

Overview

Concentrating solar power (CSP) is a technology that provides utility-scale electric power generation without the environmental impacts associated with conventional generators. A long-term goal of CSP development in the United States is to develop CSP systems that produce electricity that is economically competitive with energy from conventional generators. Like photovoltaic solar and wind generation, CSP has issues related to its limited-dispatchability and variability and unpredictability of solar availability. Moreover, the availability of solar resource is not perfectly coincident with cooling loads, since building cooling tends to lag solar resource. Thermal energy storage has the potential to greatly enhance the value of CSP to the grid by enabling it to provide intermediate and base-load power, shifting solar production to coincide with cooling loads, and providing capacity value to a power system. A key performance measure is the value of dispatchable solar power in regulated and restructured markets in the southwestern United States—which has the best solar resource in the United States.

This paper is organized as follows: after the introduction the second section describes our CSP dispatch model. The next section describes the results of simulations of CSP dispatch in a number of southwestern states, and compares the value of energy produced by plants without thermal storage to plants with different-sized storage and solar fields. Section four describes parametric analysis which varies other parameters in the model, such as forecasting of future electricity prices and solar availability, to show the sensitivity of the results to these assumptions. Section five discusses the net profitability, accounting for capital costs, of CSP plants and provides breakeven costs, which can be used as a benchmark for future CSP development. Section six concludes.

Methods

Optimization.

Results

First, a comprehensive model of CSP dispatch is presented.

Second, the results of the simulations show that thermal storage can enhance the value of a CSP plant by allowing energy production to be shifted to higher-value hours and more closely follow electricity demand, and by allowing a larger solar field to be used by storing excess energy that cannot be used in the powerblock.

Third, we show that locational differences in CSP value are driven mainly by differences in energy prices and less by solar availability.

Fourth, we show that the value of CSP will be relatively insensitive to forecasting of future electricity prices and solar availability or the optimization horizon. We also show that the ability to provide ancillary services can increase the value of CSP, and that energy storage can reduce efficiency losses of dry-cooled CSP plants by shifting generation to hours with lower ambient temperatures.

Conclusions

This analysis shows that thermal energy storage can significantly enhance the value of CSP plants.
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