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Improving Hydropower Generation Efficiency 
with the Hydroplant Performance Calculator 

(HPC)

Paul J. Wolff, WolffWare Ltd., Norris, Tennessee
Patrick March, Hydro Performance Processes Inc., Doylestown, Pennsylvania

Overview of Presentation

• Components of Hydroplant Efficiency
– Data Requirements

– Accurate Unit Characteristics

– Unit Dispatch Optimization (Operational Efficiency) – Meeting the plant load with 
the appropriate number of units at power levels that provide the plant load using the 
least amount of water.

– Scheduling Optimization (Scheduling Efficiency) – Generation at plant power 
levels that are aligned with peak efficiency points of the plant efficiency curve

– Efficiency improvements of 1 to 2 % are commonly available, sometimes higher.

• Hydroplant Performance Calculator (HPC)

• Automated Efficiency Analyses
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Data Requirements

• Sampling Frequency – Consistent with how often unit loads are changed.  With 
tributary plants, hourly data may be adequate.  For a run of river plant, higher 
density data is usually required.

• Unit Dispatch and Scheduling Optimization Data Requirements
– Plant headwater and tailwater elevations

– Unit loads

• Unit Characteristics
– Relative or absolute online flow measurement is required for continuous evaluation of unit 

efficiency

• Most plants have necessary data to compute the unit dispatch and scheduling 
optimization analyses

Unit Characteristics
(Unit Flow versus Unit Power and Head)

Unit 1

Three Unit Hydroplant

Unit 2 Unit 3
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Unit Characteristics

• Manufacturer’s Curves
– Based on units of similar design.

– Model Tests

• Testing
– Index Tests – Winter-Kennedy Flow

– Absolute Performance Tests – Current Meters, Pressure-Time, Acoustic Flow 
Meters

• On-Line Measurement
– Continuous flow measurement with the Winter-Kennedy pressure differential or 

with acoustic flow meters can be used to continuously measure unit efficiency.

Unit Characteristics Tracked with On-Line Data
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Unit Dispatch Optimization – Optimized Plant Performance 
Curve

Optimized Plant Scheduling
• Optimized plant scheduling changes plant load to align with peak plant 

efficiency points

• Optimized scheduling often produces a 2-3 percent improvement in plant 
efficiency

Energy Production vs Power
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Overview of HPC

• HPC automates data analyses for hydro plants
– Operational Efficiency Analysis – Unit dispatch optimization analysis

– Scheduling Efficiency Analysis – Optimizes the plant load scheduling

– Flow Analysis – Computes unit and plant flow from unit data 

• HPC consists of two Excel-Based programs to create plant models and 
to automate analyses using the plant models.

– HPC Plant Builder

– HPC Analyzer

• Automates Analyses
– Archival Analyses – Review plant operation to identify possible performance 

improvements

– Unit Upgrade Analyses – Streamlining analyses for quantifying benefits of turbine 
or generator upgrades.

– Fleetwide Analyses – Can compute analyses for an entire hydro system

• Performance Metrics
– Quantifies possible improvements in performance metrics that can be aggregated 

from plant to region or system performance.

Overview of HPC – Plant Builder

Plant Data and 
Information

Unit Characteristics

HPC Plant Builder Plant Model –
Directory that 

contains set of 
workbooks

1. Import Data

2. Load Profile 
and Polynomial 
Fit

3. Optimized Unit 
Dispatch 
Analysis

4. Optimization 
Tables for Unit 
Dispatch and 
Scheduling
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Overview of HPC – Analyzer

Plant DataPlant Model

• Analysis Results in Excel 
Workbooks
• Operational Efficiency Analysis – Unit 

Dispatch Optimization

• Scheduling Efficiency Analysis

HPC Analyses – Operational Efficiency Results
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Scheduling Efficiency Results

Key Points

• Most plants have sufficient data to compute operational and scheduling 
efficiencies for multiple years of operation.

• HPC automates these analyses and is available through ORNL.

• Cost effective method for improving plant and system efficiency.
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Thank you for your attention.
Paul Wolff, WolffWare Ltd., pjwolff@wolffwareltd.com

Patrick March, Hydro Performance Processes Inc., pamarch@hydroppi.com
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