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The objective of the paper is performing a comparison between the
use of a plant‐based and a unit‐based production function for the
day-ahead energy and automatic frequency restoration reserve
(aFRR) scheduling of a hydropower plant with 2 hydro units and
common waterways

1. OBJECTIVE



Common features and constraints of the optimization models:

- 24-h time horizon
- 1-h time resolution
- Total water release set by the River Basin Authority
- Unit start-up costs
- Maximum and minimum power
- Maximum and minimum discharge
- Maximum up and down reserve
- Constant gross head → 1 p-q curve (plant- or unit-based)
- Energy and reserve prices are assumed known (input)
- Deterministic mixed integer program

2. METHODOLOGY



The unit-based production function (PF) is obtained by direct
calculation from the following data:

- Reservoir curve
- Turbine hill chart
- Head loss coefficient (1, 5, 10 and 15 % of the max. gross head)
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Each unit PF is blind to the amount of water discharged through the
other unit and the corresponding loss
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The plant-based PF is obtained by an iterative approach from the
following data:

- Reservoir curve
- Turbine hill chart
- Head loss coefficient (1, 5, 10 and 15 % of the max. gross head)
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The plant-based PF is aware of the total water release and head loss

2. METHODOLOGY

20 30 40 50 60 70 80 90 100 110 120

Discharge (m 3 /s)

10

20

30

40

50

60

70

80

Po
w

er
 (M

W
)



8 historic scenarios of:

- Hourly energy price
- Hourly reserve prices (Spanish aFRR market)
- Gross head

Model variants:

- Only energy market
- Energy and reserve markets
- Plant-based PF with 2+1+2 flow segments
- Unit-based PF with 2 flow segments each

- Same as above neglecting head losses

- Unit-based PF with 5 flow segments each

- Unit-based PF with 14 flow segments each
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Postprocess:

- Hourly power and reserve are calculated as a function of the
hourly discharge decisions considering the actual head loss and
using the turbine hill chart
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4. CONCLUSION

The model using a plant-based PF provides better results than the
one using a unit-based PF (and all its variants) in mostly all cases
analysed

The difference between the two approaches reduces when the plant
sells both energy and reserve



5. FUTURE WORK

- Use a larger set of energy and reserve 
price scenarios

- Upgrade the plant-based PF with a
higher number of flow segments (e.g. 14)

- Consider uncertainty in the energy and
reserve prices

- Take into account the real-time use of
the scheduled reserves

- Replace the release target with the water
value at the end of the day



Thanks for your attention!
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