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M. Alittle history
-+ A little science
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Business as Usual Carbon Emissions
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# Humanity faces a choice between two futures: doing nothing
o curb emissions [which poses huge climate risks] and bringing
them under control (which has costs but alsa bensfits).

Getting a grip on greenhouse gases is daunting but doable.
The technologies already exist. But there is no time to lose
BY ROBERT H. SOCOLOW AND STEPHEN W. PACALA

REtrEEtinE glaciers, stronger hurricanes, hot-
ter summers, thinner polar bears: the ominous har-
bingers of global warming are driving companies
and governments to work toward an unprecedented
change in the hi

Faster and faster, year after year for two

human beings have been transferring carbon to the
atmosphere from below the surface of the earth.
Today the world’s coal, oil and natural gas indus-
tries dig up and pump out about seven bil

are convinced that prudence dictates a reversal of
the present course of rising CO; emissions.

The boundary separating the truly dangerous
consequences of emissions from the merely unwise
is probably located near (but below) a doubling of
the concentration of COs that was in the atmo-
sp]‘lcr: in the 18th century, before the Industrial
Revolution brgan. Every increase in concentration
carries new risks, but avoiding that danger zone
would reduce the likelihood of triggering major, ir-
reversible climate changes, such as the disappear-
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ance of the Greenland ice cap. Two years ago the
two of us provided a simple framework to relate
future CO3 emissions to this goal.

We contrasted two S0-year futures, In one fu-
ture, the emissions rate continues to grow at the
pace of the past 30 years for the next 50 years,
reaching 14 billion tons of carbon a year in 2056,
[Higher or lower rates are, of course, plausible.) At
that point, a tripling of preindustrial carbon con-
centrations would be very difficult to avoid, even
with concerted efforts to decarbonize the world's
energy systems over the fol g 100 years. Inthe
other future, emissions are frozen at the present
value of seven billion tons a year for the next 50
years and then reduced by about half over the fol-
lowing 50 years. In this way, a doubling of COs
levels can be avoided. The difference between these
30-year emission paths—one ramping up and one
flattening out—we called the stabilization triangle
|see box on page 52

o hold global emissions constant while the
world’s economy continues to grow is a daunting
task. Ower the past 30 years, as the gross world
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Example Options for
Cutting Carbon
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Each wedge represents
25 billion tons of carbon not

emitted over 50 years.

Scientific American, August 21, 2006,
“A Plan to Keep Carbon in Check.”
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Carbon Capture and Storage

Also known as
CO, Sequestration



What is carbon capture and storage?

1. Capture and permanent sequestration of CO, from point-source emitters.

2. Using the CO, removed from an ethanol production facility to produce more oil
(enhanced oil recovery).

3. A means to address CO, emissions from coal-fired plants.
4. Removing CO, from the atmosphere for long-term storage.



Terrestrial sequestration absorbs
CO, from the atmosphere and
stores it in plant materials and soils.
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Terrestrial sequestration absorbs
CO, from the atmosphere and
stores it in plant materials and soils.

--’.-'j' Geologic sequestration is also called:
s ge (CCS)

tration

Carbon ¢
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& \ Ay . Carbon capture, utilization, and storage
e R YA e o8 (Ccus)

0gic sequestration captures CO, before it enters
> atmosphe e, permanent

- - storage deep underground.



Question

0 { Activities € Visual settings {0} Edit

0ol
& When poll is active, respond at PollEv.com/ligniteenergy220

E:_’ = Text LIGNITEENERGY220 to 22333 once to join

Have you heard of carbon capture and storage?

| have never heard of CCS

| have heard of CCS but do not know anything about it
| am somewhat familiar with CCS

| am familiar with CCS

| am very familiar with CCS




Question

@ Visual settings @ Edit

0 £ Activities

0al
& When poll is active, respond at PollEv.com/ligniteenergy220
= Text LIGNITEENERGY220 to 22333 once to join

What do you think of CCS? Choose the closest response.

Let's doit!

It sounds promising.

| think of it favarably.

| have concerns.

| am not in favor or against doing CCS.

| don't know enough about CCS to form an opinion.

| don't know enough about CCS to form an opinion but am interested to learn more.



Carbon Capture and Storage
i

R e PR Video clip “07-Carbon Capture-‘and Storage” from
TR A e Managing Carbon Dioxide: The Geologic Solution
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Carbon Capture and Storage

 Can you store CO, underground?
* How?

* How much?
* Is it safe?

Image Credit: Energy & Environmental Research Center
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3 nght form of CO2
“= * Right conditions underground
 Right rocks

. nght operation
. nght safeguards

--ww * Right development path
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Now, we’re gonna get technical!
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Supercritical Fluid!

Highly Compressed Matter

For CO,, that point is 88°F and
73 columns of atmosphere on your head at sea level
(1074 psi).



Supercritical-
Phase CO,

400 m3
compressed to
1 m3

Maximum
Storage
Capacity!




The Deeper Underground

* The higher the temperature.

* The higher the pressure.

At 2500 feet below the surface,
CO, is naturally in the
supercritical phase.




Storage Depth -

KVLY Tower

2500 ~ Empire State I?Ig_g * ______

Dubai Tower

Sears Tower |
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Pores + Conne onQ
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A good storage zone has, onhected
pores' :




What Works for Oil Works for CO,,
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Safe Injection

* Injection pressure — enough pressure
to get the CO, in place without
disrupting the injection zone

* Periodic monitoring
— Pressure and temperature in and

above the injection zone
— Soil and surface water




Carbon Capture and Storage

 Planning/designing for safety and protection
« Contingency/mitigation plans

 Testing on surface and underground

» Monitoring before, during, and after injection

Image Credit: Energy & Environmental Research Center
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Storage Layer Core




Red Trail Energy, LLC
Richardton, North Dakota

i.ré

928 Investors Over $149 million

in Gross Sales

Coproducts
Support 220,000
head of Cattle

46 Employees 233,000 tons of

Coproducts

23 million bushels . - 64 million gallons of
of Corn Approximately $350 million

of Economicimpact Fthanol é_@ EERC
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Red Trail Energy, LLC
Richardton, North Dakota

Low-Carbon Fuels

» Atransportation fuel having a lower “carbon
intensity” than conventional petroleum fuels

« Ethanol, natural gas

Photograph by Lars Plougmann
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Carbon Intensity by Fuel Type

LCFS Gasoline 2018 ‘

LCFS Gasoline 2030 Goal
North Dakota Ethanol Producers 2018 :|—~
Ethanol with CCS +

0 20 40 60 80
Carbon Intensity, gCO,e/MJ

100

Image Credit: Energy & Environmental Research Center
Data Source: California Air Resources Board (August 2018)



RTE CCS:

Partners and Progress The first North Dakota CCS
Permit Application Submitted

February 9, 2021

November 2016 — June 2022

Site Construction/ _ Closure/
Selection Operation * Postclosure Operations Plan

to Start June 2022
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EERC Teacher Packet

PCOR PARTNERSHIP

ATLAS

6TH.EDITION | 2021

.“

Making Safe, Practical Carbon Capture, Utilization, and Storage-Projects a Reality

www.undeerc.org/PCOR



NORTH DAKOTA

EERC Online Resources 5 A GREAT PLACE FOR

e gresnhouse gases.

ducing the energy to
i8r our homes and
‘ereates CO,, one of
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Dioxide _ The Bell
Creek Story

C0, in Action

S reduces co,
ions from large,
jonary sources

Managin [
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the CO, to an injection
site (usually by pipeline)
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www.undeerc.org/PCOR



Coming Soon!

Peawer Balance




CO, and Energy Takeaways

v

i
* All-of-the-above energy. |

« CCS is coming.

* North Dakota has tremendous CO,
storage potential.

* Landowners, industry, regulators,
researchers, and the public make a
project successful!

| |



Question — same as earlier but less one option

Visual settings {cn_;} Edit

0 { Activities

0al
& When poll is active, respond at PollEv.com/ligniteenergy220
= Text LIGNITEENERGY220 to 22333 once to join

n

What do you think of CCS?

Let's do it!

It sounds promising.

| think of it favorably.

| have concerns.

| am not in favor or against doing CCS.

| don't know enough about CCS to form an opinion.




Any questions?
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EERC NORTH DAKOTA

Charlene Crocker
Senior Research Scientist

Outreach Team Lead
ccrocker@undeerc.org

701.777.5018 (phone)

Energy & Environmental
Research Center

University of North Dakota

15 North 23rd Street, Stop 9018
Grand Forks, ND 58202-9018

www.undeerc.org

701.777.5000 (phone)
701.777.5181 (fax)
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