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[bookmark: _Toc227571145][bookmark: _Toc352506784]Abstract
In Europe, the household sector is one of the largest consumers of electricity. Nearly one third of the total electricity consumption is used for the households.  Therefore, during the last years, the usage of energy from PV cells is becoming more important. The production of solar electricity from PV is starting therefore to penetrate the energy market in many European countries.  
Gradually, the constantly increase of prices of the energy lead households to find accessible ways for cost-efficient energy usage. This paper makes an effort to find out if nowadays is still budget – wise for households to use PV. It analyses the production- and consumption profiles of energy in the households, studies the issue of storage of the energy and gives some suggests how the households can obtain the most benefit by using PV. Furthermore it is taken account of the political aspects as grants and prices of the energy by PV. A comparison of those factors in Czech Republic and Austria will be listed as result.
[bookmark: _Toc227571144][bookmark: _Toc217376418]



[bookmark: _Toc352506785]1.	Introduction 

Because of the rising shortage of fossil fuels, deep interest of people in the environment in whole Europe, geopolitical pressures and also raising prices of the energy, the question of the renewables gets the significant relevance. One of them is energy produced by PV cells. The costs for purchasing the PV cells are continual decreasing. The market price of PV cells is nowadays as low as even the small stand – alone objects like the households are can place the cells on the roof and gain the eco - friendly energy for their own houses. The demand for the energy is growing worldwide as the technology goes ahead. Every day the new electric appliance comes into existence. The solar energy appears to be a good solution how to deal with the problems above. However the quantity of produced solar energy is changing depending on season, day, hour etc. We need to save the surplus of energy so we can use it another time. For this transfer the suitable storage is needed. The purpose of this work is to find some kind of balance between the production and consumption of energy in the households by using the storage. The main aim of this paper is also to find out if there is a hypothetical possibility for households being more or less independent from energy from the grid by elimination of fluctuation of produced energy in certain time horizon. At the first part of paper we will analyses the production and consumption of energy from PV in households in general.  On the basis of the previous information the suitable storage of the energy will be determined. At the last part the economic and political aspects determining the background in Austria and Czech Republic will be compared. Finally the results will be summarized and the evaluation of the total efficiency of PV will be discussed.

[bookmark: _Toc352506786]

2.	Electricity storage

The design of classical electricity storage for PV panels was mainly designed for stand-alone purposes. In this paper, we concentrate on storage of part of the solar power for near-term consumption within a day or subsequent days. This leads house owners to become more independent from the grid and does pay only for the congestion of his energy. This kind of storage can be used also to bridge the power loss periods caused by electric utility companies. Furthermore, households are more satisfied as they can fulfill part of their own energy need by themselves. The electricity grid is used as a help achieve the balance between solar energy production and the electricity consumption of the household. The grid is used as a virtual storage, which means the overproduction during the day is supplied into the grid and a demand in the evening is covered by the electricity network. (Grietus Mulder, Fjo De Ridder, Daan Six, 2010)
Since some years, the usage of self-consumption of PV is publicly encouraged in some European countries (e.g. Germany, Austria …) and it can be realized by electric storage. The owners are remunerated for feeding their electricity into the grid. (Ministery of Environment (Bundesumweltministerium), 2009)
As mentioned above, classically storage for PV panels is mainly designed for stand-alone purposes therefore the amount of stored energy must be suffice at least the production gap of a couple days of clouded weather. This can vary between 3 and 20 days. Therefore charge and discharge of a daily cycle on the total storage vary between 2% and 30%. (Häberlin, 2007) (T. Markvart, L. Castaner, 2003)

[bookmark: _Toc352506787][bookmark: _GoBack]2.1	Production and consumption

This chapter gives a characterization of production and consumption for household with PV panels. This is needed to understand the impact of production and consumption on the small-scale battery systems and their dimension. Furthermore it shows how the households can obtain the most benefit by using PV.
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[bookmark: _Ref352412871][bookmark: _Toc352501023]Figure 1 production and consumption profile on a day in October
 (Grietus Mulder, Fjo De Ridder, Daan Six, 2010)

The figure above shows a production profile of solar panels on a day in October and the consumption profile of the household on the same day. The simultaneous consumption of the household is included, as well. It can be identified, that the production is not sufficient the whole day long. Intra-day storage could solve this problem.

Following two criteria are important for storage systems:
1) Power need for charge and discharge current 
The power change occurs within some seconds. As shown in the figure, the power can decrease and be at full power again some seconds later. Therefore the system must respond drastically. 
2) Storage capacity
This criteria need not to be precise as the first criteria. According the figure, the consumption can be nearly zero. Therefore the system must absorb the full power of the PV panel.
 
The next figure (Figure 2 Production and grid dependence during a week) shows measurements of power fluxes in seven houses with PV panels. The houses have been measured mainly during a complete year, some at first half and some on the second half of the same year. 
Following data have been considered to calculate the dwellings consumption:

a. measured AC power out of the inverter
b. power to the grid
c. power drawn from the grid
The measurements have been carried out in 5 min intervals. From this figure, it can be derived, that production cannot cover household’s consumption. 
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[bookmark: _Ref352422141][bookmark: _Ref352427119][bookmark: _Toc352501024]Figure 2 Production and grid dependence during a week (Grietus Mulder, Fjo De Ridder, Daan Six, 2010)


In the Figure 3 Monthly production and consumption a typical consumption and production profile on monthly base during a year is shown. The decrease of energy production and the increase of the consumption in the winter months can be seen easily
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[bookmark: _Ref352422979][bookmark: _Toc352501025]Figure 3 Monthly production and consumption (Grietus Mulder, Fjo De Ridder, Daan Six, 2010)
[bookmark: _Toc352506788]2.2	Storage

According to the figure above and measurement, it can be noticed, that production for none of the house sis sufficent for the consumption. The production-consumption ratio can vary between 30% and 80%. (M. Suri, T.A. Hulda, E.D. Dunlopa, H.A. Ossenbrinka, 2007)
The exact amount of the produced and consumed energy will be handled in a later chapter for calculating of return on investment of PV and savings.

Since the measured houses do not include any storage systems, the following figure 4 shows the influence of storage. As a basis, the Figure 2 Production and grid dependence during a week (Grietus Mulder, Fjo De Ridder, Daan Six, 2010)will be used. 
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[bookmark: _Toc352501026][bookmark: _Ref352501181]Figure 4 Influence of storage during a week (Grietus Mulder, Fjo De Ridder, Daan Six, 2010)
A small storage system enable house dwellings almost independent from the grid. It could use his own solar electricity and shift it over the day.








[bookmark: _Toc352506789]3.	The calculation of return on investment of PV and savings 

This calculation will analyse the return on investment allowing for the conditions adjusted in the Czech Republic for the following period of the year 2013. There are two different models of possible use of produced energy in the Czech Republic. The first one is so called mode of the Purchase Price which means that all produced energy is send back to the grid for the price seted by ERO (Energy regulation organisation in the CR – put into the shortcuts). The second system works on principal of so called Green Benefits. In this system is produced energy consumed by the producer and the rest of non-consumed energy can be selled to some local distributor for the actuall market price. Moreover the producer gains a payment for each produced kWh in accordance with the actuall price list. In this paper we will deal only with the second type because we are interested in the saved money for the consumed production. The data used for our calculation comes from the case study (Grietus Mulder, Fjo De Ridder, Daan Six, 2010) which analyses production and consumption of seven representative houses in Belgium. The measured values  from that study will be applied on the price´s parametres beeing in the Czech Republic. This way we will find out what amount of money can be saved and how long takes returning the investment on PV.


[bookmark: _Toc352500958]Table 1 Characterisation of the seven houses under study, showing the PV panel data and the electric production and consumption data
	 
	Lummen
	Olen
	Sint-Niklaas
	Antwerpen
	Arendonk
	Begijnendijk
	Blankenberge

	Panel surface (m2)
	16.7
	9.3
	9.3
	20.7
	12.9
	7.6
	16.4

	Installed power (kWp)
	2.2
	1.2
	1.2
	2.1
	1.8
	1.0
	1.7

	Relative annual yield (kWh/kWp)
	975
	825
	747
	788
	890
	1001
	999

	Annual solar production (kWh)
	2107
	996
	897
	1639
	1 603
	1021
	1686

	Annual consumption (kWh)
	2890
	1234
	1 671
	3215
	3905
	2945
	5134

	Production–consumption ratio (À
	0.7
	0.8
	0.5
	0.5
	0.4
	0.3
	0.3
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