




In this paper we have intentionally framed this discussion around markets and the regulatory landscape in
the United States. Although the particulars of each country
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burdensome (it requires the SO to determine the optimal dispatch of the generators and storage, and
computes prices from this optimized schedule) and the pricing scheme is discriminatory. Thus these two
storage benefits can be significantly undervalued in the market, due to computational limitations and market
design considerations.

Where markets do not exist it is incumbent upon the utility to calculate the benefits of storage compared
to the alternatives and demonstrate that storage is a prudent investment to the relevant regulatory bodies.
Capacity-expansion and other planning models used by utilities struggle to capture the benefits of storage
to the system, particularly those that capture dynamic benefits involved with AS and system ramping over
various time frames (these issues are discussed further in section 2.2). However even where markets do
exist, it may be difficult to estimate potential revenues under the uncertainty of scheduling and operating
an energy storage device.



comprehensive analysis that considers multiple applications that may reveal more favorable storage eco-
nomics. Analyzing multiple applications presents modeling challenges, however, since it requires simulta-
neous co-optimization of multiple services. This is becaus



straints. An example of the former is the roughly 1.4 GW of wind that interconnected in the McCamey
region of Texas in 2001 and 2002, despite there only being about 400 MW-e of transmission capacity. LCRA
(2003) estimates that this resulted in about 380 GWh of wind generation being curtailed at an estimated
cost of more than $21.4 million in 2002. Furthermore, Wiser and Bolinger (2011) note that in 2010 about
3.5% of potential wind generation in the United States (and 8% in Texas) was curtailed, mostly due to
transmission constraints, but increasingly due to minimum generation constraints on thermal generators
during periods of high wind and low load. Co-locating storage with renewables can relieve the constraint
forcing curtailment—Denholm
q
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asset is not necessarily reduced, since ratepayers may have greater exposure to risks such as cost overruns
and technical shortcomings.

While in regulated markets a utility that demonstrates storage is prudent receives an established rate
of return, restructured markets expose merchant developers to the full risk of these capital-intensive tech-
nologies. As a result of these added risks, the discount rate required for such an investment will increase,
which will tend to reduce the net present value of a potential storage project. Thus a storage project that
is marginal under a regulated setting may be a poor investment in a restructured market. Such storage
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