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Overview

Presently, wind power generation is the largest and fastest growing renewable power source, not only in the US, but globally.  According to the International Energy Agency’s (IEA) 2009 Wind Annual Report released on July 2010, wind capacity worldwide increased by almost a third (32%) in 2009.
 Wind energy output in 2009 was also “enough to cover the electricity consumption of both Australia and Ireland.”
  Despite the economic crisis in 2009, some countries were able to add substantial wind capacity: US (10 GW), Spain (2.5 GW), Germany (1.9 GW), Italy (1.1 GW), and the United Kingdom (1.1 GW).
 Wind penetration is also expected to increase in the coming years as energy policies, such as the European Union’s climate and energy package and the renewable portfolio standards in the US, aim to source a certain percentage of the energy mix from renewables.
Although the benefits of renewable resources are undisputed, there are operational challenges that need to be considered, including the concern that the influx of intermittent renewable resources in the power system may increase volatility in the power grid. This influx is expected to result in an increased requirement for ancillary services to ensure system reliability. Even storage devices are gaining prominence as a technically-capble class of ancillary service supply. As a result of the quick response time, high electrical efficiencies, and relatively long service life, flywheels and lithium-ion (“li-ion”) batteries are two of the energy storage technologies that can provide ancillary services, more specifically, regulation services.
 

Regulation service is used by control area operators to correctly match moment-by-moment generation with load. All electric power systems require regulation service as it ensures the continuous balancing of resources with load and helps maintain scheduled interconnection frequency at either 50 or 60 Hz, depending on the market. This service is typically provided by generators that are specially equipped to respond to instantaneous commands from the control area operator to adjust their level of output within a few seconds. In the US, regulation service is procured through a market while in some European markets such as UK, regulation service is procured by contracting service providers. With increasing growth in wind generation, regulation service is considered to be a crucial element of the “integration” development.
The objective of this paper is to consider whether emerging energy storage technologies, in particular, flywheels and li-ion batteries, are economic considering actual regulation market outcomes. We analyzed five US markets, namely: California ISO (“CAISO”), Electricity Reliability Council of Texas (“ERCOT”), New England ISO (“ISO-NE”), New York ISO (“NYISO”), and Pennsylvania New Jersey Maryland Interconnection (“PJM”). A levelized cost analysis was performed to evaluate whether the investment costs for flywheels and li-ion batteries can be recouped from market prices, using 2010 actuals. 
Methods

In order to quantify revenue streams from providing regulation services, we surveyed market rules and statistics.  Currently, compensation for regulation service providers varies depending on the market. In general, the payments are intended to cover a range of costs incurred to provide regulation services, including operation and maintenance costs as well as opportunity costs.
 ISO-NE, NYISO, and PJM compensate providers for lost opportunity costs and to some degree, utilize performance-based payments and make-up payments (if energy prices in real-time are a supplier’s opportunity costs). In ISO-NE and PJM, market clearing prices are solely based on the marginal unit’s short-run marginal cost to provide regulation services, while the opportunity cost payment and, in the case of ISO-NE, mileage payment are calculated separately and then added on to the market clearing price to arrive at a total regulation service payment. In these markets where opportunity costs are paid separately from market clearing prices, energy storage technologies that can only provide regulation services do not receive any opportunity cost payments. For the three other US markets, opportunity costs are included when calculating the market clearing prices and thus energy storage technologies are able to receive clearing prices based on the marginal unit’s marginal cost and opportunity cost. 
The second step in the analysis required estimation of the levelized cost of a flywheel and li-ion battery installation. Our levelized cost analysis model takes into consideration parameters such as the storage’s load factor, service life, estimated capital costs, and variable and fixed operating and maintenance costs. The capital costs for both these technologies are determined based on the actual projects currently in operation.
 The last segment of the methodologic analysis involved a comparison of 2010 regulation payments in surveyed markets to the levelized cost of a flywheel and li-ion battery. 
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Results
Assuming revenue streams are coming solely from regulation service payments, based on our analysis, flywheels and li-ion batteries are currently not economic across the markets we studied. As shown in the graph on the right, regulation payments should be at least in the range of $44/MWh and $33/MWh for flywheels and li-ion batteries to break-even on operating costs and provide commercially reasonable return, respectively. For a high-priced market like NYISO, regulation prices would need to rise by only 10% for the li-ion battery to break even. Based on gas market correlations with regulation prices, a gas increase of less than 20% would result in regulation price increases sufficient to make the battery attain break even. However, for the other four markets, gas prices would need to double or triple to make regulation price high enough to sustain the batteries. Flywheels, whose levelized cost is higher, require an even greater increase in regulation and gas prices to break even.
Conclusions
Based on the results of the analysis that we have conducted, it can be concluded that, currently, flywheel technology and li-ion batteries are not economic in the US markets studied. However, it should be noted that the growing penetration of intermittent resources could enhance the economics of future energy storage projects by increasing the demand for regulation service, as well as through the creation of other product markets, such as the new load-following service proposed by FERC in its recent Notice of Proposed Rulemaking for Integration of Variable Energy Resources.
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� There are two types of flywheel energy storages: the low-speed flywheels and the high-speed flywheels. Low-speed flywheel energy storages have rotational speed up to approximately 10,000 rpm while high-speed flywheel energy storages have high rotation speed up to 100,000 rpm (Suvire, G.O., P.E Mercado and L.J. Ontiveros. Comparative Analysis of Energy Storage Technologies to Compensate Wind Power Short-Term Fluctuations.)


� The loss of potential revenue from foregone sales into energy markets.


� Capital cost for the flywheel technology was based on Beacon Power’s estimated total cost for building its second flywheel technology in Pennsylvania, which costs approximately $50 million for the 20 MW capacity. This is amount is confirmed by Beacon Power. Capital cost for the li-ion battery is based on the AES Energy Storage’s estimated total costs for building its 20 MW battery in Johnson City, New York, which costs approximately $24 million based on the US Department of Energy Loan Guarantee Program. This amount includes financing costs.
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