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Overview
Solar photovoltaic technology (PV) has the highest technical and sustainable potential (Jacobson and Delucchi,
2011:1159; WBGU, 2011:119) amongst all renewable technologies. However, increasing amounts of zero marginal
cost electricity cause a decline of wholesale electricity prices. There is a rich strand of literature studying the socalled merit order effect (Clò et al., 2015; Cludius et al., 2014; Gelabert et al., 2011; Sensfuß et al., 2008; Woo et al.,
2016). Since PV generation is not dispatchable and usually concentrated in a few hours of the day and months of the
year, the drop in prices during PV generation is usually stronger than the average. This implies that the higher PV
penetration, the lower prices at the generation times and therefore the lower remuneration for PV producers,
entailing a fall in the market value of PV electricity (Borenstein, 2008). Consequently, although grid parity has
already been achieved in many countries (Breyer and Gerlach, 2013), this cannibalization effect could undermine the
profitability of PV producers and entail the departure from the grid parity situation as PV penetration increases.
The research question is how PV penetration affects the market value of PV electricity. PV penetration is defined as
the share of PV over the total generation, and the solar/wind market value factor is defined as the solar/windweighted electricity price (unit revenue of solar/wind producers) over the time-weighted average wholesale
electricity price (Hirth, 2015, 2013).

Methods
The methodology is a time series (2011-2016) analysis with data from the CAISO wholesale electricity market. The
dependent variable is the PV value factor ( ), formally defined as

where p represents prices (either daily average or hourly) and S is the solar generation.
, gas price, electricity demand, and the
The independent variables are solar and wind penetration
. The data is daily computed from
shares of other sources of electricity generation (including net imports:
hourly values. The effect of higher penetration can be estimated in relative (value factor, eq. 1) and absolute (unit
revenue, eq. 2) terms:

Results
The results show by how much a percentage point increase in PV penetration reduces the value of PV electricity with
respect to the average wholesale electricity price on one hand, and the unit (per kWh) revenue of PV generation on
the other hand. Since we run the regression for the whole period first, but also for each individual year, we are able
to assess wether the cannibalization effect shows a constant trend or if it declines over time.

Conclusions
This analysis goes one step beyond the merit order effect studies to assess not only the effect of higher PV
penetration on the wholesale electricity markets, but on the value of PV electricity itself. The results are useful to
understand the fluctuations and evolution of the PV market value, which in turn will shed light on the potential
departure from the grid parity situation (if the cannibalization effect causes the market value of PV to drop lower
than the LCOE), and help us understand the suitability of marginal markets at high penetration of zero marginal cost
generation technologies.
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