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Pacific Northwest

Value of climate services to hydropower
plants v

Climate services

1. Probabilistic hydro-meteorological forecast: Provide the
most accurate short term and mid term flow forecasts.

2. Reservoir operations optimization
scheme.

Unit -
Operatlons

Inform on multi-
objectives/ constraints

Inform short term and
mid term optimization

Water Management Priorities
Downstream water supply
Environmental flows
Downstream flooding
ELCAEES

3. Value Metrics for hydropower operator
* Maintained operational license
* Increased potential generation Challenges: all metrics have
* Reduced operational cost different scales and units



Objective: Value of climate services to both
hydropower plants and the Western U.S.  pacific Northwest
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Approach: Transfer flow forecast information at 150 hydropower plants into power
system operations, represented by over 15,000 nodes and 1,000 transmission lines

Regions
P Northwest
B california
I Great Basin
B southwest
_ Rockies
River network
HUC2 boundary
Simulated plants (MWh)
150,000 - 1,500,000
1,500,000 - 4,500,000
4,500,000 - 10,000,000
> 10,000,000
Projected plants (<150,000 MWh)
Reservoirs simulated in MOSART-WM




Pacific Northwest

Value of climate services to the Western
U.S. electric grid o

1. Quantify the sensitivity of power system operations to water
availability

2. Can this sensitivity be predicted, and how well?
3. Convinced? Let’s customize a regional flow forecast system.



Quantify the sensitivity of Western U.S.
Electric Grid to Hydro-Climate Conditions 2= s TN

56 years of historical climate
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From impact assessment to vulnerability
assessment.
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Regional generation portfolio and transmission

Specific drought oatterns drive to higher vulnerability
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Value of Climate Information for Power

System Operations Planning

I

ENSO climate
oscillations indices
can be used to plan
for joint water-
electricity

1.1

Adjusted Maxinum Capacity Ratio

management e L B S B R

1960 1970 1980 1990 2000 2010

El Niflo conditions: less prone to brownout and
power outages

Neutral ENSO conditions: more economic power
operations (-1%) over the WECC and less carbon
emissions (-4%) in California.

La Nifia conditions : least economic operations
(+5%) with the highest carbon emission in
California (5%) albeit the lowest in the PNW (-4%).

Relative Production Cost Deviation (%) Relative Hyro Generation Deviation (%)

Relative CO2 Emission Deviation (%)
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Outstanding questions to further
Integrate hydro-meteorological hl et
information into power system operations

3. Convinced? Let’s customize a regional flow forecast system.

Two roadblocks:
Who are the : J . - . .
y { !

potential

investors?

What are the (e | [ ) [ e

benefits at the erpretion et lersnce o

: proabilsic opertona g

scale of their  forecast e information,
mana IMINIMIZING

1 ? l agency consequences

interest: u ) ) U ) v

"\
Nlustrate improvement

v 5 \ ¢ / Increase communication
to reservolr operating among stakeholders and
policies \ / management agencies
I



ldentify investors and scales of key
performance metrics ot Lottt
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Spatial scales

Hydro power Balancing
authority

Objectives: Least cost generation, planned Objectives : Resilience analyses,
maintenance, infrastructure development, Integration of renewables, Planning for
financial benefits transmission lines




Hydro-scheduling does not focus only 7

. ) Pacific Northwest
on optimum plant-scale generation e
Great power comes with
great responsibilities




Rather, hydro-scheduling focuses on utility
scale performance metrics. What about the pacific Northwest

scale for valuing climate services?

Regional

Ut”ity _ m Market Prices
— Revenues

Regiona
fuel Iz prices

Regional
availability of

Observed 5 er V{ ces
W/ storage - capabilities?

Inform

BA - Priority
Grid services

Energy
regulation

Inform seasonal

maintenance, qnd Operatlons
contract prices %

Climate services _

Inform short term
and mid term
optimization

Value Metrics for utility

* Increased benefits
* Reduced operational cost
* Maintained operational licenses

Water Management
Priorities (other uses)

Common unit !




Let’s do it again - Sensitivity of power system
operations to regional water availability at  pacific Northwest
the utility scale, $ unit

» Power system operations (2010 infrastructure) under 55 years of water
availability
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Information for bids: droughts affect
regional import and exports and

K
could inform annual contracts. |- needto meet local>}.
demand so less $




Gen (% of load)

Robustness of the value of climate
iInformation: Import/export (Value) is Pacific Northwest
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& 1980 > U
Wet Years Dry Years
Low Low-Medium  High-Medium High 2010 Baseline
Average Price (S/mmBtu): 2.5 5 7.5 10 4.84

* High gas price is 2040 estimate from EIA 2017 Annual Energy Outlook and NREL 2017 Annual Technology Baseline
* @Gas price > coal

* @Gas price < oil and other very expensive fuels |
12



Upper value of dry conditions forecast ey
increases as fuel price increases
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Upper value of dry conditions forecast increases as
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Value of climate information has
regional responses to fuel prices.
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Conclusions and directions for valuing o
Pacific Northwest

climate services for hydropower industry R
» Challenges:

B How do probabilistic forecast influence the information sent to bidders and
utility operations planners, and what is associated the net revenue?

B How do changes in regional power systems ( renewable integration, batteries,
market) affect the requested hydropower services?

» Future directions:
B New data-driven Hydropower Value Project

B Improve representation of water operations in production cost models
River operations are

[services, S]arket region not represented

[operations, cost and maintenance]utility

[services, hydropower operations]pIant

[revenues, hydropower operations], .

Modeling needs in representing hydro in power system models =9
A forecast - A hydro operations = A revenues = value
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Office of Science — BER — Integrated Multi Scale Multi Sector Modeling, PRIMA, RIAM

Office of Energy Efficiency and Renewable Energies — Hydropower Value Consortium, WUQOT
Office of Energy Policy and System Analysis — US-EU water energy modeling challenge

Office of Electricity — grant to support WECC in designing climate change scenario

PNNL Lab directed research and development
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