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Clinton County, Pa.
Integrating Natural Gas Production

and Natural Gas Synthesis with a1 ital Proiect
Carbon Capture Use and Storage $410,000,000 Capita J

P, O Low-Carbon Products:
CO2 Emissions Reduced by 50 to 80% per ton

Displacing - Blue Hydrogen
Higher-Carbon-Higher-Cost - Blue Ammonia
Products with
Lower-Carbon-Lower-Cost
Products Emissions Reduction Products:

- Diesel Exhaust Treatment (DEF)

S o % - Power Plant Exhaust Treatment (NH3)
Result =

High Paying Job Creation
PR B CO2 Use & Stored

Dramatic Emissions Reduction | - Used In DEF Production = 170,000 tpy
: S e e S A - Stored Process CO2 = 104,000 tpy
. ' —— - Post Combustion CO2 Capture Potential
+ 85,000 tpy

Pennsylvania’s
Next Energy Revolution




CCUS - Application & Implications

JOBS CREATION CLIMATE CONCERNS

ECONOMIC DEVELOPMENT EMISSIONS REDUCTIONS

FOSSIL ENERGY ECONOMY HYDROGEN ECONOMY

KeyState

Pennsylvania’s
Next Energy
Revolution




CCUS - Application & Implications

Pennsylvania's.NEXT Energy Jobs

Direct use of natural gas as feedstock and power source in onsite manufacturing
...with carbon capture use and storage

800 Construction & Permanent Jobs

+ Indirect + Induced Jobs KeyState

www.pamanufacturers.org/nepanatgas Pennsylvania’s
Next Energy
Revolution
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Total economic output: construction of natural gas s
ECONOMIC IMPACT ANALYSIS

NATURAL GAS SYNTHESIS Value Added
MaNUEAE iRkic R

Total jobs related to construction of natural gas synthesis plant combined

1,021

Prcscrl 2d by: Carl A. Marrara

Value Added Total Economic Output
$83,00001822 | SI8,90021118 | $260,095,083.52

KeyState

Pennsylvania’s
Next Energy

Revolution
full report: www.pamanufacturers.org/nepanatgas
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PENNSYLVANIA NATURAL GAS DILEMMA :

CONSTRICTED GAS MARKETS o
SHORT-TERM ENERGY JOBS eyState
- NARROW ECONOMIC IMPACT { Natural Gas Partner
.,;"_‘: - : .

- AVOIDABLE CLIMATE IMPACTS

FRONTIER

NATURAL RESOURCES, INC.

-~

S r
250 bcf of Stranded Natural Gas
7,000 Acre, Winner Tract
Clinton County, Pa.

Vertically Inte}'ated Business Case
Natural Gas Resource + Manufacturing + Carbon Storage

- On-Site Natural Gas Supply - Gas Provided ‘At-Cost-of-Production’
- 20 Year Gas Supply Agreement - No Gas Pipeline Transportation Costs
- Onsite Carbon Sequestration - Structural Competitive Advantages
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CCUS - Application & Implications

Petrochemicals Supply Chain

UPSTREAM
OIL & GAS

N

MID STREAM

KeyState’s Integrated,
On-Site Gas Supply

Eliminates Mid-Stream M‘ @
Costs and Emissions \/

SUPPORTING

INDUSTRIES Manufacturing

Refining & Petro-Chemicals
Wholesale & Marketing

-

Image Source: AVATA

- Integrated gas production, pipeline
gathering & manufacturing. KeyState
- All new wells, new pipeline, Pennsylvania’s
no compressor stations. ey
- No gas of unknown origin.

‘CLOSED METHANE SYSTEM’
& the Elimination

of Fugitive Methane Emissions



CCUS - Application & Implications KEYSTATE
HOW PRODUCTS ARE MADE PRODUCTS

Hydrogen is synthesized from methane in natural gas and
combined with nitrogen from the air to make ammonia. | Low-Carbon Products:

Ammonia and Carbon Dioxide are used to produce Urea. - Blue Hydrogen - Blue Ammonia

Exhaust Treatment is a mixture of Urea & ultra clean water. for Industrial, Medical & Energy Uses

- Blue Nitrogen - Fertilizer

#1. AMMONIA
Ammonia in a gas or liquid form used in industry,
medical, agriculture and combustion exhaust treatment.

Emissions Reduction Products:

. - Diesel Exhaust Treatment (DEF)
=519 t 2
ALl P Lo r) - Power Plant Exhaust Treatment

( Calculation

‘Blue Ammonia & Blue Hydrogen & Blue Nitrogen’
Low-Carbon when process CO?2 is captured &

ermanently sequestered.
P Y s€q ( Calculation

= 23% reduction in CO2)

#2. Low-Carbon UREA/DEF
Automotive Grade Urea is used as diesel exhaust treatment
DEF - DIESEL EXHAUST FLUID

_ Preliminarily 51% by rail = apx. 10 cars per day
and 49% by truck = apx. 22 trucks per day

Norfolko OVingnis Beach

Pennsylvania’s
Next Energy

_ Greenfield, 220 acre site within privately managed habitat. Revolution
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Market Served
by Imports from
Outside a 17
State Region or
Outside the USA

WEST

Louisville
¥ XIRGINIA

Evansville
$oili

Major Reduction in Shipping 350
Distances for Ammonia and DEF

Richmond
o)

Roanokeo VIR

Norfolko oVirginia Beach

Nashville
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Knoxville

TENNESSEE o _ Greergboro /L

B Blue Ammonia = 51-80% Reduction in CO2
Low-Carbon DEF = 23% Reduction in CO2
ONLY PRODUCER IN EASTERN USA

. Chattanooga
Huntosville' O~ ..




CCUS - Application & Implications

Innovation

Grey hydrogen

Split natural gas into
CO, and hydrogen

CO, emitted in the
atmosphere

Blue hydrogen

Split natural gas into
CO, and hydrogen

Residual gasses also
in H-vision scope

co ; stored or re-used

Green hydrogen
P ——

Split water into
hydrogen by
electrolysis powered
by wind and sun

No C 02 emitted

KeyState

Pennsylvania’s
Next Energy
Revolution




CCUS - Application & Implications KeyState

Carbon Capture & Storage
What Is C0, Sequestration?

Sequestration means permanent storage. Carbon or CO, sequestration means putting carbon into
storage for millions of years. There are two major types of CO, sequestration: terrestrial and geologic.

Terrestrial
Sequestration|

-Onsite Geological Carbon Sequestration
-Integration of Capital & Operational Costs
of Gas Production and Carbon Storage
Pennsylvania’s

Blue Hydrogen & Blue Ammonia Made From
Pennsylvania Natural Gas

FOR BACKGROUND INFORMATION ON CCUS: Pennsylvania’s Carbon Capture Utilization and Storage Research Revolution
Kristin Carter, Assistant State Geologist PA DCNR, Bureau of Topographic & Geologic Survey

Innovation

KeyState
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CCUS - Application & Implications ﬁ\
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Validating Pennsylvania’s Geological
Carbon Storage Potential

g

" UNMINEABLE COAL AREAS
I SALINE FORMATIONS

Source: U.S. EPA Archive, Climate Change, '
“Carbon Dioxide Capture and Sequestration: Overview.”

Figure ES-10. U.S. Assessment of Geologic CO; Storage Potential
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Greenhouse gas emissions from

21,604 248,138,958

Passenger Miles driven
vehicles driven by an average
for one year |7 passenger

vehicle

o,

Greenhouse gas emissions avoided by

34,014 4,859

Tons of waste
recycled
instead of
landfilled

Garbage

trucks of

waste recycled "
instead of
landfilled

in - B

4,254,957

trash bags of

waste recycled >

instead of o
landfilled

B

Carbon sequestered by

1,653,521 130,595

tree seedlings acres of U.S.
grown for 10 forests in one
years o year

21.6

Wind turbines
running for a

J\ year

-l

3,798,959 CO;, emissions from

11,252,391

Incandescent
lamps switched
to LEDs gallons of
gasoline

consumed

11,539

homes' energy
use for one
year

=

9,823,183

gallons of
diesel
consumed

16,931

homes'
electricity use
for one year
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- of coal burned
-or- -or-

110,186,281 1,324

Pounds of coal
burned

tanker trucks'
worth of
gasoline

A

550 231,521

railcars' worth barrels of oil

consumed

.




4 BILLION
| GALLONS

CCUS - Application & Implications : 15B

KeyState DEF Production
= Elimination of 90% of
NOx/Smog Emissions for
8,000,000,000 Gallons of Diesel

Enough for every diesel bus,
truck, train, boat, generator
& heavy equipment
in Pa/NY/NJ +

Diesel Emissions Control System

General Rule:

1 Gallon of DEF Used for Every 50 Gallons of Diesel

[Emsmthwoomlmj [mmwx-mum

.

- >

)

diesel particulate filter ( D"’WmoxhwstJ [NO: reduction in SCR camyu]

14



CCUS - Application & Implications

ENVIRONMENT

AIR QUALITY IMPACT

PRELIMINARY
DESIGN
CAPACITIES

CO2 EMISSIONS

METHANE EMISSIONS
REMEDIATION

RESEARCH to INNOVATION
to COMMERCIALIZATION

Former coal surface mining area.

220 acre plant site within KeyState managed private wildlife habitat.

Major new Elk Habitat in collaboration with local and State experts.

Overall, more than 1,000 acres of habitat enhancement through KeyState support.
Onsite water treatment plant

KeyState will produce enough diesel exhaust treatment for 57% of the diesel used in the Northeast and Central Atlantic
and 100% of all used in Pennsylvania.

Diesel Exhaust Fluid eliminates 90% of smog forming NOx and particulate matter emissions from diesel trucks,

busses, ships, commonly called, ‘Short-Life’ Green House Gases.

KeyState will eliminate 90% of the NOx for up to 8,000,000,000 Gallons of Diesel Fuel per year!!

A Gas Synthesis plant is not a ‘cracker plant’ - different process, different science, different emissions profile

Integral CO2 Capture Process

- 174,000 tons of CO2 generated in the manufacturing process is captured and used in the production of Urea for
diesel emissions treatment

- 104,000 tons of CO2 is captured and permanently sequestered in onsite geological storage.

Hydrogen/Ammonia production with CO2 capture and sequestration = ‘Blue Hydrogen/Blue Ammonia’ are low carbon

replacements for conventional ‘Grey Hydrogen/Grey Ammonia’ - 51% reduction in CO2 per ton of ammonia.

Blue Hydrogen/Blue Ammonia for transportation fuel, fuel cells and industry

Blue Ammonia allows heavy manufacturing to dramatically reduce carbon profile

Blue Ammonia as low-carbon NOx reduction of flue gas in Coal, Gas fired power plants

> As cost effective technology advances, 100K additional tpy of CO2 can potentially be captured from exhaust gases

23% reduction in CO2 per ton of DEF/Diesel Exhaust Treatment
Balance of electrical power provided by adjacent renewable energy project

INNOVATIVE ‘CLOSED SYSTEM’ - Onsite Methane Production + Onsite Methane Transport + Onsite Methane Use
Natural gas is supplied to the KeyState plant from its own new wells and gathering system, and not from the pipeline
gas grid with gas from unknown origins and unknown adherence to protective regulations.

5 new wells are drilled in year one and approximately one new gas well per year for 20 years

Best practices elevated by ideal system to monitor, and remediate fugitive methane emissions

Major research partnership with academia, government and industry currently being negotiated.

- Onsite CO2 capture, onsite usage and onsite sequestration.

- Production, uses and impact of Blue Ammonia for industry, medical and agriculture

- Enhance Gas Recovery - onsite CO2 - onsite gas wells - gas feedstock for onsite manufacturing
- CO2 Cluster or Regional CO2 Storage Hub opportunity with nearby power and industry emitters.
- Hydrogen storage in underground salt caverns

15



CCUS - Application & Implications

KEYSTATE ‘FIRSTS’

FIRST to Demonstrate a Low-Carbon Future for Pennsylvania’s Natural Gas

FIRST commercial CCUS Project in Pennsylvania and the East.

FIRST to integrate carbon storage and shale gas production.

FIRST to demonstrate the carbon storage potential of Pennsylvania’s Marcellus Region
FIRST Blue Hydrogen/Blue Ammonia/Blue Nitrogen production in the Eastern USA.

FIRST in the East to demonstrate the link between CCUS and the new Hydrogen economy

FIRST to demonstrate a low-carbon-low-price product directly DISPLACING a higher-carbon-higher-
priced product.

FIRST to demonstrate onsite gas production, onsite manufacturing, and onsite carbon storage

FIRST validation of ‘several hundred years’ of carbon storage’ geology in Pennsylvania.

FIRST to show Pennsylvania’s potential as Hydrogen SuperPower for the next 30 years.

FIRST to demonstrate that both major GHG emissions reduction objectives and natural gas production
with CCS can work together resulting in massive longterm job creation and economic development for
chronically poor, former coal mining and rust-belt areas.

First to demonstrate ‘clean’ natural gas production via a ‘Closed Methane System’ KeyState

of gas production, transport & manufacturing to monitor and eliminate methane e Pennsylvania’s

missions. Next Energy
Revolution
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DEVELOPMENT
PHASE | COMPLETE

DEVELOPMENT
PHASE Il
Pre-FEED Phase

DEVELOPMENT
PHASE Il
FEED Phase

CONSTRUCTION
PHASE

COMMERCIAL :
OPERATIONS
Perry Babb

KeyState
Natural Gas Synthesis

President & Acting CEO
PBabb@KeyState.net

(814)574-9121
www.KeyState.net
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KeyState

Pennsylvania’s
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