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Sub-seasonal to seasonal hydropower provides unique opportunities
for the evolving power grid and its increasing need for storage

eq
Hydropower is a key provider of seasonal flexibility.
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Note: Electrolytic hydrogen provides both demand response (during production via electrolysis) and flexible supply (when
used in thermal power plants). DR = Demand Response. BEVs = Battery Electric Vehicles.
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About Seasonal Hydropower

Seasonal hydropower availability is subject to large inter-annual
variability, and is changing due to climate change, environmental
regulation, and evolving societal needs including flood control and
water supply.
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Annex XVIII - Decision Support for
Comprehensive Utilization of Basin
Task IX: Valuing Hydropower Services-  Task XlI: Hydropower & the Environment ~ AnnexXVII - Measures to Enhance the Water Resources
Climate Resilience of Hydropower (2021 - present)
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Studies, Analysis, Reports and White Papers

* Hydropower providing Flood Control and Drought Management Services

Flexible hydropower providing value to renewable energy integration

Role and Challenges of Pumped Storage Hydropower Under Mass Integration of VRE
Valuing Flexibility in Evolving Electricity Markets: Current Status and Future Outlook

for Hydropower

Input to IEA Hydropower Special Market Report

Flexible hydropower
providing value to
renewable energy
integration

Flood-forecasting and flood
management for the Skienselva
river system in Norway

Hydropower Special
Market Report

Analysis and forecast to 2030
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Hydropower providing flood control and
drought management services under
changing climate scenarios: Case studies
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Role and Challenges of Pumped Storage
Hydropower Under Mass Integration of
Variable Renewable Energy

Information gathered from PSH facilities
in Europe and USA

October 2021
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VALUING FLEXIBILITY IN EVOLVING
ELECTRICITY MARKETS:

Current Status and Future Outlook
for Hydropower

IEA Hydro Technical Report

Valuing Hydropower
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Valuing Flexibility in
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and Future Outlook for
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The value hydropower storage brings to societal services like flood
control and drought management

* Understanding and documenting
how various countries approach
managing water resources under
climate change scenarios

* Investigating the role of
hydropower in minimising or
mitigating risks associated with a

Hydropower providing flood control and
drought management services under
changing climate scenarios: Case studies

audience capabilities

develOP electricity energy future
highlight hydropowel’ information
intended key market methods mOdelS

objectives operation options Paper ptants C h an gi N g CI i mate
present prOJ eCt PSH storage
SUPPOTrt system e technical technology

understanding useful

* Assessing the value that
hydropower provides in
minimising or mitigating risks
associated with a changing
climate

Colfected by Atle Harby, Operating Agent for IEA Hydro Annex IX and Jorge Damazio, Operating Agent
for IEA Hydro Annex XIl. Edited by Mauro Carolli, SINTEF Energy Research
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Report ready = Summarize into White Paper How to quantify the value:



Contributions of Hydropower to Societal Benefits
Metrics in progress; metrics # modeling constraints parameters
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Recent Advances

1) In snowmelt-controlled regions, seasonal water management is typically
aligned with hydropower needs.

2) In regions with substantial hydropower generation, co-optimization is needed
due to complex dynamics of energy markets.

3) Priorities between societal benefits is driven by institutions.

4) Non-monetized metrics for societal benefits remains a challenge.

5) Value proposition for hydropower storage as Long Duration Energy Storage is
advancing through the characterization of energy supply droughts and energy
deficits.



Recent Drought and Reservoir Conditions

Current Reservoir Storage as of May 9, 2023

Current Reservoir Storage as ¢ f November 27, 2022
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Reservoir storage in some systems has recovered from drought conditions however
low storage persists for reservoirs with large multiyear capacity (Lower Colorado)

The recovery of natural water storage (soil moisture, groundwater) from drought
often occurs at longer timescales
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Seasonal scale displays the largest diversity in hydropower
scheduling toolchains as influenced by institutions

CRS

e

Norway

NS - AN Brazil

Helseth et al. (2023). Hydropower Scheduling Toolchains:
Comparing Experiences in Brazil, Norway, and USA and
Implications for Synergistic Research. Journal of Water
Resources Planning and Management. 2023 Jul
1;149(7):04023030.
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Advances in LDES opportunity for hydropower through the
characterization of Dunkelflaute

Definitions:

e Resource “drought”: A multi-hour period during which average hourly wind output is less than 7%
of the average hourly output over the reference period. Z=10% for wind, 30% for solar

* Energy Deficit = "Load Served by " Resource ("Non-drought — Drought) * Drought Duration"

Possible Indicators for need of LDES:

* Duration: Number of 8-hour (or longer) wind droughts
* Frequency: Number of VRE droughts each year

e Impact: Energy deficit due to VRE drought events
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Inter-annual variability in seasonal resources droughts requires
careful selection of years for resources adequacy studies
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Discussion Points

 Initial hydrologic conditions provide the largest contribution to seasonal flow forecast accuracy

* Water management alleviates seasonal and inter-annual variability

e Value of seasonal to inter-annual hydropower storage is complex

* Management of hydropower storage is driven by institutions ( values of societal benefits, balance
with benefits to the energy system, and market incentives)

e Characterization of LDES opportunity to be further evaluated with hydro time scales

Challenges moving forward include:

- Diversity in hydropower scheduling
- Spatial diversity in seasonal flow forecast accuracy



HE INTERNATIONAI
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

IEA Hydropower

Thank you

Atle Harby Atle.Harby@sintef.no
Nathalie Voisin Nathalie.Voisin@pnnl.gov

e Slides from:
» Atle Harby, SINTEF Energy Research
 |lka Hannula, IEA
e Chris Frans, USBR
e Dor Hirsh Bar Gai, NWPCC
* Abhishek Somani, PNNL and Zhi Zhou, ANL
* Nathalie Voisin, PNNL
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Hydropower Value to the power system

Sl
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a2 IEAHydropower
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for system ?tabl!lty: HlETR7EIS Balancing real mtrada!y adequacy adequacy,
. inertia secondary . balancing of
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Resource Drought Metrics

#1 gn(hours) Resource Output yX(days)*24Resource Output
Resource Drought Event = < 7%

n(hours) x(days) * 24

Period of Evaluation Reference Period

#2 Energy Deficit = Load Served by Resource (Non-drought — Drought) * Drought Duration

Notes:

. 2% refers to the threshold, below which a period of time may be considered “resource drought”. The
value of Z is going to be different for wind vs. solar dominated systems because of the differences in
resource characteristics.

 The default reference period in this study is annual average VRE generation output. A different reference
period, for instance, the yearly average output of a resource will yield different results.

e  The minimum number of blocks considered at a time is 4 consecutive hours. Changing that to a different
minimum will also yield different results.
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