Long Rich History of Addressing s

From the beginning:

« Addressing unique
properties — high
moisture, ash, and alkali
/sodium.

* Ash formation and
deposition in utility
boilers.

6. LT Fouling Deposit
Formation

« Addressing operational
ISssues — managing
slagging and fouling,
heat transfer,
cleanability, erosion,
corrosion, ...

5. HT Fouling Deposit
Formation

3. Early Combustion 4. Slag Deposit
Products Formation
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NORTH DAKOTA MERCURY SUPPORT — BASIC

S

Over several decades of work, the EERC

advanced technology to understand, measure,

and reduce coal-fried mercury emissions.

* Performed over 110 field tests.

» Drove capture costs from $80,000/lb down
to a few thousand.

+ Received two LEC Distinguished Service ‘:ﬁ;, Qm“:;
Awards. -‘ = ~ b = -
« Supported development of nearly every : B

mercury measurement technique.

e :

+ Created spin-off companies such as Midwest Energy Emissions (ME,C), bringing
innovation and technology to the market.

Expertise gained in Mercury and Hazardous Air Pollutant measurement and control will help
North Dakota meet future regulations and implement advanced coal utilization systems.
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KEY EERC HISTORY AND EXPERIENCE

Over 60 years of Experience with Gasification Technologies

OVER 60 YEARS OF EXPERIENCE

in resource, product and by-product
management, including coal, ash, water,
fuels, and chemicals.

WORLD LEADER in understanding the
operational challenges and opportunities
associated with the inorganic
components of coal and renewables.

PARTNERED WITH MOST major
manufacturers of gasification
systems in the world and many
developers of liguefaction systems.

-y

EXTENSIVE KNOWLEDGE of
technologies specifically related to
producing liquid fuels from coal and
other feedstocks.
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KEY DEMONSTRATIONS FOR

NORTH DAKOTA

« Demonstrated new gasification
technologies for lignite.

— Entrained flow
— Transport reactor

« Largest demonstration of hydrogen
separation membrane in the world on
North Dakota lignite.

« Advanced cleanup technologies for
lignite.
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UPCOMING GASIFICATION ACTIVITIES

« Demonstration of liquid fuels
production using lignite via
gasification.

* New technology
demonstrations involving
emission reduction.

« Advanced lignite-fired power
cycles with integrated CO,
capture.
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PARTNERSHIP FOR CO, CAPTURE
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http://www.huntsman.com/eng/Home/Welcome_to_Huntsman/index.cfm?PageID=7376
http://www.huntsman.com/eng/Home/Welcome_to_Huntsman/index.cfm?PageID=7376
http://www.transalta.com/transalta/webcms.nsf
http://www.transalta.com/transalta/webcms.nsf
http://www.metsopower.com/metsopower/MPowerWHome.nsf/FR?ReadForm
http://www.metsopower.com/metsopower/MPowerWHome.nsf/FR?ReadForm
http://www.saskpower.com/index.shtml
http://www.saskpower.com/index.shtml
http://www.ge.com/index.html
http://www.ge.com/index.html
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ALLAM TECHNOLOGY

DEVELOPMENT ROAD MAP

Lignite-Based Allam Cycle Technology Development Road Map
Fuel / Gasifier

Selection Selection

Allam Cycle

Impurity
Management

for Lignite

Corrosion
Management : PHASE 3 - FEED for PHASE 4 - Commercial
/ PHAS.E 2- Pr_e-FEED Commercial Plant, Demonstration,
and Pilot Testing, $10 million— $500 million—

PHASE 1b - Key 520 m?ll?on— >$30 million* >$900 million*
Development $50 million* - August 2019 - July « July 2020-2024
) Pathways, + August 2016 - July 2020 « 100-300-MWe System
/., $5 million- 2019 «Up Through « Detailed
$10 million* + Preliminary Preliminary Design Engineering,
‘ \ a- «June 2016~ Engineering of and Estimates of Procurement,
Addressing December Commercial Plant Commercial Construction,
Technical 2017 -Englr:eer,tPro(cjure, Operation and Operation
. Additi onstruct, an
Cha"enges' I/:\:”ci;t:lc_)azl R&D Operate Pilot Plant
$3.18 million [dantifiad ih « 5-10-MWe System
« January - Phase 1a
November =Eyngas
Combustor
2016 Pilot Test

*Costs are estimated and include matching support from federal and industrial sponsors.



ALTERNATIVE FUELS AND RENEWABLE

ENERGY

e

Straws and
grasses

Forest wood
and
manufacturing
residues

Municipal
WENED

Food residues
Algae

Oil seed crops

e Green diesel and
jet fuel

e Green gasoline
and fuel
additives

e Renewable
chemicals

e Hydrogen (fossil
and renewable)

BIOMASS |
WIND AND SOLAR g

ALTERNATIVE FUELS






