	 
       							                                                 	
NEGATIVE BIDDING BY WIND: A UNIT COMMITMENT ANALYSIS OF COST AND EMISSION IMPACTS
Lin Deng, The Johns Hopkins University, 410-585-7577, ldengtulie@gmail.com
Piet Renson, Comillas Pontifical University, pietrenson@gmail.com
Hobbs, Benjamin, The Johns Hopkins University, 410-516-4681,bhobbs@jhu.edu
Overview
[bookmark: _GoBack]Most US states have adopted renewable portfolio standards in which renewable generation creates credits that can be sold, while the US government has a production tax credit amounting to ~$26/MWh produced. As a result of these subsidies, renewable producers have a strong incentive to maximize the energy they generate and minimize curtailment, or “spill.” This incentive affects their bidding strategies, motivating them to submit large negative bids to ensure that they are dispatched; such negative bids are rational as long as their magnitude does not exceed the subsidy. We focus here on the cost and CO2 impacts of negative bids, as there is increasing concern about the need for greater flexibility in operations at the same time that negative bidding decreases that flexibility.Since the impacts of negative bids depend on the size and flexibility of the system, we explore factors that affect the impacts of wind bidding under different generation mixes using a unit commitment model and generator performance data based on actual US experience and four simulation systems: high nuclear (NUCL), high coal (COAL), high combined cycle (CCGT), and high steam gas (SGAS). Our paper answers the following questions: What is the effect on emissions and total system costs due to wind penetration increases caused by subsidizing wind generators? What is the behavior of the emission and cost curves?
Methods
Unit Commitment model is applied in the paper. This is a short run analysis with fixed generation capacity. Thermal capacity is committed and dispatched against 168 consecutive hours of load, net of wind generation. Wind is bid in at a (generally negative) price, and can be curtailed. We neglect transmission congestion, modeling all generation and load as taking place at one bus. 
Results
By increasing the magnitude of the (negative) energy bid for wind in the UC model, we force the systems to spill less wind. We consider a broad range of negative bids, analyzing their effect on system costs (excluding wind penalties) and CO2 emissions. The largest negative bid (-$300/MWh) can also be viewed as a simulation of the EU policy of absolute priority of wind in system dispatch, where wind must be taken unless system reliability is jeopardized. The main results are:
First, wind curtailment is greater when the overall generation mix is inflexible, as measured by low amounts of total rampable capacity and high minimum run levels. 
Second, larger negative energy bids for wind force the system to accept more wind generation even though energy prices are negative. As a result, system costs unambiguously increase (disregarding penalties for curtailing wind). 
Third, such bids lead to more starts and stops for generators and associated CO2 emissions, which partially and, in some cases, more than fully offsets emissions reductions due to decreased thermal generation. Under some conditions, the incremental wind generation is, in effect, as dirty as coal-fired plants. Only for the most flexible generation mixes do we see that emissions decrease when more wind is injected during periods of negative energy prices. 
Thus, the precise cost and environmental effects of allowing negative bids, or requiring that all wind be taken subject to reliability constraints, depend on the particular system. Furthermore, transmission, demand response, hydro generation, and energy storage could have a large impact on the flexibility of a power system and the impact of wind injections during negative price periods. 
Conclusions
We can conclude that policies that encourage wind to bid flexibly (i.e., zero or small negative bids) will improve short-run system cost performance and in some cases emissions as well. This will help society to reap the full economic and environmental benefits of wind power integration. Such policies might include, for instance, renewable energy credit or tax credit systems that provide credits even for curtailed wind, based on statistical estimates of how much wind would have been provided in the absence of curtailment.
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