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Overview

Unit commitment (UC) is traditionally a centralized optimisation problem like the one a public utility would face. Companies which resort heavily to the day-ahead market to sell their electricity, however, have to forecast the price in the system to perform their UC. This paper shows how an agent-based model can be used to study the issue of price-based UC.

Methods

In this study, we use the Electricity Market Complex Adaptive Systems (EMCAS) model to analyze generating companies’ (GenCos’) price forecasting methods and UC decisions. EMCAS simulates the GenCos’ bidding into the day-ahead electricity market. Consequently, a system (and market) operator agent solves the day-ahead market and determines the generators’ scheduled generation for the next day along with the hourly prices. Finally, the system operator determines the financial settlement between the market participants. An overview of EMCAS is provided in Wang et al. 2008.

In EMCAS, the system operator solves the day-ahead market by running an economic dispatch algorithm (DC-OPF). The algorithm can take transmission constraints into account, but it does not consider the generators’ UC constraints. The GenCos have the option to use a price-based UC algorithm at the day-ahead stage in order to plan what generators to switch on the next day. It uses a price forecast for the next day as input and considers a generator’s start-up time, start-up cost, and minimum downtime to calculate the commitment schedule. The UC is based on a simplified heuristic algorithm, which splits the next day’s hours into profitable and unprofitable segments, taking the UC costs and constraints into account. A parameter for minimum acceptable profit is used to model the required profitability to switch a unit on. A less (more) conservative commitment can be achieved by using a negative (positive) profit requirement.

If the UC algorithm is used, the GenCo prepares bids into the day-ahead market for the hours the UC algorithm finds it profitable for a generating unit to be on, whereas the unit is withheld from the market in other hours. In contrast, if the UC algorithm is not used, bids will be submitted for all hours of the next day for the same generator. In both cases, the final dispatch is based on the system operators economic dispatch routine, and the resulting dispatch is a function of the bids from all the GenCos in the market. Hence, the realized prices may deviate from the original price projections. 

The GenCos can choose from a number of different price forecasting methods in EMCAS. The default method is to look at the prices for the last few days, and project the next days’ hourly prices simply by taking the average of the previous days’ simulated hourly prices. As an alternative, GenCos can estimate the relationship between the price and the system reserve margin. Based on this relationship they can use an hourly system reserve margin projection for the next day to forecast the hourly prices. Different methods can be used to estimate the price-reserve margin relationship, including linear regression, log linear regression, and neural network. The relationship is being updated with new information as the simulation proceeds, so that most recent data is always taken into account. In the analysis, we explore the different price forecasting methods and their impact on the UC schedule. In order to assess the accuracy of the forecasting methods, different error indicators are used in this survey: average absolute error (AAE), root mean square error (RMSE), mean average percentage error (MAPE), etc. Their respective merits are discussed and they allow classifying the different forecasts with respect to the time of the day, some being more accurate during base than peak hours. 

Application to the UK electricity market

In this survey we model the UK electricity market. The generation fleet is taken from the Department for Business Enterprise & Regulatory Reform (BERR). We used an exogenous hydro dispatch that does not vary between simulations. Interconnection exchanges were not modelled. The load is the historical January and February 2008 load as given by National Grid (national demand + imports/exports). The main seven GenCos in the market (EON, RWE, Scottish and Southern, EDF Energy, Scottish Power, Centrica and British Energy) and an aggregate of all other producers were modelled. 

We first run simulations where GenCos bid all units at operation costs, for all hours, without UC considerations. This gives a reference price level for the system and allows assessing the accuracy of different price forecasts. Then, we assume that all GenCos use the UC algorithm for their coal and gas plants and only bid them when they forecast they would be able to recover their start-up costs throughout the day. We vary the forecast methods across simulations as well as the minimum target profit for the UC algorithm. In a third part we consider the case where all the major GenCos are deemed to be vertically-integrated, and where a small hypothetical GenCo, who owns only 3 plants, is the only GenCo using the price-based UC algorithm. We discuss the impact on that GenCo’s profits and costs of the accuracy of its price forecast and of its UC strategy (minimum target profit).

Results

[image: image1.emf]No UC Hist. Av. LD 2 LLD 4

AAE 4pm-7pm N/A 11.40% 7.40% 3.57%

Monthly Profit (£) 1.7E+04 9.1E+03 2.4E+04 3.4E+04

We first present some results on the accuracy of the forecasts when no UC is performed. The forecasts tested are linear regression with an X-order polynom (LDX), log-linear regression of X-order (LLDX), historical average (H. Av.) and neural network forecast (NN). Two error indicators are presented, AAE and RMSE. We observe that increasing the order of the regression polynom, although increasing calculus time, tends to yield more accurate forecasts. Log-linear forecasts yield significantly better results than simple linear ones without increasing calculus time. The results from the neural network algorithm are not satisfactory. Discrepancies between the two indicators stem from the fact that RMSE amplifies the relative importance of the biggest errors. This result can be observed as well when the forecast errors are only measured between 3pm and 7pm when the market is tighter and prediction more difficult. Our results show that a simple average of historical values can be a satisfactory forecast for base-load hours but is very error-prone during peak hours.

When all GenCos use the UC algorithm simultaneously with the same price forecast, prices become unstable, price spikes appear outside peak hours and curtailment takes place. This effect diminishes when the GenCos have different price forecasts. In this situation the GenCos benefiting the most from the UC are the ones that best manage to forecast the unexpected price spikes.

When only a marginal GenCo uses the UC algorithm, the benefits for a peaking plant are directly linked to the accuracy of the price forecast. The table below shows the evolution of the monthly profit for a single gas peaking plant, according to the accuracy of the forecast used. An inaccurate forecast makes the use of UC considerations counter-productive but, when able to forecast prices accurately, a player can greatly benefit from it.

[image: image2.emf]Target Minimum Profit No UC 40% 10% 1% 0% -1% -3% -7% -20% -40%

Monthly Profit (£) 1.7E+04 1.0E+03 2.3E+04 2.6E+04 2.7E+04 2.7E+04 3.2E+04 2.9E+04 2.0E+04 1.7E+04

[image: image3.emf]Forecast  LD1 LD2 LD3 LD4 LD5 LLD1 LLD2 LLD3 H.Av. NN

AAE (All day) 1.35 1.31 1.46 1.17 0.90 1.26 1.34 0.88 1.16 1.79

Ranking 8 6 9 4 2 5 7 1 3 10

RMSE (All day) 2.83 2.66 2.55 2.23 1.87 2.35 2.10 1.53 2.74 3.47

Ranking 9 7 6 4 2 5 3 1 8 10

When using a price-based UC approach, errors in the price forecast may result either in being dispatched during non-profitable days (direct losses) or missing profit opportunities. The study of the impact of the minimum acceptable profit target shows that, in order to make the best trade-off between the two risks, a GenCo should be slightly risk-prone and accept to bid its plants even when a small loss is forecasted. 

Conclusions

For GenCos relying heavily on the day ahead market to sell their electricity, forecasting prices and ensuring optimal plant dispatch is a key issue. We have found that a strong correlation exists between the simulated market price and the log of the system reserve margins, allowing good price forecasts to be made. Price-based UC may result in sub-optimal dispatch schedules, due to discrepancies between projected and actual prices. The gain in profits will be directly linked to the accuracy of the price forecasts. Our results indicate that GenCos can benefit from using a slightly risk-prone UC strategy.
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[image: image4.emf]Forecast  LD1 LD2 LD3 LD4 LD5 LLD1 LLD2 LLD3 H.Av. NN

AAE 3.pm 7pm 1.54 1.51 1.49 1.16 0.85 1.37 1.22 0.68 1.75 1.61

Ranking 9 8 7 4 3 6 5 1 10 9

