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Abstract
The calculation of electric energy consumption in dimmable lightning systems can be quite complicated. Such a system can modify it’s internal state at any moment depending on the natural light so as to maintain the necessary level of illumination. At any time the lighting system changes the glow intensity of the lamps- respectively drawn electric power. That is why calculating the energy consumption cost in such systems is impossible or very inaccurate.

Current article suggest a method for electric consumption and electric consumption cost determination of dimmable light systems.
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INTRODUCTION
The calculation of electric energy consumption in dimmable lightning systems should comply with the dynamics of natural light. Аt any moment lightning should be maintained at the required level of operational luminance. Thus the luminous flux must be adjusted too. In other hand the luminous flux and consumed electric power are interrelated, so the consumed electrical energy is directly dependent on the natural lightning.

To calculate electric energy consumption for dimmable lightning systems a method was developed. The method is based on the annual amount of supplementary artificial light to supplement insufficient natural lighting. This amount of additional light is calculated in [3].
ELECTRICITY CONSUMPTION COST DETERMINATION METHOD
The method for calculation of electric energy consumption in dimmable lightning systems contains the following sequence of operations:

1.  Calculation of the annual flux needed to reach maintained illuminance Еm, lmh.
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Where QAL is additional annual amount of artificial light to supplement insufficient natural light. For dimmable lightning systems that amount is QALdls = 53948,89 lxh and in systems with a single-stage management of the luminous flux, the amount is QAL-1st = 280449,58 lxh reported by [3]. Reporting is done for the common practice in a critical illuminance Еcl =а5000аlx (For instance, maintained illuminance Em = 300 lx and the coefficient of natural lighting is е = 0,06 (6%) or Еm = 500 lx and maintained illuminance Em = 300 lx and the coefficient of natural lighting is е = 0,1 (10%) are typically and commonly used types of visual work in practice - training rooms, manufacturing plants, offices and other) [2].

S – Area of ​​the premises in m2.

MF – Maintenance factor;

η – Utilization rate of the luminous flux. Determined depending on the characteristics of the room;

g=Еmin/Еmax– coefficient of uniformity.

The value of η is chosen according to the tabular index i, shown in table 1.
Table 1

Utilization rate of the luminous flux

	i
	0,6
	0,8
	1
	1,25
	1,5
	2
	2,5
	3
	4
	5

	η, %
	29
	37
	43
	48
	53
	59
	63
	66
	71
	74


2. Calculation of the necessary annual duration of operation of single light source (a single lamp) to reach Еm, h
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Where F is the luminous flux of light source used in lm (selected from a catalog)

3.  Calculation of the annual electricity consumption of the light source to reach Em , kWh.
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Where PLS is the power consumed by the selected light source in kW (selected from a catalog);

kD – coefficient takes into account non-linear change of the luminous flux against power during dimming. It is assumed 1.3 (determined on the basis of research).

4.  Calculating the annual electricity costs, BGN.
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Where β is the weighted average electricity price in BGN / kWh;

The method is algorithmized, the block scheme of the algorithm is shown in fig. 1. As input the algorithm takes area space in m2, luminous flux of used light source in lm, power consumption of the selected light source in kW, average electricity price in BGN /kWh and the number of working days per year. As output data the algorithm shows annual costs of electricity in BGN. and annual electric energy consumption in kWh.

The methodology is implemented as software application called "ECCDC for Dimmable Lighting Systems". Sample screen of the application is presented in fig. 2.

CONCLUSIONS
1. A method for calculation of electrical energy consumption of dimmable lighting systems is proposed. The method calculates energy costs on the basis of the additional amount of artificial lighting to supplement insufficient natural lighting.
2. The method is algorithmized. The algorithm is characterized by the consistent transformation of the required amount of additional lighting in the quantity necessary flux to reach Em and in electricity costs.

3. The algorithm is implemented as software called "ECCDC for Dimmable Lighting Systems".

4. The developed method, algorithms and software are intended for use in carrying out energy-economic evaluation and to perform various calculations and lighting energy audits in dimmable lighting systems.
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Figure 1. Block diagram of the operations of the methodology for calculating 
the cost of electric energy consumption of lighting systems with smooth dimmable.
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Input data

Area of the premises, m2 25
Light source luminous flux, Im | 1000

Light source power, KW 0014

Electricity price, IvikWh [0,180312

Output data

Annual elect. energy cons., kWh | 22095

Annual elect. energy costs, lv 4140 |

Calculate |





Figure 2. Sample screen of the software

  "ECCDC for Dimmable Lighting Systems"
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Displaying calculating data - annual electricity costs and annual electric energy consumption





Initializing input parameters – area space, luminous flux, light source power consumption, average electricity price, working days





Calculation of the annual flux needed to                         reach operational lighting Еm





Calculation of the necessary annual duration of operation of single light source (a single lamp) to reach Еm








Calculation of the annual electricity consumption of the light source to reach Em








Calculating the annual electricity costs
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