SUN RADIATION ENERGY 

[bookmark: _Toc273361021]Although most of the energy for life comes from the Sun, we can say that we live in the era of fossil fuels where most of the energy originates from fossil fuels finite in quantity and declining in quality. Combined with constant growth of population and energy usage this resulted in increasing pollution and global warming problems. How to move forward? 
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Figure 1 Sustainable energy scenarios

One the most promising set of goals of social, ecological and economical sustainable energy development scenarios comes from EU’s climate and energy package: a set of binding legislation aimimg at [1]:
· A 20% reduction in EU greenhouse gas emissions from 1990 levels;
· Raising the share of EU energy consumption produced from renewable resources to 20%;
· A 20% improvement in the EU's energy efficiency.
The Sun energy is coming continuously to the Earth with daily and seasonal changes in Sun radiation on the Earth surface. On it's way to the Earth surface approximately 30% of Sun radiation is directly reflected to space, depending also on atmospheric conditions and taking into account the Earth’s rotation, we can roughly assume, in average, 200 W/m2 [2] on Sun radiation annually resulting in more than one billion TWh of available Sun Energy annually, which is enormous (figure 2).


Figure 2 World’s energy consumption compared to all fossil reserves and its annual solar energy potential [2]
For most commercial application of Sun energy usage it is sufficient to use analytic data from available measurements data bases. The most comprehensive and recent database is coming from the Joint Research Centre (IET) of EU called Photovoltaic Geographical Information System (PVGIS) with 1 - 2 km resolution, public and available in [3].  More precise and scientific approach option is to perform detailed measurements with solar radiation measuring equipment such (thermic or semiconductor) of global (total), direct and diffuse(scattered) radiation on horizontal surface on location for at least one year measuring energy density H in [Wh/m2].
[image: ]
Figure 3: Solar radiation in (cross-border region of) Croatia and Hungary [3]

PHOTOVOLTAIC SYSTEMS 
All PV systems are in fact integrated sets of PV modules and other components, such as structure for installation (on the ground or roof), maximal power point tracker and other devices for regulation, eventual storage components (batteries, chargers...), DC/AC converters (inverters), cables, connectors, enabling the optimal supply of the electricity being produced from the PV modules (arrays, strings) to the network, AC or DC consumers.
Two most commonly encountered configurations of PV systems are: 
· Systems that feed power directly into the utility grid or through network connection installation such as lines and transformers (on-grid/grid-connected PV system)

Figure 4 Typical on-grid PV system [4]

· Stand-alone systems with and without energy storage (batteries and chargers) (off-grid PV system), sometimes with generator back-up (hybrid PV system).


Figure 5 Typical off-grid PV system [4]
There are however big problems in direct Sun radiation usage in electricity production using photovoltaic system: small density of energy flow, oscillation in radiation intensity during day/month/season, dependence on climate conditions, with radiation intensity not coincident to electricity consumption. 
Initially, due to the expensive battery storage and PV module materials there were high specific investment costs of photovoltaic systems compared to conventional or even non-conventional (renewable) energy technologies. Combined with small efficiency and power factor this resulted in high electricity production costs. However, high incentives in over hundred countries resulted in fast PV technology development, the fastest usage increase with over 130 GWe of installed PV capacities world-wide in 2013 [5] and with significant investment costs decrease, particularly in last several years [6].
[1] European Commission, The 2020 Climate and Energy Package, http://ec.europa.eu/clima/policies/package, February 2014
[2] Stefan C.W. Krauter ‘’Solar Electric Power Generation – Photovoltaic Energy Systems’’ Springer, Berlin 2006.
[3] European Commission, DG Joint Research Centre, Institue for Energy and Transport: PVGIS PhotoVoltaic Geographical Information System, http://re.jrc.ec.europa.eu/pvgis/, 2013
[4] Gilbert M. Masters, “Renewable and Efficient Electric Power Systems'', John Wiley & Sons, Inc., Hoboken, New Jersey, 2004, USA.
[5] REN21: Renewables 2013 Global Status Report, http://www.ren21.net, December 2013
[6] European Commission, DG Joint Research Centre, Institute for Energy and Transport, Renewable Energy Unit: PV Status Report 2013, Ispra, Italy, September 2013
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