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Energy Institute Vision and Mission
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Vision

By serving WVU'’s colleges, energy researchers, administration and
students as a catalytic hub for energy research, continually creating,
nurturing and expanding research opportunities, industry partnerships,
policy frameworks and curricular pathways in alignment with industry,
state government and federal government needs, innovations and
opportunities in the energy sector

Mission

To promote, coordinate and drive forward WVU excellence in discovery
and innovation within the West Virginia, Appalachian, Mid-Atlantic
Regional, National and International energy sectors, with particular
emphases on fossil energy, sustainable energy, energy policy,
environmental stewardship and economic development for the people of
West Virginia
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Research Education Campus
 Fossil . Energy graduate SUStaI nabl I Ity

» Coal, gas, oil programs
« Renewable « Energy minor and
- Biomass, solar certificate programs

* Policy » General Education

« Building efficiency
 Transportation services
« Campus energy services

Curriculum « Student learning

« Economic, regulatory funit
opportunities

» Environment « Student energy club
 Water, air
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Broad Areas of Energy Research at
WV

* Fossil Energy: Promote the efficient  Energy Policy: Analyze energy
use of fossil resources, conversion, policies, and their impact on use of
extraction, utilization, and these resources, carbon management,
environmental management environmental, and infrastructure

« Sustainable Energy: Promote energy «  Environmental Stewardship:

efficiency, alternative fuels, Ensuring that energy production is
conservation, renewable energy balanced with minimizing negative
sources, geothermal, and sustainable impacts to our air and water resources

and responsible development
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Fossil Energy

Coal and Energy Systems:

— Bhattacharyya, Lima, Zitney, Celik, Sharma, Taylor, Tarka, Gemmen, Scime, Sun

Mining Technology:

- Dean, Herbst, Klinkachorn

Rare Earths:

- Granite, Hedrick, Moore, Noble, Black, Hohn, Ziemkiewicz

Rl Shale Gas Utilization:

1) 2]
14 [}
Al

— Anderson, Dumitrescu, Fisher, Tian

Shale Gas Production :

—  Carr, Grushecky, Patchen, Yost
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Sustainable Energy

* Fuels & Vehicles:

— Carder, Davis, Israel
 Energy Materials:

- Finklea, Sabolsky, Romanosky, Blngyun Li
« Smart Grid:

- Brewer, Famouri, Saymansky
 Energy Business Development:
— Biser, Irwin, Kirby, Nowak
* Industrial Energy Programs:

— Gopalakrishnan, Means

« Sustainable Energy: Promote energy g _
efficiency, alternative fuels, conservation, / S i - Le-

Agent Agent ’/'\gem‘ Agem / n Ty )

renewable energy sources, geothermal, and s NN by = - ke

. - lTl Con:\r:;]v:,'lci;:tlon - /‘ @
sustainable and responsible development # w\ Y g -

— geothermal energy
— biomass conversion and utilization /
— biomass/coal conversion and co-firing :
— energy efficiency and conservation

— sustainable design and development

Power System /
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Environmental Stewardship

Biomass:
— Tarka, J. Wang, Wang

Remediation of Land and Water :
- Lin, O’Neal, Petty, Skousen

WEST VIRGINIA

WATER RESEARCH INSTITUTE

 Environmental Stewardship: Ensuring that energy production is
balanced with minimizing negative impacts to our air and water
resources

W,

developing tools to lower the carbon footprint of our energy portfolio
development of efficient water usage methods in energy production
evaluation of impacts of energy systems on air and water quality
sustainable use of water in energy production

life cycle assessment of energy systems

v The WVU Energy Institute | energy.wvu.edu




Energy Policy

« Sustainable Energy:

— Bowen, Fershee, Haley, Van Nostrand

I | /“\ e Resource Economics:
“ll---‘----"l W’ - Deskins, Elbakidze, Jackson, Risch

Energy Policy: Analyze energy policies and their impact on use of
resources, carbon management, environmental, and infrastructure

— analysis and modeling of energy and
environmental policy issues

— analysis for the development of strategies
for the management of carbon

— analysis of energy infrastructure systems
— data-driven policy assessment
— community impact evaluation
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I\/Iajor Initiatives and Partnershipsj i?‘*if*i

Natural gas utilization

— Shale gas Mountain of Excellence faculty hires
+ Shale Gas Center launched

— Appalachian Storage Hub
— National Academy of Science Roundtable
on Unconventional Hydrocarbons NATIONAL ACADEMY
« Coal utilization

— U.S.-China Clean Energy Research Centers /4
* Advanced Coal Technology Consortium ;

— Rare earth and critical materials

e« Sustainable ener athways :
gy p y TheNature (%
— The Nature Conservancy Conservancy W
— NNMI Institutes

*  Smart Manufacturing Hub NNMI
»  Current DOE NNMI Opportunities

* International MOUs
— China
— Paraguay
— lceland
— Canada
— Middle East

e Bahrain
* Qatar
e Kuwalit
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Partnerships f T‘ﬁgo
!

 Industry
— Over 100 active industry partners — see: http://energy.wvu.edu/partnerships
« Academic

— Tri-State University Energy Alliance (CMU, Pitt, CWRU, WVU)
— Ohio State University (Shale Gas MOU)

« NGO
— National Research Council and the National Academy of Sciences
— Claude Worthington Benedum Foundation
— The Nature Conservancy and the MacArthur Foundation
— Allegheny Conference on Community Development
— World Resources Institute

e Government

— DOE (ARPA-E, Mission Innovation) — National Energy Technology
Laboratory

— State of West Virginia
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September 12 — Mid-Atlantic Region
Energy Innovation Forum

In FY 2017, DOE will solicit and
competitively select up to 10 Regional
Partnerships that will:

«  Competitively select RD&D projects for
financial assistance based on technical
merit and, generally, connecting
innovators In their regions with RD&D
funding.

«  Provide analysis, data, access to federal
RD&D facilities, and project management.

«  Support development of early prototypes.

«  Encourage and support collaborative
RD&D, regional public-private
partnerships, and consortia of innovative
clean energy entities.

« Develop in collaboration with stakeholders
regional energy innovation roadmaps to
facilitate RD&D planning and inform
annual plans submitted to DOE.

«  Coordinate with other Regional
Partnerships on best practices and
technology projects relevant to multiple
regions.
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Notional Clean Energy Innovation Partnership Regions

(spatial overlap)

DOE Hub/BRC*

wn =

DRAFT - PRE-DECISIONAL - NOT FOR REPRODUCTION
EXAMPLE ILLUSTRATING POSSIBLE REGIONAL ALIGNMENT

Midwest

EFRC?

A

2

NNMIS

L:-“
N
Hawaiiflslands
DOE LABS

Metro Area - Advance Industry Base Characteristics?

x Universities with highest and

0 Manufacturing-Oriented higher research activity?

O Services-Oriented . Both Manufacturing

and Service-Oriented

(") Not Specialized
" in Either

Brookings Institution "America's Advanced Industries” report 2015
Carnegie Classifications of Institutions of Higher Education 2015
EFRC = Energy Frontier Research Center

4. BRC = Bioenergy Research Center
5. NNMI = National Network for Manufacturing Innovation




MID-ATLANTIC REGION ENERGY INNOVATION FORUM
HOSTED BY WEST VIRGINIAUNIVERSITY

SEPTEMBER 12, 2016
MORGANTOWN, WEST VIRGINIA

ASE GREAT LAKES SUSTAINABLE PITTSBURGH -
ESTERN | ENERGY NATIONAL
oA e Brian Anderson NI @ kevioce
c _ Director
e Y . arnegie
€2} University of Pittsburgh Mellon T : : Ba"e“e y_—
University W@St\/lfglm aUI]lVGI/SILy@ iThe Budiness of Tanovation |e|d°5

THE WVU ENERGY INSTITUTE

Areas of Focus: Sustainable Energy Portfolio Development, Academic-Industry-Government Partnerships

W,

v The WVU Energy Institute | energy.wvu.edu




Major Takeaways: Mid-Atlantic Region Forum at West
Virginia University

Event Overview

— 112 participants from 7 states (KY, OH, PA, VA, MD, NJ, WV) and DC from academia (32), national
laboratories (8), industry (35), government (22), and non-governmental organizations (15).

— Keynotes from Secretary Moniz, Senator Joe Manchin, and Congressman David McKinley

— Regional cooperation panels:
* Regional Challenges and Opportunities (NETL, CMU, Battelle, Benedum Foundation)
* The Tri-State Governor’s Regional Cooperation (WV, PA, OH)

— Topical Panels
1. Innovation opportunities for fossil fuels in a future low carbon economy (ExxonMobil, Battelle, B&W, Siluria)
2. Innovation opportunities in other clean energy technologies (GE, PPPL, SMLC, DOE NE)
3. Policies Facilitating Sustainable Clean Energy Development (PJM, RFF, NRECA, Spilman Thomas & Battle)
4. Regional Innovation Investment and Commercialization (InnovationWorks, HarbourVest Partners, DOE CFO)

Key Takeaways

«  Current Regional Innovation Ecosystem

— The Mid-Atlantic Region is a tale of two halves, fewer population but energy resources in the west and
population density in the east. As such, there are currently two disconnected innovation ecosystems. WV, PA,
and OH have created the Tri-State Coalition and the Pittsburgh/Cleveland/N. WV region has the Power of 32.

* Building a Broader Ecosystem
— Coordinating across the entire 8 state region and multiple sub-regional efforts.
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Major Takeaways: Mid-Atlantic Region Forum at WVU
(continued)

Key Takeaways (continued)

*  Opportunities
—  Large (55 million ppl), diverse, energy-rich region with engaged stakeholders from all sectors

*  Priority Innovation Focus Areas

Clean fossil: advanced power cycles, fuel cells, CCUS, and increased natural gas utilization
NETL, Industry partners (i.e. B&W, ExxonMobil, Siluria, Battelle), and Universities strong in this area (OSU, UK, WVU, PSU, Princeton, VT, etc)
Strong state-level support and momentum in the industry, e.g. current infrastructure developments underway

—  Grid modernization — smart grid and grid-scale electric storage (NEES EFRC, PJM, FirstEnergy, Exelon, AEP, NRG)
— Energy Efficiency — building and industrial efficiency (CBEI Hub, Energy4P32)

— Nuclear Energy — fission and fusion energy sciences (PPPL, WVU, Westinghouse, WastePD)

— Advanced and Smart Manufacturing (NNMls: America Makes, IACMI, SMLC-CESMII)

« Challenges

— Funding for large-scale demonstration of technologies - CCUS, power cycles, NG conversion demonstrations cost $100s of
millions

— Diverse region and broad priority focus areas

*  Next Steps

—  Five follow-on events coordinated by the TrUE Alliance
Grid: EPIC Meeting Pittsburgh, 11/14-11/15; Storage: Center of Excellence in Ohio meeting on Energy Storage end of October in Cleveland;
NG Utilization: AIChE Natural Gas Utilization Workshop on November 1-3, 2016 in Morgantown and technical workshop Tri-State, November 30
Efficiency: CMU and Energy for the Power of 32

—  PJM Interconnect will be working with WVU on regional planning and innovation efforts

— Coordinate with sub-regional consortia in developing a Mid-Atlantic Region Energy Innovation Roadmap
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International Partnerships

China
 The WVU Energy Institute leads the US-China Clean Energy
Research Center
— 10-year, $50 million US program
« Other US-China Energy Programs
— Yanchang Petroleum CO, Sequestration Project
— China NDRC partnership MOU
— Shenhua Group Strategic Partnership
— Synfuels Strategic Partnership
* Programs in multiple colleges
— Business School, Statler, Davis, Creative Arts
« Multiple Chinese Universities working on MOUs with WVU

— Guangdong University of Petroleum Technology (formerly run by
Sinopec) on campus Monday, 9/21

— Shanxi Higher Ed Commission sighed MOU with WVU and WVHEPC

W,
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US-China Clean Energy Research Center —
Advanced Coal Technology Consortium
CERC-ACTC

The US-China Advanced Coal Technology JOINT RESEARCH IS CONDUCTED IN THE
Consortium (CERC-ACTC) was formed to serve FOLLOWING AREAS:

as the leader in the area of advanced coal * Advanced POYVer Generation
technology including carbon capture, utilization * &L COEEC" Ty

and storage in both China and the United States. e

: , _ _ * Post-Combustion CO, Capture,
The benefits for both nations include creation of Utilization and Storage Technology

environmentally-sound coal technologies for - Oxy-Combustion Research,
electricity, liquids and syngas; new US-China Development, and Demonstration of
business-to-business relationships; and advances Oxy-Firing Combustion

in US and Chinese energy technology and * CO, Sequestration Capacity and Near-
innovation. Term Opportunities

e (O, Algae BioFixation and Use

* Integrated Industrial Process Modeling
and Additional Topics

¢ Communication and Integration

Director: James F. Wood
W

Phone: 304.293.4236

VTh WVU Energy Institute | energy.wvu.edu . . .
B e Email: james.wood@mail.wvu.edu




International Partnerships

Middle East
 WVU is a partner with the Royal C ealn]) &SIl E enll

Rovar UNIVERSITY FOR WOMEN

University for Women, Bahrain where women xcel

— Extension of 5-year MOU signed
November, 2015

— WVU Launching Civil Engineering
Program
« Qatar University

— Business School and Engineering
Partnerships 200 aaobs

— Research partnership to submit proposal
to Qatar National Research Fund
« Water and Energy
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International Forum on Unconventional Gas
Sustainability and the Environment
INFUSE

WVU in partnership with the US State Department, will
increase foreign governments’ understanding of issues and
best practices related to sound unconventional gas sector
management.

* The overall goal is to increase international
understanding of how proper drilling, hydraulic
fracturing and water management reduces
environmental risks and leads to sustainable resource
development.

* Beneficiary government officials will better understand
the unique safety, environmental, and social challenges
and best practices associated with the development of
unconventional resources.
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WVU Mountain of Excellence In
Shale Gas - Opportunities

WV —a long history in NG to chemicals
— Clendenin, WV: Site of the world's first commercial ethylene

plant
* Union Carbide 10,000
Ib/day ethylene plant
-5 online in 1921
. Upstream; * Driven by access to
— resource evaluation, raw materials

— management, and

— production
 Downstream:

— use as an alternative transportation fuel

— conversion to liquid fuels or chemicals

— use in fuel cells
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Shale Gas: From Supply to Demand

 Research at WVU spans the full
range from upstream to downstream

 We have entered a strategic
partnership with Ohio State
University in five areas of shale-

related activities “Father of Geology" Israel C. White.
— Subsurface NN S CONTE
. . SOURCE . Bimhurgl;.ﬂut-éanm.
— Utilization a

Schedule a mammogram.
@ Nieghery Fequestan appoinbment

- PO“Cy NETL developing working lab to improve
shale drilling =

— Economics | Nootiend

By Anya Litvak / Pittsburgh Post-Gazette

— Environment
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MARCELLUS SHALE ENERGY AND
ENVIRONMENT LABORATORY
MSEEL

The objective of the Marcellus Shale
Energy and Environment Laboratory
(MSEEL) is to provide a long-term
collaborative field site to develop and
validate new knowledge and technology
to improve recovery efficiency and
minimize environmental implications of
unconventional resource development

t:_ 1z OHIO
N:TL nort}:e‘as &Qﬁﬁ

Pl: Tim Carr
w Phone: 304.293.9660
Email: tim.carr@mail.wvu.edu
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MSEEL Site

Pooosed Produd1baWell Pan MIF 2u
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Exisling Praductian Well Path MIP &H [F
- ﬁ"

\

| Well Locatlons
©  Prduction Battam Well
% Prduction Surface Well E

¥ Science Well Lacatian

Well Path

—+—+ Railraad

Street

4 V77 wel pad

W,

v The WVU Energy Institute | energy.wvu.edu




Tri-State Shale Summit

« WV, PA, and OH

— Governors signed collaboration agreement
 Infrastructure
* Research
» Workforce Development
» Publicity and Marketing

— http://lwww.tristateshalesummit.com/

Vision, PEO TRI-STATE _sR 9
SHALE “&&
Allegheny Confere\nce BENEDUM S U M M IT October 13, 2015

on Community Development FOUNDATION
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Natural gas utilization: around to stay?

W Crude Oil to Matural Gas Price Ratio

W Brent Crude Qil Spot Price 65.00 130.00
W Henry Hub Matural Gas Spot Price

Futures markets indicate that 55 00 110.00

market expect the crude-to-gas

ratio to remain between 15X and

17X for most of the next decade 45.00 90.00

. 35.00 70.00
rhju
||1|.|'|Ir l‘ 25.00
|IIIF Hﬂﬁ

I
15.73 | 30.00

.I--"I
\ M’H 5.000 10.00
<3.04

2000 200% 2010 2015

Source: EIA The “true” BTU ratio of WTI crude to natural gas of 5.8 MMBtu/Bbl
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Potential lifetime of North American
Gas

' POTENTIAL YEARS OF DRILLING L e e < )
S / ;
(> Bakken / Williston — ) ' : R oo . A 2
/’ R 35 years ? &7 o - et ;
I ] | (7,000,000 acres) / ) r . G i
e ' . : ' Utica— 80 years 14
- KT_WK / i (13,000,000 Acres) |
! J
N Mancos / Niobrara — Marcellus — 100 years
>45 years 5 (15,000,000 Acres)
(>10,000,000 Acres) | - )
& IH-~—-K Mississippian — 40 years =
i (6,500,000 Acres) y
RIS
o C':I\“'- !
Y |'
REE-“ } i 2
Permian — 80 years : ;
EPD Pipelines Haynesville / Bossier —
P B (18,000,‘0(00‘A\cres)\ 50 jears

- Gas
=== Crude Oil
=mmmmw Liquids (NGL & Products)

O Shale Plays

Existing North American Production

a» oil
@ Gas

(3,600,000 Acres)

-~

Eagle Ford — 45 years
(10,000,000 Acres)
- = 250 500
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The U.S. has become long on
ethane

Average monthly ethane and naphtha spot Average monthly ethylene spot price spreads

prices over ethane and naphtha spot prices f.‘i?l?'

January 2010-November 2014 January 2010-November 2014 '

dollars per pound dollars per pound

1.2 1.2

1.0 1.0

0.8 0.8

0.6 0.6

04 04

-2 w,\-\a\_,._/\“ N

D-D | 1 1 1 1 D-D ! I I I I

2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
1.5, Guif Maphtha Spot (40%) 1.5, Guif Coast ethylene-naphtha spread

= SiNgapore Maphtha Spot FOB = |apan ethylene-Singapore naphtha spread
m—— Ethane Mont Belvieu | 5. GUIF Coast ethylene-ethane spread
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Estimated Ethane Supply and
Announced Demand

Marcellus Shale Gas Play, Appalachian Basin

Mariner West (MW): 50 MBPD (4Q13)" [t 41 / o

KM Utopia (MW): 18 MBPD (1Q18)*

I s ' Mariner East (ME): 23 MBPD (4Q15)
Appalachian Supply: s = 91 MBPD (1Q17)

480 MBPD (August, i Total: 115 MBPD 2

Steam Crackers °

Shell: 105 MBPD (2019)

PTTGC: 65 MBPD (2020)

Braskem: 65 MBPD (2021)
Total: 235 MBPD

ATEX (AX): 65 MBPD (1Q14)
60 MBPD (Future)

Wells Producing from Marcellus Shale
*  Marcellus Shale Only
+ Other tion Ce

Total: 125 MBPD 4

Marcellus Shale gross thickness, Ft (Wrightstone)
Extent of Marcellus Shale (USGS, Wrightstone)
2=

Source: US Energy Information Administration based on data from WVGES, PA DCNR, OH DGS. NY DEC, VADMME, USGS,
Wrightstone (2009). Only wells completed after 1-1-2003 are shown. Updated June 1,2011

August 2015 it is estimated that 350 MBPD was rejected — the announced demands/off takes will provide a relevant
“frac” spread for the Appalachian Basin with the majority of ethane leaving the region (Europe, Texas, Canada)
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Appalachian Basin NGL Storage
Study

» Geologic investigation of subsurface
storage potential for NGLs in a broad Ohio
geographic area

« Study area is along the Ohio River,

from PA to southern WV and eastern WESt
KY o 9) Virginia

PROPOSED
APPALACHIAN
STORAGE HUB

313 miles

Pennsylvania

wChemical
Intermediate
and Raw Material

Infrastructure (Y ARSERRRRRER N 5t Marys

% Ethylene and

Propylene

* Projectis a critical step in the process Rt
of infrastructure development
« Subsurface storage facilities with adjacent
« Surface NGL transportation

«  Goal of this project: to provide *  Industry Consortium:

Virginia

Kentucky

essential data to support of the — Chevron — Mountaineer NGL
development the chemical — Southwestern — ANTERO
manufacturing industry, promoting - ERF - WVONGA

’ — AEP — Noble

economic development _ FirstEnefgy ' = hDominion

XTO Blue Racer

CLAUDE

w WORTHINGTON

BENEDUM

The WVU Energy Institute | energy.wvu.edu
FOUNDATION



Strategies for Excellence

Recruit, support, and retain exceptional
faculty
— New, strategic faculty hires
— Cost-sharing on center proposals
— Proposal development center and implement
proposal capture process
Support core research facilities

— Build WVU Energy Institute Shared Research
Facilities that act as a hub for integrated
research activities

Encourage innovation
— Seed innovative ideas for preliminary studies
— Graduate fellowship program

Transform the curriculum
— Integrate energy studies into GECs

¥
[~ i & I
» i N N o ¥
2 Wt &
b Bs \a &P
o N4 4 ¥ ¥
Yy “
s H » A
s %] B
-~ 32
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The WVU Energy Institute

The Institute’s mission is to coordinate and promote
University-wide energy research in engineering, science,
technology, and policy.

With an emphasis on

Fossil Energy

Coal, Oil, and Natural Gas
Sustainable Energy

Biomass, Geothermal, Wind, and Solar
Energy Policy

Energy and Environmental Policy
Environmental Stewardship

Protecting our Air and Water Resources
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Brian J. Anderson, Director
energy.wvu.edu
brian.anderson@mail.wvu.edu

304-293-6631
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