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Hydropower In the
USA
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e Over 2,000 hydropower plants

e 7% of annual electricity —
generation
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e Over 8000 major dams
* Flood control

Legend
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e Recreation & e

* Environmental regulation
( Incl. water quality)
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Water management in the
USA

e Over 50% of powered

dams operated for multiple it §
objectives —
e Multiple institutions co-
manage reservoir -
operations 3

= Observed Headwater

Rule curves support dam operators in managing river systems and dam
operations according to regional water laws, regulation and priority in water uses
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« How does water management support hydropower operations?

 How will water management keep supporting hydropower operations?
 What is the value of hydropower to environmental services? (Annex XIl)
« What is the value of hydropower to grid services? (Link with Annex IX)
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* High uncertainty in precipitation projections

d§ Rule curves are constantly Climate - Changes in extreme events
challenged by the scientific SUCUCENNY . - lier snowmelt
research
Technolo * Irrigation modernization
kBl . Fish and wildlife science
« Seasonal to short term hydro-climate forecasts
* Increase in population
* Food security
« Groundwater-surface water conjunctive uses
More coordination needed Public . Water laus
between applied, fundamental, Awareness

: : * Environmental regulations
and social sciences




\7/ Climate change, water management and
Northwest hydropower
e ® HIQH Spatial

g T _ z:n;’?:‘-_ - R resolution climate

5 3l

(" Runoff |W.:{ and hydrological
@% EEEEE:\\: = Ry, | 1200w 08w %‘IW.-PS;“\'.\: ?Z'W/ S i m u I ati O n S
ik throughout CONUS
"\__-_—____./'

e Range of reservoir
operations models,
. from watershed to

regional scales

;‘, '« PMF for reservoir
operations design

ral Owner/Operator
Corps of En gnaars (USACE)
of Reclamation (Reclamation)

| Bou dy nd Water Commission

inistration (BPA)

inistration (SEPA)
7
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o Statistical and
process based
hydropower models

Secure Water Act (S-C Kao), Climate change & stream temperature (M. ngmosta), CEATI HOPIG, USACE, DHS, etc
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» High uncertainty in precipitation projections
e Changes in extreme events
 Earlier snowmelt

Climate
Change

* Irrigation modernization
» Fish and wildlife science
» Seasonal to short term hydro-climate forecasts

Technology
Innovation

. @@

Market Public « Water laws
Prices AUEUSICESNY . £yironmental regulations

 Increase in population
* Food security
« Groundwater-surface water conjunctive uses




\‘7/ Chelan PUD Case Study — Hydropower Value

Pacific

Northwest  Study
= « 2 run of the river projects on the Columbia River main
Reservoir System '“ e stem downstream of Grand Coulee
" A4 ‘ e 1 storage project on a tributary

e 100% hydro, 1648 MW operational capacity

E Upper Baker "L Lake Chelan o
k"q R Lm!ﬁi $M'::" | Type: storage %
[ & g~/ o Capacity: 59 MW 1
°' Units: 2 x 29.6 MW

Rocky Reach

Type: run-of-river N\ S
Capacity: 1255 MW \
Units: 7 x 105 MW;
4 x 130 MW.
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e Despite variations in water
availablility, hydropower
provides consistent services

 Flexibility in the combination of
services may vary based on
water availability

e Typically a river-routing
reservoir operations model Is
used to optimize utility-scale
benefit under varying market
prices and water availability
conditions
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Average Rocky Reach generation and spinning reserve at 8 a.m. across all months

and dry, average, and wet years. Note that units were in maintenance during the
average year in the Fall
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7 Valuation of hydropower to environmental

Pacific

Northwest  services — TVA Case Study
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— Observed Headwater

Hydropower contributes to reduce the generation cost and ancillary services
Water management perspective

Water Use Annual Value ($M)
Flood Control (property damage savings) $X
Recreation $X
—Hydropower Generation $X
Navigation $X
Water Supply (Need more evaluation) $X

Water quality (remediation)
Seasonally and daily optimized for multi-use

Grid service perspective

Ancillary service Seasonal value

Generation

Load following Ancillary
——Capacity Reserve services

Frequency regulation valuation

Black Start

5

Sub-hourly optimized for grid services
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Magnitude and frequency of
hydropower operations vary
regionally, and by utility,
market, reservolr
characteristics, etc.

Challenge of using economic
metrics with water
management.

Sour =
GNES = 360
Usar |

Observed Headwater




7 Regional variations in hydropower contribution to

Pacific

Northwest grid services

Regional variations in services to
the grid:
= Peak hours in most regions

= And baseload in the Pacific
Northwest

500,000, (g
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CTGen
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B ThermoGen RN Ahster Gaographies,
il R e f0GRID, IGN, and the GIS

Derived from Platts 2011




\‘7/ Hydropower significantly contributes to limiting

Pacific

Northwest 1 igh electricity production prices

4 * Hydropower generation is

negatlve|y Correlated Wlth Mnnthlfd_rflrzturalgff:s &1h[¥dmp?;{;}ngﬂ1&3?mﬂﬁﬂ"i" California Eﬁ?"
- pEFﬂEﬂt merence 1Mom -yedr dverage
natural gas electricity 0o, |
generation. . natural gas
. | < |f hydropower is available, use 1%
" 5%
hydropower for generation and o) W) h VAN I ]
especially when electricity o VY LY - '
prices are high o .
« Hydropower also provides 5% e
anCIIIary SEIVICES tO the power -EDJ%EH 2004 Jan 2006 Jan 2008 Jan 2010 Jan 2012 Jan 2014

grid
e Large regional variations in
those relationships




:ff;/ Valuation of hydropower for economics and

Northwest  resilience - HydroWIRES
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U.S. DEPARTMENT OF ENERGY

HydroWIRES projects

Provide hydropower scenarios for electricity grid long term reliability
studies

Value of hydropower forecast to grid analytics
Improve representation of hydropower in power system models

Catalog hydro-power plant physical and regulatory bounds in operations

Contribution of hydropower to electricity grid resilience

https://www.enerqy.gov/eere/water/hydrowires-initiative
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https://www.energy.gov/eere/water/hydrowires-initiative
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Northwest ~ Concluding thoughts

Challenges and opportunities ahead

/

|

Market

Prices

Climate
Change

Technology
Innovation

Public
Awareness
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Thank you
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Power grid changing

: Water management is uncertain
Integration of renewables

Batteries & demand response
Deep electrification
Distributed generation

New market structures

Fuel prices

Increasing electricity demand
Retiring power plants

- Water availability ( Climate Change)
- Water uses (C
- Environmental regulation
- Public perception

How can hydropower contribute to
maintain resilience and ensure
sustainably economic operations?
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