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On the road to carbon neutrality in the Intermountain 
West

Welcome by Dr. John Litynski, Deputy Director, Advanced Fossil Technology 
Systems, Department of Energy
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Our Partners
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Intermountain West Energy Sustainability 
and Transitions

1. Six states with shared geographical, environmental, 
and demographic attributes

2. Two overarching objectives:
a) Regional roadmap
b) Regional coalition
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Place-based approach
• Unique challenges, needs, 

opportunities and priorities

Intermountain West Energy Sustainability and Transitions

Carbon neutral technologies
• Symbiosis between carbon capture 

and storage, carbon neutral hydrogen, 
bioenergy and bioproducts

Regional outreach
• Adress your community's needs, goals, 

concerns, and expectations for the 
energy transition
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  Context
Dr. Stephanie Arcusa, Postdoctoral Fellow, Center for Negative Carbon Emissions, Arizona State University
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Temperatures have increased

Climate change is already affecting Arizona

Droughts have worsened  Large wildfires are more frequent 

• State has warmed about 2°F 
on average over last century.

• State average precipitation 
has decreased 10% in the last 
decade alone.

• All ten of the largest wildfires 
in Arizona have occurred 
since 2002.
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State of Arizona CO2 inventory 

• Steady or slightly decreasing emissions of CO2 (~90 mt/yr) 
since 2006

• Population increasing steadily

• Electric power sector produces most of state's CO2 
emissions (mostly from coal ~66%, then natural gas ~34%)

• Followed by transportation sector

Sectoral 

EIA state analysis 

Historical trends

EIA state analysis
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Pre-workshop questionnaire 

All respondents agreed it matters where energy comes from
But not everyone agreed that access to an abundance of reliable and cheap energy raises standards of living

All respondents thought impacts of climate change on Arizona would be major to catastrophic

Most respondents thought impacts on the economy would be generally negative 
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  The Future – Carbon Neutrality and Beyond
Dr. Klaus Lackner, Director, Center for Negative Carbon Emissions, Arizona State University



  11iwest.org

  

Topics
1. The 40Gt problem - reduce consumption, increase efficiency, and increase 

renewables

2. Arizona’s options

3. Arizona: maybe not sequestration

4. Arizona assets: sunshine, land, educated workforce

5. Arizona potential:

a) Solar farms

b) Capture with DAC, algae, …

c) Exporter of synthetic fuel (DAC + hydrogen) as a recycle loop 

d) Manufacturing & operation of capture 

e) Technical education to supply the new workforce

6. ASU’s focus on air capture

a) Need

b) Mechanical

c) Biological - Algae
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Climate

Too late to stop 1.5°C warming
2°C is right on its heels.

We live in an overshoot world.

Carbon removal is 
unavoidable.

Drawdown needs to remove 
1,000 to 2,000 Gigatons of CO2.

9.6% annual reduction in carbon intensity

Source: Figure taken from the IPCC Report on 1.5C Warming

IPCC 1.5C Trajectories
Global total net CO2 emissions 
(billion tons of  CO2//year)
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Can we stop at 450 ppm CO2?
Carbon reduction projections

2018 - 2034

The idea of stopping at 450ppm is appealing, 
but unrealistic.

Based on current rate of of growth the path 
is to 900ppm by 2100.

We must not leave the problem to our 
grandchildren.
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A lot of CO2 to clean out of our atmosphere

• The global 40Gt per year problem
• 1st - reduce consumption, increase efficiency, and increase renewables.
• 2nd - for the last 20% hard to abate, capture 40Gt/yr by the end of century, to 

recycle or dispose of.

• Arizona can play an important role in the accelerating energy transition
• Important role in renewable solar energy.
• Carbon mitigation.
• Improved efficiency.

• Arizona’s biggest asset is sunshine and open land
• Arizona could obtain all its energy from the sun.
• And with renewable energy Arizona’s can be an exporter of synthetic fuel 

(DAC + hydrogen) and biofuels for the nation. 
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What are the options for AZ?
Solar energy provides options

• Electrification of homes and transportation
with renewables.

• Algae for fuels and bioproducts.

• Biomass for fuel and sequestration.

• Hydrogen for energy storage and chemical 
feedstock for e-fuels and raw materials.

• Carbon dioxide capture from the air.

• Transition delivers new industries for Arizona
• Renewables and carbon capture
• E-fuels, energy storage

• Arizona’s advantage 
• Sunshine
• Open space 
• Skilled work force

Algae Farm in Texas
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Goal of Carbon Neutrality

• How fast can we go?

• Manage societal impact

• Technology impact

• Assure stability of the transition

• Adapt to a changing environment

• Manage unavoidable damages



  17iwest.org   17

  

ASU aims to get
the carbon back

Need scalable technologies for
CO2 drawdown

● Removal from biomass via photosynthesis

o Low cost, but limited scale

● Removal from ocean water

o Low concentration 1 : 25,000

● Removal from air (direct air capture or DAC)

o 1 : 2,500, well mixed reservoir

Direct air capture can
• close the carbon cycle
• deliver CO2 for large scale sequestration
• enable renewable energy to completely take 

over the energy infrastructure
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● Mechanical trees are a thousand times 
more effective at removing CO2 waste 
from the air than a planted tree. 

● Passive Direct Air Capture (DAC) of 
CO2 is a practical, affordable and 
rational means to address the existential 
threat of global warming. 

● A dozen trees can remove one ton of 
CO2 per day.

Solar or wind farms can provide the energy to recycle CO2 and H2O back to clean synthetic fuel. 
The Mechanical Tree farm that supports this effort has a much smaller footprint.

Our Solution:  “Mechanical Trees”
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The captured gas can be sequestered or sold for re-use in a variety of applications.
What to do with captured CO2?

Synthetic fuels from
renewable energy CO2 disposalFood, beverage and

agriculture industries

Getting on the learning curve Closing the carbon cycle Drawing down excess carbon
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$500 per metric ton is the current state of the art
At scale, all DAC technologies aim for well below $100 per metric ton ($ 40/ bbl of oil)
Mass production drives costs down the learning curve, DAC has an excellent starting point

Market viability of air capture?
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  Policy
Kris Mayes, Director, Utility of the Future Center and Just Energy Transition, Arizona State University
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Arizona Corporation Commission

• Five member commission
• Each Commissioner is elected statewide.
• Races are staggered: 3 seats up in 2020.
• Corporation Commission is considered the Fourth Branch of AZ Government.
• Founding Fathers spent more time crafting it at the AZ Const. Convention than 

any other branch of government.
• Only one of 7 states with an elected and constitutional Commission.
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Duties of an AZ Corporation Commissioner

• Set “just and reasonable” rates for public service corporations; ensure quality of 
service at those companies.

• Issue “CC&N’s” for new public service corporations.  Certificate of Convenience 
and Necessity.  (Why call it this?)

• Set AZ energy policy
• Determine siting (location) of power plants and power lines; grant “CEC’s”.
• Adjudicate securities cases.
• Enforce pipeline safety.
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Foundational Policies Supporting Renewable Energy

• 30% Federal Investment Tax Credit (ITC) (Now expiring) 
• Renewable Portfolio Standards (RES)

• 15% by 2025
• 30% DG Carve-out
• Applies to utilities under ACC jurisdiction
• Largely met, or will be within a few years.

• Net Energy Metering (NEM)/Value of Solar Export Rate
• Underpins DG value proposition

• PURPA
• Organized Energy Markets (CAISO, MISO, PJM)
• COVID recovery funds and Infrastructure bill
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Slide courtesy of SWEEP
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Benefits of the 15% Renewable Energy Standard in AZ

• 23 billion gallons of water will be saved
• Prevents more than 11,000 tons of nitrogen oxide from being emitted
• Prevents more than 9,000 tons of sulfur dioxide from being emitted.
• Prevents more than 8 million tons of carbon dioxide from being emitted.
• 50 percent RES Standard would save Arizona ratepayers $4.1 billion in lower 

electric rates.
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ASU Campuses: >40 MW PV Installed
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Solana (Abengoa): 280 MW CSP with 6hr Thermal Storage 
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201 kW Frito Lay Project, Phoenix

Slide Courtesy of American Solar Electric
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Commercial PV System Cottonwood AZ

Slide Courtesy of American Solar Electric

84 kW

Installed: May, 2005

Estimated Annual 
Production: 150,840 kWh
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Electric Vehicles in AZ

• ACC recently adopted an EV Roadmap to encourage utilities to invest in electric 
vehicle infrastructure.

• EV charging infrastructure to eliminate range anxiety; pilot rates to encourage 
off-peak charging; education and outreach.

• Average customer savings = $176 per year by 2050, due to an estimate %5.5 percent 
reduction in rates.

• Who should build EV charging stations/infrastructure?
• SRP’s sustainability goals call for 500,000 EVs on the roads.
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AZ, Western States Headed to 100 percent Clean Energy

• ACC has an ongoing rulemaking docket to explore expansion of the RES and 
EERS.

• Current rule proposal would take AZ to:
• 50 percent decarbonized electricity by 2032
• 100 percent decarbonized by 2072
• Significant energy efficiency requirement
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Recent AZ Utility Decarbonization Goals

• SRP goal: 90 percent CO2 reductions (per megawatt hour) by 2050; 500,000 
electric vehicles on the road; 1000 MWs of solar energy

• APS goal: 45% renewables by 2035; 100% carbon free by 2050.
• TEP goal: 70 percent renewables by 2035
• APS and TEP shutting down all coal plants by 2035.
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Coal Plants Now Uneconomic Across the U.S.
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Preparing Coal Communities

The Problem
• Coal plants are largely uneconomic 
• Closing them is a win for the environment 

but a devastating loss for small 
communities dependent on their resources

• The abrupt closure of NGS cut 80%+ of the 
Hopi Nation budget and 25% of the Navajo 
Nation budget

• If we cannot assist communities harmed by 
coal closures, it will generate popular 
backlash against environmental measures 
and exacerbate injustice
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What Do AZ Customers Want?

• 62% of voters say that solar  is the first energy source they would encourage AZ 
to use more of. 

• 60% of Republican primary voters said they would be less likely to vote for a 
candidate who voted to end solar programs.

• Nearly 90% of customers support a state renewable energy standard. 

Sources: 
• 2013 Colorado College “Conservation in the West Poll” conducted by Fairbank, Maslin, Maullin, Metz & Assoc. and Public Opinion Strategies.
• 2013 Public Opinion Strategies Poll.
• 2011 APS/Morrison Institute Informed Perception Project Report: 
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Arizona Solar Hotspots
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Renewables Costs Declining Everywhere

• Bloomberg New Energy Finance released estimates recently that two thirds of 
the $7.7 trillion to be spent on energy projects between now and 2030 will go 
toward renewable energy projects, the result of declining costs.

• In Colorado, Xcel Energy recently announced that wind energy bid in to an RFP 
at below its system costs.

• Mid-American in Iowa, plans to spend $1.3 billion on 1,000MWs of wind, for 
largely economic reasons.

• Utility scale solar bids are coming in @ 2 cents a kw 🡪 far lower than just a 
decade ago. 
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Municipal Renewable Energy Buyers

• A growing number of Southwestern cities are committing to power their 
operations solely with renewable energy.

− Flagstaff, AZ: 100 percent renewable energy
− Tempe, AZ: 100 percent renewable energy
− San Diego: 100 percent renewable energy
− Taos County, NM: 100 percent renewable energy
− Santa Barbara, CA: 100 percent renewable energy



  48iwest.org



  49iwest.org

  

Changing the central focus:

FROM:
Did customers pay the correct amount for 
what they got?

TO:
Are customers getting what they want?

Utility and 
Regulatory 
Models for the 
Modern Era

by Ron Lehr
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What policies are needed to further support and integrate 
renewables in the U.S.?
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Energy Imbalance Market (EIM)
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Western Energy Day Ahead Market? The New Frontier

• CAISO is exploring the creation of a day ahead market that would allow 
resources outside of CA to bid into CAISO’s day ahead market.

• Could we see heightened levels of aggregated demand response, aggregated 
solar?

• Would further enhance the ability to integrate utility scale renewables, as well.



  53iwest.org

  

Arizona EHV Transmission Available Transmission Capacity (ATC)
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Solar and Wind Interconnection Requests
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Deer Valley High School
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  Q & A
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Klaus Lackner
Carbon management 
and technology

Panelists

Michael Hanemann
Environmental 
economics

Carbon capture 
sorbent technology

Matthew Green Kris Mayes
Utility law and energy 
policy

John McGowen
Algae technology

Stephanie Arcusa Habib Azarabadi
Sequestration 
certification

Direct air capture
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Session I: Promising solutions, challenges and 
opportunities in and beyond the transition
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Session II: Barriers and opportunities for carbon 
neutral technologies and fair distribution of benefits 
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Thank you


