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NextEnergy’s Role

Non-Profit Focused On Energy
= Accelerate commercialization of advanced energy technologies
= Analysis that inform and supports economic development strategy

Purpose to Improve Domestic
= Company growth
= Development of IP
= Job creation
= Investment attraction




NextEnergy Impact

Leverage people, place and relationships to accelerate growth

Knowledge Technical Facilities Connections
(people) (place) (relationships)
B
Market Studies Technology Demonstrations Funding Sources

System Integration Connect to R&D Institutes
Go-to-Market Partners

Customer Connections
Business Model Support

.
L e

Technology Roadmapping
Supply Chain Analysis Validation and Testing

Value Chain Dynamics
Domestic Competitiveness
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An Overview of Natural Gas Value Chain
Natural Gas Supply

Field Evaluations
Sonic/Siesmic testing
Gravemetric evaluation

| In-Lab data
I|I evaluation
|

1
Purchase land
or drilling rights

Test W -
(wertical & horizental,
3,000 ft & up}

Evaluate quality of gas
{content, wetness, ...}
Evaluate type of fisld
(dry shale, wet shale,
gas over oll, ...}

(capacity, quality,
cost of production, lease cost, ...}

Schlumberger
Southwestern
Conaco Phillips
Shell
..."&ll the major oll companies”

Yes, we're going to
develop the site!

—— | Flan the site

Contract oil
service company

—_— Set up Pads, drilling rigs,
Materals Required procassing plant
Water

Chemicals
Power
Fracking sand
Diesel fuel

‘-\_‘___‘_

Multiple wells can originate
from a single platform.
Laterals can extend
underground 4,000 ft.

Dl wells,
install connection system

—

" Compress Methane
to line pressure

Higher C-number products

hoost COMPressors every
few hundred miles,
approx 5% "loss” of energy

Distribution Consumption
Compress, cool & Liquify 4&
s

LDCs have contracts with the [r
transport pipelines

- firm (B0% to B0% of capacity)
- interuptable

Contracts cover:

- daily use volumes

- annual volumes

- Peak usage by the day

B

Distribution C
[ {LDC) typically intrastate J

dential

ial & Industrial heati ,]
/[ Industrial as feedstoek for products |
smaller dia. lines,
individual confracts — .

! - be part of the LDC)

(Gas Cempression =D °
can take 15% to

20% of the energy
of the product) \
CNG Vehicles

Gathering Pipelines

T Ae in Independent Storage
1 Mov - out Owners

Storage assefs

NOTE:

from “wet gas" fields
{can be more valusebie

Estimated loss by leakage to atmosphere of 3% to 5% of prclductl

- Users can contract with other
"Retall competition" gas suppliers

Wel Gas fields incdude
Marcellus and
possibly Utica fields.

than the Mathana}

for the gas but continue to pay
the LDC for distribution from the
installed infrastructure,

- Users can also own storage assets.

/

Ethane and Propane _ . —— P
. can be piped togather

Halliburton

C4+ transportation o | C4+ Refinery to
by truck, barge " | higher value preducts

Millenium Pipsline (26% DTE awned)
Vector Pipeline (40% DTE owned Lo

Bluestone Gathering Pipeline (*% DTE owned)

Interstate pipeline companies were
separated from the producers and
distributors by FERC order in a manner

similar to the electrical transport line com panies,
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US Natural Gas Infrastructure

International
Pipeline Entry Points

Transmission Lines

306,000 miles Operators [EX3T

Market Hubs [EE}

. LNG
‘] or Propane/Air Plant

Compressor
Stations iYL

Underground
Storage -418 fields

Storage Capacity

i
P
B,499Bcf

Gas Fired

rPIants.

Residential T i 11— =

Customers
Reg ulatnrfMeter .\-i i

Eﬂa 7 mlllmn
Commercial
Customers — ' Large Volume
\ ~ Customer
Lacal Distribution Companies L
7

Source:2010 MIT Energy Initiative Report
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Midwest States Riding Boom in Shale Gas
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Source: Baker Hughes

Marcellus play in Pennsylvania and Utica play in Ohio have increased rig

counts in recent months due to liquid rich plays. | .8
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US NG Opportunity

Equipment needs are huge: there are over 100 pieces of equipment just for drilling.

Numerous suppliers for each product: there are over 5700 suppliers just for
compressors.

Most frequently used equipment includes:

Drilling rigs

Drilling pipes The top 50 oil and gas companies
Heavy weight pipes raised and spent an annual average
Drilling collars of $126 billion over the last six years
Non-mag drilling collars on drilling, land acquisition and other
Drilling bits capital costs within the US, double
Fracturing tools their capital spending as of 2005,
Stage tools Ernst & Young.

Liner and Hanger
Valves
Equipment specialization is crucial.
There is no one company that can supply all the equipment. .

9
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Major Upstream Companies in the U.S.

These companies are the dominant players in the upstream sector

Operators Contractors Service
Chesapeake A - . PIONEER A\
Energy Chesapeake Pioneer Drilling [4!“!'-!-'!‘[5 Baker Hughes nﬂ('g;"!s

ENCANA. @ _
EnCana J—er Precision Halliburton HALLIBURTON
Dri||ing Precision Drilling
EOG Resources S e Schlumberger Schlumberger
£0G Resources Payne
wn’ NABORS >
INDUSTRIES Weatherford

L (S @ cAMERON
Southwestern Energy® savanna Drilling
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Advancement in Fracking Techniques (1/2)

~= Challenge: Frac flow back and produced water may
contain hydrocarbons, solids, bacteria and heavy metals

Solution: CleanWave™ Water Treatment Process,
Halliburton. Eliminates biological contaminant, enables
on-site recycling

Challenge: Improperly conditioned water can degrade
performance of fracturing fluids, and can lead to
completion failure, scaling issues, poor conductivity,
loss of production

Solution: Customized Fracturing Fluid. Modifies
| chemistry of fracturing fluid itself to work optimally
A ‘ with the treated water

Source: Halliburton, CAES, OTC, NRDC, Mi
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Advancement in Fracking Techniques (2/2)

Source: Halliburton, CAES, OTC, NRDC, MIT

Challenge: Bacteria Control, Corrosion of Iron and Steel

Solution: CleanStream® Service , Halliburton
Uses UV light to control bacteria and reduces need for
chemical biocides

Challenge: Siting of CAES facilities may be limited by
specific geologic conditions

Solution: Use of exhausted NG wells as compressed air
storage caverns
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New Pipeline Developments in Midwest

AW’ Supply from Canada

-TransCanada mainline
Expansion

Supply from Marcellus
-Backhaul on Tennessee
-Texas Eastern Expansion
-El Paso NSD Project

Supply from Rockies: “ : " _Millennium Expansion
- Rockies Express 6

— terstate 3
—— | 1trastate

Positive shock in traditional
supply from Mid-Continent
and Texas with shale
development

* Additional pipeline capacity in the region could bring an additional 2 Bcf/d supply to

Midwest in 5 years

* US added 4.5 billion cubic feet per day of nhew pipeline capacity and 367 miles of pipe .
totaling $1.8 billion in capital expenditures in 2012, over half were in Northeast US

* North America — 26,300 miles in planning stages, 5,651 miles under construction ‘ 13
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US Natural Gas Storage

Figure 2. Underground Natural Gas Storage Facilities in the Lower 48 States

Consuming West

o x
: L
\A X _ Consuming East
* A _ o '

+ Depleted Fields
¥ Salt Caverns
& Aguifers

Producing

source: ErnergyInformaton Sdramstration (EIA), EIA GasTran Geograpluc Informaton System Underground Storage Data Base. 14
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A Surge in Applications for LNG Export Terminals

®\.  North American LNG Import/Export Terminals
: Proposed/Potential

Import Terminal

1. Robbinston, ME: 0.5 Bcfd {Kestrel Energy - Downeast LNG)

2. Astoria, OR: 1.5 Bcid (Oregon LNG)

3. Corpus Christi, TX: 0.4 Bcfd (Cheniere — Corpus Christi LNG)
POTENTIAL U.S. SITES IDENTIFIED BY PROJECT SPONSORS

4. Offshore New York: 0.4 Bcfd (Liberty Matural Gas)
Export Terminal

PROPOSED TO FERC

5. Freeport, TX: 1.8 Bcfd {Freeport LNG Dev/Freeport LNG
Expansion/FLNG Liquefaction)

6. Corpus Christi, TX: 2.1 Bcfd (Cheniere — Corpus Christi LNG)

7. Coos Bay, OR: 0.5 Bcfd {Jordan Cove Energy Project)

8. Lake Charles, LA: 2.4 Bcfd {Southern Union - Trunkline LNG)

9. Hackberry, LA: 1.7 Bcfd (Sempra — Cameron LNG)

10. Cove Point, MD: 0.75 Bcfd (Dominion — Cove Point LNG)

11. Astoria, OR: 1.30 Bcfd (Oregon LNG)

12. Lavaca Bay, TX: 1.38 Bcfd (Excelerate Liquefaction)

13. Elba Island, GA: 0.5 Bcfd (Southern LNG Company)

14, Sabine Pass; LA: 1.3 Bcfid (Sabine Pass Liguefaction)

15. Lake Charles, LA: 1.07 Bcfd {Magnolia LNG)

16. Kitimat, BC: 0.7 Bcfd {Apache Canada Ltd.)
17. Douglas Island, BC: 0.25 Bcfd {BC LNG Export Cooperative)
POTENTIAL U.S. SITES IDENTIFIED BY PROJECT SPONSORS

18. Brownsville, TX: 2.8 Befd {Gulf Coast LNG Export)

19. Pascagoula, MS: 1.5 Bcfd (Gulf LNG Liguefaction)

20. Sabine Pass, TX: 2.6 Bofd (BxxonMobil — Golden Pass)

21. Plaquemines Parish, LA: 1.07 Bofd (CE FLNG)

22. Cameron Parish, LA: 0.16 Bcfd {Waller LNG Services)

o 23. Ingleside, TX: 1.09 Bofd (Pangea LNG (Morth America))

S Jurisdiction 24. Cameron Parish, LA; 0.20 Bcfd (Gasfin Development)
U5, — MARAD/COAST GUARD

OFERC 25. Gulf of Mexico: 3.22 Bcfd (Main Pass - Freeport-McMoRan)
(OMARAD/USCG POTENTIAL CANADIAN SITES IDENTIFIED BY PROJECT
SPONSORS
26. Prince Rupert Island, BC: 1.0 Bcfd (Shell Canada)
27. Goldboro, NS: 0.57 Bofid (Pieridze Energy Canada)
28. Kitimat, BC: 2.0 Bcfd (LNG Canada)

Office of Energy Projects

As of March 20, 2013

Source: Federal Energy Regulatory Commission
* First export project, Sabine Pass in LA, could be online as soon as 2015

* EU paying 2-3x, China paying 4-5x US NG prices N
* LNG Plant Investment $5B+ ($1000+ per ton per year of capacity) L6
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* Shell, Mobil, Exxon/BHP and Statoil are all developing large-scale FLNG projects
in Australia, Nigeria and Namibia

e Shell Australia FLNG Plant — $10-12B, 3.6MM metric tons of LNG, 200km out .
to sea, produce gas from offshore fields & liquefy it onboard .
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Coal Plants Retirements Will Boost Gas Demand

25.0
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Incremental Coal Retirement (GW)
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o
!

Source: EIA Annual Energy Outlook 2013

More coal power plants will retire before the end of decade, and natural n
gas plants are expected to fill the gap. s
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Coal Retirements Impact on Midwest Region
Opportunity for NG CC Power Generation Plants/Retrofits

Q

:

:
00
0

O 48 ko 100
o 2 &6

Sthium

Gl B
Coomplated
Proposad

Between 2012 and 2025 50 GWs of coal-fired capacity retirements

have been announced, representing a 5.4 Bef/d potential NG
demand opportunity.

Source: Encana Fundamentals, company announcements.
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Natural Gas Power Generation Innovation

GE H series power generation gas turbine: in combined cycle configuration, this ]
480MW unit has a rated thermal efficiency of 60% 20
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NG Gas i neline Grid &Key Industries in Midwest

Agriculture [ Service
<+ Manufacturing I Pipelines

Source: Bureau of Labor Statistics, U.S. Department of Labor
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Presenter
Presentation Notes
Trade includes retails and wholesale trade. Example: For Illinois, http://www.city-data.com/business/econ-Abingdon-Illinois1.html#wholesale


Industrial Projects Get Boost from
Increased NGL Production
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Petrochemical companies are benefiting from increased production in n
wet gas and are moving offshore industrial plants back to the U.S. .
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Industry to Invest $80 Billion In
Manufacturing Renaissance

. 2l
Oregon
Idaho
Nevad
evada Utah
California
Arizona
Alaska

Montana

Wyoming

Colorado

New Mexico

. Chemicals &Fertilizers

Machinery

O Natural Gas to Liquids

Source: Dow Chemicals

Q Dakota
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NG Pipeline Grid and Key Industries in Midwest

Petro-Chemical
Manufacturing Facility
Announcements in
Midwest is weak in
comparison to other
regions in US

" Chemical & Fertilizer: 3
= Steel & Aluminum: 7

= Tires: 1

= Plastics: 1

Agriculture Finance, insurance, and real estate Service
<+ Manufacturing <4 Mining - Pipelines

Source: Bureau of Labor Statistics, U.S. Department of Labor; Dow Chemicals
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Industry to Invest S80B In Manufacturing Renaissance

New Hampshire
i Vermont
Tota| Midwest Massachusetts \ Maine
Montana Chemical & Fertilizer: 3
Oregon 2013-2015
Idaho [ York
Wyoming o — Rhode Island
Nebraska owa Others: East/Southeast JEEEEEEE
Nevada Utah . Chemical & Fertilizer: 21 Hatiiadhad
Colorad Delaware
olorado Viscour 2012-2017 Varyiand
California L
X \ | North Carolina West Virginia
Arizona o Chemical & Fertilizer: 27
2012-2018
LA
Chemical & Fertilizer: 15
2012-2018
Alaska

Number represents total number of .

new announced investments
25

Source: Dow Chemicals
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Natural Gas Vehicles and Fueling Investments
112,000 NGV’s in US, 600 NG fueling stations, 14.8 million NGV’s worldwide

Total NGV Station Count Industry Announcements

bl 1030 Station Infrastructure
« Shell/Travel Centers of America

831 825 -
BOO | -~ 100 LNG stations planned
600 | Clean Energy LNG station expansion
400 | - "America’s Natural Gas Highway”
- Encana/Heckmann
N % . “ ~ Mobile and fixed stations
2008

2009 2010 2011 « Qver 100 new CNG stations planned
BCNG ELNG

1.000

New Natural Gas Vehicles and Engines
Growth Since 2008 * "Big 3" offering pick-ups

197 CNG Stations & 8 LNG Stations * Volvo/Navistar —on road
Total Capital ~$500 Million *  Cummins/Westport — on road

« CaterpillaryfCummins — off road
- Caterpillar/Westport — rail

Source: Energy Information Administration (EIA), 2010; Statistics Canada; U.S. Dept of Energy AFDC. L 26
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NG Downstream Technology Innovation

Chilled Natural Gas : - ! Modular Natural

for At-Home NN I~ B Gos Tank
Refueling % bt
==

Froposed At-Home Refuslng System

Conformable Core
Gas Tank

-

[T

@*3@ & “3 Low-Pressure - Low Pressure
Gy ;'»3; LW Conformable _ e ‘B Material-Based
[N SN E I \otural Gas Vehicle | C W Natural Gas fuel

M
qw.!-q:

&Y
!!HW

Sorbent-Based | f Intestinal Natural
Natural Gas Tank *‘ , ok Gas Storage

=)

Source: Advanced Research Projects Agency-Energy, US DOE
NextEnergy Confidential
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NG Downstream Technology Innovation (1/2)

Chilled Natural Gas for At-Home Refueling Modular Natural Gas Tank
Developer: GE Global Research Developer: United Technologies Research Center
Partners: Chart Industries, University of Missouri Partners: Lincoln Composites

[pen < eived
Iertsne B

A\
\}
1

e T
‘-.... |
i TR lertnt __Gerban I

1 G Slia

Low Pressure Material-Based NG Fuel System Sorbent-Based Natural Gas Tank
Developer: Ford Motors Developer: SRl International
Partners: BASF, University of Quebec Trois Rivieres
University of California-Berkeley

Source: Advanced Research Projects Agency-Energy, US DOE
NextEnergy Confidential
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NG Downstream Technology Innovation (2/2)

Gas-Compressing Engine Conformable Core Gas Tank
Developer: Oregon State University Developer: REL, Inc
Partners: Colorado State University Partners: Endres Machining Innovations, LLC

Low-Pressure Conformable NG Vehicle Tank Intestinal Natural Gas Storage
Developer: Gas Technology Institute Developer: Otherlab, Inc.
Partners: Northwestern University

29
Source: Advanced Research Projects Agency-Energy, US DOE
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Midwest Impact of US Shale Gas Development
Upstream & Midstream

Value Chain Technology/

. . Who Benefits Investment Potential Economic Impact
Opportunity Opportunity (Jobs)

Recovery / Land owners, Steel,

- Hydraulic Fracturing

Prodl..|ct|on (|ncl'uc.j|ng i Bl s ngs, Cement, High High
Fracking and Drilling Technolo Equipment, Large Longer Term
Equipment &Yy mfg./fab. Suppliers
- Lateral pipelines
- Compressor - Construction firms
Pipeline additions - Pipeline mfg’s Hich High
Infrastructure - Composites and - Utilities 8 Shorter Term
lining technology
- O&M Techniques
- Onsite LNG - Utilities Low
Storage Capacity - BatterY - Storage Asset High e
compression Owners
Gathering / - New p.|peI|ne lining Mach{nery, . Medium
e - Maintenance Construction firms, Medium
Distribution . e Shorter Term
technologies Utilities

Source: MIT, HIS Global Insight, KKR, PWC, US EIA, Chatham House, Forbes, Dow Chemicals 31
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Midwest Impact of US Shale Gas Development
Downstream (1/2)

Value Cha.m Technolog.y/ Who Benefits Investment Potential Economic Impact (Jobs)
Opportunity Opportunity

- Floating LNG - Large Oil & Gas Low
Low

LNG Export Plants - USTrade Longer Term

- More efficient

. NG turbine OEM’s
combined cycle

NG Power gen and component

hnol Medi
plants and tec nq o8y suppliers Medium LI
- Turbine Longer Term
components - Large mfg./fab.
component cuppliers
design PP
- Nev - Vehicle OEM’s
Infrastructure - Component Medium
NG Vehicles - On board low P . Medium
Suppliers Longer Term
pressure NG - Fleets
tank tech
NG use related Transpor'tatlon - OEMs/Tier 1s .
and stationary . . Medium
products (e.g., CNG (Cummins, Medium
. power Longer Term
engines) . CAT, Roush)
applications

Source: MIT, HIS Global Insight, KKR, PWC, US EIA, Chatham House, Forbes, Dow Chemicals 32
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Midwest Impact of US Shale Gas Development
Downstream (2/2)

Value Cha.ln Technolog.y/ Who Benefits Investment Potential Economic Impact (Jobs)
Opportunity Opportunity
- Residential
!:uelmg hlghe.r pressure - Utilities Medium Medium
infrastructure quick fuel - Fleets
Shorter term
systems
New Ethylene,
Petro-Chemical Ammo'nla - Chemical companies . .
roduct precursor Expansion, (Dow, BASF) Al Al
P P Propylene ! Longer Term
Expansion
expansion - Meta
Steel'and Increased Producers{Foundrles High Medium
Aluminum ) (ArcelorMittal, Essar,
demand for iron . Longer Term
Gerdau, Timken)
ore pellets
Fuel Cell Natural gas fuel Fuel .ceII developers Medium
- - Stationary back up Low
applications cells Longer Term

power systems

33
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