
DRAFT 6/24/22

FOR INTERNAL USE ONLY

BPA talkinE points

E3 lower Snake River dam replacement costs analysis

June 2022

What this is

Earlier this year, BPA contracted withengaged electric industry research firm Energy and
Environmental Economics2 also known as E.32 Ito conduct an independent analysis of the
electricity system value of the four lower Snake River (LSR) dams] This new analysiste builds
on the analysis performed in the Columbia River System Operations Environmental Impact
Statement regarding replacement resources and costs associated with a scenario where the four
lower Snake River dams may be breached in the future. BPA anticipates E3 's study to contribute
to the regional dialogue about the future of these publicly-owned assets and help elevate regional
understanding ofthe complexities and expenses involved in exploring replacement resources for
the LSR dams.

Key messages and storyline

—As states move forward with clean energy policies, fossil-fuel generated power is being
removed from the grid. -Reducing hydropower would require the resenfeeregion to build
new generation just to get the system back to where it is now. [Until all fossil-fuel power
plants are retired, reducing hydropower means more CO2 emissions in the region, which
is a step backward from the region's carbon reduction goals ]

• isAser &Some of the lower-cost options for replacing lost hydro-power rely on emerging
technologies that are not yet developed or available at large-scale. -relianee-en-emerging

• Replacing the dams' hydropower energy and capacity services with existing renewable
technology would be prohibitively expensive.

• This The E3 study evaluates what is required to maintain the current reliability standards.
Assuming different risk levels for reliability, as is done in other studies of LSN dam
power replacement, is a policy decision outside the scope ofthis analysis. That is
something BPA, its customers and constituents will have to consider as discussions about
the future of the lower Snake River dams continue.

• Replaeement-New resources to replace the existing lower Snake River dams energy and
capacity would cost $xxx per year. If this is not paid for by an outside source, it would
result in higher electric bills for millions ofNorthwestIAL residents.
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• The replacement of the dams' hydropower it-wcould 063 take up to approximately 20
years to complete after Congressional approval if Transmission builds were needed and
there was not litigation on siting.

•
Background

•

With multiple reviews ofthe future ofthe lower Snake River dams being conducted by the
Council on Environmental Quality, the Columbia Basin Collaborative and Senator Patty Murray
(D-WA) and Washington Governor Lay_Inslee, BPA felt it necessary to update the potential costs
ofreplacing the energy services from these facilities.

The CRSO EIS analysis examined a series of resource replacement portfolios using the
il•lorthwest Power and Conservation Council' latest resource cost estimates to reflect reasonable
replacement resource alternatives and associated costs. E3 will-inelutleused a resource portfolio
optimizer model using-with their data sets and their criteria and objectives to create least cost
replacement portfolios.

E3 's independent analysis includes several scenarios for replacement resources, including some
with emerging technologies3 such as effshere-windsmall modular nuclear and gas plants with
carbon capture or hydrogen burning capability that are not deployed yet. It also includes use of
traditional renewable resources, such as wind, solar, and-storage and demand response. All of the
scenarios present moderate to significant upward rate pressure for BPA's customers if not paid
for by an outside source.

For more WM-motion, contact: Eye James, 503-230-5558 or Birgit Koehler, 503-230-4249

Questions and answers

1. What was the scope of the study and what questions did it address?

BPA contracted with E3 to answer what resources (one or more portfolios ofresources)
would be needed to maintain reliability, which is close to replackge the full energy and other
grid services provided by the lower Snake River dams?- ,This includes modeling regional
grid scenarios with ander without these dams. The model is designed to identify one or more
replacement resource portfolio(s) and provide a comparison ofthe forecasted costs associated
with each scenario. The analysis also discusses the timeline under which a build-out of
replacement resources could occur.

E3 's key study questions are:
• What additional resources would be needed to replace the power services provided by

the LSR Dams through 2045?
• What is the net cost to BPA ratepayers?
• How do costs and resource needs change under different types of clean energy

futures?
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• How much does replacing the dams rely on emerging, not-yet commercialized
technologies?

2. What power benefits do the four LSRDs currently provide?
These facilities first and foremost provide reliable electricity to help the western
interconnection and the Pacific Northwest avoid blackouts. They also provide carbon-free
energy to help fight climate change:&. More specifically, they are capable of providing a
short-term peaking capacity of more than 3,000 MWs. They can provide more than 2,000
MW of longer term peaking capacity during cold snaps when Pacific Northwest electricity
use is at its highest—The-also- as well as provide important reserves and provide-essential grid
reliability services, including voltage support, reactive power and black start ability.

3. What resources does the study recommend to replace the output of the lower Snake
River dams?

The study recommends a combination of renewable generation (wind and solar) and "clean
firm" resources (such as dual fuel natural gas + hydrogen plants, advanced small modular
nuclear, or gas with carbon capture and storage), and energy efficiency.

4. What are the replacement resource scenarios E3 evaluated?

Scenario

Scenario 1: 100% Clean Retail
Sales

Scenario 2a: Deep Decarb.
(Baseline Technologies)

Replacement Resources
Selected,
Cumulative by 2045
(GW*)

+ 2.1 GW
+ 0.5 GW wind

+ 2.0 GW
+ 0.3 GW li-ion battery
+ 0.4 GW wind
+ 0.05 GW

+ additional generation**
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Scenario 2b: Deep Decarb.
(Emerging Technologies)

+ 1.5 GW
+ 0.7 GW nuclear SMR

Scenario 2c: Deep Decarb.
(No New Combustion)

+ 10.6 GW wind
+ 1.4 GW

Seenario-1-:1009/0-Clean-Retail
Sales

+ 2.1 GW dual fuel NGII-12
1

CCGT
+ 0.5 GW wind

Seenarie-2ai-Deep-D-

- - : :::

+--2-70-GW-clual-fuel-NGII=12
GGG-T

I 0.3 GW li ion battery
+ OA GW wind
+--0,05-GW-advancecl-enerly

_

efficiency
+--aiklitional-142-generation**

Seenaele4lx-Deep-Deeach:
(Emerging Technologies)

+ 1.5 GW dual fuel NG/I-12
CCGT
+- 04-GW-nuetear-SIAR

. ..,
New Combustion)

+ 10.6 GW wind
I 1.4 GW{No aolar

• In scenarios that assume new combustion generation may be permitted in the Northwest,
fFinn capacity is mostly replaced with —2 GW ofdual fuel natural gas + hydrogen
turbines. These turbines may initially burn natural gas when needed during reliability
challenged periods, but would transition to hydrogen by 2045 to reach zero-emissions.

• If advanced nuclear is available, it replaces-is selected in lieu of renewables and some of
the gas plants.
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• The "no new combustion" scenario with decarbonization of the broader economy (e.g.
electric vehicles and electric heating) requires an impractically large (12 GW) buildout of
renewable energy to replace the dams firm capacity contributions and GHG-free energy.
This is required bccausc thc wind and solar powcr arc not as reliable for serving load as
would be firm combustion generation. and thus large quantities are needed to ensure that
some generation may be available during the critical periods like winter cold spells.

5. What does each option leosil?

Total Costs
(real 2022$)

Net Present Value in
year of breaching

Scenario 1: 100% Clean Retail Sales $7.5 billion

Scenario 1:100% Clean Retail Sales
(2024 dam breaching) $11 billion

Scenario 2a: Deep Decarb.
(Baseline Technologies) $11.5 billion

Scenario 2b: Deep Decarb.
(Emerging Technologies) $7 billion

Scenario 2c: Deep Decarb.
(No New Combustion) $46 billion

Annual Cost Increase
(real 2022 5)

2025

$495 millior

nia

2035

$484 mifion

5460 mition

$498 million

$415 million

S1.953 million

204$

$478 million

$509 million

53.199 million

Incremental
Public Power Costs

1% increase vs. -8.5 cents/kVVr
NW average retail rates]

2045

0.8 cents/kWh 1+99O1
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0.8 cents/kWh (.9%]

1.5 cents/kWh [+18%1

0.7 cents/kWh 1+8%1

5.5 cents&VVh (t.65%)

t:Cost increases account for replacement energy, capacity, and reserves as well as avoided LSR capital expense, but do not
include any costs for breaching the dams, which would be an additional cost.

•NPV and annual cost increase are shown for the Northwest Region as a whole, but the incremental costs are calculated relative
to the BPA Tier I annual sales for public power customers.

.% increase versus average retail rates assumes —8.5 cents/kWh retail rates (estimated from OR and WA average retail rates).
This does not inelude-arldifienalaccount for any other rate increases that will be driven by higher loads or clean energy needs that
increase regional rates: - •:: : .

•Annual residential customer cost impact assumes 1,280 kWh/month for average residential customers in Oregon and
Washington (current —1,000 kWh/month average + 28% from electrification load growth).

.New federal tax credits for hydrogen plants/fuels or ITC/PTC extension for renewables would provide a cost reduction to public
power customers from taxpayers
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6. How do the replacement costs compare to the current costs of the lower Snake River
dams?

The lower Snake River dams cost between $13 and $17/M
-
Wh to operate and maintain.

Replacement resources, depending on those chosen, are projected to cost between $77 and
$139/MWh. Replacement costs rise to more than $500 MWIt in the deep economy-wide
decarbonization scenario that includes only existing resources-technologies (wind, solar, etc.)
and no emerging technology, such as hydrogen and small modular nuclear.

7. What is the projected rate impact to BPA customers?
In scenarios 1, 2a and 2b, the rate impact would be between 8% and 18% or —$100 to $230
per year. In a deep economy-wide decarbonization scenario (2c) with no emerging
technologies, the cost would be approximately a 65% increase or $850 per year.

Note: These costs do not include potential transmission and integration costs associated with
interconnection and grid reinforcement that could be necessary to add the new [resources'.

8. What is the timeline necessary to add the resources that would be required?
E3 estimates that adding additional renewable energy and firm capacity additions would take
approximately five to seven years after Congressional approval to breach the dams and
possibly up to 10 to 20 years if additional new large-scale transmission was required and
there was not litigation on siting..
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