Knowing and classifying 

loads and estimating acceptable times of shift predominantly depends on consumer 

satisfaction and habits.  Secondly, in order to determine the best shift times for appliances 

consumption data is collected, then mathematical models for appliances are estimated with 

accurate mathematical equations using system identification toolbox in MATLAB software. 

Finally, with using least square error method, the shift times are calculated and applied to 

each appliance. Comparing consumption curve before and after applying mentioned method 

demonstrates that using simple optimizer together with delay relay can effectively reduce 

the peak of consumption peak without any discomfort or block out for residential side. It 

also demonstrated that this method reduces the cost of electricity for consumers too.  

Providing sufficient energy for consumer not only improves consumer satisfaction but also 

it can be very useful economic program in regions with shortage of electricity resources. 
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