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‘8, Clean Energy Application Centers
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Evolution of “Clean Energy Application Centers”

* Originally Established as “Regional CHP Application
Centers”

» Pjlot Center Started in 2001 in the Midwest

* Eight Regional CHP Application Centers Established in
2003/2004 through DOE Competitive Process

* Energy Independence & Security Act (EISA) - 2007

— Re-designated the 8 Regional “CHP Application Centers” as
“Clean Energy Application Centers”

— Directs DOE to Continue the Operation and Effectiveness of the 8
Centers




DOE Clean Energy Application Center Locations, Contacts, and Web Sites

NOJQTHWEST
www.chpcenternw.org
i .chpcentermw.or NORTHEAST

Dave Sjoding i ) www.northeastchp.org
WSU Extension Energy Pgm Cuttica
Tel: 360-956-2004 iversity of Illinois at Chicage Tom Bourgeois

sjodingd@energy.wsu.edu Tel: 312-996-4382 Pace Energy and Climate Center
ciraiEy e nl Tel: 914-422-4013

thourgeois@law.pace. edu

Beka Kosanovic

University of Massachuserts Amherst
PACIFIC 4
Tel: 413-545-0684
|<0$:lnov|h_uer_s umass.edu

www.chpcenterpr.org

Tim Lipman
Univ. of CA, Berkeley

Tel: 510-642-4501
telipman@berkeley.edu - MID-ATLANTIC

www.chpcenterma.org

Vince McDonell
Univ. of CA, Irvine Pennsylvania State University
Tel: 949-824-7302 x121 =T = Tel: B14-863-0083
mecdonell@apep.uci.edu !

Jim Freihaut

jfrelhaut@engr.psu.edu

INTERMOUNTAIN SOUTHEAST

www.intermountainchp.org www.chpcenterse.org

Parti Case

etc Group

Tel: 801-278-1927 x 3
plcase@etcgrp.com

Keith McAllister
North Carolina State University
GULF COAST Tel: 919-515-3933

www.gulfcoastchp.org keith_mcallister@ncsu.edu

Thomas Broderick

Southwest Energy Efficiency Project Dan Bullock P'?dm Mago X
Tel: 928-527-8036 Houston Advanced Mississippi State University

Research Center Tel: 662-325-6602
Tel: 281-364 6087 mago@me.msstate.edu
dbullock@harc.edu

tbroderick@swenergy.org

For more information visit http://www1.eere.energy.gov/industry/distributedenergy/racs.html

Ted Bronson Bob Gemmer Patti Garland
DOE Clean Energy DOE Clean Energy Application Center Coordinator  Industrial Technologies Program (ITP) Distributed Energy/
: - Power Equipment Associates Office of Energy Efficiency and Renewable Energy CHP Program Manager
AP Phcatlon Center Phone: 630-248-8778 U.S. Department of Energy Oak Ridge National Laboratory
Program Contacts E-mail: tibronsonpea@aol.com Phone: 202-586-5885 Phone: 202-586-3753

E-mail: Bob.Gemmer(@ee.doe.gov E-mail: Patricia.Garland@ee doe.gov
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Clean Energy Appllcatlon Centers (RACs)

' Mission: Develop technology application knowledge
and the educational infrastructure necessary to lead
“clean energy” technologies as viable energy options
and reduce any perceived risks associated with their
Implementation

' Focus: Provide an outreach and technology
deployment program to end users, policy, utility, &
iIndustry stakeholders aimed at:

— Targeted Education
— Unbiased Information
— Technical Assistance
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‘ Clean Energy Application Centers

RAC Serwces & Capabllltles

Unbiased Targeted Technical
Information Education Assistance

Develop & distribute Develop & conduct Provide technical
iInformational target market assistance to potential
materials workshops, seminars, user sites

Internet programs to
educate end users,

Perform market regulators, and other Provide or coordinate
research to identify stakeholders on-site assessments
high profile candidate for entities considering
applications deployment of clean

Assist in overcoming energy technologies

policy and other
market barriers
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The sequential production
of electric and thermal
power from a single
dedicated fuel source

Captures heat otherwise
wasted in an industrial
process and utilizes it to
produce electric power.
These systems may or may
not produce additional
thermal energy

Central heating & cooling
plants that incorporate
electricity generation along
with thermal distribution
piping networks for multiple
buildings (campus /
downtown area)




Traditional Power.ic VERY Inefficient

Coal 51.1%

Matural Gas 16.9%

Petroleum 0.2%

Other Gases 0.4%

Nuclear Electric Power
19.6%

Renewable Energy
10.1%

More than two-thirds of the
fuel used to generate power in
the U.S. is lost as heat

Other 0.18% Net Imports
Unaccounted for 0.46% of Electricity

0.1%

Conversion Losses
63.9%

Plant Use 1.7%
T&D Losses 3.1%

Residential
11.1%

Commercial
10.6%

Industrial 8.2%

Transportation 0.1%
Direct Use 1.3%



What is CHP?

m CHP can reduce the amount efifuel energy. required for a
fixed load by up te:50%.

m CHP can reduce emissions, Including greennouse gases,
by up to 50% or More:

m CHP can be an econemicaliinvestment over the life cycle of
the system.
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RACs Support DOE Industrlal Technology Program (ITP)

* |TP overall goal of reducing energy intensity in the industrial
sector by 25% over the next ten years

* |[ncrease CHP Capacity from 9% of US Generating Capacity
in 2010 to 20% by 2030

Historical CHP Capacity and Growth Needed to Achieve 20% of Generation

SR « $234 billion private sector
200,000 investment
=
=, 150000 * Nearly 1 million new jobs
S 100,000 * Reduces fuel use and CO,
o . .
0000 | emissions
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Source: Combined Heat & Power — Effective Energy Solutions for a Sustainable Future Dec. 2008




Combined Heat & Power (CHP)
VS
Separate Heat and Power (SHP)

Conventional Combined
Generation Heat & Power

5 MW Matural Gas
Combustion Turbine

Fower Station Fuel

98 Units Fusl

FPower Flant

0 -~
g e ]
EFFICIENCY
—'i U:.J ™ o ey
154 Units Fuel o Combined 100 Units Fuel
Heat
& Power

EFFICIENGY: 4z
80% LHE)

56 Units Fuel _—
—_— oller
Boiler Fuel

OVERALL o OVERALL
490/0 EFFICIENCY 75/0 EFFICIENCY

Note: Assumes national averages for grid electricity and incorporates electricity transmission losses.
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Summary of Potential DG Benefits

Can be a cost effective source of peaking and/or baseload
power.
— DG can provide cost control and stability.
— Use of fuel contracts can provide long term predictability

Flexibility

Ease in siting

Can be operational within relatively short period.\
Capacity can be grown to match load growth
Energy efficient

Environmentally benign and easier to permit

Easier to finance as compared to other energy investments.
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Start With a Need for Generation!

Significant need for additional generation
capacity.
— 35% of existing generation is 35 years or older.
Load growth may be unprecedented.

— Internet and e-commerce growth projected at
25% to 35% of existing demand.

— UPS growth is 24% annually.
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Add Customer Requirements

Rate and volatility are issues.

. Poor power reliability estimated to cost
$50,000,000,000 annually.

. Transmission system congestion and
reliability coupled with inability to construct new
lines constrains customer growth and limits
availability of new supplies.

. Requirements for high reliability and power
quality; voltage, frequency and harmonic content
more pervasive.
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Characteristics of Good Applications

Good applications have 1 or more of the following
characteristics:

High electric rates / low fuel costs — good “spark spread”

Larger facility size — yields lower first cost per kW
Long operating hours

Central heating and/or cooling plant — need thermal load
Good coincidence between electric and thermal loads
Nearby waste fuel or heat source available

Need or want more reliable power supply
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Heat Recovery Approaches

Thermal energy can be cost effectively
recovered in various media:

— Direct drying is low cost, high efficiency approach
— Water heating

— Steam

— Chilled Water

17




Applications

e Industrial

e District Heating and Cooling Energy Centers
* Emergency Power

e Medical

* Educational

 Data Centers
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District Heating and Cooling
“Energy Centers”

Heating and cooling loop are seasonal thermal loads.

Use of heat driven chillers can increase load factor.
Hot and chilled water systems inherently include thermal storage.
Distribution system thermal losses create a steady baseload.

Hot and chilled water systems provide opportunity for storage to
match electric and thermal loads.
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Local CHP Installations

University of Maryland, College Park

— 2 combustion turbines @ 10 mw + 1 steam turbine @ 7 MW, total
capacity of 27 MW.

— Integrating campus emergency generators into system for peak
shaving and demand reduction.

NIH, Bethesda

e 4 combustion turbines @ 4.5 MW + 1 reciprocating engine @ 5.6 MW,
total capacity of 24 MW.

FDA White Oak, Bethesda

e 4 combustion turbines @ 4.5 MW + 1 reciprocating engine @ 9 MW,
total capacity of 27 MW.
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CHP Capacity Base (MW)

Maryland Virginia District of Columbia
Total

Combustion
turbine

Reciprocating
Engine

Waste Fueled
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Power Availability/Reliability
MicroGrids
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Power Quality and Availability

New technology availability requirements:
— Automated processes require six 9’s - 99.9999%
— Integrated grid might provide four 9’s - 99.99%

Power quality problems cost the US over $S125
Billion annually. Problems include:
— outages
— voltage stability; sags and swells
— frequency deviation

— waveform distortion; harmonics, noise, transients
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T&D Issues

T&D system is the cause of as many as 90%"
power disruptions.

T&D vulnerabilities:

— Weather

— Congestion - Load grew 22%, capacity grew 4%
over last ten years.

— Age
— Sabotage
Upgrading T&D is a lengthy and costly task.
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DG and MicroGrids

Localized grouping of electricity sources and
loads that normally operates connected to
and synchronous with the traditional
centralized grid but can disconnect and
function autonomously as conditions dictate.

— DG is key component

— Mitigate transmission and distribution system
outages.

— Avoid peak cost grid electricity.
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Network Distribution

Multiple paths between the end user and the the
transmission grid or generation sources. Used in urban
areas and for critical loads e.g. hospitals, universities,

internet servers, etc.

1~
L
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in more detailed information and answer to que
2phone session often good first step

alkthrough evaluation

eening study

linary design of system/financing study







Decision Making Process

Average Costs Walkthrough
Typical 102 hours-

Performance

Energy Rates Screening
Profiles 50 to 100 hours
Performance Data

Equipment Costs

Tax and Finance

Energy Rates

Geotechnical Data Prel Design
Preliminary Design 200 hourst
Component Costs

Hourly Data

Development




Walkthrouah

Economics; cost savings and paypkack time (estimates)
Technical ISsues

EXisting conditions Including infrastructure, zoning and
environmental controls

Space
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Some Immediate Local Initiative

Include CHP in any renewable program

Require CHP evaluations as part of design of
new/renovated local facilities.

Require emergency generators be equipped for
parallel operation with grid as a demand
reduction measure.
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