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What Does the EERC Do?

The EERC is recognized as one of the world’s leading developers of:

— Cleaner, more efficient and innovative energy technologies to
guarantee clean, reliable energy supplies for the United States
and the world.

— Environmental technologies to protect and clean our air, water,
and soil.

The EERC is a research, development, demonstration, and
commercialization (RDD&C) center.

The EERC vigorously maintains a nonadvocacy position.
The EERC enhances any guarantee.
The EERC is NOT an academic enterprise.
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Over 245,000 quare feet of state-of-the-art facilities.

“...theroad to energy independence runs right through Grand Forks
and up to the front doors of the EERC.”

—U.S. Senator Byron Dorgan
£)EER
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Strategic Solutions to Real-World Problems

The EERC provides practical, cost-effective solutions to today's most
critical energy and environmental issues and challenges. Our research
portfolio includes:

« Clean coal technologies - Alternative fuels
» Coalbed methane — Ethanol, biodiesel, biojet, Fischer—
* Underground coal gasification Tropsch (FT) fuels, and strategic
* Emission control fuels for the military
- S0O,, NO,, air toxics, fine . Biomass

particulate, and CO,
* Mercury measurement and control
. CO, capture and sequestration * Vater management

Wind energy

« Global climate change * Flood prevention
 Energy and water sustainability . \Waste utilization
* Energy-efficient technologies .

Contaminant cleanup

« Advanced analytical
technologies/extraction technologies

« Pesticides and neurological diseases

» Distributed power generation —
various fuels
 Hydrogen technologies



Worldwide Clients

[
Bnaty T Wby (R sy i,
e o

Business

[t

et Siemc onmt
N e g ot
e Yok St gy

. Doripesns gy Meeach

2 Moo St A

Dikors 5my oo S
- Oflr o ™

Plami Cotpon,
o Cipieasin

ety d LT —
bt e Boepmen . s, 4,
T L

Aty
Al St & Tirte e
o S oy A ot U, e o Oy
St (001 Drvcpeneis . i e
Eterring fropse b ere? S g,
s g o e Labeoey
2 i ol et

1 o Ay
ot 4 Agrodinsy

s
3 oo

-
VS P
G e ey
Pt Favgn, oty g

ol
Vg oo o ey,

Anscomds Meish Commpany

Anaiyss st Revearch L

AN Cos Casitcatin Company
e

[y ——
Bulch Borsg Pooees, b
Rabuck ey Ervissasmenial b
Baburick & Wikien Company

o

Since 1987, the
EERC has had more
than 1000 clients in all
50 states and 51
countries.

Client Specs:
« Government clients: 89

Academia: 51
International market: 137

 Private corporations: 760
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EERC Quick Facts

Total value of current EERC contract portfolio is $227 million.
The EERC had 434 active contracts in FY08.
In FY08, 87% of contracts were with private sector partners.

Total employment of over 330 highly skilled scientists, engineers,
and support personnel, with about 20 new open positions.
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Algae — Part of the Answer for
U.S. Energy Security

- Nutriceuticals
Pharmaceuticals
Human Consumption
Animal Feed

Soil Amendments

Ethanol
Power Production

Fuel
Green Chemicals



Why Use Algae for Biofuels?

Greenhouse gas reduction
— Renewable feedstock
Does not compete with food

Does not compete with high-value
agricultural land

Higher-energy-density oil with
more potential fuel products

Potential to stimulates rural
economies

Provides energy security

Unwanted algae in bay off of Qingdao, on an

east China coast
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Projected Oil Production Yields

Gallons of Oil per
Feedstock Acre per Year
Soybean 48
Sunflower 102 % $$ ' ?
Rapeseed 127 | E .- -
Castor Bean 151 gm
Jatropha 200 |&
Kukui 237 &
Coconut 287
Palm Oill 635
Microalgae 5000-15,000




Algae — Part of the Answer for
U.S. Energy Security
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O Areas of EERC focus

O Areas of EERC partner focus %9 EERC
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Algae — Part of the Answer for
U.S. Energy Security
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Water

“Whiskey Is for drinking, water
IS for fighting.”

B) i‘nessWeek
THERE WILL BE ATEH

— Mark Twalin

INKS IT'S THE NEW 0IL]

Pis : — T_‘\“
N -
" & L Y,
. ™ e ( = -“',,"—,‘: - ‘
'
—
- ® Favrgy & Capiromssental Ressarch Cenfer



Water Consumption for Algae Growth

« Water consumption varies significantly
with each system type.

— Closed-loop(less) vs. open-loop design
(more)

— Pond (more) vs. reactor design (less)
* Able to utilize brackish water.

« Use gray water from power production,
CO, cleanup, coalbed methane
production, ...
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EERC Water Activities

The EERC works with industry and
technology developers to evaluate
and commercialize water
solutions.

EERC projects focused on water
issues related to energy:

* Great Plains Water Consortium — Gas

Stakeholder-based program focused on | A 700-MW coal plant

methodologies and technologies for water flue gas may contain

minimization approximately 1000—
2400 equivalent liquid

gpm of water.
« CO, Water Consortium — Dealing with water

issues tied to CO,, capture and Variets with coal
sequestration and water reuse moisture.

Varies with treatment.

E)EERC
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* Power plant water capture and minimization




Water Extraction Technology - In
Partnership with Siemens Power Generation

WETEX™ jnvolves the
installation of a -
desiccant based water Condensables
absorption System tO Air Cooled Condenser

extract the combustion

product water from the bry Flue

Gas

flue gases. T
@ ) o
Forwarding Pump

Recovery Rate Absorber
l
\ ]
(o)
300/0 = 40% Water Dual Cooler
recovery is readily Water Rich NN
aChlevabIe ngher Flue GLV W Water apor Desiccant
rates possible, but i T"’a"“""‘—l
drives system costs. —— R Trace
Weak N Contaminants
Desigcant Regenerator
‘) Strong
( 3 / w k% \E Desiccant
eak Pump )
The water is then /\_/6; Strong Pump

extracted from the
absorption system and

is made available for Pilot Facility Tested — 1MW system =b EERC

use within the plant.
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Power Plant CO, for Algae Cultivation

Few companies currently using power
plant CO.,.

Variations in coal and operational
performance can alter algae
performance (significantly?).

Key — How to produce a consistent,
high-quality CO,, feedstock.

. B GREENFUEL Algae becomes a flue gas-
— ' scrubbing system (removing
CO, and NO,).
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Center for Climate Change and
CO, Sequestration

« The EERC is one of the leading

P —— " organizations selected by the U.S.
r— Y/ ‘ Department of Energy (DOE) to determine
P , R the best ways to manage our country’s CO,
' - emissions.

Partnership

« The EERC’s Plains CO, Reduction (PCOR)
Partnership is the largest of seven lead
organizations around the nation heading up
an effort to meet the President’s Global
Climate Change Initiative.

« The EERC PCOR Partnership was awarded
$67 million to advance commercialization of
climate change technologies to capture and
permanently store greenhouse gases. This
award is the EERC'’s largest single award to

date.
AR
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PCOR Partnership
Region
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The PCOR Partnership has brought together the key stakeholders to
make geologic CO, sequestration a viable option for carbon
management in our region.
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Phase Ill: Williston Basin Project Overview

240 MMscf/d ; Cupressnrs - . EERC ES29659.COR

Pipeline Capacity =

'.—.;ll_ﬂi.e'l;.li"ﬂ_:.nl.t-.jﬁ;-;—_-. -

Current Flow Rate
153 MMscf/d

57 MMscf/d

E«ﬂ.u—ﬂ Synfuels Plant
E e | OW=FIressLure stealr © J yn Haw s

Capture at least 500,000 tons/yr of CO, at
existing coal-fired power plant in central North
Dakota.

» Transport via pipeline to Williston Basin oil field.

+ Meet or exceed all of the DOE Phase llI
objectives.

« Conduct activities to document the efficacy of
carbon capture and storage.

« Ultimately monetize credits.

S)EERC
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The Partnership for CO, Capture

Sponsors Include:

‘The Partnershlp L roner
fOftO captu Black & Veatch

 Midwest Generation
 Huntsman

« SaskPower

« PPL

 Transalta

« ATCO Power

« Basin Electric

« Constellation Energy
$3.4 million program . |ICC]

N | _ « DOE
$1 million sister program for water issues NDIC

In CO2 capture %DEE




Algae — Part of the Answer for
U.S. Energy Security

&

_ Nutriceuticals
Pharmaceuticals
Human Consumption
Animal Feed

Soil Amendments

Ethanol
Power Production

Fuel
Green Chemicals




Producing Fuel from Algae Oll

 The EERC has produced 100%
renewable JP-8 (jet fuel) from
multiple crop oils — no expected
differences with algae oill.

« Currently partnered with two DARPA I—i e
(Defense Advanced Research - | |
Projects Agency) awardees to

convert algae oil to JP-8.

* |In discussions with multiple algae
producers to conduct fuel production
tests.
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EERC Process Produces Spec-

ComEIiant Fuel from Renewables

Crop Oils 55 £
Algae Oils "<&

Suite of Fuels

) aYe
e
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| ~f  Process A |

Process B



Crude Oil Disposition

Propane (2%)

Liquefied Refinery

Gases (2%)
Petrochemical
Feedstocks (2%)

Asphalt and Road Oil (3%
Residual Fuel Oil (4%)
Still Gas (4%)

Petroleum
Coke (5%)

Other (2%)

The EERC process will
produce at least 80% of
the suite of products
from crude oil.

The primary focus has
been on producing 100%
renewable jet fuel (JP-8)
for the U.S. military
(DARPA).

Kerosene-Type
Jet Fuel (8%)

Diesel/Fuel Oil
(22%)

S)EERC
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DARPA Project Overview

* Fuel sample submitted to U.S. Air Force

— Qualified as JP-8 based on seven key
fuel property screening tests

— Ahead of our development schedule
— Ahead of our DARPA competition
« Economic modeling
— Feedstock scenarios
— Process scenarios

— Evaluating field-to-fuel options based
on feedstock production and
processing economics

« Commercialization

— ldentifying partners and scenarios,
partnership discussions ongoing

— Assessing early market entry options




EERC Renewable JP-8 vs. Petroleum JP-8

EERC
renewable

JP-8 meets key
specifications —
testing
conducted by “a
government
research
laboratory”.

Specification Test EERC JP-8 | JP-8 Avg | JP-8 Spec.
Aromatics, vol% 19.8 17.9 <25.0
Olefins, vol% 1.9 0.8 <5.07?
Specific Gravity 0.805 0.803 0.775-0.840
Flash Point, °C 49 49 >38
Freeze Point, °C -52 -51.5 <-47
Heat of Combustion, MJ/kg 42.9 43.2 242.8




Composition Comparison —
EERC JP-8 vs. Petroleum JP-8

EERC TA31442.CDR

Looks like petroleum JP8 — just

Weight % n-Paraffins
a new, renewable source. ¢S | €. | €Ce | €S
C Sample 2 2.6 27.0 2.1 0.094
1 012 JP-8 16.5 13.2 3.0 0.12
C10 C
. (.Ig 13 EERC Sample 2
i~ Cg Ci4 Cis
G v m | Cis Cy Cig 1o
3
: JP-8
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Time—> 5 10 15 20 25



Contact Information

Energy & Environmental Research Center
University of North Dakota

15 North 23rd Street, Stop 9018

Grand Forks, North Dakota 58202-9018

World Wide Web: www.undeerc.org
Telephone No. (701) 777-5153
Fax No. (701) 777-5181

Thomas A. Erickson, Associate Director for Research
terickson@undeerc.org
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