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in its most common TOU tariff. In the winter, two TOU periods: a peak price in effect
8am-9pm on non-holiday weekdays, and an off-peak price that is effect at all other times.
In the summer, there are three TOU periods: Peak is noon-6pm on non-holiday weekdays;
Shoulder is 8am-noon and 6pm-11pm on non-holiday weekdays; Off-peak is in effect at
all other times. Summer includes June through October and winter is November through

May.

The rate for any TOU period is set to equal the weighted-average wholesale price
(weighted by system quantity) during all hours in the sample in which that TOU period
was in effect. This is the same as the method used to calculate the break-even flat-rate
tariff, but now using only selected hours for each TOU period. Thus, this TOU tariff is set
to be revenue-neutral compared to both the flat-rate tariff and a real-time pricing tariff
that just passes through the wholesale price. As with the calculated flat-rate tariff, the
TOU rates vary according to which of the four wholesale price series is used as the basis.
Table 4 presents the break-even TOU rates for the 5-year sample period as well as the

break-even flat-rate tariff for comparison.

The valuation of Solar PV power at TOU rates is presented in Table 5 along with
the real-time wholesale price valuation, which is the same as in Table 1. It is clear from
Table 5 that a TOU retail tariff pretty much eliminates the undervaluation of solar PV
power that was caused by use of a flat-rate tariff. In many cases, the percentage difference
from the RTP value is negative, indicating that solar PV power is actually overvalued with

TOU compared to actual wholesale real-time price valuation.

Omitting the correction for unobserved correlation between solar panel power pro-
duction and system demand, most of TOU valuations are slightly higher than the RTP
valuations. Including the correction, most of the TOU valuations are slightly lower than
the RTP valuations. In all cases, the difference is no greater than 8%. Thus, it appears that
TOU retail rates generate for the customer about the same wholesale value of the power
produced by solar panels as the customer would receive if it faced the actual wholesale

real-time prices.
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TABLE 4: Time-of-Use Rates Assumed for TOU Valuation of Solar PV Power

Winter Winter Summer Summer| Summer Flat

Off-peak Peak Off-peak Shoulder Peak Rate

Piso - North $51.91 $61.33 $48.76 $64.06 $89.39 $58.21
PisoAugmented - North $68.23 $80.17 $54.63 $76.44 $123.68 $74.37
Piso - South $43.46 $60.21 $40.49 $58.69 $93.26 $53.10
PisoAugmented - South $51.89 $72.68 $43.08 $66.03  $127.62 $63.56
Psim(-0.025,10%) $17.35 $34.81 $23.95 $45.68 $183.96 $39.68
Psim(-0.100,99.9%) $17.37 $35.05 $24.40 $53.04 $157.50 $38.48
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VIII. Conclusion

Solar photovoltaic cells remain a relatively expensive way to generate electricity, but
with increasing natural gas prices and concerns about greenhouse gasses and terrorist
attacks, PVs could begin to look more attractive as the technology improves. To fully
understand the costs and benefits of solar PV power requires a careful analysis of all of its
market and non-market attributes. In this paper, I have presented a method for analyzing
the wholesale value of solar PV power recognizing that it produces a disproportionate

amount of its output at times when the weather is sunny and system demand is high.

Applying the method to California, a summer-peaking system, I find that correctly
accounting for the time-varying electricity production of solar panels could increase its
value substantially compared to a flat-rate tariff. Using actual real-time prices, the change
in value is only around 10%, but using prices from a simulation model, which assures that
peaking gas capacity covers its fixed costs through high energy prices, the increased value

from real-time valuation of solar power could be nearly 50%.

The analysis points out that a flat-rate tariff will cause end-use customers to signifi-
cantly undervalue the power produced by solar panels. I find, however, that the problem
is negligible if the customer is on a time-of-use rate, a simple peak/off-peak tariff in which
prices vary systematically by time of day and weekday/weekend. While there are many
compelling arguments for instituting dynamic retail pricing, such as real-time pricing,

rather than TOU, the valuation of power from solar panels is not one of them.

These results are, of course, only one piece of a larger analysis of the costs and benefits
of the solar PVs. The method, however, is straightforward and can easily be applied to

areas outside of California so long as data on prices and on PV production are available.
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