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Work Schedule
and Progress
Report

2015 2016

Activity Oct |Nov | Dec | Jan | Feb | Mar | Apr | May | Jun

Scientific Information on EOR
Overview of CO2 EOR techniques and fundamentals
Reservoir and Operational Characteristics of CO2 EOR process
EOR Screening
EOR Evaluation and Ranking
Analytical Simulation
Numerical Simulation
Potential Timelines for Implementation of EOR

EOR Economics and Future Economic Impact
Oil formations in ND
Sources of CO2 in ND and the Region e ———
Cost and sale price of CO2 —l
Development of CO2 EOR Economic Model ‘
Application of existing fiscal system and alternative incentives
Economic Impact in ND and Political Subdivisions
Environmental Impact
Impact on Fossil fuels including lignite

Final Report
Presentation of Final Results

A

2-9-2016 o 4-27-2016
WebEx Presentation Presentation in ND
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Sources of CO2
and Supply Cost
and Sales Price
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Key Observations

« Carbon dioxide (CO2) enhanced oil recovery (EOR) has been successfully
used in the US for about 40 years

» The key enabler of this success has been the availability of large volumes of low-cost,
naturally occurring CO2

» Low-cost CO2 natural supply is restricted geographically due to high pipeline
construction and transportation costs

« With the anticipated decline of natural CO2 field production, large industrial
carbon capture and sequestration(CCS) is emerging
» to meet some of the demand for EOR projects
 to reduce greenhouse gas emissions as mandated by the EPA

» The economics of EOR is driving U.S. research efforts to develop large-scale,
commercial CCS projects

» For CCS projects associated with power and industrial plants:
« the capital cost of CCS is significant,
 |leading edge technology is primarily at the demonstration stage, and

« the industrial plants will face increased operating and maintenance costs including an
‘energy penalty’ or parasitic load.
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US Major CO2 EOR Operations and CO2 Supply Sources

CO;-EOR OPERATIONS, CO; SOURCES: 2014
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* Permian Basin — 65% of
CO2 EOR projects,
sourced from natural CO2
fields located in Colorado
and New Mexico, and
nearby gas processing
plants

* Gulf Coast — 15% of CO2
EOR projects, sourced
from Jackson Dome CO2
field and nearby industrial
plants

* Wyoming — 12% of CO2
EOR projects, sourced
from two large gas
processing plants

e Other — 8%
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Committed Sources of CO2 for EOR

CO2 EOR Committed Operational Sources (Bcf/Da Sources of CO2 in 2015

5

1

m Natural CO2 Sources

® [ndustrial CO2
Sources - Gas
Processing Plant

B [ndustrial CO2

(Bcf/Day)

CO2 EOR Committed
Operational Sources

0 1 1 1
2010 2014 2015 2020 Sources - Others
® Industrial CO2 Sources - Others (plants >0.5 million metric tons) (plants >0.5 million
= Industrial CO2 Sources - Gas Processing Plant metric tons)
m Natural CO2 Sources Source:
© 2016 IHS IHS © 2016 IHS

* Natural CO2 fields (CO2 content > 90%) — key enabler of CO2 EOR because of low
cost, large volume and accessibility

* Industrial sources — the separation and capture of CO2 from large industrial processing
facilities
* CO2 captured from gas processing plants associated with high CO2 (>25%) fields

» CO2 captured from other industrial plants, such as coal and natural gas power plants, fertilizer
plants, refineries, coal gasification, cement plants, and other chemical plants

 Historical trends suggest a gradual increase of industrial sources of supply

© 2016 IHS. ALL RIGHTS RESERVED.
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CO2 Supply and Demand within the United
States and Western Canada

1. Natural Sources of CO2 Supply and Cost
2. CO2 Separated and Captured from Gas Processing Plants
3. Carbon Dioxide Capture and Storage from Other Industry Sources (CCS)

4. CO2 Cost

© 2016 IHS
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Natural CO2 Fields — Four fields account for 90% of
remaining CO2 reserves

» Jackson Dome, Mississippi, T T T
operated by Denbury g vacksonDome
« McEImo Dome, Colorado, Z GBdSUET"k
operated by Kinder Morgan S Escalante Anticline
= Kevin Dome
« St Johns Dome, New Mexico, " sheos Mouman
operated by Kinder Morgan, with O 2 Remaining Reserves. 2015 (Tch)
first production projected mid- = CO2 Remaining Reserves_2015 (Tcf)

» Bravo Dome, New Mexico,
operated by Occidental

» Almost all fields supply CO2
for EOR projects located in the
Permian Basin and Gulf Coast

 Total remaining reserves — 39
TCF
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Major US gas processing plants account for 25% of
current CO2 supply for EOR

Maximum Maximum
CcO2 CO2

CO2 Off- Capture  Capture Reserves CO2
State Operator taker (MMt/Yr)  (MMcf/d) (TCF) Content

Val Verde Natural Gas

Plants 1972 TX Occidental  Occidental 1.3 69 25-50%

Century Plant 2010 TX Occidental  Occidental 8.4 443 3.50 60%
Anadarko/

Shute Creek / LaBarge 1986 WY  ExxonMobil Denbury 7.0 370 1.20 65%

Riley Ridge / LaBarge 2020 wyY Denbury Denbury 2.5 132 1.80 65%

Lost Cabin 2013 wyY Denbury Denbury 0.9 48 <1.0 20%

Total 20.1 1062

» Val Verde Plant: supplies CO2 for Permian Basin EOR
« Century Plant: largest plant in North America, supplies Oxy fields in the Permian Basin

« Shute Creek: currently supplying ~ 250Mmcf to Rangeley, Monel, Beaver Creek, Bairoil
Complex and Salt Creek, additional ~115MMcfd contracted by Denbury

* Riley Ridge: under construction, plans to tie-in to Denbury Greencore CO2 pipeline to
supply Bell Creek and eventually the Cedar Creek Anticline Area operated by Denbury

» Lost Cabin: supplies Bell Creek and eventually the Cedar Creek Anticline field in
eastern Montana via the Greencore Pipeline

© 2016 IHS. ALL RIGHTS RESERVED. 9
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CO2 captured from CCS projects - 2015

Current US/Canada Large CCS Projects Used for EOR in
Operation (MMt/Year)
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.. Power plant
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CO2 from Non-Gas Processing CCS Captured or Injected (kt/year)

Operational

18% m Qperational

Canceled
27%

Construction

mDevelopment
Construction

0,
7% Planning

On Hold m0On Hold

0,
18% Development

13% Canceled
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Planning
7%

Source: IHS

* 71% of the 24.8 MMt of CO2 captured
from CCS projects in 2015 is from gas
processing plants, - this is a mature and
relatively low cost technology

* Major CCS technologies:

» Pre-combustion: gas processing plants and
synfuel gasification plant

* Industrial separation: removing CO2 as a
byproduct from steel, fertilizer, and chemicals
plants

» Post-combustion: primarily electric power
generation plants, after fuel has been
consumed

« Commercial non-gas processing CCS
projects located in the US and Canada:

« only 18% (6.7MMt/y) are in operation,

* 45% have either been cancelled or are on
hold due to technical challenges, higher than
expected costs, and/or insufficient policy
support/funding

© 2016 IHS. ALL RIGHTS RESERVED.
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Development Timeline of Carbon Capture from Industrial

Sources
* Development phase:

operators construct the
required capture
equipment, pipelines and

Ammonia 2 10 compressors, but no CO2
Hydrogen 4 10 is delivered (2 ~ 12 years)
Ethanol 4 10 « Market acceptance phase:
Refineries 4 10 CO2 finds markets and is
Cement 7 10 monetized (10 year period)
Power Plants 12 10 — CCS is subordinate to
Source: EIA OSGM Model 2012 industrial facility

« Power plant CCS has historically faced the biggest technical and commercial
challenges

« Long development phase
- Need or incentive for government funding
« In 2015, Five large CCS projects were either placed on hold or cancelled

« EIA (OGSM model) has dropped its 2012 projections of 31 Tcf potential CO2
from power plant CCS entirely in 2014 model, suggesting that some of the
previous optimism is beginning to wane

© 2016 IHS. ALL RIGHTS RESERVED. 11
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2015 Cancelled/On Hold Large Scale CCS Projects in US

Maximum
CO, Type of CO,
captured capture
technology / CO,
Phase / injected |CO; emission separation injection /

Project Status [ State Participants storage site
Hunton Freeport Canceled TX  Hunton Energy, GE, Chevron, 2,000 Synfuel plant Pre-combustion Onshore oil
Gasification/Dow's Dow Chemicals field

Oyster Facility

Sweeny Refinery Canceled TX  ConocoPhillips 3,000 Powerplant Pre-combustion Onshore oll
CCs field
FutureGen 2.0 Onhold IL DOE, State of lllinais, 1,100 Power plant  Oxy-fuel Underground
CCS Project FutureGen Alliance (Alpha combustion saline
Natural Resources, Anglo aquifer
American, Joy Global, Peabody
Energy and Xstrata)...
ConocoPhillips/  Canceled KN  ConocoPhillips, Peabody 5,000 Synfuel plant Pre-combustion Onshore oll
Peabody Coal To Energy (gasification) field
Natural Gas
Project
Indiana Onhold IN Indiana Gasification (wholly 5,500 Synfuel plant Pre-combustion Onshore oil
Gasification owned by Leucadia National field
Corporation), Denbury
Resources

© 2016 IHS. ALL RIGHTS RESERVED. 12



CO2 Costs — Natural Fields

* Much less expensive than industrial (Power Plant) sources

« A handful of operators control the entire supply chain - supply source,
pipeline transport and EOR operations — CO2 price is a function of

North Dakota CO2 EOR Recovery Economics and Economic Impact / February 2016 @

capital outlays and operating costs

Occidental

Denbury Resources

Kinder Morgan

To a lesser extent ExxonMobil

« Contracted cost (not including transport)
 Contracts typically $1.25 to $1.50 / mcf
* Price has a relationship to the oil price

 Function of oil price

$/Mcf = $0.5+0.013*Qil Price
Source: EIA OGSM 2014

$ 30($ 0.89
$ 401 $ 1.02
$ 50 $ 1.15
$ 60 | $ 1.28
$ 70]$% 141

© 2016 IHS. ALL RIGHTS RESERVED.
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CO2 Transportation Costs

 Capital investment in CO2 pipeline
» ~ 75k/mile/inch (e.g. a 100-mile 20-inch pipeline would cost ~$150 MM)
» High compression transport and stainless steel pipe due to CO2 properties

 Transport costs increase by about $0.30 to $0.80 per mcf for each region
cross-over, with a minimum charge of $0.4/mcf for intra-regional transport

» For example if a pipeline existed it would cost $1.50/mcf to transport CO2 from
natural fields in Southwest to North Dakota located in the North Great Plains region

* EIA estimates all-in-cost of CO2 from natural fields is ~$1.9/mcf within the
same region

 Distance to CO2 fields
— CO2 transportation cost - $0.4/$2.2/Mcf depending on region

@ Z DOIrtatio : DTIC ;

$/Mcf Northeast |Gulf Coast|Midcon| Southwest | Rocky Mins | West Coast | N.Great Plains
Northeast $0.4 $0.7 $0.7 $1.5 $1.5 $2.2 $2.2
Gulf Coast $0.7 $0.4 $0.7 $0.7 $1.5 $1.9 $1.5
Midcon $0.7 $0.7 $0.4 $0.7 $0.7 $1.5 $0.7
Southwest $1.5 $0.7 $0.7 $0.4 $0.7 $1.5 $1.5
Rocky Mtns $1.5 $1.5 $0.7 $0.7 $0.4 $0.7 $0.7
West Coast $2.2 $1.9 $1.5 $1.5 $0.7 $0.4 $1.1
N.Great Plains $2.2 31.5 3$0.7 31.5 $0.7 $1.1 304
\Source: EIA OGSM Documentation
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Cost of CO2 captured from gas processing plants

Table 9.8. Industrial CO2 capture and transportation costs by region
$/Mcf )
Refineries Natural Gas
OGSM Region drogen Ammonia Ethanol Cement hydrogen Processi
East 5244 $2.10 $2.23 54.29 5244 $1.92
Gulf Coast $1.94 $2.10 $2.23 54.29 5194 $1.92
Midcontinent $2.07 $2.10 $2.23 54.29 $2.07 $1.92
Southwest $2.02 $2.10 $2.23 54.29 $2.02 $1.92
Rocky Mountains $2.03 $2.10 $2.23 54.29 $2.03 $1.92
West Coast $2.01 $2.10 $2.23 54.29 $2.01 $1.92
Source: U.S. Energy Information Administration. Office of Energy Analysis.  gource: EIA OGSM 2014 Model \ )

* The cost of CO2 from industrial sources is much higher than CO2 from
natural sources due to the installation of separation and capture facility
equipment

» The cost of CO2 from gas processing plants is more competitive compared to
other industrial sources due to a more mature technology and longer
operation history

» This cost assumption of $1.92/mcf is based on CO2 being used for EOR in
the same region as it was processed

© 2016 IHS. ALL RIGHTS RESERVED. 15
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CCS project CO2 cost

Table 9.10. Industrial CO; capture & transportation costs by region
S/Mcf

Refineries Natural Gas
OGSM Region Hydrogen Ammonia Ethanol Cement (hydrogen) Power Plants | Processing CBTL
East Coast $244 $2.10 $2.23 $4.20 $2.44 $5.06 $1.92 $1.01
Guif Coast $1.84 F2.10 $2.23 $4.20 $1.04 $5.06 $1.82 $1.01
Midcontinent $2.07 $2.10 $2.23 $4.20 $2.07 $5.06 $1.92 $1.01
Southwest $2.02 $2.10 $2.23 $4.20 $2.02 $5.06 $1.02 $1.01
Rocky Mountains $2.03 $2.10 $2.23 $4.20 $2.03 $5.06 $1.92 $1.01
West Coast $2.01 $2.10 $2.23 $4.20 $2.01 $5.06 $1.82 $1.01
Northern Great Plains $2.05 $2.10 $2.23 $4.29 $2.05 $506 $1.62 $1.01
Source: US. Energy Information Administration, Office of Energy Analysis Source: EIA OGSM 2012 Model

* Industrial CCS is more expensive than
development of natural sources of CO2

« CCS adds 70-80% to capital costs of new
supercritical pulverized coal plants
» CCS adds 100-110% capital costs of new
combined-cycled gas turbine plants
« Cost estimates have increased slightly from
earlier studies

» Recent EIA projections (OGSM model) suggest
costs for CCS at power plants to be $5.96/mcf of
CO2

Table 1. Expected Costs of CCS Technology Elements

CCS Element S/Metric Ton of CO,
Capture §40-880
Storage $3.48
Monitoring and Venfication $0.2-81.0

Source: S. Julio Friedmann, Carbon Capture and Sequestration As a Major Greenhouse Gas
Abatement Option (November 2007). p. 11.

Note: Capture and storage costs are very site-specific. These estimates reflect the magnitude of
difference berween caprure and storage costs: actual site-specific costs could vary substantially from
these estimates, Estimates do not include any transportation costs,

Total cost $43.2 to $89.0 per Mt or
$2.2 to $4.6 per Mcf (2007 study)

© 2016 IHS. ALL RIGHTS RESERVED.
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Potential CO2 Supply for North Dakota EOR
Projects

1. CO2 Supply from within North Dakota
A. Dakota Coal Gasification Plant
B. North Dakota Lignite Coal Fired Power Plants CCS Potential
C. US and Canada Current Coal Fired Power Plants CCS Projects Review
D. Application to North Dakota Coal Fired Power Plant CCS

2. CO2 Supply from nearby Natural Sources

© 2016 IHS 17
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Potential sources of CO2 supply by region
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Figure 5: Tiered potential supply sources into North
Dakota

e Tier 1: Western North Dakota, or the

Williston Basin,
» Dakota Gasification Plant
« Lignite coal power plants

Tier 2. Basins located in relatively close
proximity to North Dakota, located
generally along a Wyoming CO2
pipeline system.

» Pipeline extensions have been announced
and CO2 delivery into the state is likely
within the next five years

Tier 3: Basins located further away from
North Dakota, as well as potential from
southern Canada.

* While natural CO2 fields are located in
these basins, there is very low probability
that these areas will contribute CO2 to
North Dakota

© 2016 IHS. ALL RIGHTS RESERVED.
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CO2 supply from within western North Dakota
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Dakota coal gasification plant
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* The only commercial-scale coal
gasification plant in the US that
produces natural gas from coal
capturing up to3 MMt/yr or 154MMcf/d
of CO2

205-mile 12- to 14-inch CO2 pipeline
operated by DCG to Saskatchewan,
Canada for EOR activities in the Weyburn
and Midale fields

125 MMcf/d is used for the Weyburn field
and 29 MMcf/d is used for the Midale field,
» Contract expirations 2016 and 2025

* Possible redirection to North Dakota EOR
projects thereafter

$1.25/Mcf estimated CO2 purchase price
including transportation

* Price could be reduced in North Dakota due to
shorter transport distances

Nearby Boundary Dam CCS Project

(on line in 2014) also contracted 53

MMcfd (1MMt/yr) CO2 supply to

Weyburn field

© 2016 IHS. ALL RIGHTS RESERVED.
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North Dakota - Coal fired power plant CCS potential

EPA CPP North Dakota’'s Interim (2022-2029) and Final Goals (2030) - Annual

North Dakota - Direct GHG Emissions of Selected Gases Reported by Sector/Subsector in Metric CO2 Emissions Million Metric Tons
Tons of CO2e
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« A combined total of 30 MMt/yr (1.54 Bcf/d) of CO2 emissions from ND power plants
contributed to 90% of total State 2015 CO2 emission

* The state is facing extreme challenges to meet CO2 emission goals set by EPA of
47% reduction by 2030, and even more urgent and difficult to meet first interim goal
of 23.14MMt/yr CO2 emission, or 35% reduction from 2014

» Currently post-combustion CCS technology is in use in retrofit power plants

* In post combustion carbon capture, flue gas is sent through a scrubber column where it reacts with a
solvent (typically a nitrogen compound such as ammonia or an amine unit). The reacted solvent is
then regenerated and reused. The separated CO2 is cooled and compressed for transport.

» Currently there are only three power plants CCS projects in North America that are complete or
under construction

© 2016 IHS. ALL RIGHTS RESERVED. 21
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Large scale power plant CCS projects (US and Canada)

* Only three power plants with CCS can be used as analogues to determine
potential cost, magnitude and feasibility of CCS for North Dakota coal burning
power plant CCS

Large scale Power Plant CCS Projects Worldwide
USA
Project Name Leader Location Feedstock | Size MW | Capture CO2 Fate Status
Process
Kemper Southern Mississippi Coal 82 Pre EOR Under
County . Construction
New|build
Petra Nova NRG Energy Texas Coal 240 Post EOR Under
WA Parish Jet, Nippon Construction
Retrofit "°°
Canada
Project Name Leader Location Feedstock | Size MW | Capture CO2 Fate Status
Process
Boundary Dam | SaskPower | Saskatchewan Coal 110 Post EOR Operational
Retrofit October 2014

© 2016 IHS. ALL RIGHTS RESERVED. 22
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Canada (Saskatchewan) Boundary Dam PP CCS

FIGLARE 21 | SASHPOWER'S STRATEGIC CCS INITLATIVES AMND

RELATIGNSHIPS  Started operation in 2014 with total cost of
$1.3 Bn (C$1.5 Bn), $800 MM for the CCS
process and $500 MM for the retrofit, 20%
cost over-run

ASHPOWER * Includes a grant of $C240 MM from the
COMNSORTILN Canad|a.n government
» CCS was added to only one of five units (unit
OFF-TAHKERS

Sulphuric Acid #3)

* Plant built in 1959 - the boiler was a rebuild
with a new 160 MW turbine

Fly Ash

- This is the only CCS power plant » Employs older (Shell) CCS Technology
currently in operation within North » Contracted price for CO2: $1.29/mcf for 10
America —fueled by lignite coal years via 41-mile pipeline to Weyburn Field

- The project estimated capture cost is  Intended capture of CO2 — 1.0 MMUt/Yr or

$100 per metric ton ($5.2/Mcf) of CO2 53 MMci/d

* Due to technical difficulties, the CO2 capture
rate for 2015 was only 0.4 MMt/ year, resulting
in a $12MM shortfall penalty (equivalent to

« and in effect "a very high carbon
tax" levied on Saskatchewan

households and other. energy $1.0/mcf), paid by the plant operator to
consumers through high electricity Cevonus Energy, the operator of the Weyburn
bills Field

© 2016 IHS. ALL RIGHTS RESERVED. 23
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CCS project at W.A. Parish power plant in Texas

¢

Clean
Environment

Figure 1: Coal-fired Power Plant = System Composition

All pre-CCS processes must be in place and working

« The estimated cost to recoup capital
investment fees for CCS and pipeline build
will be around $50/Metric ton or $2.59/Mcf

- Based on a 15-year life expectancy of the CCS
unit

Expected to come on-line in late 2016
at a projected cost of $1.0 bn,
including 82 mile CO2 pipeline to oll
field in Texas —

« Based on recent history we project a 20%
cost over run or final cost of $1.20 bn

» Participants NRG Partners and JX Nippon
each invested $300 MM

» Japanese Banks financed at $250 MM,
and

* Includes a $167 MM grant from DOE

The project is designed to capture

~90% of the CO2 from a 240 MW

slipstream of flue gas from the newest

unit (unit 8).

« This is only one of eight units within this
massive 3600 MW power plant

The anticipated capture rate is 1.6
MMt/Yr (83.3 MMcf/d)

© 2016 IHS. ALL RIGHTS RESERVED.
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Technology at the W.A. Parish power plant in Texas

» The plant will employ the KM-CDR process, a recent technology developed by Mitsubishi
Heavy Industries (MHI). A proprietary amine solvent in use, KS-1,is specially formulated
for low cost and low energy-consuming CO2 absorption and desorption

« The W. A Parish project, which will use this leading edge technology, would appear to be
the “best candidate” commercial comparison for lower cost, more efficient operation at

North Dakota lignite power plants CCS.

» We note that other technologies are likely to be developed and commercialized in the

future

MHI is currently deployed at 10
demonstration projects scattered
around the world, MHI has already
established an impressive record of
accomplishment at CO2 capture from
coal-fired flue gas

Note that these project sizes range
between 0.08 to 0.16 MMt/YT, or about
10% of the commercial size projects
required for North Dakota

3 || 2006 India {Aonla) 4 | 2006 india (Phulpur)
450 Mt'd 450 Mtid

12011F"lula

340 Mud Izuus dansn

330 Mtd

2011 U.S A(SOCO) |
11 Uspova

\—-. 12 | 2014 Qatar

300 Mtd

| 2009 Bahrain
N 450 Md 2l]12| ndia (Vijaipur)

450 Mi'd

2l]1{l Wietnam
KEY MtId

1999 M.aLaysL.a
2010 UAE 210 Mitd
Flants under operation [ 400 Mtid
2009 India (Kakinada)

Plants under constructios 450 Myd

Figure 3: MHI COz capture plant - Worldwide experience

© 2016 IHS. ALL RIGHTS RESERVED.

25




North Dakota CO2 EOR Recovery Economics and Economic Impact / February 2016 @

Application to six North Dakota lignite coal power plants
Assume W.A. Parish CCS technology and cost

« We estimate that 9.95 MMt/yr or 525MMcfd of CO2 needs to be captured to contribute
towards meeting EPA 2022 GHG emission reduction goals (12 MMt/yr needed to meet
the target)

« Total investment of $7.46 bn or $50/Metric ton ($2.60 mcf)
» Is about one-half of Boundary Dam and 40% of EIA estimates
« This would be about one-third of the total current annual CO2 emission from the plants

* The 9.95 MMt/yr is over 15 times the amount that could be captured in a “best case”
scenario from 12 gas processing plants located in the Williston Basin

Power 2014 Annual % CO2

Plant 6{0) CCSs 6{0) Captured
Lignite Coal Power Capacity Emission Capacity Captured from Total Project
Plant Service (MW) (MMTY/Y) (MW) (MMTY/Y) plant Cost ($bn)
Leland Olds Station 1966 669 3.97 263 1.75 40% $1.32
Antelope Valley Station 1984 900 6.67 354 2.36 35% $1.77
Coal Creek Station 1979 1100 9.17 433 2.89 31% $2.16
Coyote Station 1985 420 3.18 165 1.10 35% $0.83
Milton R. Yong Station 1970 705 4.83 277 1.85 38% $1.39
R.M. Heskett Station 1954 100 0.7 0 0.00 0% $0.00
Total 28.52 9.95 34% $7.46
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Application to six North Dakota power plants
Concerns to consider while moving forward

* Some similarities to W.A.
Power Plant Existing Emission Equipment Parish

Leland Olds Station Wet. Scrubbers remove sulfur dioxide from flue 5 . All are aging plants, but
gas; mercury control

CCS applied to newest
Antelope Valley Dry scrubbers tp capture and remove up to unit at W.A. Parish onl
Stati 90% sulfur dioxide from stack gases; mercury 2 e y
tation control « North Dakota plants
Coal Creek Station SO2 removal from stack gases ($200MM) 2 already have some SO2
Coyote Station Dry scrubbers to capture and remove SO2 from 1 and NOx capture

stack gases

systems in place; but
95% removal of SO2 and 55-60% NOXx

additional pre-CCS

Milton R. Yong Station (Nitrogen Oxides); 55-60% mercury reduction 2 .
($425MM) investment may be
fluidized bed installed on 2nd unit's boiler to required

R.M. Heskett Station 2

reduce SO2 emissions

» Coal quality difference: W.A. Parish burns sub-bituminous coal from Wyoming while North Dakota
plants burn local lignite coals

» Project cancellations and delays

« Kemper County Mississippi plant due to come on-line in 2016 is an illustration of cost over runs
and poor economics of CCS

« Cancellation of Meredosia power plant CCS, located in lllinois — while the CO2 would have been
sequestered, this was a flagship project that failed to meet DOE deadlines

« Cancellation of the Antelope Valley, North Dakota in 2010 due to cost over runs
« All constructed projects and several cancelled projects all received government grants
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Established supply from nearby basins in Wyoming

CO; Sources
Summary" % Existing or Proposed CO, Source | Cedar Creek Anticline Areatt
i 37 Owned or Contracted i 260 - 290 MMBbIs

" hY "’

Total MMBbis 351 Bell Creek™
40 - 50 MMBbIs

\ -
A NORTH DAKOTA
B 130 Miles
o Cost:~$226MM
LaBarge Area . P ——

368 BCF Nat Gas
13 BCF Helium .
3.0TCF col"" (‘.032!5?&'::;;:1.“

NOMTANA

Greencore Pipetine
G 232 Miles

Hartzog Draw
20 - 30 MMBbIs

Cumsatrve Produciicn

15 - 50 MM
e —— 20 - 100 MMUon
> 100 MMDos
B Oecbury Owned Fields - Curment CO, Floods
B Owninry Ownntd Flats « Fumae CO, Floods
| Fibdn Omed bry Others ~ COy DOR Candudaten

Grieve Field*
6 MMBbIs

Pipehnes
(1) PYOWS STy Of fbarves Sinad On v+ 1IUIE SEC 0rved resarves. Potental ncuoes Deotain g DOssiie Sy esarens S5msted iy 16 | e Dentary Pipeines

Companyy o of 101UN18. Wi 0OI0ITane md-Qouts of FarOes. Daned On 3 viwety Of fe0overy 10N o
@) ProSodio-AXe I CUTIAIOVD Wesary DroRKCSon BRouGh 1OVEL. e Dentuary Proposed Ppeines
) Reporied On 3 gross soiing Ntonest or MP™ Sans. eucept Sr OVerTINg royarty Inteoest In Laflarpe Fesd — PDeRNes Owred by Others
() Pk mserves PO a0 ewamated 100 DORrEcl riary Peserves. O CUTLAEDYS Wy PIOUCTOn Seough 122V

Figure 9: CO2 Pipelines in WY and ND {Denbury)

* Current Rockies CO2 supply comes from the Shute Creek/LaBarge and the Lost Cabin processing
plants which are connected to EOR by established pipeline systems.

 Total supply of 418 MMcf/d for 2015. Remaining 2P reserves: 4 Tcf

* Denbury proposed extension of the Greencore pipeline into southeastern Montana that will transport
CO2 for EOR operations in the Cedar Creek Anticline Field operated by Denbury

+ Alarge amount of CO2 is needed in the Rockies basins for the seven current EOR projects - there may
be very little remaining for North Dakota EOR projects
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Potential Rocky Mountain area CO2 supply

Kevin Dome CO2 Natural Source

ppelne

P s Bsssvn vann

» Several sources, including a 2015 Denbury
Resource investor presentation, allude to
100 TCF of prospective CO2 resource (not
reserves) located in the LaBarge area of
southwestern Wyoming which could be
transported into North Dakota with pipeline
expansion

« Kevin Dome CCS, Montana (natural CO2

field) - extract CO2 from Dome and
transport via 2” 6 mile pipeline to
injection/storage site (3900 feet deep) for
future EOR use

 Pilot Project: 0.125 MMt/yr,
» Operational goal of 1.0 MMt/yr,
 Original startup date 2013; still not operational

We note three potential sources of
industrial CO2 which are still under
evaluation and their future commercial
viability is still in doubt

» The DKRW Medicine Bow fuel plant (Coal to
Liquid - CTL), Wyoming, 2.5MMt/yr

» The Linc Energy Underground Coal to
Gasification (UCG) plant, Wyoming (Size
unknown)

» The Quintana South Heart IGCC plant , South
Dakota; 2.1 MMt/yr, new build IGCC pre-
combustion capture
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2022 Assumption for ND CO2 Available Sources

2022 CO2 Available Sources Assumption for ND Fields

1,175

ke
2 493
S 500

[

SD The Quintana South Heart IGCC
WY DKRW Medicine Bow CTL Plant
MT Kevin Dome Natural CO2 Field
m WY Labarge Gas Processing Plants Expansion
= ND Lignite Power Plants CCS (Calibrated from Petro Nova W.A Parish CCS)
soueeDgkoda Gasification Plant ©20151HS

. PlO sources — 1175 MMcfd

154 MMcfd from Dakota Gasification Plant

* 525 MMcfd (9.95MMt/yr) from CO2 captured from ND
five major power Plant assuming Petra Nova W.A.
Parish CCS (240/610 MW) technology and cost (~
two units each)

200 MMcfd from WY LaBarge gas processing plant
expansion

* 53 MMcfd (1MMt/yr) from MT Kevin Dome CO2 field

132 MMcfd (2.5MMT/yr) from WY DKRW Medicine
Bow CTL Plant

* 111 MMcfd from SD Quintana South Heart IGCC

P90 sources — 187 MMcfd

125 MMcfd (1MMt/yr) from Dakota
Gasification Plant

62 MMcfd (1.2MMt/yr) from CO2
captured from Antelope Valley Power
Plant assuming Petra Nova W.A.
Parish CCS (240/610 MW) technology
and cost (one unit 177/450 MW)

P50 sources — 493 MMcfd

154 MMcfd from Dakota Gasification
Plant

197 MMcfd (3.7 MMt/yr) from CO2
captured from three newest lignite
coal power plants assuming Petra
Nova W.A. Parish CCS (240/610 MW)
technology and cost (one unit each)
50 MMcfd from WY LaBarge gas
processing plant expansion

26 MMcfd (0.5MMt/yr) from MT Kevin
Dome CO2 field

66 MMcfd (1.25MMT/yr) from WY
DKRW Medicine Bow CTL Plant
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CO2 Sources Capture Cost and Price

CO2
CCS Project| Capture CO2 sale

CO2 EOR
CO2 Sources Assumption Sources
(MMcf/d)

Cost ($MM) Price ($/Mcf) Note

$/Mcf

Weyburn field 125MMcfd contract($1.25/Mcf)
expires in 2016 , Boundary Dam CCS also

- Dak ification PI 12 Existi 1.

P90 - Dakoda Gasification Plant 5 xisting Source $1.35 contracted 53 MMcfd (IMMtly) to the same
fields

P90 - Antelope Valley Power Plant One 450 MW . . .

Unit (Calibrated from Petro Nova W.A Parish 62 $885 $2.59 $1.80 IO [N $1'4/ LAlEH (T @, SN i
transportation

CCS)

. - Boundary Dam CCS CO2 supply contract to

P50 - Dak fi PI 154 E 1.2 .

50 - Dakoda Gasification Plant 5 xisting Source $1.25 Weyburn field can free 53 MMcfd (IMMtly)
P50 - Three Newest Power Plants One Unit Each Rt :
(Calibrated from Petro Nova W.A Parish CCS) 197 $2,793 $2.59 $1.50 3.7 MMt/yr CO2 emission reduction
20 = LElazee (s (Fieeeseiing IHEnLS 50 $416 $1.52 $2.22 WY to ND: Transportation cost $0.7/Mcf
Expansion
P50 - MT Kevin Dome Natural CO2 Field 26 $337 $1.40 $1.80 MT to ND: Transportation $0.4/Mcf
P50 - WY DKRW Medicine Bow CTL Plant 66 $1,500 $4.15 $2.22 Assume $80/Mt, or $4.15/Mcf
P10 - Dakoda Gasification Plant 154 Existing Source $1.00 Price reduction due to short distance
P10 - Five ND Lignite Coal Plants (Calibrated from y o f
Petra Nova W. A Parish CCS) 525 $7,464 $2.59 $1.25 9.95MMt/yr CO2 emission reduction
HE e e 200 $1,664 $1.52 $2.00 Price reduction due to supply increase
Expansion
P10 - MT Kevin Dome Natural CO2 Field 53 $674 $1.40 $1.60 Price reduction due to supply increase
P10 - WY DKRW Medicine Bow CTL Plant 132 $3,000 $4.15 $2.00 Price reduction due to supply increase
P10 - SD The Quintana South Heart IGCC 111 $2,520 $4.15 $2.00 Price reduction due to supply increase
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Conclusions

» The lack of an inexpensive, abundant CO2 supply is the greatest deterrent to EOR
activities; low cost natural CO2 has been implemented in EOR in select regions

» The Dakota Gasification Plant is a unique source of CO2 which currently supplies a
modest 154 MMcf/d to EOR in Canada. CO2 could eventually be diverted to North
Dakota fields*

* However, CO2 from local power plants is the best hope for large scale supply

+ To offset some of the high cost of CO2 ($2.60 - $5.96/mcf) from CCS operations
» Crude oil prices may need to be higher than current level of $30/bbl

» While the W.A. Parish CCS project, which uses leading technology, provides the best analogue,
improved cost reduction technology on a commercial scale is needed

» Future public funding from state and local sources will most likely be required

» The high demand for CO2 for EOR (as oil prices recover) and federal regulation of GHG
emissions is likely to incentivize the collaboration of industry and governments to
overcome these economic barriers to CCS
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