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Overview
Buildings in the United States account for 40 percent of total energy use.  While improving energy efficiency of new buildings is relatively straight-forward with the use of building energy codes and other requirements, retrofitting older buildings is more of a challenge.  Many analysts have argued that a number of improvements are available that more than pay for themselves over time in the energy savings they yield but consumers seem reluctant to undertake such investments for a variety of reasons.  These reasons range from a lack of information about energy savings payoffs and other characteristics of products and equipment, imperfect capital markets that prevent consumers from undertaking worthwhile investments, and behavioural economics considerations that lead consumers to decisions that are seemingly irrational from a standard microeconomics point of view.
A number of government policies have been implemented to overcome the retrofit problem, many of them at the state government level.  One of the options receiving the most attention in recent years centers around consumer financing.  Several states have established revolving loan funds (often with federal stimulus money) that are used to provide loans at below-market interest rates to homeowners and businesses for energy improvements.  Some utilities have operated similar programs for a number of years with repayment of loans often made through utility bill charges.  In some of the state and utility programs, the program buys down interest rates offered by private banks and other lenders rather than making the loans itself.  The Property Assessed Clean Energy (PACE) program allowed local governments to set up special assessments on properties for repayment of loans with the initial money for the loans usually coming through issuance of bonds; repayment is usually through property taxes.  PACE programs received a serious setback in 2010 when the federal Housing Finance Agency issued rules that said that these liens on properties could not take precendence over a mortgage.
In this study, I assess the effectiveness and cost-effectiveness of financing for energy efficient heating and air conditioning equipment and water heating in residential buildings and I compare the loan policy approach to a direct subsidy for purchase of efficient equipment and to a mandate that all new products meet particular standards.  I use a version of the U.S. Energy Information Administration’s National Energy Modeling System (NEMS) to estimate energy use and CO2 emissions over the 2012-2035 period and estimate welfare costs of the three policy options.
Methods
A simulation model of U.S. energy markets, with market-clearing in individual end-use sectors and fuels. Analytical calculation of welfare costs of individual policies based on simulation model results.
Results
Sales and market penetration of energy efficient equipment over the 2012-2035 period are presented for the three policy scenarios, along with total residential sector energy use.  The mandate has the greatest impact on energy use, followed by the subsidy, and lastly the loan policy.
Reductions in total CO2 emissions are shown to be relatively small from the policies, as they target only a limited portion of overall energy use but the policies are cost-effective in comparison with many alternative approaches (taking cost-effectiveness estimates from the literature). This result is primarily a result of the relatively large immediate energy reductions (when policies are implemented right away) from replacement of less efficient equipment and the relatively minor up-front costs.
While the loan policy has the smallest impact on energy use and emissions, it is the most cost-effective of the three approaches as its primary cost is the foregone interest on the money the government loans to homeowners.

The cost-effectiveness of the loan policy is shown to depend on assumptions about loan default rates, however. Current programs have quite low default rates (less than 1%); at this level, the costs of the loan policy are the lowest of the three policy options. 

All of the cost-effectiveness findings depend critically on the discount rate used to discount future energy savings.  At a low (social) rate of 5%, the policies’ costs are quite low while at rates of 10% or 20%, the costs rise substantially.

Relatively little fuel switching occurs as the NEMS model, reflecting past realities in the marketplace, builds in substantial costs which prevent such switching.  This leaves a significant portion of the market locked in to less efficient and dirtier options such as heating oil.
Targeting more aspects of residential energy use with these policies besides HVAC and water heating – in particular, loans and subsidies for a “whole house” approach to retrofits – may be more cost-effective and have a bigger impact on energy use and emissions.  While modelling such an approach is infeasible in NEMS, I approximate its benefits using residential energy use estimates from NEMS and other information.
Conclusions
Much debate exists over the efficacy of policies to incentivize building retrofits.  While the high level of building energy use is well-known and the existence of retrofit options to reduce such use is widely acknowledged, evaluation of policies to achieve such outcomes has been limited.  This paper takes a first step toward development of information on the energy savings and costs of three approaches.  I emphasize the financing policy as it is a current point of emphasis for policymakers at the state level.  If such policies can spur the private market to work better, then these government funds might leverage private energy efficiency dollars.  This research provides some information on the merits of the approach in comparison with other options.
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