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Overview
Residential photovoltaic (PV) systems in the US are often compensated at the customer’s underlying retail electricity rate through net metering. Given the uncertainty in future retail rates and the inherent links between rates and the economics of behind-the-meter PV, there is growing interest in understanding how potential changes in rates may impact the value of bill savings from PV. 
High penetration of utility scale and behind-the-meter renewables could have a significant impact on wholesale electricity price profiles (Mills and Wiser, 2012; Olsen and Jones, 2012). These changes would in turn impact retail electricity rates, particularly as retail rate structures shift towards marginal cost pricing with higher temporal resolution. If net metering continues to be the method used to compensate behind-the-meter PV generation, changes in retail rates will impact the customer economics of behind-the-meter PV.
Residential PV systems are long-term investments; when considering the private economics of residential PV, payback calculations often assume that current retail rates will remain fixed or increase (in real terms) over the PV system’s lifetime (e.g. Black 2009). However, these do not consider the changes in retail rates that could result from increased levels of renewable generation technologies, both utility-scale and behind-the-meter. As future installations of residential solar systems are very dependent on the underlying retail rates, installation trends could vary greatly with differing retail rate scenarios.
In this paper, we will explore the implications of retail rates resulting from scenarios with high renewable penetrations on residential retail electricity rates and hence the customer economics of residential, behind-the-meter PV. We calculate the private value of solar PV to customers, and do not attempt to quantify the economic or environmental value of the PV electricity generated to society. Though California is used as a case study in this analysis, the conclusions may have a much broader applicability.
Methods
To understand potential impacts of high renewable penetration on the value of bill savings for residential customer, we take the following approach:
1) We model the impacts of various renewable penetration scenarios on hourly wholesale market prices, using a production cost and capacity expansion model developed by and extensively described in Mills and Wiser (2012). Using the California electricity market as case study for our analysis, we model a reference scenario (which assumes current levels of renewable generation), a high solar PV penetration case, and a 33% renewable case.
2) We design three types of residential retail rates (flat, time-of-use/TOU, and real-time pricing/RTP) for each renewable penetration scenario, assuming full cost recovery of variable and fixed costs, using standard rate design principles. 
3) We calculate the value of bill savings from PV for residential customers by calculating their annual bill with and without PV generation, for each retail rate type, for each wholesale market scenario. We calculate bills with PV using (a) net metering, where PV generation displaces energy consumption billed regardless of when the PV system generates electricity, and  (b) hourly netting, where a customer’s PV generation can displace consumption within an hour but electricity generated beyond hourly consumption is compensated at wholesale electricity rates. 
Results
Using the retail rates calculated with the above methodology, we first computed the bills for 226 California customers for which we have hourly metered load data. We then used simulated PV generation profiles for each customer to calculate bills with PV (where the systems are sized such that 75% of their total annual load is met by annual PV generation). 
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Figure 1 - Relative value of bill  savings across scenarios, relative to each rate.
	



In the reference scenario, customers under the TOU rate with net metering receive the greatest value from PV, followed by those under the RTP rate with net metering (PV generation benefits from averaging rates over the high priced periods with TOU). All customers compensated with hourly netting receive less than under net metering, regardless of the rate they are on, as hourly excess electricity is compensated at the wholesale price (which is lower than the retail rate during most hours).
We then compare the value of bill savings across scenarios for each rate and PV compensation mechanism. The percentage change in value of bill savings from PV relative to customers with the flat rate, net metering, and in the reference scenario for each rate is shown in Figure 1. The value from bill savings under the flat rate with net metering increases under two scenarios relative to the reference case. This is due to an increase in the flat rate, in order to recover the high acquisition costs for renewable generation under the 15% PV penetration,  and the 33% renewable energy penetration scenarios. The value of bill savings under the TOU and RTP rates with net metering declines by about 20% and 15% , for the 15% PV and 33% RE scenarios, respectively, since PV generates at times when rates are low for these scenarios. With hourly netting, the loss in value relative to the reference scenario is greater than with net metering, as wholesale prices are lower than retail rates at times when PV generates. The loss in value of bill savings are somewhat lower for the 33% renewable penetration case than for the 15% PV case, partly due to the lower PV penetration and the inclusion of CSP with storage, which allows prices to even out slightly. 
Conclusions
The future value of bill savings from residential PV will be dependent on the wholesale market generation mix, retail rate design, and the compensation mechanism for behind-the-meter PV generation. We find that as retail electricity rates move towards time-varying pricing, high solar penetrations in the market could lead to an erosion in the bill savings from behind-the-meter residential PV. Wholesale prices decline when there is high PV generation under a high solar penetration scenario, as the marginal costs of generation decreases. Changes in wholesale electricity price profiles would lead to a change in retail rates, and time-varying rates would be lowest at times when PV generates. As long as residential PV generation is compensated at retail rates or wholesale rates, the compensation per kWh would be lower in a scenario with high solar penetration than for one with low penetration, all else similar. In addition, we find that retail rate options have significant impact on customer economics of PV.
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