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Climate Change &

The Energy Transition

Global Issues &

Local Responses
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Connections is a science education

television series created, written, and 

presented by British science historian
James Burke. 

The series was produced and 

directed by Mick Jackson

of the BBC Science and Features 
Department and first aired in 

1978 (UK) and 1979 (US)

https://en.wikipedia.org/wiki/Science_education
https://en.wikipedia.org/wiki/James_Burke_(science_historian)
https://en.wikipedia.org/wiki/Mick_Jackson_(director)
https://en.wikipedia.org/wiki/BBC
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Climate change is a long-term change in the average weather patterns that have come 
to define Earth’s local, regional and global climates. 

These changes have a broad range of observed effects that are synonymous with the term.
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US Government University of Washington
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#3007

#1

#2

#43 4

New Climate Maps Show a Transformed United States

https://projects.propublica.org/climate-migration/

“Top 2% best”

https://projects.propublica.org/climate-migration/
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Global  ~56B Tons
USA  ~6B Tons

WA State  ~102M Tons

San Juan County ~220k Tons

Cut by >90% by 2050
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Climate Change and Energy Sources of Information

International

-UN
-IPCC

ꂗ쩙US Federal

-Agencies
-DOE, USDA, DOT…
-Federal Labs
-NREL, PNNL, LBL…

Other Nations

-EU
-Agencies
-Public, Private

US States

-Departments
-Commerce, Ecology, DNR, Transportation…

County

-Government
-Departments, Advisory Committees
-Organizations
-Citizens 

Academic

-Universities

Industry

-Utilities
-RTO’s, FERC, NERC
-FPMA’s
-IOU’s, PUD/MUD, Coops,
-Regulatory agencies
-Energy, Transportation, Maritime, Aviation…
-Consulting, Analysis, Private Research and Reporting

Media

-General, Focused
-Social
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International

-UN

-IPCC

ꂗ쩙US Federal

-Agencies
-DOE, USDA, DOT…

-Federal Labs
-NREL, PNNL, LBL…

Other Nations

-Agencies

-Public, Private

US States

-Departments
-Commerce, Ecology, DNR, 

Transportation…

County

-Government

-Departments, Advisory Committees
-Organizations
-Citizens 

Academic

-Universities

Industry

-Utilities
-RTO’s, FERC, NERC

-FPMA’s
-IOU’s, PUD/MUD, Coops,
-Regulatory agencies

-Energy, Transportation, Maritime, Aviation…
-Consulting, Analysis, Private Research and Reporting

Where do people get information

about Climate Change?
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Yale Climate Opinion Maps 2023

San Juan County: “Global Warming is Happening - 80%”



Response to 

Climate Change 

Drives Changes 

to Energy 

Systems…

Washington State Energy Strategy 2021

Avoiding the worst impacts of climate change requires
a comprehensive commitment to decreasing 
greenhouse  gas emissions. Washington launched initial 
efforts with legislation to require clean electricity and 
efficient buildings. 

FACT SHEET: The Biden-Harris Administration 
Advances Transmission Buildout to Deliver 

Affordable, Clean Electricity

…the President’s goals of reducing greenhouse 
gas emissions 50-52% below 2005 levels in 2030 

and achieving 100% clean electricity by 2035.
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Washington State

Total gross emissions MMTCO2e

Year Amount Goal

1990 93.5   2030   51.4

2000 111.0   2040   28.1

2010 95.0   2050   4.7

2015 94.6

2016 95.1

1017 95.3

2018 95.5

2019        102.1    From 2023 to 2030…

         102.1 to 51.4 = -50%

-51 pages
14

https://apps.ecology.wa.gov/publications/documents/2202054.pdf

6 years from now!



730MW

650MW

Top Emitters 22% of WA State total

Power Generation

Power Generation
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The 2021 State Energy Strategy is designed to provide a roadmap 

for meeting the state’s greenhouse gas emission limits. 

Enacted in 2020, the CCA commits Washington to limits of:

-45% below 1990 levels by 2030,              (However!!

                 I-2117 2024 Repeal)

-70% below 1990 levels by 2040 and 

-95% below 1990 levels 

with net zero emissions by 2050

-140 pages

Major WA State Climate Legislation

- Climate Commitment Act (CCA- SB 5126) 

- Clean Energy Transformation Act (CETA -SB 5116)

- HB 1181 - 2023-24

 “Improving the state's response to climate change by 

 updating the state's planning framework.”

- Energy Independence Act I-937 requires electric utilities 

   to use renewable energy and energy conservation.
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“Green-the-Grid!” “Net-Zero 2050”
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Many Studies on How to Do This…Conclusions – Necessary, Complex, Expensive!
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https://tinyurl.com/2ne7ujb8

�

�

“100% clean and renewable wind, water, and sunlight (WWS) all-sector energy roadmaps for the 50 United States “

   Mark Z. Jacobson et al., Stanford University 25 April 2015�



� by 20230
$$

❓by 2045

❌ by 2025

❓by 2045

Need to replace

>12,550aMW!

19https://www.nwcouncil.org/energy/energy-topics/power-supply/
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Replacement of Gray’s Harbor Energy Center

650MW Gas Turbine Generating Plant

with Wind and Storage (a “wicked” problem)

        CapEx: $5.8B      Area: 22,000 acres ( 34 sq. mi.)

[-Gray’s Harbor Energy center is located on a 20-acre site within the
Satsop Redevelopment Park in Grays Harbor County
                     -Lopez+Shaw islands area: 37 sq.mi.]

“MEASURING RENEWABLE ENERGY AS BASELOAD POWER”

UNC Kenan-Flagler Business School – Page 12
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Projected PNW Electricity Demand by Sector 

25”

Average Renewable Land
Requirements

Solar 6 acres / MW
Wind* 16acres / MW 

*NREL -”Land-Use Requirements of

Modern Wind Power Plants

in the United States”

**NREL – Solar Installed System Cost

Average Renewable Cost

Solar** $1M /MW
Wind $1.3-2.2M / MW

4 hr Storage costs are $255/kWh 
to $403/kWh in 2030 and 

$159/kWh to $380/kWh in 2050
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80%

100%

84 mi2

145 mi2

Land Required
For 80%-100%
GHG free grid in

Pacific Northwest

Land use in 80% Reduction case 
ranges from 8 to 37x

the area of Portland and Seattle 
Combined

Land use in 100% Reduction case 
ranges from 20 to 100x

the area of Portland and Seattle 
Combined

“Resource Adequacy in the

Pacific Northwest

Serving Load Reliably under a Changing

Resource Mix

January 2019” 

–Energy+Environmental Economics



Looking Ahead…now what, locally?

27



28

San Juan County Comprehensive Plan

Update due July 2025

➕

Section 3: Resilience Sub-element

Section 4: GHG Emissions Reduction Sub-element



SJC GHG Inventory – 2019 Base Year
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113602

57230

28919

9331
9352

221

San Juan County GHG Emissions 2019 

(218,665 MTCO2e)

Transportation Buildings + Wood Land Use Solid Waste Refrigerants Wastewater

Transportation

52%

Solid Waste

4%

Buildings+ Biogenic Wood

Burning 

26%

Land Use/Land Use Change

13%

https://www.sanjuanco.com/DocumentCenter/View/28867/San-Juan-County-GHG-Report-2019?bidId=
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657 member generators
(1.5% local generation)
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Example: OPALCO 2014 Load

MW by Hour

Load

2014 Load Characteristics:

Hours/yr: 8,760

Total:  206,873MWh
Maximum: 61.8MW (2/6/14 8:00am)

Minimum: 10.6MW
Average:                23.6MW

2024 peak ~83MW
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Decatur Community Solar Array

Solar Generation Characteristics:

Hours/yr:   8,760

Total:   506,614kWh

Maximum:   370kW

Minimum:   0kW
Average:   58kW

Summer:Winter  6:1

Hours/year zero output: 3,954 

Hours/yr > zero output:  4,806

kWh/kW :   1,013
Capacity Factor  12%

370 ft
3

7
0

 f
t

3.1 acres
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Solar Generation Battery Charge

“Net Zero” House – Solar+Storage
Load    12,000kWh
Solar Gen    12,000kWh

Storage     24kW/4,600kWh

The grid is the battery!
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2023 Load Decatur Bailer Hill Rooftop Total

kWh kWh kWh kWh kWh

Jan 23,530,698 8,269 0.04% 87,971 0.37% 28,294 0.12% 124,534 0.53%

Feb 22,725,760 18,268 0.08% 188,979 0.83% 64,865 0.29% 272,112 1.20%

Mar 26,104,682 45,022 0.17% 332,574 1.27% 158,575 0.61% 536,171 2.05%

Apr 19,919,683 49,204 0.25% 516,145 2.59% 289,837 1.46% 855,186 4.29%

May 13,725,073 72,128 0.53% 644,833 4.70% 489,689 3.57% 1,206,650 8.79%

Jun 9,967,841 65,601 0.66% 661,030 6.63% 701,750 7.04% 1,428,381 14.33%

Jul 12,788,948 70,633 0.55% 755,894 5.91% 702,366 5.49% 1,528,893 11.95%

Aug 12,300,207 57,473 0.47% 647,846 5.27% 652,407 5.30% 1,357,726 11.04%

Sep 12,113,633 41,764 0.34% 437,191 3.61% 497,135 4.10% 976,090 8.06%

Oct 13,999,023 23,043 0.16% 261,632 1.87% 289,954 2.07% 574,629 4.10%

Nov 21,442,222 10,034 0.05% 124,809 0.58% 232,622 1.08% 367,465 1.71%

Dec 25,753,081 6,009 0.02% 78,414 0.30% 150,058 0.58% 234,481 0.91%

Total 214,370,851 467,448 0.22% 4,737,318 2.21% 4,257,552 1.99% 9,462,318 4.41%

Average 17,864,238 38,954 0.22% 394,777 2.21% 354,796 1.99% 788,527 4.41%

0

100,000

200,000

300,000

400,000

500,000

600,000
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

k
W

h

SJC Solar Generation 2023

Decatur Bailer Hill Rooftop

SJC Solar Generation
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Wind 1.5MW

GE XLE1.5

Wind Generation Characteristics:

Hours/yr:    8,760

Total:     1,449,145kWh

Maximum:    1,500kW

Minimum:    0kW

Average:     166kW

Hours/year zero output:   3,505 

Hours/yr > zero output:   5,255 

Hours/yr < Average output:   3,133

kWh/kW :    966

Capacity Factor:    11% 
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BPA Balancing Authority Load and Total VER, Hydro, Fossil/Biomass, 
Nuclear Generation, and Net Interchange, Near-Real-Time

In the renewable energy sector, a 
dunkelflaute (German: 

[ˈdʊŋkəlˌflaʊtə], lit. 'dark 
doldrums' or 'dark wind lull', plural 
dunkelflauten) is a period of time 
in which little or no energy can be 

generated with wind and solar 

power, because there is neither 
wind nor sunlight.

“Wind ~ZERO”

11/14/09-11/27/09 13 days

1/12/17-1/18/17       6 days

1/1/18-1/9/18       8 days

10/30/19-11/09/19    10 days
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https://transmission.bpa.gov/Business/Operations/Wind/baltwg3.aspx



-242- foot hull with suspended rotors
-Floating approximately 5 feet above the waterline 
and 7.5 feet below

-2 MW unit maximum output @ 2.5m/s current
-Estimated annual production is anticipated to be 2.5GWh
- ~10x less BESS required for firming vs solar across seasons

Orbital Marine Power O2 floating Tidal Turbine

37

https://www.orbitalmarine.com

“PNNL is investigating the unique benefits of marine energy and 

quantifying its potential value to the grid. 

As part of that project, the research team found that including marine 

energy in an energy portfolio can decrease the need for solar and wind 

up to 50% all while requiring less battery storage.”

 https://www.pnnl.gov/main/publications/external/technical_reports/pnnl-
31123.pdf
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Solar Tidal



Lopez        Orcas.       San Juan.   Total

~54,000 TCO2eq

Decarbonizing Buildings - Heating
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Ready to Switch It Up?

“Switch It Up is OPALCO’s on-bill financing program. Members 
can choose from a variety of efficiency projects to improve 

their home or business and finance the project on their 

OPALCO bill. Five or ten year terms are available with a 2% 
amortized interest rate (for projects under $100,000).”
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“Unofficial – Back of the spreadsheet estimate – YMMV!”

2021 Load    ~238,000,000kWh

EV Charging SJC Total Vehicles  22,000

  If 25% are EV’s by 2032   5,500
  Additional load  +6,875,000kWh

“Switch It Up” 50% of 3,370 houses +25,200,000kWh

WSF Ferry Electrification   +79,000,000kWh

Population Growth 0.5%/yr +600 houses +7,200,000kWh

Total Load Increase    +118,275,000kWh

     +50%

What could Drive Future Local Load Increase?

Decarbonization of Transportation and Buildings!
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2021 WA State
Nameplate Capacity

30,609MW
Net Generation 110TWh

Peak Additional 2035
Load for EV Charging:

+3,500MW peak
+15TWh annual load

+11% peak

+14% annual load 

Draft Washington State Transportation Electrification Report

42https://deptofcommerce.app.box.com/s/1ydxw10qsnygn3gosz5en75zxsj6pso5



Big Picture – What needs to happen to meet GHG goals?

1) Transition Electric Grid to Low to Zero Carbon
a) Acquire large amount of new renewable generation
b) Find land to put it on

c) Build new Transmission Lines to move the power
d) Acquire large amount of ESS (Energy Storage Systems)

e) Improve siting and permitting process!
f) Integrate large amounts of DER’s (Distributed Energy Systems)
g) Create an RTO (Regional Transmission Organization) in the PNW

       to coordinate energy production, transmission, and markets

2) Electrification of Transportation (39% GHG)
a) Transportation Electrification Strategy 

https://www.commerce.wa.gov/growing-the-economy/energy/clean-transportation/ev-

coordinating-council/transportation-electrification-strategy

3) Electrification of Buildings (25% GHG)
 a) https://www.commerce.wa.gov/growing-the-economy/energy/clean-energy-fund/building-electrification-

 grant/#:~:text=The%20Building%20Electrification%20Program%20provides,the%20path%20to%20zero%2Denergy.
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https://www.opalco.com/?s=quick+facts

https://www.opalco.com/wp-content/uploads/2019/11/OPALCO-2020-2040-IRP-R16.pdf

 Executive Summary

-Continue to meet the energy needs of the members

-Support San Juan County’s GHG reduction and
 Climate resiliency goals
-Achieve SJC Comprehensive Plan objectives

 -Incentivize conservation and efficiency

 -Increase local renewable generation
  for resiliency, and as a buffer to market
  volatility!

 -Improve grid for reliability, and to integrate
  increasing amounts of VER’s 

 -adopt new technology and operating  
 procedures when appropriate 
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Grant Funding ( State, Federal ) $$ and more $!

-Underground cable replacement
-Sectionalization ( i.e. Resilience, redundant paths)
-Distribution System upgrades ( protection, monitoring )
-R.O.W. clearing ( fire hazard reduction )

-Next Generation Meters ( more information, higher speed com link)
-Substation Transformer Replacement ( 40-50 years old )
-Inter-island Submarine cable replacements ( next 2035 )

-Community Solar ( up to 30% local generation + storage goal )

-Tidal Generation investigation
-Next Generation SCADA software ( “Smart Grid” - integration of
more distributed generation and storage sources, bi-directional EV 
transactions, microgrids, etc )

-Third Submarine Cable to mainland ( north to Bellingham area )
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“I have made this letter longer than usual because I have not had time to make it shorter.”

17th century French mathematician and philosopher Blaise Pascal

What else is there?

presentation

- Technology advancements

 -battery chemistry

 -other long term storage technologies

 -carbon capture/storage

-PNW Geothermal potential

-Widespread adoption of residential demand response

-Cybersecurity

-AI, Software (SMOP!)

-PNW and WECC market structure

-Funding??

-Sociopolitical implications 
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Presentation - Recommendations

1.Learn more about Climate Change & Energy Transition

• Use credible sources

• Dig a little deeper

• Fact check social media content!

2. Make your voice heard

• Vote!

• Participate ( attend/watch Council, Committee, and Board meetings)

• Volunteer

3. Support

• GHG reduction efforts

• Climate resiliency projects

• Energy efficiency and local renewable generation

• Local economy, agriculture initiatives
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For more information:

https://www.opalco.com/?s=quick+facts


