	 
       									                                                 	
What is PV grid parity?A contribution To the discussion about a frequently used but rarely understood term
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Introduction
The installation cost of photovoltaic (PV) modules have been declining sharply for many years now. The PV industry at the same time used to promote its product announcing that a grid parity, i.e. a parity of PV electricity generation cost with the cost of electricity from the grid is within reach. According to some presentations, this would be the turning point, from which solar PV would contribute to lower overall electricity costs. However, in most of the presentations, it remains unclear what further assumptions are made concerning the system integration of PV.
Following this line, the present work tries to find a consistent and precise definition of the term ‘grid parity’. The resulting steps of grid parity are thereafter analysed with respect to the allowed cost for the system components (PV modules and storage device) as well as with respect to the solar radiation conditions. For the analysis, PV cost values from the German market are used.
Methods
Analysing the subject, four steps of grid parity are proposed by the authors:
1. Simple grid parity. Average PV electricity generation cost equal average grid electricity price including taxes. This stage doesn’t consider neither the load profile of the household nor the generation profile of the PV system. The grid is used as an infinite storage: Electricity is fed into the grid whenever local production is higher than local consumption; in the reverse case, electricity from the grid is consumed.
2. Advanced grid parity without a feed-in need, including taxes. Equality of the PV electricity generation cost and average grid electricity price if a day-night storage is included in the PV system. Only in this stage PV systems get a surefire success in the sense that no feed-in tariff law is necessary any more to promote PV. The PV systems are combined with a (relatively small) storage where economically sensible. In that way, no feed-in into the grid is necessary any more. Only in the winter months with low solar irradiation, electricity from the grid is used.
3. Advanced grid parity without a feed-in need, excluding taxes. The same as number 2, but only the net grid electricity price (excluding taxes) is used for the comparison. This reflects a case in which the government raises taxes on solar electricity produced and consumed in households.
4. Equivalence of PV electricity generation and grid electricity. The PV system can produce exactly the profile needed by the household. Neither feed-in nor consumption of grid electricity is necessary. No grid access is required any more. 
For all scenarios a cost-optimal dimensioning of the storage is performed, resulting in overall PV system costs which can in a second step be set equal to the price of grid electricity.
Results 
The major findings can be summarized as follows:

· The first step of grid parity will probably be reached quite soon. However, this doesn’t mean nor that the feed-in tariff law can be abolished nor that PV from this moment on contributes to lower overall electricity generation cost.
· The second step of grid parity can be reached within the next about five years if PV system costs continue decreasing with the speed of the past years. This would imply the installation of a large number of day-night electricity storage systems in the households which could in turn cause decreasing specific storage costs in consequence of technological learning. 
· If the load profile is to be met also in winter months with low irradiation, there are in general two degrees of freedom: size of storage and size of PV installation. At todays storage cost (about 100-200 Euro/kWh) in nearly all cases an over-dimensioning of the PV installation is economically preferred over a large storage. Consequently, excess electricity in the summer months has to be discarded. This is shown in Figure 1, where the cost of PV electricity is shown for different scenarios of the size of the PV installation. In Figure 1, scenario 60% means that the total annual PV electricity production is 60% of the electricity consumption. However, as no grid feed-in is possible, a share of the the produced PV electricity is discarded.
· The sensitivity of PV electricity generation cost to the interest rate is high. In an economy with higher interest rates, every kind of grid parity is significantly more difficult to reach.


Figure 1: Cost of PV electricity depending on size of storage for different sizes of PV installation.
Conclusions
If the cost decrease of PV installations continues as in the recent years, the technology can really get to a point of grid parity where PV projects in households are economically viable investment projects. This will have substantial impacts on the electricity markets, as in the first step the households with a PV system will more or less stop consuming grid electricity in the summer. However in winter months with low irradiation, household electricity consumption doesn’t change a lot.  
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