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Overview

Installations of photovoltaic (PV) systems in the United States have been growing at a rapid pace in recent years, driven in large measure by government incentives.  Given the relatively high cost of PV, a key goal of these policies is to encourage cost reductions over time.  Out of this goal, arises the need for reliable information on the installed cost of PV.  To that end, this paper summarizes trends in the installed cost of grid-connected PV systems in the United States from 1998 through 2007.  The analysis is based on installed cost data from nearly 37,000 residential and non-residential PV systems, totaling 363 MW of capacity, and representing 76% of all grid-connected PV capacity installed in the U.S. through 2007 – the most comprehensive source of PV installed cost data in the United States.  The paper focuses on the installed cost born by the customer, and summarizes trends over time, by system characteristics, by customer location, and by component.  It also describes changes in incentive levels over time and the resulting impact on net installed costs.

Methods

The primary method of analysis is statistical analysis of grid connected PV project-level data. Data were obtained from administrators of PV incentive programs around the United States, who typically collect installed cost data for systems receiving incentives.  A total of 16 programs, spanning 12 states, ultimately provided data for the study.  Installed cost and incentive levels were compared across various project classifications including: location, year of installation, customer segment, system kW capacity, and technology type.

Results
Average PV system installed costs, in terms of real 2007 dollars per installed watt (DC-STC), declined from $10.5/W in 1998 to $7.6/W in 2007. This overall decline in installed costs over time is primarily attributable to a reduction in non-module costs (equal to total installed cost minus a global module index). In addition to cost declines, the distribution of installed costs within a given system size range has narrowed significantly since 1998, with high-cost outliers becoming increasingly infrequent. However both the decline in average costs (across all size categories) and the narrowing of cost distributions halted in 2005, with average costs and cost distributions remaining essentially unchanged from 2005-2007.

Installed costs vary widely across states and technology type.  Among systems <10 kW completed in 2006 or 2007, average costs range from a low of $7.6/W in Arizona to a high of $10.6/W in Maryland.  Among 1-3 kW systems funded by California’s Emerging Renewable Program and completed in 2006 or 2007, PV systems installed in residential new construction cost $0.6/W less than comparably-sized residential retrofit systems (or $0.8/W less if focused exclusively on rack-mounted systems).  Systems installed in 2006 or 2007 with thin-film modules were found to have somewhat higher installed costs, on average, than those employing crystalline modules.  

State and utility cash incentives for PV have declined, on average, over time. However, as a result of the increase in the Federal ITC for commercial systems in 2006, total after-tax incentives for commercial PV were near an-all-time-high, while incentives for residential PV in 2007 were at their lowest since 2001.  Due to the overall decline in the level of financial incentives for residential PV, the net installed cost of residential PV (installed cost minus state/utility cash incentives and tax credits) averaged just 7% below 2001 levels.  The net installed cost of commercial PV, however, averaged a decline of 32% from the average net installed cost in 2001.

 Conclusions
Available evidence confirms that PV installed costs in the U.S. have declined substantially over time, especially among smaller systems, and primarily as a result of reductions in non-module costs. Variation in average installed cost across states, as well as comparisons with Japan and Germany, suggest that large markets offer lower costs. Moreover, the US PV market is exhibiting signs of maturation, including declining average costs, narrowing distribution of total installed costs, and declines in non-module costs.
Greater reductions due to non-module costs suggests that state and local deployment programs – which likely have a greater impact on non-module costs than on module prices – have been at least somewhat successful in spurring cost reductions. Both module and non-module costs, however, remained largely unchanged from 2005-2007, reflecting constraints throughout the supply-chain and delivery infrastructure, as PV markets rapidly expanded.  This trend, were it to continue indefinitely, would be cause for concern, given the desire of PV incentive programs to continue to ratchet down the level of financial support offered to PV installations. However, recent developments (i.e. over-supply of PV modules in 2009, lifting of the cap on the Federal ITC for residential customers) portend a potentially dramatic shift, and improvement over the next few years in the customer-economics of PV. 

