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Overview

Improvements in wind and solar technology have resulted in  dramatically lower costs, leading to optimism that they could become inexpensive and broadly applicable means to mitigate carbon. However, the economics of wind and solar power are driven by two opposing trends. Technological progress will presumably continue to drive reductions in capital and operating costs. Conversely, in current grids with minimal storage, the income earned by wind and solar will reduce as more capacity is built out. This is because additional wind and solar capacity tends to reduce prices (and income earned) during the hours the resource is available. It is important to understand how these two opposing trends combine to influence the cost effectiveness of wind and solar as a means of mitigating carbon. We explore this question by constructing marginal abatement costs of carbon accounting for technological progress and market effects. The model covers most of the U.S. electricity system. Results show that, in the current grid context, future rollout of wind and solar. will substantially reduce the profitability. For solar power, technological progress will largely mitigate this effect, reducing capital costs roughly parallel to income reductions. For wind power, which experiences slower cost reductions, the carbon mitigation cost is expected to grow rapidly with increase adoption.  The modeling also clarifies the regional ordering in the U.S. of most cost effective deployment of wind and solar for carbon mitigation. 
Methods

The modeling accounts for future income and investment costs for wind and solar power around the U.S. Presuming a background of current generators and storage capacities, a regression model is developed to estimates electricity clearing prices in 13 Independent System Operator (ISO) regions as a function of wind and solar adoption. Cost reductions are modelled using single factor experience curves. Wind and solar is built out in each ISO region, changing electricity prices in that region and contributing to technological progress in all regions. The marginal cost of abating carbon (MAC) is estimated in terms of net expenditures per ton of CO2 emissions reductions. A MAC curve is constructed that orders the buildout of wind and solar by region in order of least to highest marginal abatement costs. 
Results

Figure 1 shows the Marginal Abatement Cost (MAC) of carbon for solar, Figure 2 shows results for wind.  The results show that wind in certain ISO regions is the least expensive carbon mitigation option initially, but that costs of wind increase relatively rapidly compared to solar power, due to lower prices when generating. 
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Figure 1: Marginal Abatement Cost of carbon for solar power in the U.S. Each bar reflects building 2.5 GW of nameplate capacity in the ISO region indicated. The bars have been ordered from lowest to highest abatement costs with no technological progress. The blue bars reflect abatement costs only considering declining incomes are more solar is built out, the red bars also account for reduced capital costs from technological progress. 
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Figure 2: Marginal Abatement Cost of carbon for wind power in the U.S. Each bar reflects building 2.5 GW of nameplate capacity in the ISO region indicated. The bars have been ordered from lowest to highest abatement costs with no technical progress. The blue bars reflect abatement costs only considering declining incomes are more wind is built out, the red bars also account for reduced capital costs from technological progress. 
Conclusions

With the current grid, the model indicates very large income reductions for wind and solar due to lowered prices at generation times. The effect is significant and not countered by cost reductions, in particularly for wind power.  Modifying the grid to better utilize renewables, e.g. with storage and/or increased transmission, could change this situation. Future energy modeling should aim to better resolve the combination of increased renewable adoption, grid design and effects of electricity market. 
