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Overview

We examine how large deployments of electricity storage would affect the largest wholesale electricity market, the PJM Interconnection.  Currently, limited storage forces grid operators to continuously balance generation and load, and prevents the electricity sector from operating as a conventional competitive market that relies on inventory.  Although the deployment of storage has been hindered by high capital costs, new affordable storage technologies are emerging.  

Existing research has largely focused on high value applications such as frequency regulation.  However, these are small market opportunities and are expected to quickly saturate.  At that point, storage operators and manufacturers will look to larger volume, lower value applications.  One such application is wholesale energy markets.  In wholesale markets, storage makes money by buying electricity at low price hours and selling at peak hours.   For small amounts of storage, this arbitrage will not affect prices or generator dispatch order.  However, large quantities of storage will cause changes in the market.  

We seek to answer four questions:

· How does storage affect system costs and electricity prices?

· How does storage affect generator dispatch and profitability?

· How profitable is storage?

· How does storage change emissions of CO2, NOx, and SO2?

Methods

We have developed the PJM Hourly Open-source Reduced-form Unit Commitment Model (PHORUM) to simulate the 2010 PJM Interconnection.  PHORUM uses a reduced-form, 5-bus transmission network to account for transmission constraints. A reduced-form model is necessary because details on transmission assets are Critical Energy Infrastructure Information and not publically available.  PHORUM uses a mixed integer linear programming (MILP) optimization technique.  PHORUM simulates 1,017 generators, 4 existing pumped hydro storage facilities, 5 buses and 6 transmission interconnections.  The model tracks emissions of CO2, SO2, and NOx from all generators.
We validate the model’s accuracy by comparing resulting locational marginal prices (LMPs) to actual 2010 LMPs.  We then add storage to the system to understand how prices, dispatch order, and emissions change.

PHORUM is an open-source project freely available for use at http://wpweb2.tepper.cmu.edu/phorum.
Results

We find that storage reduces system costs on the wholesale market by up to $400M.  35 GW of storage reduces LMP volatility by more than half and results in a consumer surplus of up to $2B.  Storage reduces profitability of all generators, especially peaking oil and gas plants.  We find that no existing storage technologies are profitable if only operated on the wholesale market.  However, pumped hydropower, compressed air energy storage, and Zn/air redox batteries can result in positive social net present value.
In the absence of emission prices, storage marginally increases emissions of CO2, SO2, and NOx by shifting generation from peaking gas plants to coal sholder plants.  However, storage allows emission reduction targets to be met more cost effectively.

Conclusions

We find that no current storage technologies are profitable if solely used for arbitrage on the PJM DAH market.  Market rules are needed to allow storage operators to internalize the social benefits they provide; one possibility is participation in capacity markets.   Storage will likely need to engage in multiple value streams to be profitable.  We find that R&D investments that improve storage RTE while maintaining a lifespan of more than 30 years are critical to improving storage NPV.  In the presence of emission prices, the value of storage increases.
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