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WRI is a global research
organization that turns big ideas into
action at the nexus of environment,
economic opportunity and human
well-being.
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Presentation Structure
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A. Introducing the U.S. DOE's Major Demonstrations
Program (MDP)
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B. Presenting the Progress on the Projects under MDP
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C. Summarizing & Sharing the Lessons
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DOE Major Demonstrations Program
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Clean Coal Power Initiative | DOE
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« The Clean Coal Power Initiative (CCPI) is
providing co-funding for new coal technologies
that can help utilities cut sulfur, nitrogen and
mercury pollutants from power plants. Also,
some of the early projects demonstrated ways to
reduce greenhouse emissions by boosting the
efficiency by which coal plants convert coal to
electricity or other energy forms.
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Hydrogen Energy California Project
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Petra Nova - W.A. Parish Project
Petra Nova - W.A. Parish 31 H

Southern Company - Kemper County
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Texas Clean Energy Project
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Source: DOE
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FutureGen 2.0 | DOE
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« On August 5, 2010, the Secretary of Energy
announced the awarding of $1 billion in
Recovery Act funding to the FutureGen Alliance,
Ameren Energy Resources, Babcock & Wilcox,
and Air Liguide Process & Construction, Inc. to
build FutureGen 2.0, a clean coal repowering
program and carbon dioxide (CO2) storage

network.
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Source: DOE
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CCS from Ino

* In a major step forward Iin the fight to

reduce CO, emissions from industrial
plants, DOE allocated funds to projects
that capture and sequester
CO, emissions from industrial sources -
such as cement plants, chemical plants,
refineries, paper mills, and
manufacturing facilities - Into
underground formations.
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ustrial Sources | DOE
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Air Products & Chemicals, Inc.
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Archer Daniels Midland Company
Archer Daniels Midland 2> 5] T H

Leucadia Energy
LeucadiafE R H

Source: DOE
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Project Status i HIRZA
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MINNESOTA 2 Ottawa : Montreal

SOUTH WISCONSY inoi
DAKOTA The lllinois

WYOMING | Industrial CCS Facility ADM
NEBRASKA « W& I'e PAREF Tl CCSIE & ADM

OHIO PENN

Hydrogen Energy California | Hr;i}ed States R 2
Project IIFfRELSEAETH |~ "% : ]

Kemper Project Southern
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CAROLINA

" NEW MEXICO

Texas Clean Energy Project {2 TENDS ‘ Leucadia Energy
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Port Arthur Project Air Products Petra Nova Project NRG
P R A AR =B L T H " Petra Nova NRGIJi H
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FIER T CCSi%iE | ADM

Project Developer Iji 5 \[l. 3
Archer Daniels Midland Company
Archer Daniels Midland /X =]

*Project Partners i H k-

The lllinois State Geological Survey, Schlumberger
Carbon Services, and Richland Community College
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«CO2 Capture Source —EALIERJE

ADM corn-to-ethanol plant (greater than 99% purity
on a moisture free basis) in Decatur, lllinois

FRIEFN i E R ADMEOR 282 (FETI8AE b
CO24i[E=T99% )

«CO2 Storage Site — &/l ETEHY

Adjacent to ADM corn-to-ethanol plant in Decatur, lllinois
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Industrial CCS Facility | ADM
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*Scale #If&
Approximately 1 million tonnes per annum (Mtpa)

291 H 71/ (Mtpa)

Starting Year 2450 [H]
April, 2017
201744 F

-Storage InformationEf 7= &

Mount Simon Sandstone at a depth of
approximately 2,100 metres

PR WD -# 1 2921000k (&5
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735 > 25%7],

Source: DOE/NETL
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The lllinois Industrial CCS Facility | ADM

* Finance %%

COST % H

Non-DOE,
$66,536,254 ,
32%

DOE,
141,405,945
, 68%

FEFEFE TAICCSiEHE | ADM

« Project Highlights Tl H 7= /5

The first EPA’'s Class VI Permit - Underground
Injection Control for Geological Sequestration of
Carbon Dioxide

B PIREGEEMRE NEHIFA] - A bhxdit
FiEFRIHE N EANEE

« Current Status HETIRR

The ADM project received the U.S. EPA's UIC
Class VI injection well permit effective April 7,
2017, and started commercial operations
accordingly.

ADMIIH #YZ=[ERM RF UIC/ 281 AFH 17 A[2017
FARTHAER - 6 Trliiss -

Source: DOE/NETL
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Petra Nova Pro,
Petra Nova JiH | NRG gEJE

*Project Developer IIji H M.+
A 50/50 joint venture between NRG and JX
Nippon Oil & Gas Exploration

NRG #1 JX Nipponiy50/504& %%

«CO2 Capture Source — & Lot H
Post-combustion Capture - A commercial-
scale post-combustion carbon capture facility
at NRG's WA Parish generating station
southwest of Houston, Texas

A - e AT R I P rHYNRG's WA
Parish240JK FLAZ H] > B AARATEA S it
Ll

*CO2 Storage Site _E{bhrfifE

The captured CO2 will be through an 80 mile
pipeline to an operating oil field where it will
be utilized for enhanced oil recovery.

ject | NRG Energy

R R bk 805 BV E HHA £ —i
EHHE > EHNE S b A TS A

*Scale #if5
1.4 million metric tons of CO2 annually

140 HIiCO2/4
Starting Year #2450 [A]
January, 2017 201741H

*Storage InformationEfFH(E &
Hilcorp’s West Ranch oll field, located near
Vanderbilt, Texas / 80-mile pipeline

fEre = o R AYHilcorp’s West Ranch
JHH 80-mile pipeline

Source: DOE/NETL
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Petra Nova Project | NRG Energy
Petra Nova iiH | NRG £EJE

* Finance %%

COST ¢ H

DOE,
$190,132,425
, 19%

Non-DOE,
$809,867,575
, 81%

* Project Highlights i H 7= /5.

** Production at the West Ranch oil field is expected to
increase from roughly 500 barrels per day to 15,000
barrels per day.

T West Ranchi HIHY 4B 7 Rt M 24 50048/ I8 142
15000%g/-K °

s A path forward for existing coal-fired power plants to
continue producing energy while meeting
environmental sustainability goals.

Feft TIA K I A H AR RS A T (R I S B A B E]
FFERAY HARAY R 1T -
« Current Status HFij RN
Petra Nova has completed final performance
testing and began commercial operation on
January 10, 2017.
Petra Novat. 2252 1 1 i e HYMERE NI, » FHAE
2017E1H10H A \LinE -

Source: DOE/NETL
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*Project Developer i 5\l F
Southern Company subsidiary

Mississippi Power mF AN E N E
HY 2 PEPYEERE TR

«CO2 Capture Source & /LT
HEERE

Pre-combustion Capture - Integrated
Gasification Combined Cycle - 582-
megawatt electric power plant (At
least 65 percent)

|
—_—a

PRATREE - BT S TR RO -
582K FL. A HLAE ] 2/ 65%HYCO21/i 5
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Kemper County Energy Facility | Southern Company
HIREREF I BT HEIIAE]

*Scale Hf&5

Approximately 3 million tonnes per
annum

23 5 i/

Starting Year #2450 [A]
2017 (expected)
20174 (Fif)

« Storage Information £ {FEH(E
=

JN
Enhanced oil recovery in Mississippi/
Approximately 98 kilometres Pipeline

e S S [ 522 24 98T K N iE i BE 5T

Source: DOE/NETL
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Kemper County Energy Facility | Southern Company
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* Finance %i<g

Cost of plant subject to cost cap (power plant
portion of the project)

ZRRBHVIEDT (ERVE HEE)

Uncapped cost (Mine, CO, pipeline, etc.)

—&fbiR - BELF)

A ZIRAVIEDT (KU >
Total project cost
SEINETEH?

Costs that will not be paid by customers
A HEHTE XA

Additional DOE CCPI2 funding

Mt IIEYDOE CCPI2BT4&:

Total cost eligible for recovery from customers

HBTEHEAE5?

« Project Highlights i H = =

TRIG™ Integrated Gasification Combined
Cycle (IGCC) developed by NCCC-Southern
Company — a simpler and more robust way
for generating power from low-rank coal

FHREE T T BT AR IV TRIG™EE AL = (b
PR fEH R AT - fEf—a] DI 4

AR RERY INE

« Current Status HgiJIR%

Prepare to start commissioning

M BT

Source: DOE/NETL/Mississippi Power
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Port Arth U
feEERTE | 25T

*Project DeveloperZii 5\l F
Air Products and Chemicals, Inc.
e SAE AR AE]
‘Project Partners JiHZ 5%
Denbury Resources

Denbury &1
*CO2 Capture Source —E(HIEIR
I

Two world-class scale steam methane reformer
(SMR) hydrogen production plants located in Port
Arthur, Texas

M FEFCR= P BRI - H e B =

r Project | Air Products

«CO2 Storage Site — &L AEiEH:
Enhanced oil recovery.
= w2 AR E e el = R b P

*Scale HfA

1 million metric tons of CO2 annually
15 M A bl

Starting Year #2451 [H]

2013

«Storage Information {2 &

Texas EOR projects in the West Hastings Field
F£West Hastings Fieldfy{E s = HrEORT H

Source: DOE/NETL
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Port Arthur Project | Air Products

e 255 7 1

* Finance %%
COSTILH®

Non-DOE,
$146,636,306 ,
34%

[CATEGORY
NAME],
$[VALUE],
[PERCENTAGE]

| ZZSAEL MmN E] . project Highlights 51 2.5

The CO2 used for EOR will result in approximately
1.6 to 3.1 million barrels of additional annual
domestic oil production.

CO2-EOR{SE /A B 21160 /5 2310 /5
fi

« Current Status Hgij RN

The project has been in commercial operation since
early 2013 and continues to successfully capture,
store and utilize the produced CO2 stream. Air
Products has already successfully captured and
stored over 3,640,000 metric tons of CO2 as of April
30, 2017.

2013F )51 H H-4ar0 1 in s HFFE e ~ fif
% ~ FIHF A S bk T30H - #%2017 -+
2724 H30H » ZESAL T i = RIS T
iRt 3,640,00000 4y — S (B -

Source: DOE/NETL
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Lessons Learned
RGN L5

» Technology 7 A& _I= - Relatively Mature #H Y i 4
»The ADM Project ~4IIEI HIfHEHCO21R L 5

» Cost kA I - Relatively Low Cost & Public funding Support #H
YN HAE RIS
»ADMIJT H F1AIr ProductsTii H 3945 1 50% 538 ARV 511 S R
RARBUIN T I H #55 ABIMX o

» Business Modelp5 /7t - Available & B8] 18RI pE 5=
»>Available EOR / & TADMIVIH » B4 ="1# & MiEINCO2HT-IK
o BRI ENUA > s DS —E 5y (BiaE) fEni T -

Source: DOE/NETL @? WORLD RESOURCES INSTITUTE



L essons Learned

RSN

« Be Patient 5 FEECCSIi H B LIRS Ay HE S

Petra Nova  NRG

2010

- 2017
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Thank You !
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