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Project Overview

• Motivating questions:
 How does hydropower contribute to grid services?
 What services/capabilities will be needed by the grid in the future?
 Can hydropower provide the services based on technical capabilities and cost? 

• Project intent:
 Foundational work to understand present hydropower operations trends, future expected 

changes, and hydropower capabilities analysis 
• Project design:

 Involved extensive data collection and analysis on market participation trends, operational 
practices, and technological capabilities

 Did not involve design of new market rules, hydro operations models/tools
• Outcomes:

 Understanding of hydropower’s evolving value proposition
 Understanding of high-impact future research needs – research roadmap



Project Tasks

• Task 1 – Current landscape review
 Market participation trends in different regions
 Correlation analysis with other system variables, such renewables
 Estimation of value from services not presently monetized, such as inertia and primary frequency response
 Case studies on water management practices, and their impact on operations

• Task 2 – Future system needs & hydropower value
 Future power system scenarios and resulting value drivers for hydropower
 Hydropower value proposition in future based on system needs 

• Task 3 – Hydropower capabilities & gap analysis 
 Comparison of current power system and hydro operations timelines
 Develop understanding of plant/unit-level capabilities and constraints, based on various factors



Changes on the Horizon: CAISO Net Load and 
Renewables Supply
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CAISO estimates that by 2024 there will be times during 
certain days when 100% energy will come from variable 
energy resources
Systems will require increasing amounts of operational 
flexibility
Systems with an excess of must-run resources will 
experience negative pricing, forced curtailment, or export. 
Energy production shifting from conventional resources to 
Variable Energy Resources

Source: CAISO
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CAISO Renewables - March 18, 2019

Solar Wind Geothermal Biomass

Biogas Small hydro Batteries



Changing Operations of PSH due to Changing 
Grid Conditions – CAISO Example

PSH conventionally 
operated in day-night 
arbitrage patterns, but the 
patterns are now changing, 
presumably to provide other 
grid services

Are the increased day-time 
pumping operations at Helms plant 
due to increase in negative price 
during the day-time hours, 
corresponding to periods with high 
PV production?



Generation: PSH plants generate 
most of the times during high price 
periods, as expected

PSH Operations in MISO are still based on 
Arbitrage due to Load Patterns (NOT Wind)

Pumping: PSH plants operate in 
pumping most of the times during 
low price periods, as expected



Mid-Continent ISO Hydropower Revenue Trends 
for Different Grid Services

• A slight decline in revenues has been observed, which is consistent with declining energy prices
• Energy is still the primary source of overall revenue mix

Average Daily 
Supply

Estimate of Total 
Revenue ($M)

Regulation Pumped Hydro 255 MW $2,4

Conventional 241 MW $1,6

Energy Pumped Hydro 4,573 MWh $129

Conventional 20,086 MWh $345



Hydropower Provides Flexible Resource 
Adequacy Capacity in CAISO

Category 1 –
Base Ramping

Category 2 –
Peak Ramping

Category 3 –
SuperPeak Ramping

Economic Bid – Must 
offer Obligation 5:00AM – 10:00PM

5 hour block 5 hour block 

12 PM to 5 PM for May – September
3 PM- 8 PM for January- April and October-December

Energy Requirement Minimum 6hrs at Effective 
Flexible Capacity (EFC)

Minimum 3hrs at Effective 
Flexible Capacity (EFC)

Minimum 3hrs at Effective 
Flexible Capacity (EFC)

Daily Availability 7 days a week 7 days a week Non-Holiday Weekdays

Maximum quantity of 
capacity allowed

Set monthly based on largest 
secondary net load ramp

Set based on the difference 
between 100% of the 

requirement and category 1

Maximum of 5% per month of 
the total requirement per 

month

Daily start-up capability

Minimum of 2 starts per day 
or the # of starts allowed by 

operational limits as 
determined by min up and 

down time

At least 1 start per day At least 1 start per day

Other limitations
No limitations that translate to 

less than the daily 
requirements

No limitations that translate to 
less than the daily 

requirements

Must be capable of 
responding to at least 5 
dispatches per month

Examples of types of 
resources

Conventional gas fired 
resources, wind, hydro, 

storage with long discharge 
capabilities

Use-limited conventional gas 
fired generation, solar, 
conventional gas fired 

peaking resources

Short discharge battery 
resource providing regulation 

and demand response 
resources
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Compensation for Fast Frequency/Primary 
Frequency Response

February 13, 2020

Planned mitigation measures are shown in blue, while already 
existing mitigation measures are shown in black; Source: ERCOT

NERC BAL-001 Standard: 
Frequency Response Measure

Basis for CAISO’s 
Transferred Frequency 
Response Obligation 

Construct



Base Case: 
• 3% Hydro 
• 15% Renewables 

Hydropower Operations in a High Inverter-based 
Resources Future: Inertial and PFR

Hydropower responds reliably during frequency arrestation period (0-5 sec) 
and during recover period (>20 sec), but can be slow to respond in the interim 

Scenario 2:
• 20% Hydro 
• 50% Renewables 

Scenario 1: 
• 3% Hydro 
• 50% Renewables 

FERC Order 842 (2018) will require all new resources to reserve headroom 
for frequency response, but the exact requirements are yet to be determined
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Future work and collaboration opportunities

• Need to fully understand the evolving value streams
 How will the grid operational requirements change in future
 How will that change the reliability and performance standards/requirements
 How will that impact the definitions and requirements for grid services
 What are the implications for market design(s) of the future

• Collaboration opportunities:
 Ongoing: IEA Annex IX whitepaper on comparisons of markets across countries

• Please provide inputs on additional topics along these lines
 Cost vs. Price vs. Value vs. Compensation
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