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Overview
In the United States, the number of behind the utility meter customer-owned photovoltaic systems has grown substantially.  Data compiled for 2013 indicates that there are over 6 GW of residential and commercial net metering installations at over 500,000 sites in the United States.  While these installations are a small percentage of U.S. installed generation capacity, non-utility distributed installations increased by approximately 50% in 2013—with potential for significantly more growth.  The increase in installations has been enabled by federal and state tax policies, utility rebates, net metering policies, and dramatic declines in installed system cost.   Depending on one’s perspective, this rapid growth can be viewed as both a success for U.S. renewable energy policy and PV technology, or as a threat to the utility business model spurned by inefficient policies.  Accordingly, the associated tax policies and net metering rules have become the subject of increasing controversy.  
The renewable energy policy debate has numerous dimensions, including the associated benefits attributed to job creation, regional economic development, energy security, and the environmental benefits from emission reductions associated with utilizing non-carbon-based fuels.  In particular, the net energy metering (NEM) policy debate centers on economic efficiency and customer equity arguments.   This paper explores the efficiency of NEM policy by conducting an economic analysis of residential net metering in four states that have a large installed base:  California, Arizona, New Jersey, and Colorado.  The analysis is limited to these four states since state specific economics differ as a result of fragmented U.S. energy policy.  However, these four states account for approximately 70% of the distributed installed solar net metering capacity. 
Methods

This paper uses four approaches to evaluate the economics of NEM.  These different approaches have historically been used to evaluate utility sponsored energy efficiency programs.  The four methods of evaluation are:

· The societal view, referred to as the Total Resource Cost (TRC) test,
· The utility’s view, referred to as the Utility Cost Test (UCT),
· The ratepayer’s view, referred to as the Rate Impact Measure (RIM), and
· The participant’s view, referred to as the Participant Cost Test (PCT).

The TRC measures whether the value of the resources saved by the policy exceeds the costs to achieve the savings.  The benefits are the value of the resources saved (measured by their avoided cost) while the costs include those borne by the utility, the participants, third parties, and by non-participants.  The UCT assesses whether the policy will reduce the utility’s cost to serve relative to what would otherwise occur.  The benefits of the program are the costs the policy causes to be avoided, namely the avoided energy, capacity, emissions, transmission and distribution (T&D) and T&D capital costs that result because of the actions arising from the policy.  The costs of the policy include the cost the utility incurs as a result of the policy, including the lost revenue, incentives paid to participants, and the costs of administering the program, integrating the energy injected into the system, metering and interconnecting the systems (if paid for by the utility), etc.  The RIM test measures the impact of the policy on the utility expenditures of non-participants.  The PCT looks at the costs and savings to the participants.   

An Excel model was developed to evaluate the net metering programs in the four states using the four economic tests.  A representative utility was used for each state in the model for assumptions regarding customer rates and loads.  

Results
The economic benefits of net metering vary significantly based upon the test applied, the state / utility analyzed, and the assumptions regarding long run avoided costs.  Significant drivers of the analysis include the electric rates avoided by the customer with net metering, assumptions regarding long-run avoided utility costs, and the value of the reductions in CO2 emissions.  Avoided utility costs varied significantly across the scenarios.  A key issue is the assumptions used regarding how higher penetration of customer-owned distributed generation impacts: the electric distribution system, changes the utility’s load shape, and the cost of the utility to maintain a stable grid with growing amounts of intermittent generation.

In most of the states and scenarios the PCT was slightly less, or greater than one despite the phase out of utility production and installation cost incentives.  This suggests that distributed residential PV in the states examined is near the point of grid parity with the current combination of tax policy, market value of RECs, rate design, and financing options.  Presumably, wide scale penetration will not occur without the systems yielding positive net benefits to the customer.  In other words, when the PV systems have exceeded the rate parity threshold penetration may dramatically increase.  This analysis used a conservative twenty year system life.  Additional utility support, beyond net metering, for PV in the residential sector does not appear to be necessary assuming further anticipated PV system cost reductions and the continuation of tax incentives.  However, this is a high level conclusion that depends on a number of parameters and the analysis is utility market specific.  

In all the scenarios the UCT is positive.  This result is not surprising in that the test evaluates the ratio of the marginal cost savings to the net metering program costs.  This test does not consider the change in revenue requirement and rates necessary for the utility to have an opportunity to earn its allowed rate of return even with lost net metering load.  Given the ideal of perfect regulation, that the revenue requirement is adjusted to maintain the target revenue requirement, net metering does not harm the utility based upon the UCT.  However, the test does not take into account the impact on overall rates, impacts on non-participants, and that utilities can be financially harmed absent mechanisms to recover the lost margin.

In all of the scenarios the RIM test has a ratio less than one.  The implication is that non-participants will have to pay more since the sum of the revenue losses and program costs exceed both the short run and long run avoided cost savings.  The level of residential rate increases necessary for the utility to maintain its target revenue requirements were calculated at different penetrations.  The rate impact test coupled with assertions that solar PV is typically installed by higher income customers frequently leads to the argument that NEM is not an equitable policy.  Analyses that the NEM customers are not paying their “fair” share of the costs is typically one of the arguments put forth to support proposed NEM policy changes.

[bookmark: _GoBack]The total resource cost test results are less than one across all of our scenarios.  It should be noted that with the exception, of the scenarios of incorporating the social cost of carbon, externalities are not priced into the models.  In addition, as previously noted the analysis does not consider the macro economic benefits of net metering versus other energy policies.  Incorporation of externalities can increase the value of the TRC test significantly.  Finally, it is readily noted that others have ascribed greater values to the marginal T&D and other savings and consequentially have achieved values greater than one for the TRC test.  Given the direction of these tests, it raises the question of whether the most efficient policies are in place to support resource acquisition in general, as well as to achieve renewable energy generation goals.
Conclusions
Net energy metering and associated tax incentive policies have been instrumental in driving the growth of PV systems installed on the customer side of the meter.  However, the current implementation may not be an economically efficient and sustainable long-term utility policy as the penetration of installations increases.  Issues with the policy in conjunction with higher penetration include: creating non-economic price signals for customer to bypass utility generation and cost shifting that leads to distorted price signals for non-participants.  Uneconomic bypass can lead to higher societal costs and potential cross subsidies that may be contrary to other economic / social policies being pursued by the regulator.  The instances where the programs fail the economic tests suggests that alternative polices should be considered in order to improve the allocation of resources.
