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(1) Presentation of research topic
This paper presents a simplified model for optimizing hydropower scheduling for a small producer in a Nordic context. Hydropower producers face a number of dynamic factors which affect short term production planning. Each day a decision has to be made concerning if and which of the 24 hours the consecutive day one commits generation
. However, such short term planning is also coupled to more long-term planning. A peak load producer has to pick the hours with highest prices. Prices fluctuate over the day, week, season and even years. Hence, the uncertainty in precipitation, reservoir level, short and long term prices, risk of flood etc has to be taken into account when making decisions concerning the generation scheduling.

We present a simple model for a small participant with considerably large reservoirs and high turbine capacity and suggest simple “rules” for the everyday decision for a consecutive day. Not all participants in the industry possess skills and resources to optimize generation scheduling according to sophisticated software known in the industry – typically based on Fosso et. al. (1999). Hence, there is a need for small producers to apply a simple strategy and still be able to exploit the flexibility in reservoirs and turbines in order to maximize revenue in the volatile Nordic electricity market.

(1) Brief overview of related research
Optimization of hydropower generation has been the subject of several studies in the research literature. Revenues from hydropower generation are uncertain because of uncertainties in both prices and production. The stochastic conditions in the spot and forward prices, inflow and production capabilities, make the need for incorporating some form of dynamic management tool (Hong Ling et. al., 2008, Fleten & Wallace, 2001). Especially, one has to consider the advantages of postponing generation to high price seasons, as deeply studied by Näsäkkälä & Keppo (2008) – with application to a Norwegian hydro producer.
Even if many studies are conducted in the Nordic context, water scheduling problems are discussed in several electricity markets (e.g. Pérez-Díaz et. al., 2010) and within several approaches
(2) Methods
The model presented is based on a P-value which decides whether to produce the actual hour the following day or not. The P-value indicates a percentile of the sorted hourly prices that are in the lagged database. When the spot price of NO4 (price area of Northern Norwaay) a current today is greater than the lower100P% percentile of the spot price of NO4 for the last two years, the producer will commit a bid for this hour - and visa versa. P indicates percentile, meaning that if, for example, P = 0.6, the model will calculate the 60% percentile of the Z Spot prices for NO4 for the last 17.520 hours. This means that all spot prices <Z constitute 60% of spot prices for NO4 in this period.

We apply this model to a small producer (price taker) which control two hydropower plants, A and B
, located in the price area NO4. The studied company controls parts of two big hydropower plants, making them in fact controlling two “virtual” power plants. Hence, they can produce according to full capacity and do not need to relate to the so called “best point” of generation (where the efficiency of the turbines is highest). Some descriptive statistics of the two plans are reported in Table 1.
Table 1: Descriptive statistics for the ”virtual” hydropower plants.

	Plant
	Effect
	Midle yearly generetion
	Reservoir capacity

	A
	24 MW
	84,5 GWh
	196 GWh

	B
	6,8 MW
	16,2 GWh
	48 GWh

	Sum
	30,8 MW
	100,7 GWh
	244 GWh


We have used comprehensive data to conduct simulations (programmed in R). The data is collected from the producer and Nord Pool Spot. These data include: 


· Data of the actual power plants; A and B.
· Production data for the power plants 2002-2009 - hourly level.
· Data for inflow and water reservoir levels s of plant A and B.
· Income from the same period – also on hourly level.
· Spot price data - area price (No4) (hourly rates) for 2000-09.

The simulations are conducted from 07/01/2002 through to 12/27/2009, i.e. 416 weeks. For each of the 24 hours the current hourly price is compared to the accumulated prices of the lagged hourly prices from the last two years (17.520 hours). A key factor is that the plants possess considerable flexibility both in reservoirs and turbine capacity to be suitable for this approach.
      (4) Results and conclusions
We compare the actual production to both a primitive peak load strategy (peak load hours on week days, 8 months a year – September to April) and to different P-values as described in the Model. We focus on simulated achieved average price (NOK/MWh), which corrects for different simulated water reservoir levels in the end of the period. We do find that the model capture much of the market dynamics. The highest P-values provide the highest revenue. 
We see that the simulated period (2002-09) is characterized by increasing electricity prices in general. However, simulated achieved average price increase with 16 % and 44 %, respectively for plant A and B, when changing from peak hours on week days to optimal P-values (0,7 and 0,9, respectively). The increase in income compared to actual production is at the same level. Hence, the model proves to provide significant increase in revenue for some producers in the industry.
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� Each day, players on both the demand and supply side submit price and volume data for each of the 24 hours during the following day. This market closes at noon every day. On this basis, a derived price is set for each of the 24 hours the following day.


� We have made the plants anonymous in agreement with the controlling company.
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