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Abstract
Comparative load charts of single-family homes in a rural area have been analyzed in the present study. Average 24-hour load charts have been obtained for a typical group of homes in a country area through the winter and the summer season of the 2007 and 2011 year. A comparison has been made for the load charts and the key factors on which they rely.
INTRODUCTION
The electrical load of the electrical power systems highly depends on the correlation of the different types of consumers in it. The household consumption at the moment is one of the biggest and most important consumers of electrical power in our country and that is why it is necessary that periodical studies and comparisons are made. Those can later be used in the modeling and the prognostication of the load of electrical power system. On their own hand the key indicators that characterize the household consumption can be used in the process of designing and exploitation of the electrical grids for such users.

In terms of power consumption the homes in Bulgaria are divided into three typical groups [1]: first group – homes heated mainly by electrical power; second group – homes heated mainly by other energy sources; third group – homes with combined heating, using both electrical power and other sources. In the low populated regions of the country there are mostly single-family homes, which can be assigned to the third group. Electrical supply to these homes is characterized by the following specificities [5]:

· Electricity is supplied by low voltage overhead electric networks of 220/380 V that have considerable length and multiple leads, which altogether result in poor performance of contact points, occurance of high leakage currents and worsened quality of voltage supply;

· The irregular distribution of single-phase consumers is the main reason for asymmetry of the current and the voltage. This leads to an increase in the losses of electrical power, reduction of the exploitation period of the transformers and the receivers of electrical power and the deterioration of the operation of grounding devices;

· Heavy operation due to the maintenance of a large number of users over a vast area, etc;

Along with the technical hindrances involved in electrical supply to single-family homes, there are also problems related to the enchasment of actual electrical consumption. There is relatively large percent of the so called “non-technical losses” [4], which are usually associated with the theft of electrical power and are determined in certain degree of the social economic state of the people living in such areas. Electrical power distribution companies put great efforts in the reduction of the losses of electrical power in such regions by moving the electrical meters to not so easily accessible places and using microprocessor static electrometers. These factors lead to a change in the regime of the operation of those households’ electrical consumers.

The object of this study is to analyze the obtained 24-hour values of load charts in north-west Bulgaria for single-family homes in a county area and to determine their alteration over a four-year period.
Exposition
The studied homes are located in a small town in the north-west area (near to town Vidin). They are powered by an electrical medium voltage line of 20 kV, which has been monitored and studied since the 2007 year. From this power line are powered three switchgears, the scheme of which is shown on figure 1. They have been chosen as representative, because they power nearly at one hundred percent of the household consumers in the town. All switchgears are realized with one transformer and their power supply is build via overhead low voltage line for TP14 and TP 15 and via cable for TP9. In this case there is no other electrical power reservation except of reserve line in switchgear eight of medium voltage.
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	Fig. 1. The scheme of studied electrical medium voltage line of 20 kV and 
the powered by it three switchgears 


In each of the examined switchgears on the low voltage side of the transformer are installed static electrical meters type EMPS T 405 R T32. Data for the passed electrical power of the switchgears have been collected for the typical season summer and winter of the 2007 and 2011 years. They have been programmed to record the active and reactive energy through intervals of thirsty minutes and also to record the system indicators- current, voltage, power factor of the three phases,  etc. This is done with the objective to collect enough quantity data that is also accurate enough so that precise 24-hour load charts can be made. The obtained data from the electrical meter have been processed by the method set out in [2].Digitization is done at 30 min intervals. The statistical processing of reading has been carried out for work days and rest days individually. 

From the three examined switchgears the switchgear TP9 has been chosen, which powers the total of 108 households and 4 small buildings, which when it comes to electrical power consumption do not differ a lot of those of the households. The results are shown in table 1. In it are also shown the data for the calculated average electrical power consumption for the 2007 and 2011 year and also for the typical winter and summer season. The data is shown separately for weekdays and holydays. The shown percents in table one are actually typical load charts that can be used as patterns for electrical grid designing.
From the calculated results there can be drawn the following conclusions: for the winter working days there is a slight increase of the average day 24-hour electrical power consumption, which is 5,44%. For the winter holydays and the summer working days and holydays there is decrease of the 24-hour average electrical power consumption, which for the summer working days is 6, 2% and for the summer holydays 7, 9%.

Table 1.

24-hour load charts of single-family households in a small town – average load PAD, kW 
and percent of the power in relation to its average value for the examined period of the day

	24-hour period

	Winter season
	Summer season

	
	2007 year
	2011 year
	2007 year
	2011 year

	
	Work Day
	Rest Day
	Work Day
	Rest Day
	Work Day
	Rest Day
	Work Day
	Rest Day

	
	kW
	%
	kW
	%
	kW
	%
	kW
	%
	kW
	%
	kW
	%
	kW
	%
	kW
	%

	0,30
	26,63
	2,12
	24,73
	1,60
	21,34
	1,61
	25,29
	1,65
	30,31
	2,24
	30,47
	2,04
	26,06
	2,05
	27,83
	2,02

	1,00
	20,97
	1,67
	20,52
	1,33
	18,25
	1,38
	20,07
	1,31
	26,65
	1,97
	27,24
	1,82
	22,26
	1,75
	22,92
	1,67

	1,30
	18,07
	1,44
	17,78
	1,15
	15,25
	1,15
	17,61
	1,15
	23,18
	1,71
	24,89
	1,67
	18,94
	1,49
	20,67
	1,50

	2,00
	16,4
	1,31
	17,90
	1,16
	14,84
	1,12
	16,46
	1,07
	21,80
	1,61
	24,09
	1,61
	17,41
	1,37
	17,97
	1,31

	2,30
	15,58
	1,24
	17,22
	1,11
	14,23
	1,08
	16,17
	1,06
	20,42
	1,51
	21,93
	1,47
	17,26
	1,36
	18,63
	1,35

	3,00
	15,06
	1,20
	18,28
	1,18
	14,39
	1,09
	16,16
	1,05
	19,86
	1,47
	20,55
	1,37
	17,21
	1,36
	17,80
	1,29

	3,30
	15,56
	1,24
	16,75
	1,08
	15,10
	1,14
	17,52
	1,14
	19,18
	1,42
	21,49
	1,44
	15,27
	1,20
	15,05
	1,09

	4,00
	17,01
	1,36
	18,26
	1,18
	17,50
	1,32
	19,07
	1,24
	18,63
	1,38
	20,67
	1,38
	15,52
	1,22
	16,08
	1,17

	4,30
	16,84
	1,34
	18,23
	1,18
	18,16
	1,37
	17,18
	1,12
	18,77
	1,39
	20,63
	1,38
	15,52
	1,22
	15,93
	1,16

	5,00
	18,21
	1,45
	18,06
	1,17
	18,25
	1,38
	18,03
	1,18
	19,35
	1,43
	19,97
	1,34
	15,56
	1,23
	14,97
	1,09

	5,30
	17,48
	1,39
	19,28
	1,25
	18,40
	1,39
	20,07
	1,31
	18,97
	1,40
	20,74
	1,39
	15,84
	1,25
	16,47
	1,20

	6,00
	16,3
	1,30
	19,78
	1,28
	18,25
	1,38
	19,52
	1,27
	18,61
	1,38
	20,92
	1,40
	17,39
	1,37
	18,08
	1,31

	6,30
	17,62
	1,41
	22,27
	1,44
	20,42
	1,55
	19,58
	1,28
	21,06
	1,56
	22,37
	1,50
	17,89
	1,41
	17,80
	1,29

	7,00
	23,54
	1,88
	26,66
	1,72
	29,28
	2,22
	20,72
	1,35
	23,83
	1,76
	24,6
	1,65
	24,29
	1,91
	20,56
	1,49

	7,30
	29,53
	2,36
	29,57
	1,91
	34,73
	2,63
	27,09
	1,77
	25,02
	1,85
	26,48
	1,77
	28,82
	2,27
	22,57
	1,64

	8,00
	27,57
	2,20
	32,77
	2,12
	36,88
	2,79
	31,50
	2,06
	24,90
	1,84
	26,51
	1,77
	30,09
	2,37
	27,17
	1,97

	8,30
	23,67
	1,89
	36,90
	2,38
	34,94
	2,64
	35,42
	2,31
	24,60
	1,82
	28,42
	1,90
	29,12
	2,29
	29,17
	2,12

	9,00
	22,24
	1,77
	32,99
	2,13
	32,14
	2,43
	37,41
	2,44
	24,10
	1,78
	30,12
	2,02
	26,69
	2,10
	30,64
	2,23

	9,30
	22,05
	1,76
	32,62
	2,11
	30,27
	2,29
	42,32
	2,76
	23,69
	1,75
	32,48
	2,17
	25,95
	2,04
	32,59
	2,37

	10,00
	23,43
	1,87
	33,90
	2,19
	29,03
	2,20
	42,29
	2,76
	24,94
	1,84
	33,52
	2,24
	26,41
	2,08
	31,09
	2,26

	10,30
	23,12
	1,84
	31,57
	2,04
	28,77
	2,18
	40,53
	2,65
	26,63
	1,97
	33,83
	2,26
	28,93
	2,28
	32,92
	2,39

	11,00
	23,14
	1,85
	30,89
	2,00
	27,80
	2,10
	40,01
	2,61
	26,52
	1,96
	35,24
	2,36
	28,45
	2,24
	32,93
	2,39

	11,30
	23,12
	1,84
	28,98
	1,87
	28,39
	2,15
	36,96
	2,41
	28,19
	2,08
	35,04
	2,34
	28,38
	2,24
	32,71
	2,38

	12,00
	24,5
	1,95
	33,06
	2,14
	28,85
	2,18
	37,67
	2,46
	29,50
	2,18
	37,19
	2,49
	29,19
	2,30
	34,43
	2,50

	12,30
	24,86
	1,98
	35,51
	2,29
	27,49
	2,08
	36,57
	2,39
	29,56
	2,18
	38,06
	2,55
	28,69
	2,26
	33,25
	2,42

	13,00
	25,22
	2,01
	33,31
	2,15
	26,18
	1,98
	34,19
	2,23
	27,60
	2,04
	36,64
	2,45
	26,55
	2,09
	32,29
	2,35

	13,30
	24,75
	1,97
	32,39
	2,09
	25,69
	1,94
	32,93
	2,15
	26,37
	1,95
	33,51
	2,24
	25,33
	2,00
	29,15
	2,12

	14,00
	23,01
	1,84
	29,45
	1,90
	24,88
	1,88
	31,56
	2,06
	25,36
	1,87
	32,21
	2,16
	25,23
	1,99
	27,67
	2,01

	14,30
	22,55
	1,80
	33,26
	2,15
	23,02
	1,74
	32,94
	2,15
	25,40
	1,88
	31,38
	2,10
	23,50
	1,85
	29,27
	2,13

	15,00
	22,89
	1,83
	30,73
	1,99
	22,09
	1,67
	31,67
	2,07
	25,70
	1,90
	32,42
	2,17
	23,93
	1,88
	27,59
	2,00

	15,30
	21,42
	1,71
	33,19
	2,15
	22,41
	1,70
	30,63
	2,00
	26,26
	1,94
	32,25
	2,16
	24,92
	1,96
	27,05
	1,97

	16,00
	22,28
	1,78
	36,28
	2,34
	21,96
	1,66
	32,18
	2,10
	27,34
	2,02
	29,41
	1,97
	25,13
	1,98
	28,71
	2,09

	16,30
	23,52
	1,88
	37,24
	2,41
	23,63
	1,79
	37,19
	2,43
	27,43
	2,03
	30,45
	2,04
	24,42
	1,92
	28,93
	2,10

	17,00
	25,8
	2,06
	44,83
	2,90
	26,03
	1,97
	36,57
	2,39
	29,50
	2,18
	29,47
	1,97
	28,05
	2,21
	32,64
	2,37

	17,30
	27,92
	2,23
	52,92
	3,42
	30,01
	2,27
	37,86
	2,47
	30,47
	2,25
	31,67
	2,12
	28,33
	2,23
	32,15
	2,34

	18,00
	32,49
	2,59
	57,02
	3,69
	36,11
	2,73
	42,59
	2,78
	34,16
	2,52
	35,35
	2,37
	28,59
	2,25
	34,03
	2,47

	18,30
	37,29
	2,98
	58,39
	3,77
	41,43
	3,14
	48,54
	3,17
	35,74
	2,64
	37,8
	2,53
	30,76
	2,42
	34,23
	2,49

	19,00
	41,67
	3,33
	52,96
	3,42
	43,34
	3,28
	49,19
	3,21
	36,67
	2,71
	40,74
	2,73
	33,09
	2,61
	38,83
	2,82

	19,30
	44,53
	3,55
	51,16
	3,31
	44,96
	3,40
	49,50
	3,23
	37,10
	2,74
	41,05
	2,75
	34,14
	2,69
	36,59
	2,66

	20,00
	50,72
	4,05
	45,04
	2,91
	43,85
	3,32
	46,20
	3,02
	37,89
	2,80
	42,77
	2,86
	35,29
	2,78
	36,68
	2,67

	20,30
	48,37
	3,86
	44,28
	2,86
	38,79
	2,94
	41,12
	2,68
	39,42
	2,91
	41,01
	2,74
	35,97
	2,83
	38,09
	2,77

	21,00
	42,1
	3,36
	39,06
	2,52
	35,72
	2,70
	40,13
	2,62
	41,98
	3,10
	41,54
	2,78
	37,16
	2,93
	39,45
	2,87

	21,30
	38,05
	3,04
	37,24
	2,41
	33,99
	2,57
	36,48
	2,38
	46,58
	3,44
	41,94
	2,81
	38,27
	3,01
	40,39
	2,93

	22,00
	33,19
	2,65
	34,86
	2,25
	32,60
	2,47
	35,78
	2,33
	43,44
	3,21
	41,03
	2,75
	36,48
	2,87
	39,80
	2,89

	22,30
	31,54
	2,52
	34,46
	2,23
	34,70
	2,63
	37,55
	2,45
	38,22
	2,82
	37,82
	2,53
	35,41
	2,79
	38,87
	2,82

	23,00
	31,64
	2,52
	35,22
	2,28
	35,73
	2,70
	35,84
	2,34
	34,80
	2,57
	34,13
	2,28
	35,63
	2,81
	35,55
	2,58

	23,30
	31,35
	2,50
	33,74
	2,18
	32,96
	2,49
	30,15
	1,97
	34,00
	2,51
	31,18
	2,09
	35,03
	2,76
	36,08
	2,62

	24,00
	28,41
	2,27
	25,79
	1,67
	28,35
	2,15
	30,30
	1,98
	33,56
	2,48
	31,43
	2,10
	31,25
	2,46
	32,04
	2,33

	WAD
	626,6
	100
	773,6
	100
	660,7
	100
	766,1
	100
	676,6
	100
	747,3
	100
	634,8
	100
	688,2
	100


The reasons of this decrease can be explained with that, that from one side the subscribed electrometers are static placed out of the homes on locked panels on top of electrical pylons. On the other hand the prices of electrical power in Bulgaria are continuously growing the most recent is from 01.07.2011 and this is prerequisite for the decrease of the expenses of the households.
On fig. 2 are shown the average 24-hour load charts for TP9 for a winter working day for the year 2007 and the year 2011. The biggest difference is during the period of the morning maximal load, which is bigger for the 2011 year that for the 2007, but during the rest of the day there is slight decrease of the load. The same can be said about the winter holidays and to a lesser degree for the working days. For a summer working day there is a minor increase of the load in the period of the morning maximum from 7 a.m. to 10.30 a.m. but as a whole in the rest periods of the day there is a decrease of the load. The smallest changes are in the load charts for a summer working day and there in all intervals of the day there is a decrease in the load. During further research a correlation should be sought between the electrical power consumption and the number of the people living in a single-family home and its area.
From the average 24-hour load charts are obtained the following statistical characteristics of the load, and the load chart factors: 

PAD – average 24-hour load, kW; σ – root-mean-square (RMS) deviation, kW; PLRMS – load RMS value, kW; PAMAX – the maximum average load through a 30-minute period, kW; PAMIN – the minimum average load over a 30-minute period and  PMA – the maximum load value among the actual 30-minute loads.

For the entire period of the study the following values have been determined: 

· maximum coefficient KM = PMA/ PAD; 

· coefficient of the form KF = PLRMS / PAD; 

· filling coefficient KMSR = PAD/PAMAX; 

· Supremacy coefficient: KP = PAMIN / PAMAX.

· 24-hour usability of the maximum load TMD= WAD/ PMA.

The obtained results are shown in Table 2.
Table 2.

Comparison of the factors of 24-hour load charts for single-family homes in a small town

	Year
	Season
	Day
	WAD, kWh
	PAD, kW
	(,

kW
	PLRMS, kW
	PAMAX, kW
	PAMIN, kW
	RMA, kW
	KM, -
	KF,

 -
	KMSR,

-
	KP,

-
	TMD, hours

	2007 
	Summer
	Work Day
	676,6
	28,2
	7,1
	29,1
	46,6
	18,6
	60,2
	2,13
	1,03
	0,61
	0,40
	11,24

	
	
	Rest Day
	747,3
	31,1
	6,8
	31,9
	42,8
	20
	68,8
	2,21
	1,03
	0,73
	0,47
	10,86

	
	Winter
	Work Day
	626,6
	26,1
	8,7
	27,5
	50,7
	15,1
	66,1
	2,53
	1,05
	0,51
	0,30
	9,48

	
	
	Rest Day
	773,6
	32,2
	10,9
	34
	58,4
	16,8
	65,5
	2,03
	1,06
	0,55
	0,29
	11,81

	2011
	Summer
	Work Day
	634,8
	26,5
	6,7
	27,3
	38,3
	15,3
	61,8
	2,33
	1,03
	0,69
	0,40
	10,27

	
	
	Rest Day
	688,2
	28,7
	7,7
	29,7
	40,4
	15
	67,4
	2,35
	1,03
	0,71
	0,37
	10,21

	
	Winter
	Work Day
	660,7
	27,5
	8,4
	28,8
	45
	14,2
	54,4
	1,98
	1,05
	0,61
	0,32
	12,15

	
	
	Rest Day
	766,1
	31,9
	9,8
	33,4
	49,5
	16,2
	59,8
	1,87
	1,05
	0,64
	0,33
	12,81
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	Fig. 2. Comparison between average 24-hour load charts 
for a winter working day for the year 2007 and the year 2011 
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	Fig. 3. Comparison between average 24-hour load charts 
for a winter day off for the year 2007 and the year 2011
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	Fig. 4. Comparison between average 24-hour load charts 
for a summer working day for the year 2007 and the year 2011 
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	Fig. 5. Comparison between average 24-hour load charts 
for a summer day off for the year 2007 and the year 2011


From the shown results the following conclusions can be made: the maximum coefficient has been diminished with 21, 9% for a winter working day during 2011 compared to 2007 i.e. there is equalization of the load charts. For a winter holyday there is also diminish, but it is only with 7,8%. For the summer season there is a trend towards the opposite namely there is an increase in the maximum coefficient: for the summer working days with 9, 2% and for the summer holydays with 6, 2%. This increase can be explained with the use of air conditioning devices, because the climate in Bulgaria is changing (the temperatures during the summer become higher) and the price of air conditioning devises is decreasing. The coefficient of the form is close to 1 and doesn’t change significantly during the studied four years period. The filling coefficient increases, because the average maximal load decreases. For a winter working day the decrease is with 11,2% and for a winter holiday with 15,2%. For a summer working day the decrease is with 17,8%, while for a summer holyday is 5,6%. The supremacy coefficient of the average 24-hour load chart has biggest change during the summer, because the average minimum load has been decreased with 25%. 

The 24-hour usage of the maximum load during week working days is 12,5 while during the winter holidays 12,81 h and in fact isn’t increasing. During the summer season the usage of the maximal load doesn’t change significantly, but there is a tendency for decrease. The changes of the usage of the maximum load are mainly because of the change of the actual maximum load, which in fact is decreasing.

The values of the indicators of the load charts can be used in can be used in the process of designing and exploitation of the electrical grids for single-family households in small towns. For households in exploitation the maximal load can be determined with the help of average 24-hours electrical power consumption and the 24-hour usability of the maximal load TMD.

Conclusion
The obtained 24-hour load charts for 2011 for the typical seasons of the year (summer and winter) for single family homes in small town are compared with those from the 2007 year. It is concluded that for a winter working day during the period of morning maximal load there is increase in the load while during the rest of the day the load decreases. For the winter holidays and the summer working days there is a decrease in the average electrical power consumption where the decrease during the summer working days is 6,2% and during the summer holidays 7,9%.

The analysis shows as a whole that the changes in the 4-years-period are small and they are highly dependant on: the social-economical problems of the country, the different number and types of devices   used in the households and the anti-theft measures taken by the electrical power distribution companies (due to the relatively high electrical power cost compared to the households incomes). 

During the exploitation and planning of the obtained indicator values from the load charts should be taken into consideration. For households in exploitation the maximum load can be defined with the help of the average 24-hour electrical power consumption and the actual values of the 24-hour usage of the maximum load ТMD.
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