
IS AFFORDABLE, RELIABLE ELECTRICITY IN JEOPARDY?
& OTHER INTERESTING STUFF ABOUT ELECTRICITY

Your Trusted Energy Partner

Rick Dunn, General Manager

September/October 2022



Welcome!
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Energy = (Politics + Emotion) x Confusion2
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Helping our customers make sense of things
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 Community education & outreach
 Increase electrical energy I.Q.

 Employees
 Customers
 Schools
 Civic organizations



Connecting with our Communities
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STRATEGIC INTIATIVES

 Establish connections with our communities 
and schools by finding ways to engage in 
community-support activities and educational 
opportunities

 Advocate for the preservation of the Federal 
Columbia River Power System and Columbia 
Generating Station through active public 
engagement and education

 Cultivate an “informed workforce” by 
delivering a program which educates 
employees on the utility business model, 
emerging issues and empowers employees to 
become utility ambassadors in the community



Agenda
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1) Clean Energy & Washington State’s Clean Energy Transformation Act (10 Minutes) 1-35

2) Global & U.S Energy, Electricity and CO2 Emissions (10 Minutes) 36-57

3) How the Power Grid Works (15 Minutes) 58-88

4) Hydropower & Benton PUD Electricity Supply Chain (15 Minutes) 89-108

5) Clean Energy Policies – Other Considerations (10 Minutes) 109-119

6) Capacity and Residential Demand Charges (15 Minutes) 120-149

7) Conclusions & Questions? (15 Minutes or as long as needed) 150-153



It’s a Great Time to be Alive!
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“We live longer, healthier, safer, wealthier, freer, more peaceful and more 
stimulating lives than those who came before us.”
Steven Pinker, Harvard Psychologist



Affordable & Reliable Energy is Key
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“Energy is the industry that powers every other industry. The lower cost 
energy is, the lower cost everything is.”
Alex Epstein, Philosopher and Energy Expert

 Energy is the capacity to do work
• “machine food” or “machine calories”

 Energy and Machines
• “…amplify and expand our naturally meager productive ability…”

 Average U.S. person uses about seventy-five times more “machine calories” than food calories

 Cost-effective and reliable energy is the key to human flourishing
• food, clothing, shelter, medical care, education, etc.



Clean Energy Dominates Narrative

 Carbon dioxide (and other) 
emissions are driving catastrophic 
climate change

 Rapid elimination of fossil-fuel use 
is the only answer for saving the 
planet (and humanity)

 Wind and solar power backed up 
by batteries (energy storage) are 
ready to save the day 
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California 100% Clean Raised the Bar (Costs/Risks?)
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Texas Blackouts Raise Serious Questions
11

Over reliance on Wind & Solar power?

https://www.puc.texas.gov/agency/resources/reports/UTAustin_(2021)_EventsFebruary2021TexasBlackout_(002)FINAL_07_12_21.pdf



Texas Blackouts Raise Serious Questions
12

“Texas’s February 2021 
disaster was caused by 
solar/wind disappearing 
and inadequate 
investment in reliable 
power plants and their 
weatherization.”
Alex Epstein



100% Carbon-Free Electricity Club
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 Electricity represented 
37% of total US energy 
consumption in 2021

 Feasibility of converting 
all electricity to carbon-
free & decarbonizing 
the other 63% of energy 
consumption?



WA Clean Energy Transformation Act (CETA)
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CETA Requirements

Wind, Solar etc. + Hydro & Nuclear Count



Washington Energy Strategy
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“avoid the worst impacts of climate change”

“rethink virtually every aspect of energy use in Washington”

Is there evidence (or logical argument) indicating rapid actions 
and sacrifices will make a national or global difference?

Energy equivalent to 
more than 10 CGS 
Nuclear Plants or 
11x Lower Snake 
River Dams

https://www.commerce.wa.gov/growing-the-economy/energy/2021-state-energy-strategy/



CETA – Legislature Finds
16

Wait…I thought Washington had clean hydro power?



Washington Hydro is Nation Leading
Legislature finds: “…electricity remains a large source of emissions in our state.”
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Source:  epa.gov/egrid/data-explorer

#1



Washington GHG Inventory
Legislature finds: “…electricity remains a large source of emissions in our state.”
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https://ecology.wa.gov/Air-Climate/Climate-change/Tracking-greenhouse-
gases/GHG-inventories

Electricity≈16 MMT or less



WA Grid CO2 vs. Other States
Legislature finds: “…electricity remains a large source of emissions in our state.”
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Source:  https://www.epa.gov/egrid/data-explorer

 Depending on 
Hydropower abundance, 
Washington electricity 
generation represents 
between 0.6% and 0.8% 
of U.S. total power grid 
CO2 emissions

Washington State
2018 CO2 = 11.6 MMT

Total = 1,830 MMT



Washington State Electricity Sources
Legislature finds: “…electricity remains a large source of emissions in our state.”
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Unspecified 
Power includes 
Large % of 
surplus hydro 
power sold in 
power market

WA electricity is 
well over 60% 
hydropower

+70% non-CO2 
emitting



Utilities in WA w/ Most CO2 Emissions
Legislature finds: “…electricity remains a large source of emissions in our state.”

21

 Investor-Owned Utilities (IOU) have Coal in their Power Supply 
Portfolios which must be eliminated by 2025

 Coal power is about half of WA relatively small amount of CO2
electricity emissions

 IOUs most likely 
purchasers of wind 
and solar power 
projects currently 
being developed



CETA – Legislature Also Finds
22

 Why are some clean energy focused utility rates 
dramatically increasing?

 Federal Tax incentives distort costs; don’t recognize 
value of reliable generating technologies (Capacity)



Europe has already gone down wind/solar road
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Legislature finds: “Clean energy technologies…competitive or even cheaper than conventional technologies”

Nearly4X Benton PUD 
residential rate

U.S. Average = 11



2021 Average U.S. Electricity Retail Prices
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There’s an Old Saying:
‘As goes California, so goes 
the nation’

There needs to be a new 
category for California 
residential electricity prices soon to be
>30 cents per kWh

Approaching what Germany & 
Denmark have realized

Legislature finds: “Clean energy technologies…competitive or even cheaper than conventional technologies”



Low-Cost Solar/Wind & Increasing Retail Rates?
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Legislature finds: “Clean energy technologies…competitive or even cheaper than conventional technologies”

Rate increases 
to between 
$0.30 to $0.43 
per kWh

Source: Randy Howard, General Manager, Northern California Power Agency

Nearly 5X Benton PUD 
residential rate



CETA – Legislature Also Finds
26

“Our hydropower is like nowhere else in the country, and without it 
our 100% clean bragging rights would evaporate.”  Rick Dunn



Maximizing value of hydropower & dam breaching?
Legislature finds: “maximizing the value of hydropower, our principle renewable resource”
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Energy Issues & Controversy Close to Home
28

Tri-Cities Transmission Grid Needs 
Upgrades

Would be the Largest Wind Farm in WA State
Who would it benefit?

Tri-Cities is “Ground Zero” of Dam 
Breaching Debate



Benton PUD Good News! Already Clean
Legislature finds: “…electricity remains a large source of emissions in our state.”
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4-Year Average is 
93% carbon free

Serving
• Kennewick
• Finley
• Benton City
• Prosser



Benton PUD Good News! Low Rates
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Residential

Benton PUD 8.8

WA Publicly Owned 9.5

WA Investor Owned 10.4

WA Cooperatives 9.4

National Average 13.2

California 20.4

Industrial

5.7

5.3

7.8

6.7

6.7

14.3

Total

7.4

7.9

10.0

8.5

10.6

18.0

Commercial

7.1

8.4

10.0

8.2

10.6

17.5
1 Revenues - includes all charges to customer

Average Retail Rates1

2020 Report on Average Revenue (Cents per kWh) 2

2  American Public Power Association



Benton PUD Good News! Low Rates
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From 2002 to 2022 
1.31% Benton PUD average annual growth rate
2.34% Consumer Price Index escalation

No rate increases last +3 years



What has Benton PUD concerned?
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Electric Utility Responsibilities

Reliable Affordable

Environmentally Responsible

Electricity
Health, Safety & Well Being

 Hydropower Erosion
 Increased spill & dam breaching
 Deepening dependence on hydro Capacity & flexibility
 Increasing drought plus cold/hot weather risks

 Generating Technology Prohibitions
 Coal-plant retirements & no new natural gas in WA/OR
 No firm plans to replace dependable (Effective) Capacity
 Increasing costs for ‘Effective’ Capacity

 Strong Preferences for Low (Effective)-Capacity & 
Energy Dilute Wind/Solar

 Land use conflicts & long project lead times
 Unwarranted belief in battery (energy) storage readiness 

 Increasing Risk of Blackouts in the Western Grid
 Anti fossil-fuel policies chills investments in new natural 

gas generation throughout the west



“Capacity” and Why it’s Important

 Capacity is the ability to produce a desired amount of electricity up to 
the maximum capability of the generator at any given point in time

 Utilities need adequate total generation Capacity to meet continuously-varying 
electricity demand reliably over a broad range of conditions

 The amount of generating Capacity that can be counted on during coldest & hottest 
days is referred to as ‘Effective Capacity’

 The consequences of inadequate Capacity are blackouts

 Blackouts are inconvenient, expensive, and potentially life-threatening

33



Capacity and Peak Demand in the News
34

Wind and Solar Dependent Grids Struggle to Meet Peak Demand



Clean Energy Policies & Your Bill
35

• Maximum power demand KW (kilowatts)
• Customer KW Demand establishes

 Capacity of power lines & equipment needed to prevent 
overloading

 Expense for Generating resources capable of meeting 
demand 

Dependable 
Generating 
capacity 
becoming 
scarcer & 
more costly



Global & U.S Energy, Electricity and CO2 Emissions



Global CO2 Perspective
37

CO2 Concentration
PPM = Parts Per Million

+5,000 PPM millions of years ago

<280 PPM before industrial revolution
<200 PPM end of some plant life
<150 PPM end of all plant life

416 PPM today



Global CO2 Perspective
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416 PPM today

Rate of CO2 emissions per year
+36 Gigatons (36,000 million metric tons)



Global CO2 Emissions – Things to Consider
39

Then what about China and other 
developing nations?

+36 Gt



Energy Use, Income & Life Expectancy Increasing
40

Note:  For comparison, United States GDP per person is 
between $65k and $70k



Climate-Related Disaster Data Trending Down
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 Rate of climate-related disaster 
deaths has fallen by 98% over 
the last century

• Includes deaths from droughts, floods, 
storms, and extreme temperatures

 World life expectancy has 
increased from just over 30 years 
in 1900 to over 70 years today

 What is role of human 
innovation and adaptation to 
changes in climate?



Worst-Case vs. Likely Scenarios
42

Intergovernmental Panel on Climate Change (IPCC) Representative 
Concentration Pathways (RCPs)

RCP8.5 “… paints a dystopian future that is fossil-fuel intensive and 
excludes any climate mitigation policies, leading to nearly 5 °C of warming 
by the end of the century,”

“RCP8.5 was intended to explore an unlikely high-risk future. But it has been 
widely used by some experts, policymakers and the media as something else 
entirely: as a likely ‘business as usual’ outcome.” https://www.nature.com/articles/d41586-020-00177-3

36 Gt today



Global Total Energy Consumption
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All types of energy consumption

As we think about “clean energy”
Keep in mind in 2019 Electrical energy 
produced = 26,811 TWh

Wind and solar Wind & Solar
3%

Fossil Fuels
79%

Nuclear
4%

Hydropower
6%

26,811 TWh

 Are Wind and solar power
backed up by batteries ready to 
save the day? 

Electricity Only 15% of all energy 
consumed



Global Electricity Production
44

Wind & Solar
10%

Fossil Fuels
62%

Nuclear
10%

Hydropower
15%



Energy Poverty: An Inconvenient Truth
45

 Almost 800 million people have no access to 
electricity

 Over 3 billion people use almost no energy, including 
electricity

• Use less electricity than a typical American 
refrigerator

 Lack of access to affordable & reliable energy keeps 
people impoverished

• Electricity means health, safety & wellbeing
• No evidence impoverished world can “leapfrog” 

fossil-fuels with wind and solar power.

Disproportionately impacts women and girls



Global CO2 Emissions – Things to Consider
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 Main reason global 
CO2 emissions are 
rising is because 
billions of people in 
the developing 
world are bringing 
themselves out of 
poverty by using 
fossil fuels to power 
factories, farms, 
vehicles, and 
appliances.

Source:  Alex Epstein Energy Talking Points

Are China and India going to stop using fossil 
fuels so long as they are the lowest-cost option?
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U.S. Greenhouse Gas Emissions

1/6th of global total and falling



United States Energy Consumption
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Total energy consumption has flattened over last 20 years
 Improved energy efficiency Consider scale of Energy Use

 12% renewables now
• Wind & Solar < 5%

 79% fossil fuels



United States Energy Consumption
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Wind & Solar = 4.9% of Total Energy 
Consumption
 Wind = 3.4%
 Solar = 1.5%

Electricity is 37% of total energy consumption

Fossil fuels = 79%

Rapidly/completely replacing the 79% with the 5% 
(wind/solar)?
 Feasible? long permitting and development 

cycles
 Anti development environment exists in U.S.
 Land use impacts of mining and project 

development
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Electric Power Emissions are trending down:
• Natural Gas generation (38%) replacing Coal 

generation (22%) is biggest driver

Electric Power Emissions Trending Down in U.S.

https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2020

Natural Gas produces 50 to 60% less CO2 emissions vs. coal

60%



Coal Plants: 22% of Electricity
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Source:  epa.gov/egrid/data-explorer [2018 Energy (MWh)]



Natural Gas Plants: 38% of Electricity
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Source:  epa.gov/egrid/data-explorer [2018 Energy (MWh)]



Nuclear Plants: 19% of Electricity
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Source:  epa.gov/egrid/data-explorer [2018 Energy (MWh)]

Licensed thru 2043

Scheduled to shutdown in 
2025 but extended to 2030



Wind Generation: 9.2% of Electricity
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Source:  epa.gov/egrid/data-explorer [2018 Energy (MWh)]



Solar Generation: 2.8% of Electricity
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Source:  epa.gov/egrid/data-explorer [2018 Energy (MWh)]



Hydro Generation: 6.3% of Electricity
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Source:  epa.gov/egrid/data-explorer [2018 Energy (MWh)]

Northwest Hydropower is like nowhere else



Pacific Northwest Electricity Supply
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Nameplate Capacity Annual Energy Production

Source:  https://www.nwcouncil.org/energy/energy-topics/power-supply

16,271 MWa



How the Power Grid Works



What does ‘Effective’ Capacity Look Like?
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Produced

Delivered

Consumed

Electricity is simultaneously…



Alternating Current (AC) Electricity
60

This is why there are 3 wires
Electrical Terms

Voltage (V) = Pressure
Current (I) = Flow

Power ≈ V x I = watts
1,000 watts = kilowatt
1,000,000 watts = megawatt 

 Speed precisely controlled to produce 60 cycles/second AC electricity
 Increased electricity demand tends to slow speed
 Need Generating technologies with ‘cruise control’ capabilities  

60 cycles per second sine waves

Rotating 
electromagnet



Interconnected Power Grid
61

 Transmission lines operating 
at very high voltages 
(electrical pressure) move 
electricity from generating 
plants to population centers

 Power Grid named 20th

Century’s Greatest 
Achievement



Demand/Supply Balancing: Physics
62

Electrical Demand and Supply Must Be Equal at All Times

 ‘Cruise Control’ set at 60

 The Laws of Power Grid 
physics are unforgiving

 Consequences of not 
maintaining supply & 
demand balance are 
blackouts

60 cycles per second



Demand/Supply Balancing: Blackouts
63

Cascading blackouts
Dynamic supply and demand imbalances 
attributed to cascading failures, where the 
failure of a few power grid components 
results in a “domino effect” and causes large-
scale loss of electricity.

Rolling blackouts
 When demand is anticipated to be much higher than available 

supply plus reserves (backup generation)
 Preemptive, targeted and temporary to avoid possibility of more 

widespread outages and serious equipment damage that could 
result in more dangerous and prolonged blackouts



64

Who is responsible for ensuring Generation Adequacy?

 NERC develops operating standards aimed at ensuring 
operational reliability
 NERC publishes information on resource adequacy planning but does not have 

mandatory planning standards

 There is no mandatory or voluntary national standard for 
Resource Adequacy

 Each Balancing Authority establishes its own standard subject to 
oversight by state commissions or locally-elected boards

 Utilities, state commissions and local governing bodies are 
ultimately responsible for ensuring resource adequacy in their 
jurisdictions



Balancing Area Authorities (BAA)
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Many regions have a single BAA but not in 
most of the West



Balancing Authorities Share Capacity & Energy
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 38 Balancing Area 
Authorities in Western 
Power Grid

 High level of 
operational 
coordination

 Maintain demand 
(Load) & supply 
(Resource) balance 
through scheduled 
generation imports 
and exports

Expanded 
“Northwest” 

Footprint



Hydro Dominates Demand/Supply Balance in NW
67

Electricity Demand Coldest Winter Days Feb 2021
Daily Rhythm of  Life 

 Energy is area under curve (must be filled in precisely)

 Energy = Power x time = Megawatt-hours

 Capacity is energy plus contribution to following demand curve

10-11am 6-7 pm



Hydropower: Dominates Demand/Supply Balance in NW
68

Base Load 
Energy & 
Demand 
Following 
(Capacity)

Wind/Solar 
Looks Like
“Negative 
Demand”...
You get 
what you 
get

Hydro, Coal, Natural Gas Providing Effective Capacity to meet maximum demand across many days

Wind & Solar does not follow demand & provide very little Effective Capacity

Removing Coal means more dependence on Hydropower for Demand/Supply Balancing



Balancing Authorities Share Capacity & Energy
69

Bonneville Power Administration 
is Balancing Area Authority for 

Benton PUD customers



Effective Capacity Matters – Hot Summer Days
Averages are the enemy of reliability planning

70

Hot summer temperatures at or above 100 degrees in Tri-Cities

Maximum electricity demand occurs ≈ 6 pm each evening



Effective Capacity Matters – Hot Summer Days
Averages are the enemy of reliability planning

71

Maximum electricity demand occurs ≈ 6 pm each evening

Wind Power 
Nameplate 
Generating Capacity
2,927 megawatts

 Wind Generation during entire period varies between 1 MW and 851 MW
 @ 6 pm Effective Capacity ranges from 0.81% to 19.6% (average of  5.7%) 



“Effective” Capacity Resources in PNW
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Variable Generation

Study was provided to WA State Legislature & Governor’s Office prior to passage of Clean Energy Transformation Act



Coal Retirements Reducing Effective Capacity
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Hardin
116 MW 2018

Colstrip
(1/2) 716 MW 2019

(3/4) 1,556 MW 2027?

Boardman
601 MW 2020

Centralia
(1) 730 MW 2020
(2) 730 MW 2025

Jim Bridger
(1) 578 MW 2023
(2) 578 MW 2028

Plant Name
Capacity 
(MW) (1)

Retirement 
Year (2) 

Hardin 116 2018

Colstrip (1) & (2) 716 2019

Centralia (1) 730 2020

Boardman 601 2020

North Valmy (1) 254 2021

Jim Bridger (1) 578 2023

Centralia Generation (2) 730 2025

North Valmy (2) 267 2025

Colstrip (3) & (4) 1,556 2027 (?)

Jim Bridger (2) 578 2028

TOTAL 6,126

Notes:
(1) https://www.nwcouncil.org/energy/energy-topics/power-
supply/map-of-power-generation-in-the-northwest
(2) Northwest Power and Conservation Council Pacific Northwest 
Power Supply Adequacy Assessment for 2024 (Assessment 
Update Figure 2)

North Valmy
(1) 254 MW 2021
(2) 267 MW 2025

Coal Retired
As of 2020 = 2,163 MW
2021-2025 = 1,829 MW

2026 and beyond = 2,134  or more ?

4,000 MW by 2025



Northwest Grid Reliability Concerns
74

Study was 
provided to WA 
State Legislature 
& Governor’s 
Office prior to 
passage of 
Clean Energy 
Transformation 
Act



Washington Chills Investment in new NG Capacity
75

 Social cost of greenhouse gas emissions to be included 
by utilities in resource planning, evaluation, and selection

Cost adder for natural gas in 2019 dollars
• $75/MT (adds ≈ $31/MWh for 2020)
• $89/MT (adds ≈ $36/MWh for 2030)

 Administrative penalties for using fossil fuels

$100 per MWh multiplied by:
• 1.5 for coal-fired plants
• 0.84 for gas-fired peaking power plants 
• 0.60 for gas-fired combined-cycle plants
• Beginning in 2027, penalty adjusted for inflation

Reference:
Current wholesale price paid by Benton PUD for generation ≈ $35 per MWh 

Effectively eliminates investments in new 
dependable generation (natural gas) by 
Washington utilities in the near/mid term



Oregon Eliminates New/Expanded NG Capacity
76

 Directs two largest utilities to deliver 100% clean 
electricity to customers by 2040

 Stairstep from 80% clean electricity by 2030, to 90% 
percent by 2035 and 100% by 2040

 Prohibits new or expanded natural gas-fired 
power plants in the state

 Most ambitious timetable in the nation



Resource Adequacy in the West?
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 Currently planning is “Balkanized”; but 
developing planning common standards

 Benton PUD has been a WRAP 
member during exploratory work

 Voluntary with Transition to 
binding program between 
summer 2025 to summer 2028



California September 2022 Heat Wave & Power Grid Demand
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California Balancing Area Authorities

 California Independent System Operator (CISO) 
 Los Angeles Dept. of Water and Power
 Balancing Authority of Northern California
 Turlock Irrigation District

A CASE STUDY OF 
BALANCING POWER GRID 
RELIABILITY, COSTS & CO2
EMISSION REDUCIONS



California Heat Wave & Grid Demand
79

6 pm

 Imports 
supplied 15% 
of Maximum 
Demand

 9,824 MW from 
outside 
California

Maximum Demand

New Record Demand Despite Conservation Measures
•Setting the thermostat to 78 degrees F
•Avoid major appliances & electric vehicle charging
•Turn off lights
•Use fans instead of air conditioning for cooling
•Unplug unused electronics



Pacific HVDC South Terminal near Los Angeles

Northwest has long exported electricity to California
80

 Pacific Interties went into 
service 1968 - 1970

 Path for Hydropower 
surpluses in the Northwest 
to flow to California

 High Voltage Direct 
Current (DC) allows more 
precise control of power 
flow and lower losses; but 
more complicated

Western Interconnection
Transmission Lines

Pacific
DC & AC 
Interties
8,000 MW

Pacific HVDC North Terminal near The Dalles



California Imports A Lot of Electricity from NW
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PNW exports 
to CA almost 
always



California Relies on Electricity Imports
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CAISO Balancing Area Authority:

 In vast majority of hours California’s 
CAISO balancing area authority is a 
purchaser and the rest of the west is a 
seller of wholesale electricity

 Northwest exports to CA during evening 
ramp: +5,000 MW to +7,500 MW

energy imports greatest 
outside of solar hours

Upside down solar power production curve



CA Deeply Dependent on Natural Gas for Reliability
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6 pm On Day of Max Demand

 Natural Gas ramped up from 
19,419 MW to 31,535 MW at 
6 pm (50% of Demand)

 Solar dropped from 13,853 
MW at Noon to 7,995 MW at 
6 pm (12% of Demand)

 Hydro ramped up from 1,439 
MW at 9 am to 6,953 MW at 
6 pm (11% of Demand)



Maximum Natural Gas 2 hours After Peak Demand
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9 pm On Day of Max Demand

 Natural Gas increased from 
31,535 MW at 6 pm to 31,893 
MW at 9 pm

 Solar dropped from 7,995 MW 
at 6 pm to 0 MW at 9 pm



Batteries are 
electricity demand 
when charging

What are you 
charging with?

CAISO Batteries September 6th Peak Demand Event
85

1,540 MW at 6 pm

0 MW at 10 pm

2,839 MW at 6:40 pm



Capital Costs of Natural Gas, Wind & Solar
86

Combined-cycle natural gas plants:
• $1.1 billion per 1,000 MW
• 500 to >900 avg MW annually 

Simple-cycle peaking gas plants:
• $130 million per 100 MW
• Used for peaking capacity only 

Wind farms:
• $2.0 billion per 1,000 MW
• 300 to 400 avg MW annually

Solar farms:
• $1.3 billion per 1,000 MW
• ≈310 avg MW annually E. Wash.

Costs: U.S. EIA Northwest Power Pool

No fuel costs and 
low maintenance 
costs

Fuel costs follow 
natural gas prices 
plus maintenance 
costs



Capital Costs of Grid Scale Batteries
87

Lithium - Ion 4 hour:
• Based on NREL 2021 Report
• $1.4 billion per 1,000 MW
• 4,000 MWh over a 4-hour period
• Lifetime 10-15 years or 3,000 cycles

WHAT ENERGY DO YOU CHARGE THE BATTERY WITH?
• Assuming Solar power and 95% efficient battery charging
• 4,210 MWh of energy to charge each cycle (daily)
• Requires 565 MW Solar @ 31% capacity factor
• $1.3 billion per 1,000 MW
• $735 Million for Solar

• TOTAL COST OF SOLAR PLUS BATTERY = $2.135 billion
• And that only gets you 4 hours; what about the rest of the night?



Low-Cost Solar/Wind & Increasing Retail Rates?

88

Legislature finds: “Clean energy technologies…competitive or even cheaper than conventional technologies”



Hydropower & Benton PUD Electricity Supply Chain



Electricity Supply Chain: Consumer Owned Utilities
90

One of 135 Preference 
Customers with Statutory 
Rights to Federal Hydropower



BPA Transmission Lines
91

Tri-Cities Area 



BPA Load Service Areas
92



BPA Hydro: Firm Energy is Spoken For
93

Federal power marketer for 31 hydroelectric dams 
and the Columbia Generating Station nuclear plant

Projects
Nameplate

MW

Highest
Energy
aMW

Average
Energy
aMW

Firm
Energy
aMW

Regulated
Hydro (1) 21,409 10,326 8,110 5,961

Other
Hydro 903 483 423 352

TOTAL HYDRO 22,312 10,809 8,533 6,313

CGS 1,169 994

Various Wind 0 34

Contracts 402 215

TOTAL NON-
HYDRO

1,571 1,243

(1) Hydraulically coordinated to meet power and non-power requirements



BPA Hydro: Foundational Public Power Resource
94

 135 Preference customers with 
statutory rights to Federal 
Hydropower

 Includes 127 Consumer Owned 
Utilities

Consumer owned utilities



BPA Hydro: Firm Energy is Spoken For
95

Lowest  
Water year 
is Firm 
energy 
allocation 
to 
Preference 
Customers

2. In Average & High water years, surplus hydropower is sold 
into power markets which reduces costs to Preference 
Customers

1. Firm energy already fully allocated to Preference Customers; 
NO HYDRO LEFT FOR ECONOMIC DEVELOPMENT



BPA Hydro: Drought Year Capacity Deficits
96

Already seasonally deficit energy 
& capacity in a critically poor 

water year

120-Hour Capacity
Average generation forecasts from the 6 highest heavy load hours per day, 5 days per week, for 4 weeks per month

BPA 
buys 
power in 
markets 
when 
short on 
supply



Lower Snake River Dams: Energy & Capacity
97



LSRD: 11% of Energy w/ Blackout Insurance
98

 4 of 10 federal dams with automatic generation control

 Minute-to-Minute Demand/Supply Balancing

 25% of BPA Operating Reserves (grid reliability & stability)

 Critical winter energy capability & voltage support on BPA transmission system

Source: BPA Fact Sheet March 2016 



The Whole Dam Story
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Salmon runs 
improving with 
investments and 
management of:
Hydro
Habitat
Hatcheries
Harvest

Salmon runs declining before first dams constructed



Lower Snake River Dam Breaching
100

 Smolt take 10 to 50 days to 
travel rivers and get to the 
estuary/ocean

 Delayed mortality hypothesis is 
driving calls for LSRD breaching 
w/o scientific evidence

“If delayed mortality doesn’t 
exist…then other approaches 
to getting more salmon 
should be considered”.



Fish Bypass Technology Investments 
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Fish Friendly Turbines Improved to +98% 
at Ice Harbor Dam 



Fish Friendly Turbine Design
102

“…biological testing using balloon tagged fish in October 2019 
resulted in a 98.25% direct survival rate.”
https://www.nww.usace.army.mil/Media/News-Stories/Article/2991190/modernizing-hydropower-on-the-snake-river/



Raised Spillway Weirs 
103



West Coast Chinook Salmon Struggling
Whether river is dammed or not
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Smolt

Adult

Puget Sound

Snake River Basin

Smolt-to-Adult Return
Sustainable runs >2%



Tri-Cities Area June 2021Heat Dome Event
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Snake River
Ice Harbor Dam 
Critical to BPA
Tri-Cities 
Transmission 
Operations



Tri-Cities Area Utility Loads & BPA
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Utility
2022

Annual 
aMW

Benton PUD 210

Franklin PUD 124

City of Richland 111

Benton REA 67

Big Bend Elec Coop 66

Columbia REA 42

TOTALS 620

BPA Customer 
Electricity Demand 
vs. BPA Supply 
Contracts



BPA Tri-Cities Area Grid Upgrades
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 2021 Heat Dome Event Tri-Cities Area demand of 1,300 
MW

 Increases BPA capacity in the area to 1,750 MW

 Adds 4th 500 kV Power Injection at new Webber Canyon 
Substation w/ electrons from Columbia Generating Station

NEW Power Flow Path



BPA Tri-Cities Area Grid Upgrades
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BPA 
Transmission 
Lines & Major 
Tri-Cities 
Power Flow 
Corridors 

To/From Columbia Generating 
Station Nuclear Plant

Future substation adds 4th major 
power flow corridor into Tri-Cities 
from Columbia Generating 
Station Nuclear Plant



Clean Energy Policies – Other Considerations



Land Use Impacts of Wind & Solar
110

Assumes 100% of 
Existing Hydropower 
stays in Place

Transmission Lines Needed to Bring
Wind and Solar Power to Population Centers

Study was provided to WA State Legislature & Governor’s Office prior to passage of Clean Energy Transformation Act



Transmission Line Development Friction
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 Historical View: Avoid building if at all possible 

 Current View:  Building more transmission lines 
is critical to clean energy future

 Dispersed wind and solar multiplies the needed transmission 
line corridors

 Rural and scenic areas will bear the burden

 Long lead times for permitting and construction (+20 years?)

 Preemptive power line shutoffs and blackouts

 Increased utility legal and financial risks 



Boardman-to-Hemingway 500 kV Line
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 300 miles

 Need identified 2002

 Project defined 2006

 Complete by 2026?

 Raises serious 
questions about WA 
doubling electricity 
capacity and counting 
on Montana & 
Wyoming Wind & 
Solar

 Are MT and WY on 
board with WA 
strategy?



Land-Use Conflicts
113

Source:  https://www.americanexperiment.org/reports/not-in-our-backyard



Policies in Conflict
114

Renewables vs. Conservation



Benton County Wind Farm: A WA Case Study
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• 850 MW Wind Project

• Benton County

• 244 Wind Turbines

• Up to 600 feet tall

• 72,428 acres (113 square miles)

• Developer using EFSEC process to 
gain Governor Inslee’s approval

• Overwhelming local opposition



Benton County Wind Farm: A Case Study
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“These areas, as well as the entire Horse Heaven Hills ridgeline, are used seasonally and 
year-round by a variety of avian species, some of which are State, Priority, Candidate, and 
Threatened Species. In fact, the entire Horse Heaven Hills ridgeline is an important area 
for avian species and other wildlife, including reintroduced Pronghorn antelope. It is a 
strategic location that provides suitable habitat for a variety of native plant and wildlife 
species and has been recognized as such through a variety of scientifically validated 
stakeholder publications.”

Deserts and arid lands are habitats too . . . for animals & people



Unspoken Environmental Costs
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Source: https://www.prageru.com/video/whats-wrong-with-wind-and-solar/

 We should at least be 
talking about this

 Is social cost of carbon the 
only environmental cost 
worth considering?

 Are there stricter limits we 
should be putting on 
wind/solar development?

IEA estimates need to increase the supply of 
minerals such as lithium, graphite, nickel, and rare 
earths by 4,200%, 2,500%, 1,900%, and 700%, 
respectively, by 2040.



Power/Energy Density Matters to the Environment
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 1,000 aMW of wind power = 500 to 1,000 square miles of land

 720 MW NuScale Small Modular Reactor Complex = 0.05 square miles of land 

Source:  https://www.americanexperiment.org/reports/not-in-our-backyard



Next Generation Nuclear
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ARDP Grant 
Recipient #1

ARDP Grant 
Recipient #2

Advanced 
Reactor 
Demonstration 
Program



Benton PUD Capacity and Residential Demand Charges



Today’s Bill: kWh & kW Demand
121

• Energy Consumption in kWh is the 
dominant billing component

• Currently no charge based on individual 
residential customer KW Demand

• Maximum power demand KW 
(kilowatts)

• Establishes Capacity of power lines & 
equipment needed to prevent 
overloading 

• Measured as maximum average energy 
used over a half-hour period in billing 
cycle (would be one-hour period with 
proposed residential demand charge).



Benton PUD Existing Capacity Charge Revenues
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$0

$20
$40
$60

$80
$100
$120

$140

Residential & Small
Commercial

Commercial &
Industrial

Small & Large Ag
Irrigation

Street Lighting &
Other

Total Charges

$63

$24 $19
$1

$106
$12

$1 $1
$0

$14$0

$7 $4

$0

$11

M
ill

io
ns

Total Benton PUD Customer Revenues by Type of Charge

kWh Energy Charge Fixed Monthly Charge kW Demand Charge

Residential = $65M of $75M



Retail Load Shape – Very Summer “Peaking”
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System Peak Hourly Load

Summer:  490 MW (2021)

Winter:  371 MW (2017) 

Annual Power Supply Requirement
w/ T&D losses ≈ 215 aMW



BPA Slice/Block Contract 
2.85% of FCRPS
192 aMW Tier 1

Wind Power
18 MW 

5.4 aMW

Natural Gas CCCT 
50 MW Capacity Resource

Runs When Economic

Small Hydroelectric
3.7 MW

0.92 aMW

BPUD Generation Resources
FREDERICKSON
Capacity 250MW
Contract Expires 2022

WHITE CREEK
Capacity 205MW
Contract Expires 2027

NINE CANYON
Capacity 96MW
Contract Expires 2030

FEDERAL COLUMBIA RIVER POWER SYSTEM DAMS
Capacity 22,000+ MW
Contract Expires 2028

COLUMBIA GENERATING STATION
Capacity 1,207 MW
Included in BPA Generation Portfolio

Packwood Lake Hydro
Capacity 27.5 MW
Terminates w/ 2 year notice

Columbia River System Operations EIS 
Reduced allocation by 8 aMW

But could be increasing back to 200 aMW
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CONTRACT EXPIRED AUGUST 31, 2022
REPLACED WITH NEW CAPACITY CONTRACT

25 MW Winter
75 MW July & August



2022Power Supply Budget

* Gross cost excludes the estimated secondary market sales from Frederickson (energy & gas) of $13.2 million resulting in net 
Frederickson costs of $4.1 million, which is 5.0% of net power expense.  

Dollars in millions

Usually, net seller on annual basis
• Hydro & Frederickson NG Plant
• Buys down gross power costs
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Description Amount

BPA Power $58.3

BPA Transmission 12.3

Gross Fredrickson* 14.3

Renewables & Other 14.2

Ancillary & Net 
Conservation

2.9

Gross Power Supply $102.3

Less: Secondary Market 
Sales

(21.1)

Less: Transmission Sales (1.1)

Net Power Expense $80.1

Net Conservation
0.3%

Frederickson*
14.0%

Renewables & Other
13.9%

BPA Power
57.0%

BPA Transmission
12.0%

Ancillary Services
2.9%

Gross Power Supply
$102.3 million



Benton PUD Hydro & Nuclear Supply/Demand
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Some years/months we have more energy than we need
Seller in regional power market Some years/months we have less energy than we need

Buyer in regional power market



BPUD Reliance on Power Market Purchases
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Daily Market 
purchases plus
Frederickson 

Natural Gas Plant

We need dependable seasonal generating Capacity we know will 
be available for the hours, days and weeks we need it.



Market Purchases: Future Seasonal Prices Going Up
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2023 Forecasted Summer & Winter
Peak Demand Period Pricing

$35/MWh BPUD 
Average Annual 
Price for BPA 
Power



Market Purchases: Future Annual Prices Going Up
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$35/MWh BPUD 
Average Annual 
Price for BPA 
Power

Retirement of dependable energy and 
Capacity based generating resources 
resulting in uncertainty & forward price 
increases



Benton PUD Possible BPA Contract Conversion
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 Existing BPA 
Slice/Block contract 
requires market 
purchase and sales to 
balance loads & 
resources

 Increasing power 
market volatility and 
costs

 Asked for and offered 
option to convert to 
BPA Load Following as 
early as October 2023

 Final Decision Expected 
September or early 
October of this year

Benton PUD is very concerned about the future availability and price of  
dependable generating Capacity for purchase in power markets

Market purchases will be replaced by Demand Charges from BPA in a Load 
Following contract



Total Hourly Electricity Demand Curve
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Winter Heating 

Summer Cooling

 Energy is area under curve (must be filled in precisely)

 Capacity is energy plus generator contribution to following demand curve

January July December



Winter Electricity Demand Curve
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Electricity Demand is the Rhythm of Life
 Highly Dependent on Weather (Temperature)
 Maximum occurs as each customer’s pattern of appliance & HVAC use aligns
 Everyone’s thermostats calling for heat at the same time in the morning/evening

8 am 7 pm

February



Summer Electricity Demand Curve
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Electricity Demand is the Rhythm of Life
 Highly Dependent on Weather (Temperature)
 Maximum occurs as each customer’s pattern of appliance & HVAC use aligns
 Everyone’s thermostats calling for air conditioning at the same time; around 6 pm

6 pm

5 am

June - July
Heat Dome Event 115o

New Record Maximum Demand



Residential Drives Demand Curve
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Average Day Customer Demand Curve

 Residential is the 
Major Contributor 
to Total System 
Peak Demand

 Currently no 
proportionate 
charge for 
residential 
customers 
contributing most to 
Peak Demand   



Residential Demand Curve Predictable
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 Year-to-Year 
Seasonal Patterns

 Proposed Demand 
Charges would be 
time-of-day based

 Time-of-day would 
be fixed periods

 Both morning and late 
afternoon in Double 
Peaking Months

 Late Afternoon in 
single peaking 
months

24-hour periods by Month

Double peaking months 
(mid morning & late afternoon)

Double peaking months 
(mid morning & late afternoon)

Single peaking months 
(late afternoon)

2019 ‘Polar Vortex’



What Drives Residential kW Demand Curve?
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7 
kW*

4.5 
kW

3 kW

2 kW

3.7 
kW

5 kW

5 pm 6 pm

Summer and Winter evening peaks 
typically occur between 5-8pm when 
customers run several appliances.  While 
each appliance does not run at full 
capacity 100% of the time during a 
period, together they contribute to utility 
total system peak demand for electricity.

Potential for large 
demand if all 
appliances running at 
the same time

*Can range from 3 kW for A/C to 10 kW for heat

HVAC

Hot 
Water

Oven

Dishwasher

Cloths
Washer

Cloths
Dryer



Customers Can Control Demand Curve
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5 pm 6 pm 7 pm 8 pm 9 pm

By spreading out 
appliance use a 
customer can 
significantly reduce 
peak electricity 
demand

10 pm

HVAC

Hot 
WaterOven Dishwasher

Cloths
Washer

Cloths
DryerHot 

Water



Electric Vehicle Charging: Increasing Electricity Demand
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Electric Vehicle Charging: Increasing Electricity Demand
139



Do Solar Customers Contribute to Peak Demand?
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Residential kW Demand - Summer Hours
141

Large Homes

Apartments

Solar Homes 

Solar Customer Sending Electricity 
Back to Benton PUD

Benton PUD
Maximum Demand Period

Mid-Sized Homes



Residential kW Demand - Winter Hours
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Benton PUD
Maximum Demand Period

Benton PUD
Maximum Demand Period

Large Homes

Apartments

Solar Homes

Natural Gas Homes

Mid-Sized Homes



Residential Demand Charge Recommendation 

 Staff’s Recommendation to our Board of Commissioners
 Implement Residential Demand Rate October 2023
 Do it by being revenue neutral

 Decrease energy rate so total projected revenue is unchanged
 Time of Day based (demand would be measured within peak hours)

 Example: 
 6-9am and 5-8pm (October – April)
 5-8pm (May – September)

 Provides flexibility for customers
 Start small and use gradualism

 Start with $1 per kW charge (with decrease in energy rate)
 Gradually move toward Cost-of-Service Analysis level (~$5 per kW) with 

increases annually
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Residential Demand Charge Recommendation
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Residential Revenues with Gradually Increasing Demand Charge

kWh Energy Charge Fixed Monthly Charge kW Demand Charge

Revenue Neutral; not a 
rate increase

As kW Demand Charge 
is Increased

kWh Energy Charge is 
Decreased

Customers with highest 
energy consumption 
during peak demand 
periods will pay 
proportionately more on 
their power bill than 
customers with lowest 
consumption
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Average Monthly Dollar Impacts
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All Residential Customers

Residential Bill Decreases/Increases
With $1 per KW Demand Charge and kWh Charge Reduced from $0.0739 to $0.0688 per kwh 
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*Estimated rates for analysis purposes only. Assumes no change from current Daily System Rate.

Lower Power Bills Higher Power Bills



Residential Bill Decreases/Increases
With $5 per KW Demand Charge and kWh Charge Reduced from $0.0739 to $0.0487 per kwh 
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*Estimated rates for analysis purposes only. Assumes no change from current Daily System Rate.

Lower Power Bills
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Benton PUD Customer SmartHub
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 Enables Customers to:
 Manage energy usage and demand
 See detailed usage profile (curve)
 Set alerts when usage exceeds limits set by 

the customer
 Understand usage patterns
 Make decisions on how to use electricity more 

efficiently



Smart Grid @ BPUD: Advanced Meters
148

 Energy Use Data on Short Time Intervals
 Remote Service Connection & Disconnection
 On-Demand Reads
 Service Theft and Tamper Detection
 Power Quality Monitoring
 Outage Detection and Reporting 



SmartHub App Features
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Customer Usage Profiles and NotificationsOutage Status



Benton PUD Key Positions
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 Keep hydro in place: continue investments in Hydro, Habitat, Hatcheries and Harvest

 Build some new natural gas power plants to replace coal (Would  require CETA changes)

 Cap wind and solar development (eliminate in some areas) 

 Support development of advanced nuclear power 
 Large amounts of reliable (always on) and non-emitting energy on a small footprint
 Reduced need for long-distance transmission lines

 Ultimately could be built near population centers

 Responsive to strong push for electrification of transportation and natural-gas end uses
 Export technology to other nations (true global leadership)



QUESTIONS?
151



Top 10 Takeaways
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1) Hydropower is the foundation of Washington’s low cost and clean electricity which represents 
less than 16 million metric tons (MMT) of the nation’s 1,800 MMT of electricity emissions

2) Fossil fuels represent 79% of total energy consumption globally and in the U.S. and 
abandoning them rapidly is not a credible or realistic plan

3) Wind and solar provide only 3% and 5% of total global and US energy consumed 
respectively

4) Natural gas power generation produces 50% to 60% less CO2 emissions than coal allowing 
electricity emissions in the U.S. to drop significantly over the past two decades

5) Coal plant retirements in the northwest without plans for building new dependable capacity 
like what is provided by natural gas could jeopardize power grid reliability in drought years 
coinciding with cold/hot weather extremes



Top 10 Takeaways
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6) Wind and solar power are energy-dilute and material intensive requiring vast areas of land 
for development and mining (in an anti-development era)

7) Wind and solar power cannot provide dependable and effective capacity needed to 
balance power grid demand and supply requiring massive and costly overbuilds to squeeze 
out capacity contributions

8) Dependable and effective generating capacity is ‘King’ and is expected to be scarcer in the 
near to midterm (need to prepare to pay more)

9) Over 22,000 megawatts of northwest hydropower capacity are the foundation of 
Washington’s 100% clean electricity law and sets the northwest apart from California which 
depends on over 30,000 megawatts of natural gas generating capacity to avoid blackouts

10) Advanced nuclear power could provide common ground for reducing carbon emissions while 
maintaining reliable power grids in the U.S. and throughout the world


