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User Inputs

• Hourly inflows for modeled year
• Hourly locational marginal prices for modeled year
• Hourly ancillary services prices for modeled year
• Reservoir min/max
• Flow min/max
• Seasonal water use rules
• Battery size
• Water to power curve
• Regulation market signals
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Block Diagram of Tool Function
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Optimization Timeline
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Historical LMPs/inflows

Opt. 1 Price/inflows Forecast

Opt. 2 Price/inflows Forecast

Opt. 3 Price/inflows Forecast

• Perfect foresight 1 day ahead with imperfect foresight beyond that



5 | Water Power Technologies Office eere.energy.gov5 | Program Name or Ancillary Text eere.energy.gov

Example Outputs
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Hybrid Power Output – All Hydro
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Hybrid Cash Flow
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Hydro only vs. Hybrid Benefits
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Source of Benefit

Total Benefit

Hydro Revenue Battery Revenue Avoided Cost

Battery Benefit
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Water Flow
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Reservoir Volume over Time

0

20

40

60

80

100

120

140

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Re
se

rv
oi

r L
ev

el
 (f

t)

Hour

Reservoir Level

Reservoir Height Min Height Max Height

1/1/2023 1/2/2023

Start End



17 | Water Power Technologies Office eere.energy.gov

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

SO
C 

(%
)

Hour

Battery SOC 

SOC

Battery SOC over Time

1/1/2023 1/2/2023

Start End



18 | Water Power Technologies Office eere.energy.gov

Ancillary Services
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Thank You!

W. Hill Balliet
William.balliet@inl.gov 
Matt Mahalik
Mahalik@anl.gov 

Jonghwan Kwon
Tyler Phillips
Venkat Durvasulu

mailto:William.balliet@inl.gov
mailto:Mahalik@anl.gov

	Slide Number 1
	User Inputs	
	Block Diagram of Tool Function
	Optimization Timeline
	Example Outputs
	Hybrid Power Output – Unit 1
	Hybrid Power Output – Unit 2
	Hybrid Power Output – All Hydro
	Hybrid Power Output - Battery
	Hybrid Power Output - Total
	Hybrid Cash Flow
	Hydro only vs. Hybrid Benefits
	Cumulative Benefit (nominal)
	Source of Benefit
	Water Flow
	Reservoir Volume over Time
	Battery SOC over Time
	Ancillary Services
	Thank You!

