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Overview

In recent years, the market for rooftop solar photovoltaic (PV) technology has undergone significant changes, largely driven by government and state incentive programs, abundant supply of low cost silicon, and substantial drops in module prices. However, if the use of rooftop solar PV is to continue to grow, it is important that it become cost competitive without the use of subsidies. From the customer’s perspective, the term “socket” parity describes the conditions at which the levelized cost of electricity (LCOE) provided by the installation is equivalent to the retail rate provided by utility companies [1], [2]. The first part of this paper assesses the economic viability of residential rooftop solar installations across the country taking into account local utility rates, solar insolation, and cost of installation. Existing literature typically considers only two or three locations [3], [4] and fails to consider the price differences of solar PV across different states as reflected in Feldman et al. [5]. By using solar insolation data from more than 1,000 station locations and installation costs by region, this paper presents a unique insight into the viability of rooftop solar PV across the country using the project’s net present value (NPV).

In the second part of this paper, we perform a variety of sensitivity analyses and assess strategies that might be used to improve the economic viability of solar PV in locations where socket parity has not yet been achieved. In addition, we evaluate the reductions in installed costs needed to reach socket parity. Further studies of the broader implications to the power system and to future rate structures are planned for future work.

Methods

To perform this analysis, we built a model that calculates the net present value (NPV) of a rooftop solar PV investment for residential customers using pessimistic, best, and optimistic estimates. The differences in these estimates can be seen in Table 1. The primary inputs to the NPV model are the installation cost, the price of electricity, and the annual energy production. To reflect the variation in installation costs across the country, we used weighted averages of installation costs within geographical regions by number of installations installed. To model the price of electricity, we used state average residential retail electricity prices for September 2013 as a starting point [6]. We then applied an annual escalation rate of 3% (best estimate) to these prices, based on historical electricity price trends [7]. To consider the potential of higher escalation rates due to rising fuel prices and/or a more expensive generation mix, we also considered an escalation rate of 5% for the optimistic estimate.  
Table 1: Scenarios for evaluating current economic viability of rooftop solar PV.

	Variable
	Pessimistic Estimate
	Best

Estimate
	Optimistic Estimate

	Installation Cost ($/W)
	Median Values
	20th Percentile
	20th Percentile

	Loan Interest Rate
	8%
	7%
	5%

	Loan Term
	15
	20
	25

	Electricity Price Escalation Rate
	2%
	3%
	5%


To model annual energy production we used the Sandia PV Performance Model, which uses sun-earth geometry, solar insolation data, and module performance characteristics [8]. The solar insolation data supplied to the model come from the National Solar Radiation Data Base, which provides hourly solar radiation values and meteorological elements for a typical year for 1,011 station locations across the United States (excluding territories). Additional parameters in the model include the financing terms, discount rate, system size, and system degradation rate. 

Results

When evaluating the current economics of solar PV, we developed pessimistic, best, and optimistic estimates of the NPV for locations across the country. Under the best estimate scenario, only Hawaii is at socket parity. A sensitivity analysis showed that the NPV was most sensitive to the loan interest rate and term. However, when using the best estimate as the baseline for the sensitivity analysis, the optimistic bounds did not increase the number of states at socket parity, though some came close. The installation costs required for a breakeven investment were calculated and Figure 1 and Table 2 show that no states have achieved socket parity in the lower 48 under the best estimate, even when considering the $4.6/W average cost of residential solar PV systems in 2013 [9].
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Figure 1: Best estimate turnkey installation costs.
	Table 2: 2012 average installed cost by country for 2-5 kW residential installations [10].

Country
Installed Cost ($/W)
United States
$5.2
Germany
$2.6



Conclusions

Under the best estimate, only Hawaii has achieved socket parity. Individual sites in our sample of more than 1,000 site may be at socket parity if the local electricity prices are higher than the state average prices used in this analysis. However, using state-level electricity prices suggests that most states are far off from socket parity. If subsidies are to be maintained in order to support deployment of solar PV, our sensitivity analysis suggests that it may be appropriate to focus them on subsidizing solar loans instead of providing the investment tax credit. Due to the insensitivity to installation costs of the system with the best estimate as the baseline, costs reductions may be less critical than reducing the interest rates of the loans. It may be important, however, to estimate the costs to the government of subsidizing loans as opposed to providing the ITC. 

Our results also suggest that the need for support of solar PV differs across states. Places like California and New York are somewhat close to socket parity, yet they receive the same federal subsidy as states like Washington and Pennsylvania that are far from reaching socket parity. 
References

[1]
R. Dufo-López and J. L. Bernal-Agustín, “Photovoltaic Grid Parity in Spain,” in Advances in Mechanical and Electronic Engineering, vol. 178, no. 38, D. Jin and S. Lin, Eds. Berlin, Heidelberg: Springer Berlin Heidelberg, 2013, pp. 235–239.

[2]
C.-J. Yang, “Reconsidering solar grid parity,” Energy Policy, vol. 38, no. 7, pp. 3270–3273, Jul. 2010.

[3]
J. Richter, Financial Analysis of Residential PV and Solar Water Heating Systems in the U.S. 2008.

[4]
S. B. Darling, F. You, T. Veselka, and A. Velosa, “Assumptions and the levelized cost of energy for photovoltaics,” Energy Environ. Sci., vol. 4, no. 9, p. 3133, 2011.

[5]
D. Feldman, G. Barbose, R. Margolis, R. Wiser, N. Darghouth, and A. Goodrich, “Photovoltaic (PV) Pricing Trends: Historical, Recent, and Near-Term Projections,” Nov. 2012.

[6]
U.S. Energy Information Administration, “Electric Power Monthly,” pp. 1–189, Nov. 2013.

[7]
U.S. Energy Information Administration, “Average price by state by provider, back to 1990 (Form EIA-861).”

[8]
Sandia National Laboratories, PV Performance Modeling Collaborative. 2013.

[9]
“U.S. SOLAR MARKET INSIGHT,” GTM Research and Solar Energy Industries Association (SEIA), Feb. 2014.

[10]
G. Barbose, N. Darghouth, S. Weaver, and R. Wiser, “Tracking the Sun VI,” 2013.

