Presentation Identifier (Title or Location), August 4, 2011

'.I’-J
e 'u

NATIONAL ENSRGY TECHNOLOGY LASORATORY

My A ",_‘qr

'.'..._-.
;.I'r.-1 [

e "5 'v "
l’ l’ ‘_| l"

NETL Overview

James M. Ferguson,
Director, Buildings & Efficiency Technologies Division
November 15, 2011

_"2’."’@% U.S. DEPARTMENT OF
U ENERGY



DOE Mission

Ensure America’s security and prosperity by addness
Its energy, environmental, and nuclear challengésdugh
transformative science and technology solutions




NETL Mission

Advance energy options to
fuel our economy, strengthen our security, and
Improve our environment



National Energy Technology Laboratory
Where Energy Challenges Converge and Energy Solutio  ns Emerge

* Full service DOE national laboratory

 Dedicated to energy RD&D, domestic energy resources
 Fundamental science through technology demonstratio n
« Unique industry —academia—government collaborations

Oregon Pennsylvania West Virginia



Albany, OR

Fairbanks, AK

R. Boyle, 04/26/2010

NETL Locations

Pittsburgh, PA
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Sugar Land, TX
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Morgantown, WV
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NETL Facilities

 Morgantown, WV, and Pittsburgh, PA
— Facilities 65 miles apart
— 137 acres (Morgantown) and 61 acres (Pittsburgh)
— 78 permanent and temporary buildings >811,000 sq. ft.
 Sugar Land, TX, and Fairbanks, AK
— Housed in leased space
e 2,700 sq. ft. (Texas)
e 2,500 sq. ft. (Alaska)
* Albany, OR
— 44 acres
— 39 buildings > 253,000 sq. ft.

Technology Support Facility,
Morgantown



NETL’s Customer Base
Fiscal Year 2011 Budget

Fossil Energy ~ $499 million

Energy Efficiency &

~ HIH *
Renewable Energy $386 million
Electricity Delivery & ~ N
Energy Reliability $66 million
Work for Others ~ $9 million

*NETL also financially manages an additional $784ilmon for EERE’s PMC (Golden / NREL)
O



Site-Support Contractors Assist Lab Operations
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A Well-Trained Workforce

Ph.D. g

|
M.S. | 692 Federal Employees
B.S. | | - | 1,137 Site-Support Contractors
Other | |
0 200 400 600
Scientists | '
Engineers
Technical

Administrative |

Professional |
Other |

0 50 100 150 200 250 300
O

Contractor statistics as of 09/30/2010; Federal statistics as of 11/15/2010



NETL Full-Spectrum Capacity for Innovation

DOE national laboratory
dedicated to energy
RD&D

Only government owned
& operated DOE national
laboratory

Combination of research
expertise and contracting
capabilities

Established relationships
within academia, industry
& governments

Market-facing basic &
applied science

« Economy-wide perspective on energy challenges

» 100 years of energy technology RD&D experience

» Unbiased approach reflecting national priorities

* Direct taxpayer accountability for funding

» Expertise & equipment to perform & evaluate RD&D

» Collaboration, contracting, counsel, communication

* Broad vision of the energy technology landscape

* Roundhouse for intellectual capital & tech transfer

 Explicit targets to deliver technology innovations

 Public / private cost sharing



A Century of Energy Innovation

2005
2000 Albany Research
National Center joins
Petroleum NETL
Technology
1996 Office in OK 2009

PA & WV sites joins NETL OKo_ffice

form new Toves 1o

Federal Energy 2001 Sugar Land

Technology Center - . ;
1946 (FETC) NETL opens Arctic X
Synthesis gas Energy Office in
1918 research begins 1999 Fairbanks, AK
Petroleum In Morgantown, FETC becomes
research WV Nationhal Elnergy
ins i Technology
Bg(re‘[?elrs]\slillr:e, 1977 Laboratory (NETL)
OK All four sites
join new U.S.
Department of
% pEnergy
Materials
research
1910 begins in
Coal research Albany, OR _ _
begins in 1943 — U.S. Rep. Jennings Randolph flies
Pittsburgh, PA from Morgantown, WV, to Washington, DC,

O on coal-derived fuel



A Century of Energy Innovation

2005
2000 Albany Research
National Center joins
Petroleum NETL
Technology
1996 Office in OK 2009
PA & WV sites joins NETL —

form new OK Ofﬂce

moves to

Federal Energy 2001 Sugar Land
Technology Center . ;

1946 (FETC) NETL opens Arctic X
Synthesis gas Energy Office in
1918 research begins 1999 Fairbanks, AK
Petroleum in Morgantown, FETC becomes Electricity Delivery
research WV National Energy & Energy Reliability
begins in Technology Energy Efficiency &
Bartlesville 1977 Laboratory (NETL) Renewable Energy
All four sites :
oK join new U.S. Systems & Planning Analyses
Department of
1943 Energy Climate & Energy
Materials
1910 lr)eeZ?r? Srﬁﬂ Collaborative R&D Management
Cogégfﬁf ﬁ]mh Albany, OR Alternative Fuels
Pittsburgh, PA

Materials Science & Advanced Metallurgy

O

Enhanced Resource Recovery & Operational Safety



NETL’s Investment in West Virginia

Impacting Economy Through Onsite Operations

e Contribute $87M through Federal & contractor salari es
— Supports 764 jobs

e Injected $14M through construction projects
— Created 169 jobs

* Obligated $18M to WV small businesses through site-  support
contracts

 Draw more than 2,000 visitors to Morgantown area pe r year

Impacting Economy Through R&D

* Obligated $342M as part of multi-year agreements &  contracts
with total award value of $792M

— Includes $15M to WVU of which $6M is for the Regional University
Alliance

— Generates 3,713 job-years*

*Job estimate based on the President’s Council @ioBomic Advisors Guidance, May 2009 FY 2010

M. Lakatos, 8/31/2010



NETL’s Investment in Pennsylvania

Impacting Economy Through Onsite Operations

e Contribute $84M through Federal & contractor salari es
— Supports 808 jobs
e Injected $5M through construction projects
— Created 96 jobs
 Draw more than 4,000 visitors to Pittsburgh area pe  ryear

Impacting Economy Through R&D

e Obligated $341M as part of multi-year agreements &  contracts
with total award value of $1.2B

— Universities: $53M total value with $12M injected in FY10, including
$10M for the Regional University Alliance, which includes Carnegie
Mellon, Penn State, and the University of Pittsburgh

— Small Businesses: $38M total value with $5M injected in FY10
— Generates 3,707 job-years*

*Job estimate based on the President’s Council @ioBomic Advisors Guidance, May 2009 FY 2010

M. Lakatos, 8/31/2010



NETL'’s Investment in Oregon

Impacting Economy Through Onsite Operations

e Contribute $14M through Federal & contractor salari es
— Supports 128 jobs
 Draw more than 200 visitors to Albany office perye  ar

Impacting Economy Through R&D

e Obligated $67M as part of multi-year agreements & ¢ ontracts
with total award value of $141M
— Universities: $5M total value with $3.5M injected in FY10
— Generates 761 job-years*

*Job estimate based on the President’s Council @ioBomic Advisors Guidance, May 2009 FY 2010

O

M. Lakatos 6/30/2011



Department of Energy

Advanced Research

Projects Agency — Energy

American Recovery &

Reinvestment Act

Loan Programs Office

Dr. Steven Chu
Deputy Secretary / COO

Associate Deputy Secretary

Secretary

Federal Energy

™ Regulatory Commission

Inspector General

Chief of Staff

Under Secretary for Nuclear
Security / Administrator for
National Nuclear Security
Administration

Under Secretary

Energy Information

Under Secretary for

Administration

Assistant Secretary

for Congressional &
Intergovernmental Affairs

Science

Bonneville Power

Deputy Administrator

for Defense Nuclear J4344

Nonproliferation

Deputy Administrator
for Defense Programs

Assistant Secretary
for Energy Efficiency &
Renewable Energy

Administration

Assistant Secretary

for Policy &
International Affairs

Office of Science

Southeastern Power

Deputy Administrator
for Naval Reactors

Deputy Under Secretary
[T for Counter-terrorism

Assistant Secretary
for Environmental
Management

Associate Administrator

for Defense Nuclear 1L

Security

Associate Administrator
for Emergency
Operations

Assistant Secretary
for Fossil Energy

Associate Administrator

Associate Administrator

for External Affairs

for Acquisition &
Project Management

Assistant Secretary
for Nuclear Energy

Associate Administrator

Associate Administrator

for Management
& Budget

for Info Management &
Chief Information Officer

Associate Administrator
for Safety & Health

From energy.gov, 07/07/2011

Assistant Secretary
for Electricity Delivery
& Energy Reliability

Indian Energy Policy
& Programs

Legacy Management

Administration

General Counsel

Advanced Scientific

Computing Research

Southwestern Power

Administration

Chief Financial

Officer

1 Basic Energy Sciences

Western Area Power

Administration

Chief Human Capital

Officer

Biological &
— Environmental
Research

Fusion Energy
Science

= High Energy Physics

B Nuclear Physics

Workforce
Development for
Teachers & Scientists

Chief Information

Officer

Management

Intelligence &

Counterintelligence

Health, Safety &

Security Public Affairs
Hearings Economic
& Appeals Impact & Diversity




National Energy Technology

Strategic Energy
Analysis & Planning

Chief Counsel

_aboratory

Director l I
q q Environmental
Public Affairs Legal Compliance
| | | | | ]
Strategic Center for Strategic Center for Project Research & Institutional Business
Natural Gas & Oil Coal Management Center Development Operations Operations / CFO

- - . - - - Inst. Assurance
Natural Gas & Oil L coal & Power R&D | | Buildings & Efficiency || Separations & Administrative Dick '\"anagemenf &
Project Management Technologies Fuels Processing Support Audit Oversight
L sequestration | Power & Vehicles | | Energy System | | Information Ei
q Technologies Dynamics Technology iInance
L1 Existing Plant | | Intergovernmental Engineering Infrastructure Ops Budget Development,
Xisting Plants Projects & Outreach Research & Engineering Analysis & Forecasting

Power Systems

L Energy Delivery

Technologies

Information Solutions

Environmental

Science

& Engineering

Gen. Acct., Cost Mgmt
& Financial Reporting

-1 Gasification
—— Fuels
Program Planning | || Major
& Analysis Demonstrations
Benefits Wlajor Projects
Performance Project Financing &
Tech. Deployment

Effective 06/19/2011

— Geosciences

Environmental

Chemistry &

Surface Science

— Safety & Health

Facility Management

Process Computational ]
Development Science —— Security / ERO
Earth & Mineral Materials Hman Resources

Science Performance e
=1 Employee Relations
Engineering

Site Operations

Staffing &
Classification

Environment, Safety, | | Acquisition &
[~ Security & Health Assistance
Assistance

Operations A

Assistance
Operations B

—-Acquisition & Analysis




Focus on Education

500 extramural projects with academic institutions
50 intramural projects, 100 academic collaborators
65 research associates
Community initiatives

— Speakers’ bureau

— Donation of computers & equipment

— Science Bowl

— Education webpage

— Job shadowing for high school students

— Laboratory tours

— Science training for K-12 teachers

— Minority mentoring

— Teaming

» National Geographic JASON project

O

M. Nowak, 04/09/2010



NETL Applies Basic Science to Technology
Development, Demonstration & Deployment

Onsite Research Program and Energy Extramural Research
and Development Analysis and Planning and Collaboration

Developing the critical science and technology tisabver and
commercialize advanced energy systems that effityeutilize domestic
resources in an environmentally sustainable manner



Office of Research and Development
R&D to Enable Sustainable Use of Energy Resources



Regional University Alliance
NETL'’s Institute for Advanced Energy Studies

Carnegie Virginia
Mellon Polytechnic
University Institute
Pennsylvania West Virginia
State University

University

University of
Pittsburgh

Leveraging National Lab and University-Based Scidittand Engineering
Assets to Address Significant National Energy Issue



Program and Energy Analysis and Planning
Informing Technology Deployment and Energy Policy D evelopment

Fossil Power CO , Coal-Fired Units Achieving Energy Demand 2035 Electric Generating Units
Emissions with CCS MACT Floor Requirements
n 114 QBtu / Year
D 78% Fossil Energy
N £ HCI
> 2 — 90% CCS 82 units
® 3 33 28
c 8 32 Nugcl/ear
3 Hg 33 PM %
< = 59 units 42 units
Rengiey
:  Cost, reliability,
e Cost * Societal  Current . y
N : . and efficiency of
5 _ benefits conditions lectri
=  Policy * Future "
- : : * Value proposition
- * Risk scenarios scenarios prop

for Smart Grid



NETL Manages an Extensive Project Portfolio

 Over 1,600 activities in U.S. and more than 40 coun tries
« Total award value more than $30 billion
* Private sector cost-sharing nearly $13 billion

— Leverages DOE funding

— Ensures relevance

— Accomplishes mission through commercialization

o

100 200 300 400 500

[ 1 Number of projects

States

Industry

Academia

National Labs

Non Profit Orgs

T

Other | DOE Funding ($M)

$0 $2,000 $4,000 $6,000 $8,000  $10,000

M. Lakatos, 09/23/2010



Extramural Program Areas

Strategic Center Strategic Center Project
for Coal for Natural Gas Management
and Oil Center

000000000000000000



Strategic Center for Coal
Critical R&D Challenges to Near-Zero Emissions from Coal

Near Term Plants Future Plants
Pulverized Coal Advanced Coal
Power generation Power and multiple products

Improve efficiencies Improve reliability

Minimize criteria pollutants Maximize efficiencies

Minimize water usage Near-zero criteria pollutants

Minimize greenhouse gases Near-zero water usage

Near-zero greenhouse gases

Technology Bridge to Near-Zero Emissions >

2005 - 2020 2020 — 2050




Strategic Center for Natural Gas and Qill
Advancing Technologies Supporting Development of
Domestic Unconventional Resources

Tens of billions of Potentially thousands Hundreds of trillion
barrels of residual oil of trillion cubic feet of cubic feet of natural
recoverable via CO » natural gas from gas in shales and

enhanced oil recovery methane hydrate in tight gas sands
in mature fields in Alaska and the across the country

22 states Gulf of Mexico

Shales photo courtesy of Statoil



Project Management Center
Energy Efficiency and Infrastructure Activities

Energy Efficiency & Renewable Energy
* Vehicle technologies
Building technologies
Industrial technologies
Weatherization & State Energy Programs
Federal Energy Management Program

Electricity Delivery & Energy Reliability
» Grid modernization
» Reliable & secure energy supplies
» Disaster response



Outcomes from NETL’s Programs

Technology

- Assist in providing U.S. with clean, secure, and ab  undant energy
and accelerating novel technologies to the marketpl ace

Policy

- Positively impact development of sound energy polic les
Competitiveness

- Help maintain technology competitiveness of U.S. en ergy industry
Stability

- Appropriately transfer technology to developing co untries to

improve geopolitical stability / global climate

Workforce

- Provide trained energy workforce through
university research programs

Region
. Contribute to regional economic
development

R. Boyle, 02/08/2008



Program Successes

Multipollutant Control
SOx, NOx, Particulates, Mercury
4 50

- 40

Coal Use
+ 30

T 20

. 'Noz\-- 10
PM10

T T T T 0
1970 1980 1990 2000 2010 2020

Advanced Coal Power Systems
Circulating Fluidized Bed Combustion,
Integrated Gasification Combined Cycle

Unconventional Oil & Gas
Microhole & Horizontal Drilling,
Coalbed Methane

Advanced Materials
Lost-Foam Casting, Titanium



Visit Our Websites

Office of Fossil Energy
www.fe.doe.gov

NETL
www.netl.doe.gov



EERE Project Management Center

DOE’s Office of Energy Efficiency and Renewable
Energy’s (EERE) Project Management Center
(PMC) consists of the following field
Implementation organizations:

1. National Energy Technology Laboratory
(NETL)

2. Golden Field Office (GO)



EERE Project Management Center

« Dedicated field capability to provide common
management services for all EERE Programs
— Project Management - Procurement
— Financial - Legal

« NETL’s Responsibilities
» Building Technologies Program
* Vehicle Technologies Program
* Weatherization Assistance Program (WAP) and
State Energy Program

» Federal Energy Management Program (FEMP)
Biomass and Alternative Methane Fuel (BAMF)



Buildings Sector Accounts for About 40% of U.S. Ene rgy,
72% of Electricity, 34% of Natural Gas, 38% of Carb on,
18% of NO,, and 55% of SO , Emissions

Total U.S. Consumption
in 2005 was 100 Quads

Building Sector construction and renovation account s for 9% of GDP and employs
8 million people. Energy utility bills total $390B each year.

Source: Buildings Energy Data Book , September 2008, Tables 1.1.3,1.1.6, 3.1.1, 3.3.1 ,4.1.5,5.1.2,5.3.1



Building Technologies Program is focused on creatin g the
technologies and design approaches that enable net-  zero
energy buildings at low incremental cost

« Current goals are:
— By 2020 for Residential New Construction

— By 2025 for Commercial New
Construction

» Existing buildings require attention
— 114 million households

e 2/3 of homes were built before 1980,
and modern residential energy codes
did not take effect until 1980s

— Five million commercial buildings

* More than 74 billion square feet of
floor space



Building Technologies Research and Development:
Integration of Technologies

Residential Integration
Commercial Integration

Emerging Technologies
— Solid State Lighting

— Space Conditioning and
Refrigeration

— Solar Heating and
Cooling

— Thermal Envelope

— Advanced Windows

— Sensors and Controls
— Analysis/Design Tools

Thermal Envelope
« High R Walls and Roofs

» Smart Insulation and Vapor
Barriers

Windows

* R-10 DynamiQSuper Window

Domestic Hot Water

Space Conditioning and
Refrigeration

« Integrated, low capacity heat
pump.

\ Solar Heating and Cooling
* Integrated Solar Thermal — PV

Systems

* Low Cost Solar Water Heaters
for Cold Climates

 Engineered Hot Water
Distribution

* Integrated, low capacity
heat pump

Lighting
* Solid State Lighting

S

Appliances and Other Plug
Loads

* Whole House Energy Control
Standard

» 10-30% Misc. Electric Savings







Energy — Regional Innovation

Cluster

e The GPIC was awarded more than $129
million from a federal multi-agency funding
opportunity to support an Energy Regional
Innovation Cluster (E-RIC)

 The Federal Agencies:

Department of Energy
Economic Development Administration

National institute of Standards and
Technology

Small Business Administration
Department of Education
Department of Labor

National Science Foundation

e The GPIC Consortium:

The Pennsylvania State University

Philadelphia Industrial Development
Corporation

Ben Franklin Technology Partners of
Southeastern PA

Delaware Valley Industrial Resource Center

Wharton Small Business Development
Center

gpichub.org




GPIC Member Map

gpichub.org



gpichub.org



Goals and Mission

Strategic Market Focus:

— Full-spectrum retrofit of average-size commercial,
institutional, and multi-family residential buildings

Transform building retrofit environment from
serially fragmented method to integrated systems
approach.

Provide methods that can be implemented in the
marketplace over the next 10 years to improve
energy efficiency by 50 percent.

Stimulate private investment and quality job creati on
In the Greater Philadelphia region and beyond.



Metrics

Energy Efficiency

— Annual energy savings per square foot
Scalability

— Installed cost of energy saving retrofit
Constraint

— Ensure good indoor environment
Regional Transformation

— Industry cluster development
Economic Development

— New jobs created or retained



The Navy Yard

$30 million of new Commonwealth capital funding for GPIC
facilities

270 existing buildings and new buildings that can b e utilized as
test beds

Independently owned utilities including electric di stribution grid
Five DOE research and education centers on site:

— DOE Mid-Atlantic Clean Energy Applications Center

— DOE Northern Mid-Atlantic Solar Training Center

— DOE GridStar Smart Grid Training Center

— DOE Building America Residential Retrofit Center

— GPIC for Energy Efficient Buildings
Zone 4A -5 climate that has four distinct seasons




Navy Yard Micro-Grid Master Plan

gpichub.org

 Develop the Navy Yard micro-grid
as a demonstration smart grid
— Diverse customer base including:

* Naval Surface Warfare Center
(NSWC) Carderock detachment

e |ndustrial and commercial firms
 Small businesses

 Education and research and
development

» Electric distribution infrastructure
developed over 80 years

» Expected growth from 30 to 70 MW
average load over next 20 years

« Sandia National Laboratory
assisting with master planning
effort




Energy Retrofit Opportunities

Urban Oultfitters Building
Cluster

Building 101 Building 661

/




Building 661 Retrofit Project

gpichub.org

« Full Spectrum Energy Efficient
Retrofit

« Living laboratory to transform
the industry’s current
fragmented serial process into
system performance driven,
Integrated, parallel, team
processes.




Task Teams and Leaders

Design Tools
Task Leader: IBM

Integrated Technologies
Task Leader: United Technologies Corporation

Policy, Markets and Behavior
Task Leader: University of Pennsylvania

Education and Workforce
Task Leader: Princeton Plasma Physics Laboratory

Deployment and Commercialization
Task Leader: Ben Franklin Technology Partners of Southeastern Pennsylvania



Design Tools Task

« Define integrated process solutions for design,
constructing and operating energy efficient buildin gs

 Develop a digital platform to enable rapid iteratio ns of
building simulation and control which leverages
performance

ﬂn Integrated Process \ / Informed by Digital \ m—loused in ‘The Cloud’ \

Tools




Integrated Technologies Task

 Develop scalable systems solutions for the full
spectrum of building retrofits and the enabling
component technologies

« Develop robust control and diagnostics implementati on
platforms realizing the system solutions



Policy, Markets and Behavior Task

Discover effective mix of incentives, mandates,

and policies that can be flexibly deployed in
cities and states to achieve energy efficiency in
buildings

Improve energy utilization efficiency of

renovated buildings

Measurably improve the human-centered quality
of the built environment

Elicit proactive occupant preferences and

actions in dynamic building operations

Blend science, engineering, behavioral studies,
and fine arts to strengthen design quality




« Assure that the new, innovative energy efficiency t
systems created by the GPIC are supported by a robu

Education and Workforce Task

infrastructure.
Establish GPIC education and workforce development advisory board

Inventory of regional EEB education and workforce development
programs

Emphasis on associate degree level technician training
Outreach to secondary schools and underrepresented groups

2+2+2 education and career pathways

Possible program development areas:

Solar energy systems

Smart grid management

Energy storage

Integrated design management
Building energy efficiency auditing

echnologies and
st human capital




Deployment & Commercialization Task

Outreach and engagement of the building industry

Workshops for industry and others on energy efficie ncy for
buildings
Assessment and marketing energy efficient building technologies
New business models for integrated retrofit project S

Manages proposal process for GPIC Opportunity Resea  rch Fund
Unigue Intellectual Property (IP) Management Agreem  ents:

— Protects members exclusive and sole IP equal ownership rights

— Allows open sharing of unprotected discoveries and proprietary
information

— Enables Ben Franklin Technology Partners marketing of
undeveloped GPIC inventions



Get Involved

Click “Get Involved” at
http://gpichub.org

Register your business on the GPIC website to
access special sections, suggest workshops, and
respond to GPIC requests

Respond to Request for Proposals issued
periodically by GPIC, including the Opportunity
Research Fund

Serve as an evaluator for ORF proposals

Submit ideas, technologies and services to GPIC for
consideration by task leaders

Network and access information at GPIC workshops,
seminars, and other events




Thank You

Follow the GPIC Hub:

gpichub.org/HUBIlog

www.facebook.com/gpichub

www.twitter.com/gpichub

www.linkedin.com/groups?gid=384
3153

info@aqpichub.org




James M. Ferguson
Director, Buildings and Efficiency Technologies Division
DOE National Energy Technology Laboratory
Phone: (412) 386-6043
E-Mail: James.Ferguson@netl.doe.gov

NETL website: www.netl.doe.gov

EERE Building Technologies Program website:
www.eere.enerqy.gov/topics/buildings.html
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