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The Future is Coming to You in 3D:

Decarbonization

Digitalization

Decentralization
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Carbon: The Fundamental (and Existential) Challenge

https://www.carbonbrief.org/guest-post-how-the-keeling-curve-will-need-to-bend-to-limit-global-warming-to-1-5c/ 3



A Word About The Pace of Change…



… and Tech Adoption Curves

https://hbr.org/2013/11/the-pace-of-technology-adoption-is-speeding-up 5



$369 Bn of New Federal Incentives Will Accelerate the Dynamic

https://www.bbc.com/news/uk-england-gloucestershire-60765050 6



Centralized vs Decentralized: Which Future Dynamic Predominates?

https://www.iso-ne.com/static-

assets/documents/2022/07/2021_economic_study_future_grid_reliability_study_phase_1_report.pdf 7



Bulk Power Markets: Trends & Challenges 

8

You Are Here, 

Which Means 

You Are in a 

Competitive 

Market



https://www.energy.gov/sites/prod/files/2017/02/f34/Quadrennial%20Energy

%20Review--Second%20Installment%20%28Full%20Report%29.pdf

From Decades to Milliseconds: It All Has to Work

8/30/2022
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WholeSale Competitive Markets: S&D

https://www.iso-ne.com/static-assets/documents/2019/05/2018-annual-markets-report.pdf

8/30/2022
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Learn.pjm.com/three-priorities/keeping-the-lights-

on/how-pjm-schedules-generation.aspx

The Shifting Dispatch Order

https://theimportanceofbeingearnestaboutenergy.co

m/renewable-energy-economics/us-energy-markets-

and-policies-in-2016/

8/30/2022
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http://nescoe.com/wp-content/uploads/2017/11/AnxSvcPrimer_Sep2017.pdf

Non-Energy Services
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https://www.bcse.org/factbook/#

The Supply Mix is Rapidly Evolving = Volatility

8/30/2022
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https://www.bcse.org/factbook/# 2022

The New Generation Mix is Renewables-Based
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https://www.investor.nexteraenergy.com/~/media/Files/N/NEE-IR/news-and-events/events-and-

presentations/2022/06-14-2022/June%202022%20Investor%20Presentation_Website_vF.pdf

Recent Inflationary Trends Favor Renewables
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Let’s Talk Solar

https://www.bcse.org/factbook/# 2022
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https://www.eia.gov/todayinenergy/detail.php?id=40253&src=email

New Volatilities: Marginal Demand & Supply Driven by Weather 
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We Keep Underestimating the Adoption Dynamic

https://www.iso-ne.com/static-assets/documents/2022/04/final_2022_pv_forecast.pdf 18



https://www.seia.org/solar-industry-research-data

And Will Continue to Do So

Dec 2020 – SEIA:140,000 solar 

panels installed per day in U.S. 
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https://www.eia.gov/todayinenergy/detail.php?id=50818

It’s Currently the Biggest Game in Town
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https://www.eia.gov/todayinenergy/detail.php?id=53239&src=email

And It’s Changing the Planning Paradigm…
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https://www.iso-ne.com/static-

assets/documents/2022/07/2021_economic_study_future_grid_reliability_study_ph

ase_1_report.pdf

As Well As How We Operate the Grid
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http://www.storagealliance.org/sites/default/fil

es/2018%20MDF_Presentations.pdf#page=18

eight

A Big Challenge: Integrating Renewables 
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https://www.spp.org/documents/67169/2021%20annual%20state%20of%20the%20market%20presentation.pdf

Lest You Think That’s Only California or New England…
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https://app.powerbi.com/view?r=eyJrIjoiNDFiMTkzMGItOTZlZS00NzZmLTg1ODMtMzEzMmQ3MThmYWYxIiwidCI

6IjA2NjVkY2EyLTExNDEtNDYyNS1hMmI1LTY3NTY0NjNlMWVlMSIsImMiOjF9

That Solar Party is Coming to You
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https://cleanpower.org/wp-content/uploads/2022/03/CPQ_4Q21_PUBLIC.pdf

What About Wind?
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https://info.ornl.gov/sites/publications/Files/Pub57475.pdf

Wind: An Ugly Output CurveWind: An Ugly Output CurveWind: An Ugly Output CurveWind: An Ugly Output Curve
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https://www.spp.org/documents/67169/2021%20annual%20state%20of%20the%20market%20presentation.pdf

Today’s Gen Mix
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https://www.spp.org/documents/67169/2021%20annual%20state%20of%20the%20market%20presentation.pdf

Historically, Wind Has Eaten Coal’s Lunch (Gas Contribution is Smaller)

Implications for Dispatchability & Inertia
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https://www.spp.org/documents/67642/spring%202022%20quarterly%20presentation%20stakeholder.pdf

Note the Inverse Relationships of Wind and Coal 
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https://www.spp.org/documents/67169/2021%20annual%20state%20of%20the%20market%20presentation.pdf

Wind Eating Coal’s Lunch
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https://www.spp.org/documents/67169/2021%20annual%20state%20of%20the%20market%20presentation.pdf

Hydrocarbon Capacity = Renewables Capacity  
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https://www.energy.gov/sites/default/files/2021-08/Land-

Based%20Wind%20Market%20Report%202021%20Edition_Full%20Report_FINAL.pd

f

As Wind Percentages Increase, So Does CurtailmentAs Wind Percentages Increase, So Does CurtailmentAs Wind Percentages Increase, So Does CurtailmentAs Wind Percentages Increase, So Does Curtailment
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https://www.spp.org/documents/67169/2021%20annual%20state%20of%20the%20market%20presentation.pdf

2021 An Increase Over Prior Years (note monthly variability)
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https://www.spp.org/documents/67169/2021%20annual%20state%20of%20the%20market%20presentation.pdf

This Pricing Dynamic Has Significant Implications
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https://www.spp.org/documents/67642/spring%202022%20quarterly%20presentation%20stakeholder.pdf

With Increasing Periods of Negative (and Soft) Pricing: Negative Co-Variance
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https://www.spp.org/documents/67169/2021%20annual%20state%20of%20the%20market%20presentation.pdf

Despite Some Negative Prices, Power Prices Generally Follow Gas
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https://www.spp.org/documents/67642/spring%202022%20quarterly%20presentation%20stakeholder.pdf

Bad News: With the Ukraine Conflict & LNG, Markets Are Up
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Macro - LNG Exports: A New “Liquid Market” and Floor  for Gas?

Perspective: in June, US 

natural gas production has 

edged up to an average 

94.5 Bcf/d. Post explosion, 

gas fell 40%

https://www.eia.gov/todayinenergy/detail.php?id=53159 39



Injections Well Below AverageInjections Well Below AverageInjections Well Below AverageInjections Well Below Average

https://www.eia.gov/naturalgas/storage/dashboard/

Things This Winter Looking Tighter Than Normal Thus Far
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Shortfall Especially Pronounced in Eastern U.S.
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https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC_SOR_2022.pdf

With VERs and just-in-time natural-gas-fired generation 

comprising an increasingly greater percentage of the 

generation fleet, the Winter 2021 planning reserve 

assessments for these areas illustrate how incomplete a picture 

capacity reserve margin by itself provides. 

We Begin to See Questions About RESOURCE ADEQUACY
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https://www.spp.org/documents/67169/2021%20annual%20state%20of%20the%20market%20presentation.pdf

Esp. W/Revenues Not Sufficient to Attract Investment in New Capacity
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https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-

procurement-plan-irp-ltpp/20210831_irp_e3_astrape_incremental_elcc_study.pdf

The Planning Synergy For Solar: 1+1 = 2+
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https://emp.lbl.gov/sites/default/files/lbnl_utility-

scale_solar_2019_edition_slides_final.pdf

Batteries Jump into the FrayBatteries Jump into the FrayBatteries Jump into the FrayBatteries Jump into the Fray
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https://library.sce.com/content/dam/sce-doclib/public/regulatory/filings/pending/electric/ELECTRIC_4243-E.pdf

Why Storage is So Critical to Solar, and Not Wind

W/solar, I can charge 

my battery most 

days.  Wind?  Meh…
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https://emp.lbl.gov/sites/default/files/hybrid_plant_tracking_2022.pdf

So We’ll Need Batteries to Shift Output
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http://mis.ercot.com/misapp/GetReports.do?reportTypeId=15933&reportTitle=GIS+Report&showHTMLView&mi

micKey

Texas a Precursor? Solar & Storage Flood the Zone 
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https://cleanpower.org/wp-content/uploads/2022/02/CPQ_4Q21_PUBLIC.pdf

Hybrids Have Grown Rapidly
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https://emp.lbl.gov/sites/default/files/hybrid_plant_tracking_2022.pdf

In Some Regions, (Not SPP) Solar Practically Demands Storage 

50



SPP is Not the Hot Spot for Hybrids (Yet) 
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https://www.energy-storage.news/turbines-operational-at-skeleton-creek-wind-solar-storage-hybrid-project-in-oklahoma/

But Skeleton Creek is an Interesting Hybrid

250MW of wind energy; 250MW 

of solar PV; 200MW / 800MWh 

batteries 
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https://www.nrel.gov/docs/fy22osti/81779.pdf

Four Hours OK, But the Future Will Need Longer-Duration Assets
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New Technologies Coming to the Fore?

https://formenergy.com/technology/battery-technology/

Stable

No need for lithium, 

nickel, or cobalt

10% cost per kWh vs 

li-ion

100+ hours

54
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What About The Grid Edge?
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https://zpryme.com/utility-response/u-s-electric-vehicle-sales-2/

EV Sales Starting to Take Off



https://zpryme.com/utility-response/u-s-electric-vehicle-sales-2/



https://www.anl.gov/esia/light-duty-electric-drive-vehicles-monthly-sales-updates

EV Sales on the Rise
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640K sold in 2021



https://www.eei.org/-/media/Project/EEI/Documents/Issues-and-Policy/Electric-Transportation/EV-Forecast--

Infrastructure-Report.pdf

EEI’s View (Pre IRA and Pre-CARB)



https://piedmontlithium.com/piedmont-completes-bankable-feasiblity-study-of-the-carolina-lithium-project-with-positive-

results/

U.S. Auto Industry Ramping Up

60



Where They’re Being Sold

https://www.axios.com/2022/08/01/states-ev-electric-cars?utm_medium=email 61



https://www.bloomberg.com/news/articles/2022-07-09/us-electric-car-sales-reach-key-milestone?sref=xfyiavTX

Does 5% Herald a Switch
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63https://ngtnews.com/sysco-set-to-purchase-close-to-800-freightliner-ecascadias-from-daimler

Cascadia has 230 
miles of range: 
Sysco intends to 
electrify 35% of its 
fleet by 2030

Fleets: Companies Are Beginning to Make the Commitments



64https://electrek.co/2022/03/25/usps-doubles-order-electric-vehicles-but-buying-inefficient-gas-trucks/

USPS Just Upped Its First Order to 25K: Commits to 40% of 

New Purchases



https://www.electrive.com/2022/06/23/wireless-chargers-help-to-halve-operating-costs-for-link-transit/

Municipalities Committing as Well: Transit Buses



When Has Garbage Hauling Ever Looked This Good?When Has Garbage Hauling Ever Looked This Good?When Has Garbage Hauling Ever Looked This Good?When Has Garbage Hauling Ever Looked This Good?



https://www.energy.gov/eere/vehicles/articles/fotw-1234-april-18-2022-volumetric-energy-density-lithium-ion-batteries

Batteries Become More Powerful/Energy DenseBatteries Become More Powerful/Energy DenseBatteries Become More Powerful/Energy DenseBatteries Become More Powerful/Energy Dense



Enel X 2022 Smart-EV-Load-Management-eBook.pdf

The Trajectory Is ClearThe Trajectory Is ClearThe Trajectory Is ClearThe Trajectory Is Clear



https://www.energy.gov/eere/vehicles/articles/fotw-1220-january-10-2022-model-year-2021-electric-vehicle-longest-range

Range Has Increased Significantly in Recent YearsRange Has Increased Significantly in Recent YearsRange Has Increased Significantly in Recent YearsRange Has Increased Significantly in Recent Years



Wireless Charging Allows for Faster/Shorter “Sips” and Longer Operating HoursWireless Charging Allows for Faster/Shorter “Sips” and Longer Operating HoursWireless Charging Allows for Faster/Shorter “Sips” and Longer Operating HoursWireless Charging Allows for Faster/Shorter “Sips” and Longer Operating Hours

https://www.electronicdesign.com/markets/automotive/article/21237878/electronic-design-wireless-
charging-for-ev-taxis-launches-in-gothenburg



A Future Scenario From AustraliaA Future Scenario From AustraliaA Future Scenario From AustraliaA Future Scenario From Australia

https://www.drive.com.au/news/wireless-electric-car-charging/



The Impact on Some Utilities Will be Significant

https://www.peakload.org/assets/36thConf/A1.SEPA&NVENERGY-

%20Managed%20Electric%20Vehicle%20Charging.pdf 72



Smart Charging: Early Stage - Mostly Uni-Directional

73

In the first year of its Connecticut program, 

Avangrid could call up to 15 demand response 

events per month where it controls customer EV 

chargers to reduce grid stress. Customers are able 

to opt out of events.



But Bi-Directional Will Arrive Quickly 

155 kWh batteries – can be 

aggregated and deployed for back-

up power or to sell grid services 

Montgomery County, 

MD – 326, w/ 1st 25 

for 2021/22; Con 

Edison 5; 

CPower/Amply/Loga

n Bus for NYC DOE 
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2 buses; 7 

MWh



https://chargedevs.com/newswire/nissan-leaf-earns-4200-in-fermata-energy-v2x-pilot/

One Nissan Leaf Earned $4,200 Summer 2021 in V2X
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New Models Emerge at the Grid Edge

https://sonnen.com.au/sonnenflat/



https://eta-publications.lbl.gov/sites/default/files/btm_solarstorage_trends_final.pdf

On-Site (Residential & Commercial Hybrids)



https://eta-publications.lbl.gov/sites/default/files/btm_solarstorage_trends_final.pdf

Hawaii: The Postcard from Tomorrow?



SunRun’s View of the Migration Path

https://d1io3yog0oux5.cloudfront.net/_e650fb85155475e8405e68705dcb1b4b/sun

run/db/276/2243/pdf/Sunrun+Investor+Presentation+-+August+2022.pdf



https://d1io3yog0oux5.cloudfront.net/_e650fb85155475e8405e68705dcb1b4b/sun

run/db/276/2243/pdf/Sunrun+Investor+Presentation+-+August+2022.pdf

What An Integrated Home Looks Like



https://d1io3yog0oux5.cloudfront.net/_e650fb85155475e8405e68705dcb1b4b/sun

run/db/276/2243/pdf/Sunrun+Investor+Presentation+-+August+2022.pdf

Coming to You in 2023



https://www.cpuc.ca.gov/General.aspx?id=6442469050 Aloke Gupta

What Might This Eventually Mean for the Customer?
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http://www.plugandplayder.com

A Possible Future ‘Plug and Play’ Approach
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https://pubs.naruc.org/pub/67F0F5A8-F49D-9E86-FD4D-EDDE825B007E

The Coordination Challenge w/Competitive Markets
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The Resource Adequacy Challenge – The Reliability Planning Dynamic Shifts

https://www.nyiso.com/documents/20142/24172725/NYISO%20ELCC_210820_August%2030%20Presentation.pdf 85



86https://www.nyiso.com/documents/20142/24172725/NYISO%20ELCC_210820_August%2030%20Presentation.pdf

Most of the Time, You’re OK (and Dispatchable Resources Struggle)  



https://www.nyiso.com/documents/20142/24172725/NYISO%20ELCC_210820_August%2030%20Presentation.pdf

But Then There are Those Days…The Resources MUST Show Up
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We Can’t Not Make Decisions, But We Can Strive to Preserve As Much Optionality as Possible


