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Summary

* Evolution away from emitting
carbon dioxide underway

* Increased deployment of
renewable energy requires more
energy storage

* Energy Storage systems will change
how we use water

* Creativity during this evolution can
free us from entrenched views on
water in Kansas




Common Model for Energy Evolution
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2021 Test of this Model

Percentage of customers without power
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In USD/MMBtu; Daily; Jan. 1,2020, to July 7, 2022
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Europe has raced to fill gas storage
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NPR Story THIS MORNING!

CLIMATE

The crucial need for energy storage is key to the
future of clean energy

November 17, 2022 - 5:08 AM ET

Heard on Morning Edition

° 7-Minute Listen o °

NPR's Steve Inskeep speaks with George Crabtree, director of the Joint Center for

Energy Storage Research, about the critical role of energy storage in achieving a clean

energy future. n p r




This model is idealistic and simplistic
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Our future energy system will be diverse

US Fuel Use, 1830 to Today
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GrAND BALL GIVEN BY THE WHALES IN HONOR OF THE DISCOVERY OF THE OiL WELLS IN PENNSYLVANIA.
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Energy Transition Has Several Key Technologies

Carbon Capture & Storage Energy Storage Hydrogen Economy Critical Minerals

* Gets CO, out of the * Manages variable * (Can be burned with Required for high tech
atmosphere production of power natural gas manufacturing (e.g.,
from renewables and solar panels, wind
* Prolongs investments in fossil generators * Transport fuel turbines, electronics,
screens)

current power plants
* Network benefits * |ndustrial uses

e Complex to refine

1 0il/gas is extracted from . o 2 CCStechnology
captures harmful
CO2 emissions . b
before they enter UMP SIATIOL > A e 5 '(N
the atmosphere 2 .=

reservoirs and used

A M

Compressed Alr)

The CO2 is pumped over 3

800 metres deep underground
below the cap rock
€ CAP ROCK >

CO2 is then safely and

permanently stored

“ inside porous rock
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Works for large sources of carbon emissions,
like industrial facilities (<)
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“Blue Hydrogen”
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Conventional Storage
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Energy Storage

* Energy storage is important g arge-sca
* To prolong life of fossil fuel energy 2
generators = CO, storage will manage X
emissions B
* To help with manage variable power
from wind/solar -
° th £
To ensure resiliency of energy system T
g
. 2 Na$, Pb
e Cavern storage of hydrogen is the s Lion NGl Batteries
largest “battery” we can build »
° s - - ——
= ~"Super- . Flywheel
§ i:g:;itor | conductive | storage
o - ._magnet

>

* Hydrogen storage also works on KW 10KN 100KW 1MW 10MW  100MW  1000MW

. _ Power
longer times scales (hours-weeks) © Siemens AG 2014 All rights reserved.



OPEN-LOOP PUMPED-STORAGE HYDROPOWER
Projects that are continuously connected to a naturally flowing water feature

Powerhouse
“‘F Generator/Motor
s Turbine/Pump

y } e—— Penstock/Tunnel
E o D P

CLOSED-LOOP PUMPED-STORAGE HYDROPOWER
Projects that are not continuously connected to a naturally flowing water feature

Penstock/Tunnel —e
Powerhouse —-—-j
Generator/Motor -

Turbine/Pump
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Kansas Hydrogen Summary

* Hydrogen is a useful energy storage
medium and industrial feedstock

* Salt cavern storage of hydrogen is
the the largest, longest term,
commercial energy storage system

* Suitable salt exists in Kansas for
commercial salt cavern storage of
hydrogen



H-2-SALT Storing Hydrogen Under Kansas

Fossil Power Plant

>>evergy
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Electrolyzer

' KANSAS
GEOLOGICAL
Salt SURVEY

The University of Kansas

Cavern

DOE Award number DE-FE0032015 under DE-FOA-0002332



* Water use managed within
current water rights

[ Benefits
Parametric

* Near the DOE’s target of S1/per Model
kg H,
* Green Hydrogen is $3-5/kg H,

*51.78 per kg H,

* $43-45/MWh



Cavern Storage in Kansas

~750 total caverns

~350 active caverns

73 million barrels
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https://www.kdheks.gov/uhs/download/Underground_Hydrocarbon_Storage.pdf

* Salt cavern storage with 40 million m3 working capacity (1.4 Bcf)
* 350-mile pipeline from Texas City, TX, to Lake Charles, LA
* Connects 50 customers

Gulf Coast Hydrogen Pipeline
* 600 mscf/d rate oo
H,to Customers %
H, supply — H.supply
Cap rrrrrrr SR P T
Rock | S
Salt Dome R, Storage : - ‘ ~.' AT | v Hydrogen Production
* Cavern Storage




A Kansas Hydrogen Hub
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Diversified Power Generation in Kansas Energy /,

» Kansas has diversified portfolio of power sources — nuclear, coal, natural gas, wind, solar

* 44% of all KS electricity comes from wind and solar

o 4% |argest wind power generator in the nation
(2021 ~24 TWh)

o 2" largest in the US —wind as a percentage of
total)

o Wind & solar production capacity is growing in
all quadrants of the state

o S$14Bin CAPEX in new wind projects
o 3,700 active wind turbines

o 12,000 direct and indirect jobs created

27



Permian Bedded Salt Occurrences

Generalized Geologic Map of Kansas

* Salt occurs naturally in
Permian beds

* Physical properties
make it an excellent seal

QUATERNARY SYSTEM (2.6 mya)
I:l Loess and river-valley deposits

|:| Sand dunes
Glacial drift deposits

Se——- Limit of glaciation in Kansas

NEOGENE SYSTEM (23 mya)

:l Ogallala Formation

CRETACEOUS SYSTEM (145 mya)

JURASSIC SYSTEM (199 mya)

PERMIAN SYSTEM (299 mya)

CARBONIFEROUS SYSTEM

PENNSYLVANIAN SUBSYSTEM
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HARVEST Hub Concept

* A partnership between major power producers, industries, & leading
research institutions to develop carbon-free hydrogen

* Bring federal matching grant support to develop a strategic hydrogen

reserve

Kansas

Missouri v
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~ Salt Storage

Nuclear (@) Coal/Gas

Ammonia
Plant

[ 7][NBs] Ammonia

@ Refining

Will utilize excess wind, solar, and
nuclear power to produce low-cost
H, and NH,

Three regional focus areas; four
production sites

Production Rates:
o H, =250-300 T/day (100 kT/yr)
o NH; >500 kT/yr

Develop >40 storage caverns in
multiple locations; store an initial
5,500-6,000TH,

Community Benefits
o New industries
o Quality jobs
o Lower cost ammonia

Environmental Impact
o Reduce CO, by 1.2 MM T/yr
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HARVEST Hub water use for 100 tons H,/day
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DOE-Created Strategic Petroleum Reserve

TEX/AS LoUIsIANA - AHUSESEIEE | ULS, to Release Millions More Barrels
- of Oil to Contain Gas Prices
Chg_:)taw The Department of Energy will release 15 million more barrels
Big Hill Hagﬁ,s;"y from the Strategic Petroleum Reserve and plans additional
& 4 & 1 Prsorjf:ct 7 releases this winter. _
Bryan - I '\ \ %ﬁl] Management NY Times
Mound> PR
© Y \. .
Strategic Hydrogen Reserve?
GULF OF MEXICO
Strategic Ammonia Reserve?

DOE Office of Fossil Energy



https://www.energy.gov/fe/services/petroleum-reserves/strategic-petroleum-reserve/spr-storage-sites

Entity Composition & Sponsors

Advanced Power Alliance
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Research Institutions

Sponsors

* Department Of Commerce
Kansas Geological Survey

e Kauffman Foundation

Center for Environmentally
Beneficial Catalysis

Industry Partners

* Evergy

e Black & Veatch
e Enel
* Nextera

University of Kansas

Sandia National Lab.
Continuing Conversations

Koch
Compass Minerals
Tallgrass

Monarch
Ash Grove

Idaho National Laboratory
Kansas State University

Salt Mining Research
Institute

Wichita State University
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A Future Energy System in Kansas

APV

7 A5
(7 )
PN 6‘7SI'ry OF \0‘“

Wind

Kansas
significant wind
generation potential
to power green
Hydrogen
generation

has

Storage Water

Excess Hydrogen is
stored in exsisting salt
cavers for future
power needs

Low quality water is
salvaged from
groundwater cleanup
activites for Hydrogen
generation. Currently

Closed loop
Green Hydrogen

the chloride impacted
water is injected to
extinction

End User

Hydrogen is burned as

Hydrogen

Hydrogen is generated with
electrolizer utilizing wind
energy and reclaimed water
that has been treated with
R/O technology, reject
water can be direted down

a high heat sourced
fuel locally at a salt
production facility to
drive off water from

produced brines
exisiting injection wells

Graphic:
Carrie Ridley



Produced water re-injection

Class 1 & Class II Disposal Volumes (2015)
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Summary

* Evolution away from emitting
carbon dioxide underway

* Increased deployment of
renewable energy requires more
energy storage

* Energy Storage systems will change
how we use water

* Creativity during this evolution can
free us from entrenched views on
water in Kansas
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This won’t be easy, but luckily Kansans are on it! /.
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The future isn’t that far away, #1 .

24t Century 215t Century




The future isn’t that far away, #2 .

24t Century




We know the energy evolution occurs!

Impulse Drive powered by Hydrogen



Geography of Storage in Kansas

Hutchinson Salt R e
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Kansas has diverse a salt industry

Open Room Mining Solution Mining

Cavern Storage

HRIN
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— Salt in Blaine Formation and Flower-pot Shale (>100 feet thick) Buchanan, 2003



Gas Storage site
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Thickness of Hutchinson Salt Map

[10-20feet
[]20 - 40 feet
[140- 60 feet
[ 60 - 80 feet
[ 20 - 100 feet

I 100 -
120 -
B 140 -

120 feet 4

140 feet
160 feet

B 160 - 180 feet i RS &
I 180 - 200 feet — | &

I 200 - 220 feet R : ’ ' T
I 220 - 240 feet .. . 0 R ~
[0 240 - 260 feet e SR T
7] 260 - 280 feet b, A AN S - 1
[1280 - 300feet [ 7 . o I R W " P
m300-320feet | | v . ¥ T AT EERE L T .:
[ 320 - 340 feet Y TR TR TS I y Y
I 340 - 360 feet : S SIS (X RO LY TSR . S
[0 360 - 380 feet i _— AN EEARRERTS: HPINGLATH KRRV K .
[ 380 - 400 feet (4 P ] Sy Ol " X A N ey
[ 400 - 420 feet ) f_j'."'_';:'.:"',':*fil FERRY IO i ) . O
[1420 - 440 feet i R R R AR | K A
[ 440 - 460 feet K e NCEEIRTTENY RN TS N R -
[ 460 - 480 feet .t RO o o TR ml
[0 480 - 500 feet L PN - ] ¢ e
I 500 - 520 feet -+ . | e el . N LT O I
I 520 - 540 feet | BN SRR O IR e .-
I 540 - 560 feet = T e a1 " Y "
I 560 - 580 feet . S SN TR L DR opounc .
I 580 - 600 feet , EEUONRE IR O ) SR Y SRR R :‘E"fr'
B 600 - 620 feet | - T R EIRI IR SRRRTR I T A
I P . o SR sf A ERY SO AN | &




H-2-SALT System Diagram

Auxiliary Uses

Main System
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Hydrogen Economy Involves a Hydrogen Grid

Made SR : Generated using
using coal p;?‘dfg?s'ﬁ ?legizetd Heat is used to electrolysis powered
. i split fossil gasin a by renewable electricity
with CO2 emissions process known
captured as “pyrolysis”
Made -
using lignite Made using
fossil gas with no Electricity and heat from
emissions captured nuclear reactors could

both be used to produce hydrogen,
but there is no widely agreed

Source: "The Hydrogen Economy: Opportunites and Risks color for such methods.

in the Energy Transition,” Alllanz Global Corporate and Speciaity

Dasign by David Palmer/ALM {.ALM
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Salt is also good for Compressed Air Storage
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Federal Activity (Inflation Reduction Act)

Current 45Q Proposed 45Q
Credit Value Credit Value
(per metricton) (per metric ton)

Source of Carbon Dioxide
Carbon Oxides  Storage Method

Enhanced Oil Recovery
(EOR) with Geologic Storage
or Utilization

Industrial Facility (including

2
electric generating units) $35/ton

Industrial Facility (including
electric generating units)

Direct Air Capture Facility
Direct Air Capture Facility

Geologic Storage without

EOR $50/ton

Enhanced Oil Recovery

(EOR) with Geologic Storage
or Utilization

$35/ton

Geologic Storage without
EOR




