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Overview

A large set of strategies for carbon mitigation is likely to be needed on a global scale to reduce greenhouse gas (GHG) emissions by 80% below 1990 levels by 2050 in order to avoid the severe impacts of climate change.  In light of possible near-term GHG regulations, the U.S. is paying more attention to various options for carbon mitigation.  Since residential consumers account directly and indirectly for a considerable portion of GHG emissions, it is critical that the government evaluate strategies and incentives to reduce household GHG emissions in the most cost-effective manner possible, while maintaining or even improving the energy services. 

The main objective of our work is to explore the costs, the GHG reduction potential and the cost-effectiveness of different energy efficiency and passenger vehicle alternatives.  The goal is to provide a decision space, under emissions constraints, showing the cost and cost-effectiveness of GHG emissions reductions via different household capital purchases of more efficient appliances or vehicles versus the potential household GHG footprint reduction. We use these results to provide a set of recommendations for policymakers of strategies to meet various reduction targets.
Methods

We model a hypothetical household who is permitted a pre-defined GHG emissions budget and who may purchase either conventional or more energy efficient technologies for both passenger vehicle and residential services, specifically lighting, cooling, heating, hot water, refrigeration and television.  As a baseline, the household uses the average U.S. bundle of end-use technologies and a conventional vehicle [1], [2], [3].  We evaluate  several energy efficiency measures [4],[5] as well as different powertrains and fuels for light-duty passenger vehicles.  For the efficiency measures, the detailed technology characterization includes rated power, annual electricity use, number of hours of operation, investment cost and lifetime of the technology/appliance.  For passenger light-duty vehicles, this includes annual fuel used, annual miles travelled, miles per gallon, and capital cost.  For each technology, we identify the potential of either energy efficiency or changes in light-duty vehicle technology to meet a range of GHGs reductions. Given the underlying uncertainty of the efficient technologies and vehicles characterization, we build a fully parametric model.

We simulate the private cost to households for each mitigation strategy.  The cost-effectiveness ($/kg CO2 equivalent reduced) for selected energy efficiency and transportation strategies is then presented.  The cost-effectiveness corresponds to the ratio between the levelized annual cost of each strategy and the respective annual GHG emissions savings. Once we calculate the reduction potential and costs associated with these strategies, we investigate a range of technology combinations to show how optimization can lead to the lowest costs or/and greatest GHG savings for the household. With these levelized costs, we then show the optimal investment as a function of the GHG reduction target and other key parameters (electricity price, fuel price, discount rate, etc). Given the nature of greenhouse gas emissions reductions problem, we also estimate the societal cost of emissions reductions, accounting for the major externalities (e.g. greenhouse gases and criteria air pollutants). Finally, we use these results to make recommendations for the development of policies and incentives for achieving household GHG reductions.


Results

There is a wide range of technologies that can meet the same GHG reductions using energy efficiency measures. We estimate that more efficient lighting or refrigeration can achieve the same reduction goal albeit with different costs. As we set larger reductions targets, we begin to saturate the potential of one technology to meet GHG reductions.  For example, since roughly 50% of the emissions from the typical household will be due to transportation, if a target larger than a 50% emissions reduction were to be achieved, the consumer must also reduce their transportation emissions.  The results shown below assume that households only have access to electricity for residential energy services.  The relative cost-effectiveness of using natural gas-fueled equipment depends on the incremental capital cost, the ratio between natural gas and electricity prices, and the ratio of GHG displacement of natural gas compared to electricity. Figure 1 provides an illustration of the preliminary results.
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Figure 1 – High cost scenario for carbon reduction supply curve for a typical household. The plot represents cost-effectiveness ($/kgCO2 avoided) as function of the share of GHG avoided. Preliminary Results
Conclusions

Although a portfolio of diverse strategies will be needed, better insight into the regional comparison and tradeoffs between the costs and effectiveness of different carbon mitigation strategies is useful. However, the magnitude of the reductions requires that consumers reduce both their GHGs from electricity consumption and transportation. Since there are a range of potential technologies with different costs and emissions reduction potentials, especially for end-use residential energy efficiency, the cost-effectiveness of the strategy will highly depend on the GHG reduction target and the underlying fuel and electricity prices. Our model provides policymakers bounds on what can be achieved through any one approach as well as a prioritization on the specific end-uses and transportation options to target if demand-side policies were to be implemented.
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