U.S. DEPARTMENT OF EMERGY

DISTRIBUTED ENERGY DE

PEer REVIEW

Decemper 13-15, 2005 = DousLeTREE CAYSTAL City = ARLINGTON, VIRGINIA

DISTRIBUTED ENERGY PEER REVIEW
2005

DECEMBER 13-15, 2005
ARLINGTON, VIRGINIA



TABLE OF CONTENTS

INTRODUGTION ...ttt sttt sttt e et e s se e e te e sae e e beeaseeaabeesseeambeeabeeanbeesaeaanseeasenanseenns 1
THE U.S.DEPARTMENT OF ENERGY DISTRIBUTED ENERGY PROGRAM .......cccccocverunrnne. 2
Distributed Generation Technology DeVEIOPMENL ............coiuiiiiiiiiiiie e 2
End-Use System Integration and INEEaCE. ..........ooiiiiiiiiiiiie e 3
Evaluation Criteria and Peer ReVIEWEr RALINGS. ........coiiiiiiiiieiiiie et 3
OVERALL DISTRIBUTED ENERGY PROGRAM EVALUATION......ccceeiiiiiieiie e 6
TURBINE PROGRAM ...ttt sttt ettt st et e sse et e e sse e s mbeesaeeenbeesseeenteesneeannas 7
A. TUrbinNg PrOJECLS - SUMMIBIY .....eeeiiiiiiieeieitie e ettt e ettt e e et e e e s e e e e st e e e s eas e e e e s sanseeeeaansaneesasreeeeans 7
B. Turbine Program: Advanced Materias Project Evaluations..............ccccevveeiiiiiiiiiieice e 8
C. Turbine Program: Microturbine Project Evaluations................ccccee... Error! Bookmark not defined.
D. Turbine Program: Low Emissions Project Evaluations....................... Error! Bookmark not defined.
E. Turbine Program: Combustion Lab Call Poster EVAUSLIONS...........c.coeviiiiiieeiiiiiee e 11
F. Turbine Program: Modeling/Analysis, Microturbine Poster EvaluationsError! Bookmark not defined.
THERMAL ENERGY TECHNOLOGIES PROGRAM .......ciiiiiiiiiiieiie et 13
A. Thermal Energy Technologies ProjeCts - SUMMIEIY ........ceeiiereiiieeiiieesieeesiee e sieee s sieeesnee e 13
B. Thermally Activated Technology Project EVAURLIONS .............ccooiiiiiieiiiiiiee e 14
C. Micro-CHP Project EvalUations...........cceeeeiiiiciiiiieeeee e csciinieeeee e Error! Bookmark not defined.
ADVANCED RECIPROCATING ENGINE PROGRAM .....cooiiiiiiiieiie et 23
A. Reciprocating ENgine ProjeCtS - SUMMIAIY.........ceiiiiiieiiiieiiiee it snee e 23
B. Advanced Reciprocating Engine Project EVAlUBLIONS ...........cc.eiiiiiiiiiieiiiie e 23
B. Advanced Reciprocating Engine Project EVAlUSLIONS ...........cceviiiiiiiiieiiiee e 24
C. Advanced Reciprocating Engine Poster Evaluations...............cccecveee. Error! Bookmark not defined.
END-USE APPL ICATIONSPROGRAM GROUP L........oiiiiiiieiiiesie et 30
A. End-Use Applications — Group 1 ProjectS - SUMIMEIY.........cuueiieiiuieieeeiiiieeessiieeeeesiieeeessnseesessnseeens 30
B. Integrated Energy Systems ProjeCt EVAUBLIONS. .........c.uueieiiiiiiee e 31
C. End Use System Poster EValuations ..............cocevieeiiieeiiiec e Error! Bookmark not defined.
D. Power Electronics, Sensors/Controls (Posters) Project Evaluation ResUlts ...........cccoooveeiieeiiieenee. 45
END USE APPLICATIONSPROGRAM GROUP 2........oiiiiiiiiiiieiie e 47
A. End Use Applications - Group 2 ProjJECES - SUMMEAIY .......ccoveeieerreeieenieeeiee e siee e e e e 47
B. Integrated Energy Systems Project EVAlUGLIONS..............eeeiiiiiiie e 48
C. End-Use System Applications Project EValUBLIONS ............cccvviiiieiiee e 56
D. End Use Systems (Posters) Project Evaluation RESUITS ...........evveiiiiiee i 62
APPENDIX Az AGENDA ...ttt ettt bbb e e s he e b e e be e enne e ne e areennee s 74
APPENDIX B: LIST OF ATTENDEES........ooiiii e 81
APPENDIX C: EVALUATION OF OVERALL DE PROGRAM MANAGEMENT .......ccccccoeennn. 96
Distributed Energy Peer Review i December 13-15, 2005

DOE Internal Document - Do Not Distribute



INTRODUCTION

The Department of Energy (DOE) Office of Energy Efficiency and Renewable Energy’ s Distributed
Energy (DE) Program held itsthird Distributed Energy Peer Review December 13 — 15, 2005, at the
Doubletree Crysta City Hotd in Arlington, Virginia. The 2005 Distributed Energy Peer Review
examined the four core technology sub-programs: Turbines, Thermal Energy Technologies, Advanced
Reciprocating Engines, and End-Use Applications. These programs strive to improve the energy and
environmental performance of distributed energy technologies, and to increase the level of technology
integration among on-site energy generation aternatives with the ultimate goa of achieving amore
flexible, smarter energy system nationwide.

The Peer Review attracted 154 attendees, of whom 21 were reviewers. Peer reviewers were selected after
anaiona search for qualified individuas, representing private industry, consulting, and government
organizations, with requisite expertisein related fields and freedom from conflicts of interest.

Thisyear, in addition to formal presentations given in plenary-style format, thirty-eight (38) poster
presentations were reviewed, both formal and poster presentations were evaluated according to identical
evaluation criteria. Poster presentations were someone shorter and more informal than those delivered in
the formal settings, but peer reviewers evaluated the projects in the same manner.

Prior to the peer review, reviewers were provided with project summaries, evaluation forms, and
evaluation criteriaand guidance. Projects were ranked on a scale of one to ten, with ten representing the
highest quality. A final project score was calculated using weighted criteria for relevance to overall
program objectives, approach to performing research and devel opment, project management, technical
accomplishments, quality, and productivity, and technology transfer, collaboration, and partnerships.
Projects within the following programs received the following average project scores:

= Turbines, Including Industrial Gas Turbines, Microturbines, Advanced Materids, Low-Emissions
and Fud Combustion — 7.08

= Thermal Energy Technologies, Including Thermaly Activated Technologies and Micro-
Combined Heating and Cooling — 7.03

= Advanced Reciprocating Engines— 7.69

= End-Use Applications, Group 1, Including Integrated Energy Systems, End-Use Systems,
Combined Heat and Power Analysis, Power Electronics, Sensors and Controls — 7.59

= End-Use Applications, Group 2, Including Integrated Energy Systems, End-Use Systems, and
Combined Heat and Power Education and Technical Assistance— 8.83

The presentations given at the 2005 Distributed Energy Peer Review are available on the web at
http://www.energetics.com/depeerreview05/agenda.html.
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THE U.S. DEPARTMENT OF ENERGY
DISTRIBUTED ENERGY PROGRAM

The U.S. Department of Energy’s Distributed Energy (DE) Program has the led Federal government’s
efforts to develop a portfolio of advanced on-site, small-scale, and modular energy conversion and
delivery components and systems for industrial, commercial, residential, and utility applications. The
mission of the DE Program is to strengthen America' s energy infrastructure and provide utilities and
consumers with a greater choice of energy efficient technologies for on-site generation of electricity and
use of thermal energy. The program seeks to develop and deploy, by 2015, a diverse array of integrated
distributed generation and thermal energy technologies that are competitively priced and highly efficient.
Distributed energy technologies can expand the Nation’s aging electricity power infrastructure, relieve
congestion on transmission and distribution systems, increase supplies during periods of peak demand,
and reduce environmental emissions.

Program activities are organized in two main areas. Distributed Generation Technology Development,
and End-Use System Integration and Interface.

Distributed Generation Technology Development

The Distributed Generation Technology Development effort seeks to develop a portfolio of electricity
generation and heat utilization technologies with afocus on efficiency, emissions, reliability, availability,
maintainability and durability (RAMD) and meeting cost targets. By improving the efficiency of
thermally activated systems and advancing the efficiency and emissions characteristics of these power
generation technologies, the program provides the building blocks necessary to develop advanced,
integrated systems.

Industrial Gas Turbines

Theindustria gas turbines program focuses on advanced materials research, such as composite ceramics
and thermal barrier coatings that will improve performance and durability. Research tests cost effective,
low emissions technologies, and continues efforts to lower manufacturing costs and increase durability of
ceramics, combustion systems, and combustor designs for gas turbines.

Microturbines

Microturbines are a new type of combustion turbine for use in distributed energy generation applications.
About the size of arefrigerator, microturbines produce 25 to 500 kilowatts of energy and can be located
on sites with limited space for power production. Waste hesat recovery can be used in combined cooling,
heating, and power (CHP) systems with the potential to achieve energy efficiency levels greater than 80
percent. Activities will include a nationa effort to design, develop, test, and demonstrate a new
generation of microturbines for DER applications that are cleaner, more affordable, reliable, and efficient
than products currently available.

Advanced Reciprocating Engines

Advanced reciprocating engines offer awide range of power generation at less cost than other
technologies. Reciprocating engines can be used for many purposes, such as local power grid and
substation support, peak-shaving, remote power, on-site generation, and combined CHP applications.
Activities include a national effort to design, develop, test, and demonstrate a new generation of gas-fired
reciprocating engines for distributed energy applications that are cleaner, more affordable, reliable, and
efficient than products commercialy available today.
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Advanced Materials and Sensors

Advanced materials and sensors, such as ceramics and environmental barrier coatings, are some of the
key enabling technologies that improve the efficiency of stationary industrial gas turbines, microturbines
and reciprocating engines. Engineered ceramics offer al the advantages of ceramics -- resistance to hedt,
corrosion, erosion, and chemical activity -- while adding strength and thermal shock resistance that
conventional ceramics do not demonstrate.

Fuel Combustion (Formerly Fue Flexibility)

Fuel Combustion evaluates long-term combustion technologies for low emissions, focusing on next-
generation dual fuels (gaseous or liquids). Research focuses on the evaluation of fuel characteristics and
effects of fuel variations on distributed generation equipment for long-term availability and durability.

Thermal Energy Technologies (Formerly Thermally-Activated Technologies)

Thermal energy technologies convert natura gas, exhaust, or rejected heat into heating, cooling, humidity
control, or bottoming cycles. Utilizing thermal energy is an essential building block for combined heat
and power (CHP) integrated systems, widely recognized as the next wave of energy efficient power
generation devices that will compliment central power station electric power generation into discrete,
economical, reliable, and secure distributed power generation.

End-Use System Integration and Interface

The focus of the End-Use System Integration and Interface subprogram is to develop highly efficient
integrated energy systems that can be replicated across end-use sectors that will help demonstrate a
research and development (R& D) objective or address atechnical barrier.

Distributed Energy Systems Application Integration facilitates acceptance of distributed energy
resources by partnering with industry consortia in commercia buildings, light industrial, supermarkets,
hotels, healthcare and education end-use sectors. Projects quantify the energy and emissions benefits and
installation and retrofit costs; research integration issues and recommend improvements, and correlate
data to analytical models and tools for end use customers. Research includes activities on electronics and
supervisory control strategies to better optimize electrical and thermal needs and to synchronize with the
grid.

Cooling, Heating, and Power Integration (CHP) reduces energy costs and emissions by using energy
resources more efficiently. In conventional conversion of fuel to electricity, over two-thirds of the energy
input is discarded as heat to the environment and not used for productive purposes. CHP makes greater
use of fuel inputs by utilizing the discarded heat with system potential efficiencies from 60 to 80 percent.
Research and development are focused on integration of prime movers such as turbines, microturbines,
and reciprocating engines with thermally activated technologies (chillers, dehumidification, etc.) for plug-
and-play, high efficiency, integrated CHP systems. The program also continues support to the Regional
Application Centers (RACs) and educationa programs under the State Energy Program (specia projects)
activity.

For more information about the specific goals of each of these programs and subprograms, please visit the
Distributed Energy website at http://www.eere.energy.gov/de.

Evaluation Criteria and Peer Reviewer Ratings

Each project lead or team provided advance information, in the form of a Project Summary Form, asto
how they had satisfied the review criteria The Project Summary Formincluded the following:

Overall Project Purpose and Objectives. Provide a brief project description. Identify specific project goals
and objectives. Outline the major milestones that have been set for the entire timeframe of your project. List
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major partners, including subcontractors, with whom you are participating in this project, and the role they
play in its completion. Explain how this project contributes to the achievement of the U.S. Department of
Energy’ s Distributed Energy Program goals. Describe the expected benefits of your project for the U.S. DOE
and the nation.

FY 2004 and FY 2005 Results and Accomplishments. Describe specific technical results achieved,
milestones reached, publications released, and any other accomplishments since the previous Peer Review in
December 2003.

FY 2006 Plans and Expectations. |dentify and describe your FY 2006 plans and expected FY 2006
milestones. Explain any key technical barriers that you foresee and your strategy to overcome these barriers.
If applicable, please provide 2007, 2008, and 2009 milestones.

Public/Private Partnerships. Identify cooperative efforts and technology transfer/outreach activities related
to this and related projects. When answering, consider work with private industry, state and local
government, federal government, national |aboratories, academia, and trade associations.

During the three-day peer review, three concurrent tracks of both formal and poster presentations, alowed
principal investigators to share the results of their work with peer reviewers. Formal presentations
followed a sample template and allowed a set amount of time for the presentation, followed by a question
and answer period. Poster presentations were more informal, and allowed principa investigators to
“show and tell” their projects as peer reviewers gathered around. General attendees had the opportunity,
following peer reviewer questions and answers, to ask questions as well.

Each project was reviewed by a Peer Review Panel, composed of individuals, or peer reviewers,
representing both private and public sector interests in distributed energy. These individuals were invited
to participate after an exhaustive solicitation and national search for well-qualified experts who had
requisite background experience and expertise aswell as freedom from conflicts of interest. The five
panels are identified below:

TURBINE PEER REVIEW PANEL

Name Affiliation
Roy Allen Consultant
Ed Kraft EHK Technologies
Timothy Lieuwen | Georgia Ingtitute of Technology
Ajay Misra NASA
George Touchton GLT Energy Consultancy

THERMAL ENERGY TECHNOLOGIES PEER REVIEW PANEL

Name Affiliation
Frank Biancardi UTRC Retired
Rob Brandon Natural Resources Canada

Thomas Clemens SG America
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ADVANCED RECIPROCATING ENGINE PEER REVIEW PANEL

Name Affiliation
Avtar Bining Cdifornia Energy Commission
Nabil Hakim Consultant
Dan Kincaid Distributed Power Consulting
Clark Midkiff University of Alabama
David Thimsen EPRI

END-USE APPLICATIONS #1 PEER REVIEW PANEL

Name Affiliation
Wei-Jen Lee University of Texas at Arlington
Mike Muller Rutgers University
Robert Webster Webster Ventures
Cherif Y oussef SEMPRA

END-USE APPLICATIONS #2 PEER REVIEW PANEL

Name Affiliation
Susan Davis Questar
Jack Kazmar Comfort Air Solutions
Deepak Perti DuPont
Agami Reddy Drexel University

Peer reviewers were required to evaluate each project on the basis of the following rating scale.

9-10 7-8 5-6 3-4 1-2
Outstanding/ Very Good/Few Good/M odest/ Fair/Significant Poor/Not
Excellent Areasto Improve Some Areas to Weaknesses Adequate
Improve

Each project was then scored according to the following weighted criteria to determine its ranking as
compared to other projects within the program area:

= Relevance to overal program objectives — 5%
= Approach to performing the research and development and project management — 35%
= Technica accomplishments, quality, and productivity — 40%
= Technology transfer, collaboration, and partnerships — 20%

Peer reviewers evaluated each project independently; consensus was not required. The scores were
averaged to illustrate comparative ratings among projects, as shown in the summary table for each
program. The reviewers individua responses were not disclosed to DOE.

Distributed Energy Peer Review

5

DOE Internal Document - Do Not Distribute

December 13-15, 2005




OVERALL DISTRIBUTED ENERGY PROGRAM
EVALUATION

Upon completion of the full DE Peer Review, reviewers were asked to evaluate the overal DE Program.
This alowed them to assess the program from a “ big picture” perspective and to suggest new directions
or approaches. Peer reviewers were asked to assess the Department of Energy’ s Distributed Energy
Program on the basis of its relevance to national needs and the agency’ s mission; program structure and
balance; program outcomes; program planning; and implementation. On arating scale of 1-5, with 5
being excellent, the program was rated very good to excellent in al categories. Results of the DE
Program Management Evaluation are provided as Appendix C.

Respondents commended the Department on the manner in which technical and scientific advances have
been made to improve the reliability and cost-effectiveness of distributed energy products, components,
and systems. The program was noted as being relevant to the needs of our most pressing nationa energy
problems, including grid reliability, diversification of energy sources, and reduction of fossil fuel
consumption, reduced greenhouse gas emissions, and improved homeland security.

Some debate exists between those who support the shift in emphasis away from primary research on
equipment and systems, to grid security and reliability policy and deployment. Nevertheless, respondents
are satisfied with project approaches and goals, and with the work accomplished to date. Some criticisms
were leveled at the heavy earmarks attached to financial support for distributed energy, as well as at the
unknown strategy and mission for the distributed energy program within the new Office of Electricity
Delivery and Energy Reliability.

Program implementation received favorable reviews. Technica progress was seen as excellent, with the
taxpayer receiving good vaue for hishher tax dollar. DOE was encouraged, however, to address
commerciaization in the future, integrating new technologies with current heating, ventilation, and air
conditioning systems and ensuring common integrating platforms so as to aleviate market bias.
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TURBINE PROGRAM

A. Turbine Projects - Summary
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B. Turbine Program: Advanced Materials Project Evaluations

PROJECT TITLE DE ADVANCED MATERIALS PROGRAM
PRESENTER(S) DAVE STINTON, ORNL
OVERALL SCORE 7.92

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 9.00

Comments:

The national 1abs are a tremendous resource and are relevant to a broad range of RD&D and
commercia development programs — including this.

A broad array of programs with potentially multiple benefits.

Highly relevant to overall DOE goals.

Materias have always been and remain key enablers of energy systems. ORNL remains an
essentia resource for these issues and has done a very credible job of managing these programs.
Wdl aigned.

2. Approach to performing the research and development and project management:

Rating: 7.40

Comments:

Programs are well managed, but could use some market redlities to prioritize. Technica work,
particularly in materias, istop rate. Future efforts should focus on the key issues— not al 25
programs.

The project has too many tasks for the budget. Might need to eliminate afew tasks to create a
better focus. The project should consider alternate solutions for the technical problem. Example:
the project is developing new stainless steel for recuperators— there might be alternate solutions,
such as using an existing high temperature aloy. The technical solution proposed in various tasks
is based on the interests of ORNL researchers, which may not necessarily be the best solutions.
ORNL takes a very critical, yet supportive, approach to managing external development contracts.
Periodic reports and reviews are conducted to address progress and keep records on track.

Solid, diversified team oriented towards devel oping real progress. Not clear that current technical
partners represent best avail able expertise-should consider broadening partners to others outside
Tennessee; e.g. ceramics program could benefit by engaging other universities with expertisein
thisarea (e.g. Univergty of Connecticut).

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.00

Comments:

The national 1abs are a tremendous resource and their efforts and contributions underpin much of
the work accomplished by this program, and many other RD& D and commercia developments.
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= Good work on 347SS improvement. Good job on ceramics exposure to moisture problem, but
some economic input is needed to determine the future course.

= Excelent technical progress toward understanding the problem. The project must be
complemented for developing cost-effective EBC coating techniques.

= Have made very valuable contributions to materials progress for both gas turbine and
reciprocating engines, as evidenced by the strong collaboration with OEM’s

= Clear demonstration of solid progress acrossa broad front.

4. Technology transfer, collaborations, and partnerships:

Rating: 8.40

Comments:

= Very good.

= Excdlent collaboration with industries and end users.  The collaboration with end usersis
exemplary and will ensure that technol ogies developed by ORNL are adopted by the end user.
However, it was not clear if collaboration with material suppliers is producing worthwhile results.

= Have aways, and continue to involve OEM’s as key participants in programs.

= Good tech transfer focus.

= Concern regarding the choice of partners. Team should move outside Tennessee as needed to
engage more qualified partners.

5. Overall Impressions:

Strengths:

=  The materias program provides the underpinnings for much of the progress this program has
made.

= Continue recuperater test program. Complete testing of coated ceramics. | did not judge
reciprocating work that is not pertinent to micro-turbines.

= Technica expertise of researchers and ability to thoroughly understand the problem and find
solutions based on understanding.

= Very strong internal materials expertise combined with subcontractor materials and systems
people. Use a strong combination of fundamental understanding and practical application
engineering.

Weaknesses:

= [tisachallengefor the laboratories to avoid becoming insular from the real development work.
The DE Advanced Materials Program has met this challenge and has shown very commendable
coordination and cooperation with the projects and PI’ s throughout the DE Program.

= Too many smal programs, success could be enhanced by concentrating on fewer programs.

= Need to eliminate some tasks to put adequate resources into remaining tasks.

= Unfortunately, current budget cuts pose danger of loosing basic capability.

Recommendations:

= The national labs are a tremendous resource and relevant to a broad range of RD& D and
commercia development programs.

= The national labs provide continuity. Their staff and programs tend to have more permanence
than those of the commercial participants. This should be brought forward and highlighted since it
is often underrated or even seen as afault.

= Soon adecision on the economic and technical viability of ceramics will have to be made.

= Eliminate some tasks to fund high risk/high payoff activities (such as development of cost-
effective EBC process).
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= Need more materials as well as process cost assessments to help make judgments on what efforts
to carry on with reduced budgets.
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E. Turbine Program: Combustion Lab Call Poster Evaluations

PROJECT TITLE FUELS COMBUSTION: IMPACT OF OPPORTUNITY FUEL
COMBUSTION ON DISTRIBUTED ENERGY PLATFORMS

PRESENTER(S) Tim THEISS, ORNL

OVERALL SCORE 5.99

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 6.80

Comments:

= Thisproject israted as an incremental advance that will improve reliability and performance and
lower loss of service and maintenance costs

= Thisproject is most relevant and useful to reciprocating engine technology (see

recommendations.)

Doesn’'t do anything for major needs of microturbinesto better performance and lower cost.

Relevant to DOE goals and objectives.

It is not evident how much of these fuels are available as % of total fuels.

Program approach well aligned with DOE goals.

2. Approach to performing the research and development and project management:

Rating: 4.60

Comments:

= The approach (while correct at the 30.000 foot level) lacks specificity and planning “where the
rubber meets the road’) — that isin the actua test focus, plan, and godls.

= Running an atmospheric combustor will reveal nothing about potential hot section corrosion.

= Wadl defined project plan. However, there appears to be no emphasis on impact of various fuels
on turbine operation.
Appears to address key issues.
The team has put together such a broad program that it is not clear that they will make significant
contributions in any area that they are working in. In addition, their plan for turbinesis directed at
the wrong problems.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 6.50

Comments:

Too early to evaluate, project was only recently awarded.
Program just started.

Besides selecting fuel, there has not been much progress.
Too early in program.
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= Too early to comment on much, but the team appears to be putting together pieces to implement
the proposed plan.

4. Technology transfer, collaborations, and partnerships:

Rating: 7.20

Comments:

Cooperation with, and technology transfer to, OEMs is planned.
There is good technology transfer, collaborations and partnerships.
Partnership with Solar Turbines and Brookhaven National Lab.
Appears to involve relevant players.

Team has broad and substantive collaborations.

5. Overall Impressions:

Strengths:

= Asappliedto reciprocating engines. Practica and applied, with high value to OEMSs, to
maintenance shops, and to owner operators.

Worthwhile program for reciprocating engines.

Good test plan and facilities.

Appears to understand the complex issues and have designed approach to address these.
A broad and wide ranging program encompassing many key players.

Weaknesses:

= Though laudable in intent, the program plan needs focus and priorities, particularly with regard to
the testing regime, fuels to be tested, and the like.

= The project team demonstrates little expertise or understanding of the problems of gas turbines and

little knowledge of how the project could benefit gas microturbines.

No value for microturbines.

Lack of work to study the impact of various fuels on the turbine performance.

Not evident from the presentation what the contaminant issues are.

Not clear that al thiswork should be performed at this lab, given other DOE centers of excellence

in certain aress.

= A magjor weakness is noted in terms of ability of the program to substantively contribute.

Recommendations:

= Remove microturbines/gas turbine technology and testing from the program, and refocus the
resources toward reciprocating engines.

= Tighten up and clearly define the program plan.

Coordinate with “Toward Predictive Understanding of Low Emission FuelFlexible Distributed

Energy Turbine Systems” regarding test regimes, fuel mixtures and the like.

= Drop combustor tests and devote program to reciprocating engines.

= Do not duplicate work at other national labs.

= Should likely focus on reciprocating engines, not gas turbine.

= Mgjor program refocusing needed with better articulation of program goals. Focus program
around core competencies of Oak Ridge, such as materials and reciprocating engines. Scale back
program scope and funding by removing gas turbine component and focus on reciprocating
engines.
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THERMAL ENERGY TECHNOLOGIES
PROGRAM

A. Thermal Energy Technologies Projects - Summary

Formal Presentations

10

Average Project
Score: 7.03

Ammonia Absorption Technology Development, Rocky Research
(Rockenfeller, Richey, Topikian)

Integrated Active Desiccant, Semco (Fischer)

TR

l

——l]
—== Engineering Science & Technology Division — CHP, ORNL (Vineyard)
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B. Thermally Activated Technology Project Evaluations

PROJECT TITLE ENGINEERING SCIENCE AND TECHNOLOGY DIVISION — COOLING,
HEATING, AND POWER

PRESENTER(S) EDWARD A. VINEYARD, OAK RIDGE NATIONAL LABORATORY

OVERALL SCORE 4.80

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 6.67

Comments:

Desiccants have been transferred to NREL and the work is being refocused on new heat exchanger
concepts, ORC and other projects. This activity is both contract management and in- house R&D
and so must be best compared against NREL rather than separate project funded in the main
through these national labs. This program suffers at present by being somewhat unfocused.
Laboratory test facilities very pertinent, useful, and serve as critical DE resource. Attempt to
define new areas of expertise, i.e. heat exchangers, advanced power systems, controls, etc; appears
weak and may not be sustainable and capable of providing rea near term benefits to DE efforts.
ORNL isthe program manager for anumber of projects. As such they are relevant.

It appears that they are undertaking some projects in-house rather then subcontracting. This
should not be along term Strategy.

2. Approach to performing the research and development and project management:

Rating: 4.00

Comments:

The presenter did not discuss program management. This was to be an overview of TAT as
managed by ORNL. It was not. Project management was not presented. The basis of
continuance of projects was not discussed. Why were some projects determined to be best fit in-
house? Why did heat exchanger performance become a project, what is the impact of improving
heat exchanges in general? How much energy could be saved? Was it considered that all heat
exchanger performance installed in air handling equipment is compromised due to space
limitations within the air handler? This limitation is a market constraint as it isrelated to size
(footprint) of the equipment and first cost. | must admit though, that is interesting technology and
direction to research a micro-channel non-metallic heat exchanger. The concept of the micro-
channd fluid dynamics could relate to improvements in desiccant wheel design. By observation,
smaller flutes have lesser pressure drop compared to larger flutes. Micro-channels would alow for
the entrained humidity in the air flowing through the wheel flute to be closer to the desiccant and
perhaps increase the adsorption rate over the same length compared to the large flutes.

The research effort of micro-channels may be enhanced by cooperation with a university asa
partner.

There was no discussion of how the project was managed by ORNL. There should be an
overview included of who oversees the projects.

Work on laboratory test fecilities, athough not emphasized in presentation, is known and key
element of DE verification plan for some TAT concepts and systems.
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= However, the program effort to establish world class heat exchanger knowledge and a test facility,
aswell as a resource for Organic Rankine Cycle and other advanced power conversion systems,
shows no expertise or awareness of critical issues. Suggest engaging industry experts and
extensive literature searches if you continue. Mgjor hurdle to overcome is to establish leading edge
skills in low-cost HX manufacture. This need is widespread across TAT technologies but no
indication that ORNL can provide sufficient benefits to decrease cost, size and efficiency of
critical components. Get outside help to identify specific needs and skills.

= Therewaslittle or no comment on how external contracts were managed. A worthwhile objective
for ORNL would be to develop atesting facility of high capability for innovative heat exchangers.
The ORC materia as presented did not seem that innovative and if there was strong connection to
industry it was not presented. However waste heat (ORC) and other waste heat initiatives should
be pursued

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 5.00

Comments:

=  SEMCO work and laboratory facilities are excellent, but no significant indication of ORNL rolein
Revolution project other than good goals and product objectives. Suggest more technical input
from ORNL and highlight that help. Little such help came through in presentation.

= [t wasnot that clear how to make the allocation of technical accomplishments between the lab and
the companies involved with the [ab. This might have been due to the lack of familiarity of the
presenter with some of the work.

= Bedieve SO-A in many new technology areas is well ahead and advanced to levels shown in
presentation. HX's, ORC's, and Controls, for example, show no leadership.

= Thisison an average with the other projects. The SEMCO Revolution project rates 8-9 oniits
own. The Revolution product looks like it is market ready and meets the goals of the project. The
other SEMCO projects are rated much lower. Thisis because there was no demonstration of why
the second SEMCO project did not use equipment for other programs or why the micro-channel
research is being conducted. The presenter stated that the heat exchanger fluid flow was not
optimum and that seems to be the justification for the research.

4. Technology transfer, collaborations, and partnerships:

Rating: 5.33

Comments:

=  The SEMCO project scores high athough it seems by these presentations that there was not much
technology transfer upfront. SEMCO presents that it did more, and spent more than planned in
order to complete the successful design. | am sure that ORNL assisted by evaluation and testing
but that was not explained very well.

= The presenter did not discuss technology transfer with industry regarding the carbon filament heat
exchanger research. |Isthere an interested university? Is there an industry interest in this? Isthere
an industry partner?

= The SEMCO project seems like a success; however there appearsto be alack of a
commercialization strategy. Although funding is hard to find it should be on the program’s to-do
list to avoid premature failure of the SEMCO technology in the market place. It seemed that
obtaining the R& D 100 award was enough when really working with SEMCO to get over the
commercidization barriersis needed. A demonstration of 20-25 units really needs to supported
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= No sgnificant indication of technology transfer. Partnership roles and continuing support of new
TAT products introduction into marketplace are essential.

5. Overall Impressions:

Strengths:

=  SEMCO Revolution product is good and should be successful aslong as SEMCO is successful in
regard to establishing sales networks and accounts for the product.

= Hasworked with a motivated company to assist in the development of a significant project. The
program has links with ORNL materials group that has value.

= Clearly aprogram searching for new direction. Build upon strengths in TAT test facilities and
absorption technology acquired over past decades striving to keep absorption technology alive, in
spite of vapor compression dominance.

Weaknesses:

= The second SEMCO project involving the engine generator seems like starting from scratch.
Maybe the DG technology is in place to do so, but probably not. Aren't there packages from other
DOE sponsored programs/projects which could have been used here?

= Concerning the in-house projects, while basic research isimportant, there was no need and
justification for the heat exchanger research that wasclearly presented. What benefit is thisto
DGITAT?

= Program is somewhat unfocussed and both the material presented and answers to the questions
suggested a group searching around for significant work to do.

= Unless substantia outside assistance and more skilled staff in new areas are rapidly acquired, or
partnerships with other centers of excellence established to show leadership in HX's, ORC's, and
controls, consider some deletions.

Recommendations:

= Over theentire TAT platform, there was no discussion of ROI.

= Require that the goals and potential energy conservation be stated for each project.

= The program should look at NREL’s modd and if funds permit build up an excellent test center at
ORNL capable of testing heat exchanger and recuperator technology including novel concepts
from small innovative companies. The program should not try to develop concepts internally and
needs to make sure it has the right human resource base to perform the independent HX testing
capability.

= Very hard look at future areas in light of reduced DE (DOE) budgets may be necessary.
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PROJECT TITLE INTEGRATED ACTIVE DESICCANT — VAPOR COMPRESSION HYBRID
RooFTorP WITH CHP CAPABILITY

PRESENTER(S) JOHN FISCHER, SEMCO

OVERALL SCORE 7.63

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 7.33

Comments:

The presenter should have explained more clearly how this project relatesto TAT. The
Revolution does use gas as the heat source. It was only during the Q& Asthat it was stated that
heat from DG sources could aso be used. The second project does include this but was not clearly
stated that it was intended to meet TAT objectives. That needs to be stated.

This product is relevant to the TAT and DE goals.

Revolution product is an excellent first step in providing aviable DE TAT desiccant system. Need
to show actua high efficiency recovery of waste heat from IC engine and MT prime movers for
direct DE program relevancy.

2. Approach to performing the research and development and project management:

Rating: 8.00

Comments:

The presenter did relate that there were cost overruns on their side. That is not surprising; perhaps
the upfront budgeting should consider that. If the uncertainty factor was a bit higher in the budget,
perhaps the funding from ORNL would have been higher and the risks to SEMCO lower.

This project appears to be well managed both from a product development viewpoint and from a
demonsgtration aspect. As indicated € sewhere may need some more limited support to assist in
market penetration.

Team displayed an excellent program plan, project management and execution. Milestones appear
to have been met and technical, packaging and market barriers to product introduction addressed
and overcome.

Project 2 and 3 appear on track and logical steps. Only analysis and limited test data displayed but
efforts look extremely promising.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 7.67

Comments:

Thefirst project is clearly moving to commercialization.

The second project is re-inventing the wheel. Another DG package already funded should have
been implemented. This would have eliminated double funding for DG equipment. The real
project here should have been to install a package from another program as a demonstration of the
other program aswell. Low leverage points here!
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= Thetechnical execution of the project appears to be excellent with the project manager
knowledgeable of the hurdles that face the company in getting the project to market.

= Project 1 shows several mgjor and impressive technical accomplishments.

= Useof variable speed drive good effort and should promote more usage in sandard HVAC
product. Capability and performance of desiccant very significant and key. Test results and
ORNL verification excellent.

= Projects 2 and 3 results will come later, but important to demonstrate integrated desiccant and 1C
engine waste heat recovery soon, perhaps

= Before school ingtallation. Benefits of desiccant in Walgreen's are impressive!

4. Technology transfer, collaborations, and partnerships:

Rating: 7.00

Comments:

= Therewasonly brief discussion of technology transfer for project 1. The presenter did relate that
when something did not go as expected that they did hold discussions with the component
manufacturer.

= There was no discussion of technology transfer for the second project. Thereis much in DG that
could have been utilized here.

= The prgect has 3 varied field trids; the cinema appears to be good application. The DE project
with the reciprocating engine rai ses some questions as exhaust heat recovery is not used and the
seasonal efficiency is not that high.

= Hopefully, successful effort will be communicated to regional DOE CHP centers. ORNL should
actively promote and disseminate product development with HVAC industry and designers and
specifying engineers.

5. Overall Impressions:

Strengths:

= The“Revolution” product.

= A good technical solution with a good idea of how to get the unit to market (focusing on key
accounts). Noted that 75% of the funding came from SEMCO, good government leveraging

» Good project team, major accomplishments, and product that meet market requirements and
provide packaged system approach.

Weaknesses:

= Not utilizing other DOE funded DG programs/projects for the engine generator for second project.
As the project manager, ORNL should have insisted on reducing funding and distributing to other
programs.

= Theinclusion of the reciprocating CHP project may have been promised during the bidding
process but may be distracting SEMCO from going after their main market which might be non-
CHP projects, just straight TAT applications

Recommendations:

= Over theentire TAT platform, there was no discussion of ROI (return on investment). This seems
to be acomment on all TAT projects.

= Require that the goals and potential energy conservation be stated for each project.

= Regarding the first project, the IAQ issue concerning humidity control seemed to be the driver.
However, there are no statistics or metrics. It was assumed that the reviewers are fully aware of
this justification for a new design of packaged equipment. Given the reorganization within DOE,
any program/projects should include the original merits — metrics — justification and a recap of
how they are being met.
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= DOE and ORNL need to examine how they can protect their investment in this technology which
appears to be addressing a market need for better humidity control. There appearsto be a
requirement for DOE support even at the monitoring and reporting level with perhaps some very
modest funding support to get a reasonable number (35) of units through a 2 year tria to provide
market demonstration. Perhaps investment or support of web based monitoring would be the way
to go. Having stated that, it is recognized that funding availability is being reduced at the present
time.

= Push hard and make sure al risks are reduced or mitigated. Great example of how product
development can be successful using government support and willing aggressive company.

Distributed Energy Peer Review 19 December 13-15, 2005

DOE Internal Document - Do Not Distribute



PROJECT TITLE AMMONIA ABSORPTION TECHNOLOGY DEVELOPMENT FOR AIR
CONDITIONING, HEAT PUMPING, AND REFRIGERATION

PRESENTER(S) UWE ROCKENFELLER, BRUCE RITCHEY, AND HARRY TOPIKIAN,
RockyY RESEARCH

OVERALL SCORE 8.28

SPECIFIC COMMENTS

1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 7.67

Comments:

By using gas as the heat source it fits into the TAT portfolio.

Project is relevant to DOE goals both from a gas and power conservation objective viewpoint.
Uwe provided an excellent overview of the efforts to provide NH3-H20 absorption technology for
use in DE applications. The focus appears to be on low tonnage systems, similar to that offered by
various manufacturers over the past 3-4 decades. The performance features are considerably
improved and hopefully so are the first costs and maintenance of the product to market.

The 3-5 ton capacity may limit the product acceptance for CHP/DE applications, unless multiple
units are provided, not always an acceptable solution.

2. Approach to performing the research and development and project management:

Rating: 8.67

Comments:

Very strong and enthusiastic project leadership. The business planis well conceived. Technical
set-backs are challenges to be solved, not road blocks. The conceptualized manufacturing plan is
beyond al other projects as presented.

This project appeared to have established one of the better attempts to break out from in-house
R&D to commercidization. Whether it will succeed is another matter, but the decision to focus on
design of key components and establish long term testing is laudable.

Key fabrication partners have been identified.

The significance of regulatory and consumer resistance to ammonia systems does not appear to
have the attention that might be warranted.

The program plan appears well thought out with steady technical improvements leading to
prototypes for demonstration and proof of concept, etc.

The ultimate manufacturer and supplier, WFI, may finally have the resources and ability to
produce a cost effective product for the intended niche markets, based on their GS HP experience.
WFI is an experienced system integrator, not low cost component supplier.

To bring the initial costs of this absorption HP down to acceptable levels may require additional
skilled manufacturers interested in supporting this business opportunity.
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3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.00

Comments:

There is an adequate degree of achievement at this time.

This product appears to be very close to commercialization.

The identified barriers and risks seem more QA/QC than technical.

Problems were identified and discussed in the presentation, which was weak on explanations of

exactly how the system worked.

= The technical accomplishments indicated are al very positive, i.e., variable speed pump, heat
pump feature, and attractive performance over wide operating parameters, -20F ambient, and
comfortable heating at low ambient, finaly make NH3/H20 absorption a viable product, if
atractive, relatively initial costs can be offered.

=  The key component, pump and TXV, reliability testing is essentid and apparently multiple units
are undergoing tests. Other tests of the generator and absorber are progressing, both components
needed for efficient systems. Rocky Research is using the many lessons learned from prior
NH3/H20 projects by a series of manufacturers.

= The program recognizes the need for developing low cost manufacturing processes for low initial
volumes. Rocky Research also recognizes the key market barriers and risks, including stability of
its business partner and difficulties of performing in niche markets.

4. Technology transfer, collaborations, and partnerships:

Rating: 8.33

Comments:

= Thisisaunique situation as some components are so specific that they had to be “invented here”
rather than available in the market and adapted to this project. Of course, some components were
adapted.

= The partnership with WFI as the manufacturer appears to be a dynamic and comfortable fit. This
will provide for market introduction via an in-place distribution and service network.

= The project is now going into the very difficult area of trying to reduce capita cost through
manufacturing design. First cost will be a significant market barrier to this technology as well as
consumer concernsregarding ammonia systems.

= [tisunclear how much WFI will be investing in the project development.

= Good mix of business partnerships being explored. WFI’ s lack of steel welding/ammonia handling
expertise may be difficult hurdle.

= Pool heating/dehumidification market is less known entity/potential.

5. Overall Impressions:

Strengths:

» Thestrength of this project is that the product is near ready and not years away. Barriers have
been overcome.

= The project attitude is good and forward thinking. To devote time to the production
manufacturing methods and demand flow is beyond what others offered.

= High degree of technical understanding of absorption technology. Appears to understand the
critical importance of first cost reduction

= Experienced technology company, good leader, and number of potential business partners, solid
string of key technical achievements and understanding of product needs.
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Weaknesses:

= Concerned that no evidence was presented as to the consumer acceptance of ammonia systems.
This issue will only become apparent when the project is well into commercialization; might
warrant some evaluation now.

= Uncertainty of product initial costs, and long term commitment and capabilities of business
partners

Recommendations:

= Follow through on proof -of -concept and demonstrations. Make sure that sites are lined up and
users committed.
Should be supported through the beta production and manufacturing optimization phase.
Follow paths defined aggressively with DE/DOE support.
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ADVANCED RECIPROCATING ENGINE
PROGRAM

A. Reciprocating Engine Projects - Summary

Poster Presentations Formal Presentations
10

Average Project
Score: 7.69

g ARES — Overview, ORNL (Theiss)

|1

—=amg Laser Ignition Development, NETL (McMillan)

-

3
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B. Advanced Reciprocating Engine Project Evaluations

PROJECT TITLE ADVANCED RECIPROCATING ENGINE SYSTEM OVERVIEW
PRESENTER(S) Tim THEISS, ORNL
OVERALL SCORE 7.78

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 7.80

Comments:

Oak Ridge National Laboratory (ORNL) has shown good relevance to the DOE’ s Advanced
Reciprocating Engine System (ARES) program objectives, mission, goals and strategy.

ORNL’s effort falls within three general areas: ignition controls, emissions, and after-treatment,
which have been identified as key areas of focus to achieve ARES goals and objectives.
Theratings for each of these genera areas are asfollows. Spark Plug: 7; Adaptive Controal: 9;
Lean NOx trap: 6

The sparkplug improvement program is useful but is a genera problem and not an ARES-specific
program (not a criticism of the work!). Although it was pointed out that the national lab programs
are conducted according to the wishes of the participating engine manufacturers, it does seem
puzzling that the labs are focusing on SCR, reformate production, lean NOx traps, etc., but this
type of technology does not appear to be significant in the engine makers' Phase 3 plans. The
active control work is good and directly relevant to the ARES program.

Spark Plug Erosion — Impacts 10% cost reduction target as spark plug replacement is a significant
maintenance cost as well as an availability hit. ORNL is accumulating a public database that
should be useful to all.

Adaptive Control — Impacts on both NOx and efficiency goals.

NG Lean Trap — Impacts both NOx (in a positive fashion) and efficiency goals (in a negative
fashion). This work, however, is particularly applicable to retrofit applications as the reported 2%
BTE hit will be difficult to replace in order to achieve DE program BTE goas. Areimproving
emissions in retrofit applications (at the expense of 2 %age points in BTE) within the DE program
goas? None of the engine companies are including lean NOx traps in their plans.

Doing well in the context of National Labs charter.

2. Approach to performing the research and development and project management:

Rating: 8.20

Comments:

The quality of project management, including the research plan, program execution, and research
team is good.

The quality of project design isgood. However, technical and market barriers have not been
addressed.

Good effort to use results of complementary programs such as FreedomCAR to enhance ARES
results.

Reasonable approach to studying plug life. Isthere a“control group” of tested plugs that are
exposed to conventiona conditions rather than ARES-like conditions? The active control work is
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clearly useful and may have implications for HCCI. Good research plan based on previous
findings for this work- you do need to work with large-bore engines.

=  Spark Plug Erosion — Good start on a spark plug database.

= Adaptive Control — The approach is reasonable. Development of adaptive strategies with the
model should probably precede lab work.

= NG Lean Trap — This duplicates other development efforts, but is probably pretty good bang for
the buck ($550k in 2004/2005).

= Covering the bases. Can be better off if focused on less topical areas. Controls may require
further probing.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 7.40

Comments:

= The degree to which technical accomplishments are being achieved and progress is being made
toward overall project goals and milestones is good.

= The degree to which progress compares to performance indicators in terms of effectiveness,
efficiency, cost, and benefits is good.

= Results appear to be more qualitative than quantitative. Interesting data, but relationship to ARES
gods is not clear.

= Detailsof spark plug erosion results are well described and potentially valuable. Discovery of
intergranular failure mechanism isimpressive.

= Good results and track record on active control. Good to test this technology on a variety of
engines, fuels, and operating conditions. Lean NOx work could be important to ARES and
complements work on truck engines going on at diesel engine manufacturers. 1t looks like alot of
progress has been made, but not clear that NOx goa and BTE god could be met simultaneoudly.
Important to perform catalyst cost, life and poisoning issues.

= Spark Plug Erosion — As reported, this effort is primarily diagnostic. It is hoped that it can
eventually be prescriptive but past experience with materials scientists is not reassuring.

= Adaptive Control — Single-Cylinder engine modeling accomplishments to date are impressive. The
modeling results presented arefor heat release rate only. Thisis useful for BTE estimates and it
would have been useful to see some results. Modeling for NOx production should probably aso
be done but this may require other codes. Commercia-quality strategy is probably aways off.

= NG Lean Trap — The plan has a reasonable next step.

4. Technology transfer, collaborations, and partnerships:

Rating: 7.80

Comments:

= ORNL has good collaboration with industry, universities, government laboratories, and end-users
(utilities).

=  ORNL has published and presented its work and results at numerous technical forums. ORNL
also organized ARES Catalyst Workshop and has coordinated discussions among engine
manufacturers, catalyst suppliers, and universities and labs.

= The ORNL’'sARESwork is highly leveraged with complimentary work for the Distributed
Energy Materials program and with the Office of FreedomCAR and Vehicle Technology. ORNL
actively collaborates with the engine manufacturers, the system suppliers, end-users, and
universities. ORNL could leverage more resources from states like California.
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= Collaboration appears to be good, but no indication of how results will be disseminated.
Published results may allow collaborators to incorporate technology into their products.

= Good collaboration with the usual ARES researchers plus several additiona corporate
collaborators for specific technologies. Good job of information dissemination through
publications and presentations.

» Spark Plug Erosion — Collaboration with Champion is agood thing. Is there away to include
others?

= Adaptive Control — No discussion of collaboration with manufacturers.

= NG Lean Trap — The presentation indicated early collaboration with engine manufacturers to
establish operating parameters but no explicit discussion of collaboration. Othersin industry are
doing similar work. What is the path to commercidization?

= Wide interactions and coverage.

» Published results.

5. Overall Impressions:

Strengths:

= Focuses on three key areas of ARES Program - ignition, controls and after-treatment.

» Enthusiasm and apparent analytical skills

= Good job of working with avariety of engines on spark plug life improvement. The adaptive
control investigation is potentially very useful and ORNL has a good background to understand
the nuances of the problem. Good that more work on large bore engines seems to be in the cards.
Impressive work on lean NOKx traps. Overall good impression of competence of the research team
at ORNL was made.

= Technicdl diversity.

Weaknesses:

=  ORNL could explore technical and market barriers to low-NOx Trap technology and the HCCI
technology (coordinated through engine OEMs). Other competing technologies within ignition,
advanced controls and exhaust after-treatment could also be analyzed to get a good perspective of
their status.

» Lack of quantitatively measured benefits.

= [t'simportant to coordinate with engine manufacturers and regulatory agencies to ensure that LNT
technology will be commercially viable.

= Spread too thin?

Recommendations:

= Good technology focus. ORNL should explore technica and market barriers of advanced spark
plugs, HCCI and Low-NOX traps.

= Outline an approach that will develop quantitative results

=  May want to examine predictive control of HCCI-like combustion now rather than later. Try to
identify the viability of LNT technology before going too far down the road with it. You
mentioned other potentia toxic species emissions- have you found any and how hard are you
looking for them? What about formaldehydes?

» Keep the focus.
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PROJECT TITLE LASER IGNITION DEVELOPMENT
PRESENTER(S) MIKE MCMILLIAN, NETL
OVERALL SCORE 7.55

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 8.20

Comments:

The relevance of this project to the overal Department of Energy (DOE), and the Distributed
Energy (DE) program objectives, mission, goals and strategy is good.

The genera objective is to develop laser ignition technology, which in turn enables devel opment
of high efficiency (50%), low polluting (<0.1 g/hp-hr NOx) stationary natural gas reciprocating
engines for power production and gas compression.

Thisis a clear objective supporting the development of ARES products. The approach and
collaboration are established.

Thiswork is potentialy highly relevant to the ARES program if it is successful.

Impacts BTE and BSNOXx goals and may be a required devel opment for the manufacturers to
achieve these. On the other hand, only Caterpillar listed laser ignition as one of their strategic
tools.

These are disruptive technologies

Excellent focus aress.

2. Approach to performing the research and development and project management:

Rating: 7.60

Comments:

The quality of project management, including research plan, program execution, and research
teamis good.

The degree to which technical or market barriers are, or have been, addressed, the qudity of the
project design, and technical feasibility is high.

The project has effectively planned its future, considered contingencies, and built in optional
paths.

Insufficient data to assess approach and project management. Theoretical issues were presented
and may be supported by actual quantitative results. Difficult to assess actual from theoretical.
Reasonably good job of identifying the overall program goals and milestones.

The motivations for doing the work were well established.

The reviewer was uncomfortable evaluating the effort to fabricate the ideal laser based spark plug
through appropriate material formulations. It is certainly not a traditional reciprocating engine
research project. Thisis not to say thisis not important, but based on this reviewer's experience, it
cannot be adequately evaluated. It isassumed that the same is true with most of the panelists.
Too much time was spent describing the details of this part of the work.

Not much discussion of the project team. The approach seemsto be OK but they need “gadgeteer”
for the multiplexing. The multiplexing scheme doesn't appear to be workable in afield
environment.
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= Good focus on fundamental developments.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 7.60

Comments:

= Degree to which technical accomplishments are being achieved and progress is being made toward
overal project goas and milestonesis good.

= The degree to which progress compares to performance indicators in terms of effectiveness,
efficiency, cost, and benefitsis aso good.

=  Qualitative results may lead to more rigorous quantitative assessments.

= Good discussion of potential and achievements to date of laser ignition system. Potentia benefits
of laser ignition in ARES-like high pressure, very lean systems are well identified. The
fundamental approach to developing alaser spark plug may be necessary but it seems that smilar
efforts may have already been made for other applications (military?) and some work can be
borrowed. The reviewer did not have expertise in laser development discussion that occupied 10
or 15 minutes of the presentation.

= The contractor is a the fundamental performance stage but has demonstrated impressive BTE and
BSNOKX results. No sense in doing system cost studies at this stage until they can show something
that resembles commercia quality.

= Excdlent preiminary results. Gains are being made on a thorough understanding of fundamental
requirements for a successful technology breakthrough.

4. Technology transfer, collaborations, and partnerships:

Rating: 7.20

Comments:

= The degree to which collaboration with industry, universities, government laboratories, states,
and/or end-usersis being, or has been, accomplished is good.

» The effectiveness of technology transfer or dissemination of resultsis aso good. NETL has
published and presented its work and results at numerous technical forums.

= The degree to which the project has successfully leveraged other resources or opportunitiesis
good.

= |naddition to CRADA collaboration, OEMs are working with NETL to address their specific
interests.

= Partners were (finally) identified but details were few.

= Collaborations identified were only with laser equipment vendors.

5. Overall Impressions:

Strengths:

= NETL hasavery systematic approach to developing laser ignition

= Good concept with a good understanding of the theoretical benefits.

= Good job of explaining laser ignition advantage at increasing pressure and justifying parasitic
energy losses comparable to conventional spark ignition. Competence of the research team to
perform their work appears to be well demonstrated.

= Seemsto have the core competency to continue.
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Weaknesses:

= Significant risks exist in this cutting edge research. High cost and extended durability could be a
significant challenge. These issues need to be fully explored.

= Lacks preliminary cost/benefit assessment.

= Too much time was spent on the details of lasing materia design and not enough on the big
pictureissues. Need to mention how thistiesin with ARES issues more clearly.

» Lacksalaser ignition system and functional specification.

Recommendations:

= Work with collaborators to develop a preliminary cost/benefit assessment.

= Look at using optica information derived through laser port as atool for engine feedback control.

= Look around at other laser applications to see if some of your particular challenges have already
been identified and addressed.

= Invest efforts and resourcesin laser ignition system developments instead of expending it on
engine “validation” testing.
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END-USE APPLICATIONS PROGRAM
GROUP 1

A. End-Use Applications — Group 1 Projects - Summary

Poster Presentations Formal Presentations
10
Average Project
Score: 7.59
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B. Integrated Energy Systems Project Evaluations

PROJECT TITLE RESEARCH, DEVELOPMENT, AND DEMONSTRATION OF PACKAGED
COOLING, HEATING, AND POWER SYSTEMS FOR B UILDINGS

PRESENTER(S) Tom ROSFJORD, UTRC

OVERALL SCORE 8.88

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 9.50

Comments:

This project performs research, development, and demonstration of packaged cooling, heating, and
power systems for buildings. They are very important topics for future DE deployment.

Packaged systems are an important way to improve implementation of CHP in buildings and this
set of tasksis critical.

Project is on task with mgor DOE and DE program vision and goas

UTRC has done a great job in demonstrating the benefits of the project. 1t is obvious from the
results accomplished so far.

2. Approach to performing the research and development and project management:

Rating: 9.00

Comments:

This project applies “Stage Gate” approach to evauate, reduce, and mitigate possible risks during
the process.

Program is managed well — perhaps overly managed. There is concern that some of the areas they
have abandoned were mistakes.

Management of technology objectives in 8 areas and prioritizing the research effort for maximum
accomplishment of goalsis commendable. Starting with the opportunity/application and working
upstream towards technology development is also an extremely valuable approach.

UTRC was ranked very high because they have done a good job. Their Stage Gate process seems
to work well. The reviewer supports the suspension of any research work that will not produce real
results and UTRC has done that.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 9.25

Comments:

The project has accomplished its goas well by establishing multiple testing and evaluation sites.
The project investigators have managed technology in 8 areas — stopping 3 and completing 2
through “ System Technology Readiness.”

Hybrid chiller project is very exciting. Packaged systems should really be modular systems with
simple integration.
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= Technology has broad market application and United Technologies has the market reach to
implement on anationa level.

=  UTRC has completed the development and demonstration of the Capstone/Carrier CHP system
(good job). They aso working on the engine/CHP package and the ORC work.

4. Technology transfer, collaborations, and partnerships:

Rating: 7.75

Comments:

= Partner with ORNL on absorption and adsorption technologies

= UTCisdoing this pretty much by themselves and ORNL; broader collaboration would help.

= Public private partnerships are in place to leverage existing knowledge base and implement
lessons learned.

= Great partnership with Capstone and the engine manufacturer to develop the CHP systems. UTRC
isurged to involve other partners such as Universities, RACs, etc. to better disseminate the results.

5. Overall Impressions:

Strengths:

WEell organized presentation with good accomplishments.
Excellent project producing important results.  Use of HVAC people to develop ORC systemsis
very good. Developments in technology will have large leveraging potential

= Conducting research on pardle paths alows for important comparisons of relative technical
feasibility and value.

= Very impressive presentation and research results. It is very important to develop
packaged/integrated CHP systems then just packaging few pieces of equipment and hoping they
will work together in the field.

Weaknesses:

» Hard to discern difference between commercial development for UTC and appropriate research
funded by DOE. It seemed like most of the projects were directly related to their business plan and
when it did not meet thresholds it was discontinued. DOE type programs would continue if they
were producing interesting results

= Conducting research on paralel paths can be distracting. However, UT is managing this potential
downside well.

= How much of thiswork is co-funded by UTC? As the commercia partner for these CHP systems,
their cost share is expected to be significant. Will UTRC fund this development without DOE
funding?

Recommendations:

= Broaden participation — include universities, for example. Develop more inclusive method of
deciding which programs to continue and which to suspend.

= The commoditization of reciprocating engines is valuable and the same approach towards other
components would be an enhancement.

= Continue funding this work and various associated developments.
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PROJECT TITLE INTEGRATED ENERGY SYSTEMS/COOLING, HEATING AND POWER
SYSTEMS FOR BUILDINGS

PRESENTER(S) DENNIS MORAN, UNIVERSITY OF MARYLAND

OVERALL SCORE 7.36

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 7.50

Comments:

Linkage of CHP project with curriculum and research in the university is a good idea.

This is amature program which serves as a unique test bed for 3rd party reviews of new
technologies — it is very useful and clearly meets DOE godls.

Development of more efficient technologies for medium-sized office buildings is good approach.
It is clear that installing various pieces of equipment in the field created technical operational
problems. University of Maryland tested the full (integrated) package in the lab before installing
these systems in the field.

2. Approach to performing the research and development and project management:

Rating: 7.25

Comments:

Several projects are being carried out at the same time. However, the main theme of the overall
activities should be clearly defined.

Thisis a good team; the students add energy and enthusiasm to the program.

Some unavoidable problems have dowed some things.

Technica barriers, such as equipment failures, have been encountered and successfully mitigated
while staying on course with the program. The database of operationa information provides a
good basis for student research and mining activities.

It is not clear how the students and other faculty members are involved in the design, operation,
and performance measurements of these systems. If this is the main objective, it should have been
clearly articulated.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 7.00

Comments:

Thisisavery active center. They have carried out severa projects with good visibility.

Data gathered during their operations is invaluable. Need better public accessto it.

Program has become an excellent training ground for students that will take the “lessons learned’
to the marketplace

It is not clear from the presentation what the new research activities are.

Too much equipment has been replaced.
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4. Technology transfer, collaborations, and partnerships:

Rating: 8.25

Comments:

= Thisis more of a demonstration and proof - of -concept project.

= The center does collaborate with many organizations.

= Large numbers of partners, students, etc. Very good work with DOE to promote technologies and
DG in generd.

= Leveraging through their consortium is very vauable.

= Public-private partnerships are strongly leveraged and are an integral part of the program

= These types of university programs are important to develop new energy engineers.

5. Overall Impressions:

Strengths:

They have high visibility. They have visitors from different countries.

Excdlent infrastructure for doing testing. Top people are very good.

Great opportunity to train new energy engineers.

Student /academic connection is one of a kind.

Excellent participation by a dynamic group of industry experts with awide range of backgrounds.

Weaknesses:

Lessfocus.

Direction is not clear. Top people are overcommitted.

The program is more designed as a testing center than as a technology devel opment center.
Too late to comment, because the project is almost completed.

Recommendations:

= Focus on certain activities.

= Develop long range plans (without funding sitting there) so that the role of the center and test bed
are easy to see.

= Follow through with graduating students to continue to technology transfer into the private sector.

= Continue funding these types of programs.

Distributed Energy Peer Review %) December 13-15, 2005
DOE Internal Document - Do Not Distribute



PROJECT TITLE CHP OUTREACH, EDUCATION, AND MARKETS
PRESENTER(S) PATTI GARLAND, ORNL
OVERALL SCORE 8.95

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 9.00

Comments:

A well managed program that is important for CHP Outreach, Education, and Market
Development

CHPisan OLD technology and has continued to be underutilized because of ignorance. This
function is very important to meeting DOE implementation goals.

The work that is being performed at ORNL through the CHP outreach program is directly tied to
DOE & DE vision and mission.

This outreach program is vital to the success of any R&D efforts.

2. Approach to performing the research and development and project management:

Rating: 9.00

Comments:

Thisis a 3-year plan. 14 subcontracts were awarded in February 2003. At present, 11 out of the 14
subcontracts have been completed.

Good use of DOE funds — short time horizons with lots of achievements.

This group manages alarge knowledge base of information that is collected from a broad network
of relationships. This network is well managed and the information collected and redistributed is
up to date and relevant.

Great efforts by the project team to develop and implement the various outreach and educational
programs.

Very impressive list of partners, stakeholders and active participants.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.75

Comments:

The CHP Ingtallation Database has been updated.

Created Regulatory Requirements Database for Small Electric Generators.

Model for Sustainable Urban Design Blueprint for Urban Sustainability: Integrating Sustainable
Energy Practices into Metropolitan Planning.

Created DG Operationd Reliability and Availability Database.

Monitored market trends in CHP technologies, applications, and regions.

Provided users and policy makers with understanding of CHP market opportunities and current
applications.
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Many accomplishments — lots of activities — great use of leveraging resources.

Rapid changes in technology and pricing make some documents out of date.

The group has significant accomplishmentsin all three task areas assigned to it.

The list of technica achievementsis excellent.

The quality of brochures, publications and reportsis first class. The reviewer receives many of
these documents and finds them very easy to use and helpful.

4. Technology transfer, collaborations, and partnerships:

Rating: 9.25

Comments:

= Thisprogram is entirely about technology transfer — the principal investigator and her sub-
contractors have successfully raised awareness throughout the country.

= Project team is anice public/private partnership. Funding is leveraged through matching from
partners.

= Great work.

5. Overall Impressions:

Strengths:

= Waell managed team with good accomplishments.

= Good program, good use of funds.

= The network of relationships brings a broad capability to collect and distribute “fresh” market
information.

= The outreach and training activities isa“must task” for the DOE-DE program to claim any market
success in the development of various technologies and tools.

Weaknesses:

= Scattered approach (being inclusive) gives a scattered message. Perhaps reducing the variety of
projects would focus more attention on fewer projects.

= Funding constraints may threaten the viability of this network.

Recommendations:

= Create sense of urgency with current natural gas crisis.

= Asgas priceincreases affect the market for CHP, a shift in focus towards opportunity fuels may be
appropriate as a supplement.

= |tissurprising that the funding for this program has been reduced by 60%. | would strongly
recommend reversing this trend and continue to maintain the same level of funding for this very
important program.
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C. End Use System Poster Evaluations

PROJECT TITLE UTICA COLLEGE
PRESENTER(S) JOHN KELLY, GTI
OVERALL SCORE 6.61

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 6.75

Comments:

This demonstration program is very important for CHP technology dissemination.

It isimportant to consider impact of environmental controls on CHP systems as rules change. This
isthefirst project | am aware of which islooking at this.

This package would also be appropriate for other small “campus” applications other than colleges.
The presenter was not familiar with the project at all and could not answer many basic questions.

2. Approach to performing the research and development and project management:

Rating: 6.50

Comments:

The approach of the project seems reasonable. However, the substitute presenter does not have
enough knowledge to answer some of the questions.

There seems to have been some trouble in finding a site for this project. It also appears that use of
this high temperature catalyst is being considered without comparing it to other competing types
of technologies (NSCR, for example)

Fuel prices have likely increased dramatically since the 2004 project inception and alternative fuel
contingencies should be explored.

The presenter was not familiar with the project at al and could not answer many basic questions.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 7.00

Comments:

The project was funded in Sept. 1, 2005. The team has made good progress.

Hardware will be put in place in March — so accomplishments to date are procedural.

Most 2004-2005 accomplishments are non-technical.

It isnot clear if the project will test both SCR & NSCR and compare performance. If thisisthe
case, then they are of real value, otherwise, the benefits are not evident.
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Technology transfer, collaborations, and partnerships:

Rating: 6.00

Comments:

This project brings together GTI, Cummins Engine and Utica College for CHP project
demonstration.

The idea of this demonstration project is to develop a pre-engineered package providing cooling
and power that can easily be applied at small colleges. There is no specific plan(s) for technology
transfer.

Requires higher level of college involvement to include this equipment in “engineering
curriculum”.

No real information has yet to be generated. It is expected that when results are available thiswill
take place

Students and other significant collaboration opportunities have not been fully leveraged yet.

The presenter did not address this area at al and was not familiar with the details related to Tech
Transfer, Collaborations and Partnership.

Overall Impressions:

Strengths:

Demonstration program is very important for CHP technology dissemination.

This project brings together GT1, Cummins Engine and Utica College for CHP prgect
demonstration.

Important area— need to develop data on environmental controls for engines.

The project will provide an excellent comparison of emissions and performance with and without
SCR

Unable to find any strengths of this project.

Weaknesses:

Theidea of this demonstration project is to develop a pre-engineered package providing cooling
and power that can easily be applied at small colleges. Thereis no specific plan(s) for technology
transfer.

GTI should have been better prepared to explain this project.

Presenter was not familiar with many aspects of the project.

Location would be better at a school with engineering students

Other emission reduction alternatives could also be tested along side hot side SCR in this
demongtration.

Recommendations:

Principa investigator should devel op technology transfer plan to disseminate the results of the
demonstration project.

Require higher level of college involvement in order to include this equipment in “engineering
curriculum”.

Would have liked to see other NOx mitigation systems compared to the high temp SCR

Other opportunities to expand collaboration efforts and side by side technology comparisons
should be explored.

Without knowing more about this project, it is hard to make any recommendations.
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PROJECT TITLE PEPPERELL HIGH SCHOOL
PRESENTER(S) JOHN FISCHER, SEMCO
OVERALL SCORE 8.23

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 8.75

Comments:

Since thisis a brand new building, it is an ideal location to demonstrate and test CHP
technologies.

Good demonstration project.

Very good approach to meeting DOE program overdl vision

Good job in presenting the objectives and the benefits of this project. The use of desiccant
technology to control humidity is critical to the success of many cooling systems.

2. Approach to performing the research and development and project management:

Rating: 8.25

Comments:

Though the calculation on paper looks OK, deciding not to recover the energy from the waste heat
may cost the overall system efficiency.

Good team assembled — contractor has every reason to make this work well.

Major challenges have been identified and are being systematically addressed. Market feedback is
being actively pursued and considered.

Good overal project management and progress in overcoming technical difficultiesin the field.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.00

Comments:

The project is being carried out as planned.

Hardware has yet to be installed — much of the accomplishments of this program will involve
measuring actual performance.

Success is being made in the integration of numerous technologies.

The installation of the CHP/desiccant package seems to progress well.
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4. Technology transfer, collaborations, and partnerships:

Rating: 8.50

Comments:

= No specific technology transfer plan has been established.

= Themore vishility the better for this application of an important technology — winning the R& D
100 award is big.

= Theinclusion of nationa labs, universities and a big box chain can lead to rapid deployment of
this technology.

= Too early to evaluate. But it looks like a good team is in place to transfer this technology to the
market.

5. Overall Impressions:

Strengths:

= Sincethisisabrand new building, it isan ideal location to demonstrate and test CHP
technologies.

= The project isbeing carried out as planned.

= Useof “low quality” waste heat has aways been a challenge — thisis the best technology to useit.
The hybrid approach, and its small size are both important factors.

= Good integration of severa technologies in an atmosphere of broad ingtitutional and market
participation.

» Excellent presentation.

Weaknesses:

= No specific technology transfer plan has been established.

= Though the calculation on paper looks OK, deciding not to recover the energy from the waste heat
may cost the overal system in efficiency.

= Thereare doubts whether they will reach the 70% goa in efficiency without using stack waste
heat from the engines.

=  Terms were used without explanation that (probably for marketing) end up being confusing. For
instance, what is an active desiccant wheel? It is not easily found in their materials.

= Many technical chalenges to be overcome in this technology integration.

= The economic analysis may be too optimistic.

Recommendations:

= Project team should take a closer look at their decision not to recover the energy from the waste
heat.

= Sincethe system is operated in a grid independent design scheme, an automatic and/or manual
switchover scheme has to be established.

= Aspart of the demonstration project, utilize the waste heat from the stack and get maximum
efficiency. Thiswould perhaps not be cost effective in commercial accounts, but would be
important in showing what the top performance of this technology could be.

» Listen closely to market based feedback.

= Veify the performance of the system after it isinstalled and compare to the proposed data used to
justify the project economics.
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PROJECT TITLE CHP CaPACITY OPTIMIZER
PRESENTER(S) RANDY HUDSON, ORNL
OVERALL SCORE 8.48

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 9.00

Comments:

This project has developed a user friendly software package for CHP capacity optimization. Itisa
very useful tool for a DE planner.

Attacking a very important problem — and much more challenging than would appear with aquick
look.

It will be difficult to standardize this tool since CHP devel opers use a wide range of independently
developed tools. Having said that, a relatively simple-to-use standard tool such as ORNL has
developed is required for the CHP technologies to become widely accepted.

Excellent presentation. Thistool is badly needed to optimize CHP systems.

2. Approach to performing the research and development and project management:

Rating: 8.50

Comments:

One very important goal of the distributed energy program is to maximize the benefits of DE. To
achieve this goal, capacity appropriate DE for specific applications must be installed. This project
provides tools to identify the optimal capacity of CHP equipment to maximize the economic
benefits.

Project team seems quite good — clear challenges exist in distributing and then upgrading the
software

More work needs to be done in the area of strategy development for overcoming market
penetration hurdles for the ORNL model.

Well done.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.75

Comments:

A methodology has been developed to determine the optimal capacities for the CHP prime mover
and absorption chiller using nonlinear optimization algorithms and hourly operation simulation of
CHP system.

= Thiscould be rated a “ten” depending on the results of the software.
= Based on the demonstration, it has clearly captured a majority of the significant issuesin sizing.
= Good progress has been made in the development of the tool.
= Oveall accomplishment is very good.
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4. Technology transfer, collaborations, and partnerships:

Rating: 7.75

Comments:

= The software and associated documentation will be distributed to the Regiona Application
Centers and others in the DE/CHP community. Training and user-support will be offered.

= Might benefit from more direct collaborations in devel opment.

= Unlessthistool isactively “marketed” widely, national acceptance as a standard will be difficult.
Acceptance by major industry participant partners can be useful in achieving this end.

= Not clear if thistool will be widely used, but time will tell.

5. Overall Impressions:

Strengths:

= A user friendly stand-alone CHP capacity optimizer has been devel oped.

= |Important problem, product seemsto be right on target, contour map is good way to present
complex results.

= Combination with DOE BCHP screening tool is very important.

= Tool iseegantly designed on awidely used Excel platform.

= Excellent presentation and very knowledgeable presenter.

Weaknesses:

= Requires manua update of utility tariff.

= Mode uses dispatching as major way to improve efficiency, but does not provide away to sell
EXCESS POWe.

= Thetool may be too complex to use by an average energy engineer.

= EXxcel spreadsheet seems somewhat clumsy.

= Thetool can be viewed as alittle “black boxish” unless good documentation and/or training is
provided as a supplement to the software.

= |mplementation strategy is a key component to broad acceptance as a standard.

Recommendations:

= Lawrence Berkeley Nationa Laboratory has acollection of utility tariff information.

= Continue developing the program; allow design goals to be stated at the start — including one that
does not alow operation below certain efficiencies.

= Perhaps start working with partners using the software. It has to get ssimpler — but this will not be
easy.

= Suggest moving to web based system — dlows errors to be fixed immediately, tracks users more
easly. Userswould also have the option to store data on their computers for later use.

= Industry collaboration and communication is a must.

= Need to follow up and develop a software tool to optimize the usage of CHP systems.
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PROJECT TITLE BCHP SCREENING
PRESENTER(S) STEVE FISCHER, ORNL
OVERALL SCORE 7.45

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 7.50

Comments:

= The development of screening and modeling tools was identified as a high priority task in the
original CHP Roadmap.

CHP ingtdlations are tricky — and do not respond gptimally to plug and play.

A screening program to help vendors and end-usersis ESSENTIAL.

Broad market applications for this technology exist.

Too complex to assess the value and the relevance of this project.

2. Approach to performing the research and development and project management:

Rating: 7.50

Comments:

» Earlier version of the program was difficult to use, particularly with regard to interpreting results.
New release has provided users with a more useful display of results and easier selection of input
parameters.

= Thereisasignificant dilemma between simple and therefore trivial to use, and complete, which
gives better answers but requires some investment to be able to use — this tool is more toward the
latter.

= The new chalenges are to get people using this to develop new projects and continue to provide
feedback for improvement

= Technica and market barriers are known and are being actively addressed.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 7.50

Comments:

=  The BCHP screening tool has been developed to evaluate the economic potential of combined

cooling, heating, and power in specific commercia buildings in the US.

The product is quite useful and thisis a significant accomplishment.

The ability to “drill down” within the program and get to underlying product datais very good.

Connection to DOE-2 is very important benefit.

Earlier version was released before sufficient market validation was incorporated. Pilot release

and subsequent expansion may increase product confidence and simplify market implementation.

= Again, it isnot easy to evauate the technical accomplishments. It appears like a black box. It is
too early to tdl if thistool will actually work. It certainly is not ready yet.
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4. Technology transfer, collaborations, and partnerships:

Rating: 7.25

Comments:

= The BCHP screening tool has been requested by over 40 individuals from private industry,
universities, and government agencies. It is heavily used by the DOE FEMP program.

= Collaborations are new and appropriate, now that the product is working — much greater
distribution is needed.

= Good opportunity exists for two way communication from industry/market participants.

= Too early to know. It isavery complex tool, which will minimize its effectiveness.

5. Overall Impressions:

Strengths:

= The BCHP screening tool has been developed to evaluate the economic potential of combined
cooling, heating, and power in specific commercia buildings in the US.

= Nice product, sufficiently detailed, should be very useful.

= The need for a product that can perform this type of analysisis growing.

Weaknesses:

It is difficult to interpret the results.

Large learning curve to use the software well.

Not sure who the end-users will be; perhaps third party providers.

Not clear which of competing products will be the best. Don’t want to spend time learning dl of

them to pick.

= Modd isso al encompassing and complex that keeping it up to date as dynamic equipment is
developed and market factors interplay is amost impossible. It will therefore be difficult to trust
the results of the analysis without significant experience in applying the information produced.

= There are doubts about the value of this software because it seems too complex and not easy to
use.

= Don't need to develop tariffs for al utilities, because it istoo cumbersome and will never be up-to-
date.

Recommendations:

= Develop user friendly Graphica User Interface (GUI) to display and interpret the results.

= Keep working on graphica interfaces Move toward web based software and develop
comparisons with other similar software.

= The maintenance and learning curve involved in this software probably make it too complex for
most end-users. Thereis probably reason to seek consulting groups as intermediaries in product
implementation.

= Find away to make this software tool fool-proof to an average energy engineer.
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D. Power Electronics, Sensors/Controls (Posters) Project

Evaluation Results

PROJECT TITLE REACTIVE POWER FROM DISTRIBUTED ENERGY
PRESENTER(S) JOHN KUECK, ORNL
OVERALL SCORE 8.53

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 8.67

Comments:

The god of this project is to develop methods to incorporate DE into the distribution system to
provide voltage regulation and dynamic reactive reserve.

Dynamic control of reactive power and using DE in this areaare relatively new and important
problems.

This work is necessary to meet DOE goals.

Important work in atechnology areathat is not awell understood. There are many potentia
applications nationwide.

2. Approach to performing the research and development and project management:

Rating: 8.67
Comments:
= Thisisanewly funded project.
= The approach is reasonable.
= Using ORNL distribution system as atest bed is very good.
= Lotsof partners— clearly thought through very well. Nice match of academic and practical tasks.
= Development and testing on the operating ORNL site will provide good real world lessons.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.33

Comments:

This project was initiated in the last quarter of FY05.

The project team has tested and performed computer simulation and field testing on the
synchronous condenser.

The major milestones, projected results and accomplishment of the project are reasonable.

They do have some data, and do demonstrate the ability to level voltages. It is pretty early in their
cycle. ORNL should be applauded for getting hardware early in a project and not after all the
andysisis done

Good “hands on approach’.
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4. Technology transfer, collaborations, and partnerships:

Rating: 8.67

Comments:

= Partner with TVA, Lenoir Cities Utilities Board, EPRI-Solutions, University of Tennessee, SCE,
Capstone Turbine, Bowman Power, Rolls Royce, SmartSynch, GE, Energetics, and ETAP.

= Partners are many and significant. One of the jobsisto both prove that DG can help with reactive
loads and to convince DE manufacturers to embrace them. So this interaction is critical.

= |Impressive list of partners and participants.

5. Overall Impressions:

Strengths:

= ORNL hasits own distribution system inside the campus to perform field testing.
= Brings attention to dynamic supply of reactive power — establishes a useful lab at ORNL.
= Excellent approach to solving area world problem with broad industry application.

Weaknesses:

= With current price structure, recovery of investment is questionable. In other words, the market
potentia of this development is questionable.

= Difficult issue to explain to non-technical people — need to continually improve message.

= Will bedifficult to design a“one sizefitsal” tool in adynamic marketplace with changing rules.

Recommendations:

= Try to change the utility tariff structure.

= Consider three-phase individua control to balance the voltage.

= Reactive power is power, not voltage, but one of its effects is on voltage. The explanation and
terminology could be better.

= Keep aclose eye on the various market signak across the country.
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END USE APPLICATIONS PROGRAM
GROUP 2

A. End Use Applications - Group 2 Projects - Summary

Poster Presentations Formal Presentations

10

mn

Technology for Large Integrated Energy Systems,
Honevwell (Gabel)

National Accounts Energy Alliance, GTI (Kelly)
Domain IES & Dell Medical Center IES, Burns &
McDonnell (Mardiat)

i

Basin Electric, Exergy Partners (Sweetser) _—
Wingate Hotel, Exergy Partners (Sweetser) pmmm—
Madera Hospital, Real Energy (Best) —

Overview of End Use Projects, ORNL (Hudson)
IES/DE Systems Overview, ORNL (DeVault)

Ritz Carlton Hotel, Exergy Partners (Sweetser) g
Butler Hospital, Carrier Corporation (Fitzpatrick, Guyder) Bm—

i

Modular Integrated Energy Systems, GTl (Rouse)

7 —==mml Verizon Fuel Cell, Verizon (Metz, Donnelly)

Eastern Maine Medical Center, EMMC (Mylen) mmmm—

6
Average Project
Score: 8.83
5
4
3
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B. Integrated Energy Systems Project Evaluations

PROJECT TITLE INTEGRATED ENERGY SYSTEMS — DISTRIBUTED ENERGY
SYSTEMS OVERVIEW

PRESENTER(S) BoB DEVAULT, ORNL

OVERALL SCORE 8.26

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 10

Comments:

IES is astated program objective of DOE/DE

Project critical to goal of three integrated energy systems installed through the DE IES/End-Use
Application program with over 70% efficiency and payback of 4 years or less. The development of
standardized modular designs, with necessary equipment improvements and integration, and
installation and successful demonstration of complete modular systems, are the issues which need
to be addressed and solved for large scale | ES penetration.

2. Approach to performing the research and development and project management:

Rating: 7.75

Comments:

Good solicitation process. Good to get manufacturers and other research entitiesinvolved and
build partnerships. Have developed some good successes right away.

A key project justification is somewhat based on the assumption that future electricity generation
will be using natural gas. What if nuclear energy resurfaces again? How would it impact
scenario? Did not see any risk/benefits analysis and mitigation plan at portfolio level.

Excdllent objectives and execution on the whole although metrics of sdecting the industry teams
isunclear. Involves major equipment manufacturers and industry teams. Also, aternative technical
options have been selected for R& D, which is an excellent way of hedging bets and reducing
risks.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.50

Comments:

Projects met stated goals and showed good technical progress.

Technica progress was very good overal.

Though some of the preliminary teaming arrangements had to be reordered, the fina seven
industry team projects which did result are excellent and met their goals.
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4. Technology transfer, collaborations, and partnerships:

Rating: 8.25

Comments:

= Because of the collaboration with manufacturers and other research entities the technology transfer
isgood. Beyond this, the technology needs to be disseminated to the rest of the engineering field
and to customers and utilities. This can be done through the RACs. If the RACs don’'t continue to
receive funding, the technology transfer will stop whereit is.

= Good partnerships between various stakeholders on different projects. Did not see any effort at
portfolio level to promote the technology or successes via RACs and other avenues, such as
ASHRAE, to ensure integration with HVAC industry.

=  Theindustry partners showed awillingness to cost share over 52% of the total project costs.
However, technology transfer is an important issue and probably will be done by RACs and
market place.

5. Overall Impressions:

Strengths:

= Technology goas/targets met.

= The project successfully achieved its pre-set technical goas (70% efficiency and payback <4
years). Seven projects were successfully completed on time and under budget with several
standardized designs at both low and high ends (250 kW- 5 MW). The project teams exhibited
extreme professional skill and competence, and are to be commended for their high quality
hardware products.

Weaknesses:

= |tiscritica that thistechnology is now transferred to larger markets. All benefits of IES (i.e.
congested grid, homeland security, back-up power) need to be credited to this technology to
improve the competitive position of these technologies.

= Successes of individual projects are tied to equipment made by specific vendors. Should try to
promote the technology in a vendor-agnostic manner.

= The described setbacks are part of the learning curve and should not be viewed as weaknesses.
Perhaps consideration of HVAC aspects should be expanded.

Recommendations:

= Continue dissemination of information, particularly through the RACs. Continue funding of
RACs. Make sure al benefits are accounted for and interconnect problems are solved.

= Exploit the relationship between Austin Energy and the Texas projects to demonstrate successin
the terms that utility companies can easily understand.  Should tackle interface standardization for
larger |ES (such as Real Energy is attempting to do for smaller systems).  Should promote
communication among various projects to ensure that learning is shared al through the project
duration rather than at the end. If thiswere done, | believe the GTI project would not have to wait
until Phase 2 to learn some of the lessons on size and design reliahility.

= The outcomes of these projects should be made available to CHP centers and others and be highly
publicized and widely promoted. Also replication of these projects should be investigated.

= Target the grid overload problems and areas to gain eectric utility partnerships and resolve
possible substation overload problems. Those are ways to better overcome problemswith
interconnecting to the grid.
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PRroJECT TITLE TECHNOLOGY FOR LARGE INTEGRATED ENERGY SYSTEMS
PRESENTER(S) STEVE GABEL, HONEYWELL

NITIN PATHAKJI, BROAD AIR CONDITIONING

JOHN WINBERLY, |.C. THOMASSON ASSOCIATES
OVERALL SCORE 9.26

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

2.

Rating: 10.00

Comments:

High relevance to DOE/DE program objectives.

Project critical to goal of three integrated energy systems installed through the DE IES/End-Use
Application program with over 70% efficiency and payback of 4 years or less. The development of
standardized modular designs, with necessary equipment improvements and integration, and
installation and successful demonstration of complete modular systems, are the issues which need
to be addressed and solved for large scale | ES penetration.

Military bases are required to meet specific energy reduction targets. This project is appropriately
directed to these targeted requirements.

Approach to performing the research and development and project management:

Rating: 8.75

Comments:

Honeywell selected a good team including |.C. Thomasson, Broad USA and NC State University.
Good project management. It appears that the best use of Broad' s Technology would have been
in chiller/heater mode. Did this finding become known after the site was selected? Otherwise, it
would have been more appropriate to select a different site that would have alowed chiller/heater
to be used.

Excellent coordination and understanding between three excellent companies with different skill
sets made this project a success. Not clear why army base was selected for this project where
transparency and visitor access is somewhat limited.

Military bases represent an excellent way to cross-pollinate and roll out large and small
installations.

Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 10.00

Comments:

Made good use of exhaust stream with both cooling and steam. Good job with on-line
optimization and development of reference designs.

Technical objectives were met and system is performing as designed. Congratulations to the
entire team on a job well done.
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= All pre-set technical goals and objectives have been met satisfactorily. Excellent technical choices
made; good technical choice and flexibility of exhaust heat. The reference designs devel oped for
large sites (about 5 MW) should be of great value for widespread acceptance The online
supervisory optimization tool should be of great benefit to operate the plant.

=  The CAD based reference designs developed for large sites (up to 5 MW) should be of great value
for widespread pre-screening of various applications. The online supervisory optimization tool
should be of great value as well.

4. Technology transfer, collaborations, and partnerships:

Rating: 8.50

Comments:

» Good participation from partners and greet reference designs. For transfer, show and tell istough
on amilitary base. Other military bases will be more likely to install smilar system because it has
been done on this base.

= Excedlent collaboration between the project partners. The effort to disseminate reference design
reports via the web is very commendable. However, siting at military base makes “ show-and-
tell” difficult.

= The team members have documented energy and economic benefits and disseminated results via
technical publications and postings on the web. Constructing this project on a military base limits
public access as well as project visibility to the general public.

= Projectson other military bases may be increased following success at this one.

5. Overall Impressions:

Strengths:

= Good and flexible use of exhaust stream heat. Good reference designs. I|mproved homeland
security and ability of base to operate during black-out. Not grid dependant.

= Well-executed project that has met all technical goals. Increased reliability of energy supply
impacts homeland security positively.

= Project very well executed and all objectives and tasks completed at a very high level of
excellence. All technical targets have been met.

= Thetools developed for pre-screening, as well as design, should expand site pre-screening.

Weaknesses:

= Thefact that it ison an army base restricts accessto visitors.

=  Would have preferred a site that allowed chiller/heater to be used. While Army site selection
demongtrates “reiability” factor of DE, it somewhat dampens the effort to demonstrate the merits
of the technology to commercia and utility sectors.

= The project being situated on an army base restricts access to visitors. The developed standardized
designs need to be evaluated by a group of independent experts.

= Thefina report should include a section of lessons learned so that any minor mistakes and delays
incurred during projects such as this can be avoided

=  Standardized designs need to be evaluated by a group of independent experts to expand credibility.

Recommendations:

= For the future, use the CHP capacity optimizer software and BCHP screening tool to develop gas
turbine and chiller size and feed into reference designs that have been developed.

= Based on energy efficiency issuesraised by Austin Energy, recalculate system efficiency in terms
understood by utilities. Disseminate the case study broadly.

= DOE should strategize on how to best publicize the results of this R&D project to other U.S.
military bases and other government facilities.

Distributed Energy Peer Review 51 December 13-15, 2005
DOE Internal Document - Do Not Distribute




INTEGRATED ENERGY SYSTEMS DOMAIN IES DEMONSTRATION
PROJECT TITLE )
PROJECT & DELL CHILDREN'S MEDICAL CENTER OF CENTRAL
TEXAS IES ENERGY PLANT
PRESENTER(S) ED MARDIAT, BURNS & MCDONNELL
CLIFF BRADDOCK, AUSTIN ENERGY
OVERALL SCORE 9.08

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 10.00

Comments:

High relevance to DOE/DE program objectives.

Project critical to goal of three integrated energy systems installed through the DE IES/End-Use
Application program with over 70% efficiency and payback of 4 years or less. The development of
standardized modular designs, with necessary equipment improvements and integration, and
installation and successful demonstration of complete modular systems, are the issues which need
to be addressed and solved for large scale | ES penetration.

Involving the electric utility as a partner in this project was a great breakthrough. Successful plant
operation is a terrific help.

2. Approach to performing the research and development and project management:

Rating: 9.50

Comments:

It was great to get the electric utility involved as owner and operator. This project has overcome
grid interconnect problems and the problem of making sure all benefits of CHP are accounted for.
It ensures that this load will be dispatched most economically. Good project team including Solar,
Broad, and Austin Energy.

Excellent project management. However, too many design changes were made between Domain
and Ddll, which reduces the opportunity to leverage the learning.

Excellently managed project. Project completed in record time and ahead of schedule.

Partnering with an electric utility is an extremely astute move and a model which should be
followed in other smilar projects since a major confrontational issue for practical implementation
isthus avoided

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.75

Comments:

The need to define ASERTII definition of efficiency was brought up by this team.

Met all technical objectives. Use of thermal storage was encouraging.

All pre-set goas have been met satisfactorily. Quality of product seems to be excellent with the
goa of minimum custom engineering accomplished.
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= Only issue is the degradation over the day of the chiller due to cycling which needs to be
corrected.

= The need to re-evaluate the ASERTI definition of system efficiency is an important issue raised by
this R&D team.

= The six standardized reference designs for large installations would be very valuable for future
projects involving mixed campus or parks.

4. Technology transfer, collaborations, and partnerships:

Rating: 8.75

Comments:

= Good modularization.

= Engaging Austin Energy was an excellent idea and opportunity to get buy-in from utility
companies. Collaboration among the stakeholders was good.

= The project technical objectives have been met.

= Excellent concept to involve the local utility.

= Standardization and modularization seem to have been accomplished satisfactorily.

5. Overall Impressions:

Strengths:

» Got eectric utility involved, modularized engineering.

= Collaboration with Austin Energy.

= Project very well executed and all objectives and tasks completed at a very high level of
excellence.

= Highly visible location which should serve as an excellent publicity location.

= Electric utility involvement is great and is the future way to succeed.

Weaknesses:

= Absorber degradation due to cycling needs to be solved.

=  Too many component changes between the two phases.

= Some work on supervisory control of the system should be undertaken.

Recommendations:

= Disseminate information through DOE and RACs.

=  Work with Austin Energy to promote the CHP benefits.

= DOE should strategize on how to best publicize the results of this R& D project.

= Partnering with an eectric utility is an extremely astute move and a model which should be
followed in other similar projects.
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PROJECT TITLE MODULAR INTEGRATED ENERGY SYSTEMS
PRESENTER(S) GREG ROUSE, GTI
OVERALL SCORE 7.79

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 10.00

Comments:

High relevance to DOE/DE program objectives.

Project critical to goal of three integrated energy systems installed through the DE IES/End-Use
Application program with over 70% efficiency and payback of 4 years or less. The development of
standardized modular designs, with necessary equipment improvements and integration, and
installation and successful demonstration of complete modular systems, are the issues which need
to be addressed and solved for large scale | ES penetration.

This concept will become the most prevalent system installed in 300 KW to 1 MW because
factory skidding up to 10ft. x 50ft. can be transported. Separate penthouses: one for eectric
generation and the other for HYAC. These are two very different designs. By field servicing
separate penthouses and solving both problems at the plants in the field, we will then need two
penthouses to be able to handle up to 1 MW.

2. Approach to performing the research and development and project management:

Rating: 7.25

Comments:

Market analysis was good. FEMA should have been done in the design phases.

This project involved the most number of partners among the three projects reviewed.
Management changes seem to have affected the project adversely. Though a number of them seem
to have dropped out, the addition of new team members allowed the project to fulfill its stated
goals and objectives

Waukesha's decision to eliminate their engine packing division unfortunately delayed the project.
However, the system was installed in June 2004 and has an extended performance assessment. A
system of this magnitude must have unveiled many glitches to be resolved (thisis atest site). The
real question is. do we have enough to know how to go into commercidization?

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.00

Comments:

Built and lab tested. Modularization of small IESis critica accomplishment using less expensive
reciprocating engines. Only seven interconnects is a critical accomplishment.

Project is il not installed.  Did not see any lab test results on performance. It appearsto have
met the cost target.
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= All pre-set goals and objectives for Phase | have been met satisfactorily. The reference modular
designs of small IES systems developed for commercia buildings should be of great value for
widespread acceptance. The contractors looked at different building types so as to determine the
size ranges of 1ES systems are excellent. Laboratory testing lends credibility to entire system
performance. The Intelligent Operator module being developed should be of great benefit to
operate the plant.

4. Technology transfer, collaborations, and partnerships:

Rating: 7.75

Comments:

Not yet addressed since project isn't complete.

Because the research is being done the technology will be picked up by the gas industry.
Opportunity for transfer technology is big.

Need to collaborate with HVAC industry.

Tech transfer issues not yet addressed since project is ongoing.

The project has yet to install cogeneration and chiller modules, and funding for Phase 11 is being
sought.

5. Overall Impressions:

Strengths:

= Thisisareal world sized package that can be used by the bulk of commercial customers.
Eliminates engineering for every job. Modularity iskey. Can help solve grid problems and back-
up problems.

= Concept is excellent in terms of potential commercial application.

= |ts standardized designs and demonstration are of great value to the success of 1ES systemsin
buildings and compartmentalization between power generation and HVAC.

Weaknesses:

= Not yet field tested.

= Needed good system engineering analysis for reliability and risk should have been done up-front.

= Only Phase | has been completed. The entire work done to date may not come to fruition until the
system isinstalled and its operation demonstrated satisfactorily as part of Phase l1.

Recommendations:

= DOE should fund Phase |1 of this project so that this very important project can be completed and
its pre-set technical godls, efficiency, payback and modularization achieved.

= DOE should fund Phase |1 because of its commercia importance.

= Should have technical gods related to system reliability and integration/collaboration with HVAC
systems.

= DOE should fund Phase Il of this project so that this VERY important project can be completed
and its pre-set technical goals (efficiency, payback, modularization, and minimum customization)
achieved.

= Severad demongtration projects which interface with building HVAC need to be funded.
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C. End-Use System Applications Project Evaluations

PROJECT TITLE OVERVIEW OF END-USE PROJECTS
PRESENTER(S) RANDY HUDSON, ORNL
OVERALL SCORE 8.39

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 10.00

Comments:

= Balanced set of projects using a diverse group of contractorsincluding GTI, NAEA,
manufacturers and consultants.

= Highrelevance.

= Project critical with god of IES/End-Use Application of DE program of having three integrated
systems achieving over 70% efficiency and payback of 4 years or less. The ingtallation and
successful demonstration of complete modular systems are the first issues that need to be
addressed and solved for large scale |ES penetration.

= Developing and testing integrated systems achieving over 70% efficiency and payback of 4 years
or less. The installation and successful demonstration of complete modular systems are the first
issues which need to be addressed and solved for large scale | ES penetration in the 150KW up to
IMW.

2. Approach to performing the research and development and project management:

Rating: 8.25

Comments:

= Projects are operating; they have met efficiency targets and being reported on.

= Most of the projects are well managed.

Did not see any evidence of portfolio management tools being used to track progress, risk mitigation
and future funding planning.

= Dédlineation between End Use Project and |ES projects seem to be fuzzy.

= Very good balanced portfolio of projects with diverse applications. The cost share (about 50%) is
also agood feature. Good job of selecting competent contractors. The intent of this project was
demondtration and not research per se, though certain projects did require unique site-specific
adaptations.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.25

Comments:

= Most of the projects have met technical milestones except, perhaps, payback.
= Sdtisfactory to date. Most projects are just coming online.

Distributed Energy Peer Review 56 December 13-15, 2005
DOE Internal Document - Do Not Distribute



4. Technology transfer, collaborations, and partnerships:

Rating: 8.50

Comments:

= Excdlent collaborations among stakeholders.

» Theindustry partners showed commitment in willing to cost share over 52% of the total project
costs. Exchange of ideas between different DG projects is commendable.

5. Overall Impressions:

Strengths:

= Good balance of projects, consultants, and manufacturers.

= Good portfolio of projects and vertical markets to target.

= The project successfully achieved its preset technica goals (70% efficiency). Construction of eight
projects has been completed and operation is just beginning. Diversity of projectsisastrong plus.

Weaknesses:

= Use of well-defined portfolio management tools.

= Performance monitoring and equipment reliability issues need more than 6 months or one year of
monitoring.

Recommendations:

= Continue funding for energy efficiency, CHP and IES for cost savings, back-up power, homeland
security, help with the efficiency of the eectric grid.

= Define and use portfolio management tools.

= The outcomes of these projects should be made available to CHP RAC centers and others and be
highly publicized and widely promoted. Also replicability of these projects should be investigated.
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PROJECT TITLE VERIZON FUEL CELL PROJECT — CENTRAL OFFICE OF THE
FUTURE

PRESENTER(S) JEREMY METZ AND TOM DONNELLY, VERIZON

OVERALL SCORE 7.20

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 10.00

Comments:

Excellent relevance to not only DOE/DE goals but also for providing green power and reducing
GHG.

Project critical with goal of IES/End-Use Application of DE program of having three integrated
systems achieving over 70% efficiency and payback of 4 years or less.

The installation and successful demonstration of complete modular systems are the first issues that
need to be addressed and solved for large scale |ES penetration.

Thisisavery large powerload as well as an excellent roll-out opportunity through 7 major phone
companies.

Project critica with goa of IES/End-Use Application of DE program of having three integrated
systems achieving over 70% efficiency and payback of 4 years or less.

2. Approach to performing the research and development and project management:

Rating: 8.00

Comments:

Good partnership with LIPA. Also good partnership with DOE, NY SERDA and DOD.
Working with utility company from the start is a good strategy.

Choice of PAFC for the technology is somewhat suspect.

Good partnerships.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 6.75

Comments:

Very expensive in terms of cost/kwh and haven't reached efficiency targets. However, thisisand
early installation of commercia fuel cells and costs may come down.

Good technical progress made to date.

Need to expand to waste heat recovery and absorption chillers.

Theintent of this project was not just technical but aso reliability issues. Fuel cells are very
expensive in terms of cost/kwh and haven't reached efficiency targets. However, thisis and early
installation of commercia fuel cells and costs may come down.
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4. Technology transfer, collaborations, and partnerships:

Rating: 6.00

Comments:

= There doesn't seem to be alot of technology transfer because of the cost of fuel cells. However,
Verizon is aleader in the communications business and their competitors may copy them.

= A plan for technology transfer was not evident in the presentation.

= Need to promote the technology among telecoms more aggressively.

= Verizon isaleader in the communications business and this technical option may be replicated in
other telecom centers nationwide. The main advantage will be complete technology transfersto
the other telecom companies.

5. Overall Impressions:

Strengths:

= Unique application, particularly for fuel cells without reformer in remote locations. No emissions
on gite.

=  Great to see Fud Cells being commercidized. Theimpact on GHG reduction and environment

should be more widely publicized.

Rather a unique application using fuel cells without reformer in remote locations.

Eliminates emissions on site and al relevant documentation redundant.

Strong point is heightened reliability of the overall system.

It also uses BioFuel.

We need their model to negotiate the local utility interconnect and state el ectric commission.

Weaknesses:

= Not cost effective, doesn’'t meet efficiency requirements.

= Energy efficiency target was not met.

= Fud cdl technology still being improved upon. It is not cost effective and it doesn’t meet
efficiency requirements, but that isn't germane to this application since power quality, reiability,
and utility interconnect are everything.

Recommendations:

Too much money has been invested in fuel cells and the “Hydrogen economy.”

Hydrogen usually comes from natural gas. Why not use the natural gas directly?

Promote more aggressively to telecommunications industry.

Get heat recovery implemented.

The contractor should document the process by which he reached the decision to use fuel cells
instead of other options.

= The manner in which system reliability was included in the cost benefit analysis is particularly

important.
= Set up a Telecom person or department to pursue this opportunity and bring the local RAC in
parald.
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PROJECT TITLE NATIONAL ACCOUNTS ENERGY ALLIANCE
PRESENTER(S) JOHN KELLY, GTI
OVERALL SCORE 9.15

SPECIFIC COMMENTS

1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 10.00

Comments:

Thisis avery important project to get end user adoption of CHP.

Project consistent with the god of developing three integrated energy systems/end-use systems
projectsin place and achieving over 70% efficiency. The installation and successful demonstration
of complete modular systems is the first issue that needs to be addressed and solved for large scale
|ES penetration.

CHP rollout will be best served through large chain store operations.

2. Approach to performing the research and development and project management:

Rating: 9.00

Comments:

Working with National Accountsisagreat way to disseminate CHP widely and create
standardized designs that can be used multiple times. Y ou have to sell the technology once on a
nationa level and then to individual locations.

Excellent approach to address end-user adoption.

The NAEA activities are well managed.

Asfar asindividua projects are concerned, a portfolio management approach should be taken to
track, assess progress, and make future decisions.

Working with National Accounts in building applications opens up a very large market segment.
Pursuing National Account roll out plans will require expanded marketing scope, particularly with
the regional CHP regiona application offices. This might mean moving the funding for this work
and involving local utilities in the effort.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 9.00

Comments:

Projects on the ground are meeting technical goals.

Most of the projects have made excellent progress.

The standards for each vertical market for HVAC and building integration are sorely needed and
will be very important.

Good diverse set of projects. These seem to be meeting technical goals.
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4. Technology transfer, collaborations, and partnerships:

Rating: 9.50

Comments:

= Thisisavery efficient way to collaborate with business and industry. Once you get afoot in the
door with a national account, the next location is much easier to sell.

= NAEA concept is great to promote tech transfer, collaborations and partnerships.

= Excelent way of acting as a catalyst for collaboration between business and industry.

= Success of initial projects will go along way in getting the ball rolling and gaining overall
impetus.

= Excdlent way of acting as a catalyst for collaboration between business and industry.

=  The 300KW to 1 MW separate (power and HVAC) penthouses will become very important.

5. Overall Impressions:

Strengths:

= Severd reviewers thought the best strength of this program is to influence national accounts at the
planning stages.

= Great effort — sorely needed to accel erate the use of CHP technology to end-users.

Weaknesses:

= Danger of spreading existing resources too thin.
= Should develop a mechanism to transfer expertise and experience to RAC

Recommendations:

» Need adedicated individual to meet with national accounts.

= Increase funding. Promote standardsin ASHRAE and other industry associations.

= Accderate two (Power and HVAC) penthouse approach 300 KW to 1 MW. It will be needed.
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D. End Use Systems (Posters) Project Evaluation Results

PROJECT TITLE BUTLER HOSPITAL CHP PROJECT

PRESENTER(S) ROBERT FITZPATRICK AND MICHAEL GUYDER, CARRIER
CORPORATION

OVERALL SCORE 7.85

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 9.75

Comments:

High relevance to DOE & DE program objectives.

Project consistent with IES/End-Use Applications goal of installing three integrated systemswith
over 70% efficiency and payback of 4 years or less.

240 KW is agood sized unit to test.

Many of the projects will require 120 to 240 KW.

12.3 cents per KWH + 30% good electric rate to test.

2. Approach to performing the research and development and project management:

Rating: 7.75
Comments:
= Well managed project. Contingencies and backup options considered.
= Project meant as a demonstration rather than a research project.
= Satisfactorily dealt with existing problems (such as leaking steam piping system).
= No cost overruns and project completed on time.
= Good mix of severa personnd.
= No specifics given about monitoring and performance tracking over next year.
= Successful monitoring and performance tracking over next year will be critical, particularly to

support the orders for two more smilar systems in Rhode Idland.
The ideal mix of partners involved was excellent. It covers all aspects of parties that will be
involved in the future project. In addition, harmonious cooperation among the partnersis evident.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 7.25

Comments:

Tracking over the next 12 months will determine accomplishments.

Primarily a demonstration project with proven technology components.

System just installed and, hence, benefits are still to be demonstrated.

System started operation in December 2005 (about one month delay) and accomplishments are
satisfactory to date. However, monitoring plan and care in acquiring quality performance data and
its proper tracking and analysis is the key to success of such projects.

Should be very customer-friendly to obtain future orders as well as the two Rhode Island orders.
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= [tistoo early to tell fina results.
=  The system just started but was operationd, which is Step 1; will need to revist in twelve months
of operation.

4. Technology transfer, collaborations, and partnerships:

Rating: 8.75

Comments:

= Carrier and New England Gas will be motivated to sell this concept.

= Good market in the northeast for this concept.

= Carrier-centric project. The experience and learning ought to be made widely available to the
industry.

= Very good collaboration between two equipment manufacturers and the local utility personnel.

» Also, project highly leveraged since only about $300k was solicited while total project cost was
$875k.

= High potential for success in technology transfer.

5. Overall Impressions:

Strengths:

= Good back-up power for hospital, improved reliability of hospital power, low emissions,

= Good probability of success. Backup/contingency strategy well thought out.

= Project has been successfully executed and implemented to date.

= Strong, complete set of participants worked harmoniously and successfully. Good potertial “ show
and tell” site and right size project.

Weaknesses:

= Thistechnology has high capital costs and therefore is very dependant on low gas costs relative to
high eectricity costs.

= Not economic outside the east and west coasts. However, that is sill avery large market for this
technology.

= Return on investment strongly dependent on pricing differential between electricity and gas, as

well as cooperation of the electric utility for goodwill rather than retdiation.

Success of project greatly depends on relative costs of gas and eectricity which fluctuate.

Follow up monitoring and tracking of performance essential.

Whether expected life and reliability of components is satisfied is yet to be determined.

High natural gas cost.

Recommendations:

= Finish the project, track results and report to the CHP community through DOE and RACs.

= Finish, document performance versus stated goals, and widely disseminate the learning and
experience to the industry.

= Samelevd of care and attention need to be given for follow-up, i.e., to demonstrate with
performance data that expected system efficiencies are being achieved and individual equipment is
performing as expected

= Write“Case History” with recommendations from parties involved.
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PROJECT TITLE EASTERN MAINE MEDICAL CENTER COMBINED HEAT AND POWER
PLANT

PRESENTER(S) JEFF MYLEN, EMMC

OVERALL SCORE 6.93

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 10.00

Comments:

Relevance is high to DOE/DE program objectives.

Project consistent with IES/End-Use Application goal of three integrated systems installed and
operating at over 70% efficiency with payback of 4 years or less

Business model is on the money for involving electric utility partners. Idea case history for
encouraging FRIENDLY support from other electric utility partners due to increasing grid
reliability. Projects like this reduce peak demand load on the grid. Hospital operationa during
blackout; design suitable for other hospitals around the country.

2. Approach to performing the research and development and project management:

Rating: 6.50

Comments:

Whileit is certainly not the fault of the project management team, the certificate of need process
mandated by the Maine legidature needs improvement. It was a positive that the EMMC
overcame this problem and identified it.

Issue with utility company should have been anticipated, especialy, considering such projects rely
heavily on utility company’s approval and participation.

The project incurred a one year delay dueto litigation by the loca electric utility company based
on itsview that the project’s size (4.4 MWe) would cut into its profits. This contingency should
have been considered. Also this may be a recurring issue with other projects.

Project was delayed by “scorched earth” policy against CHP (should have known earlier in
project.) Otherwise, project management for ajob of this size and scopeis excellent.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 6.75

Comments:

Primarily a demonstration project with proven technology components. Progress made to date is
good but too early to judge.

Difficult to evauate technical accomplishments because of one year delay. However, the project is
sound and would be a good demo project. The project is under construction at thistime. Too early
to evaluate how this project will turn out.

If operational, the project will be agood case history for future rollouts.
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4. Technology transfer, collaborations, and partnerships:

Rating: 7.25

Comments:

» Except for the utility company, this project has demonstrated good collaborative effort.

» Partnered with severd diverse players such as International District Energy Association and other
entities such as ORNL.

» Project highly leveraged: DOE funds were $240k while total project was about $8 million

=  Wadl postured to develop case history and successful story in the future. Good DOE project
management: $280,000 invested for $8.8million project.

5. Overall Impressions:

Strengths:

=  Great back-up power and security. Good demongtration for alarger project. All components
readily available. Good payback and IRR. Good to get natural gas utility involved.

= Will demongtrate alarger CHP application if successful.

= Thisproject demonstrates a large CHP project, offering good diversity as compared to other
demonstration projects.

= Good size for enlisting eectric utility support and partnership, similar to the Austin, Texas project
with Austin Energy.

Weaknesses:

= Dependent on high electric prices relative to natural gas prices. The project is only economic on
the east and west coasts, which is still alarge market.

= Thereturn on investment is strongly dependent on pricing differential between eectricity and gas,
aswell as cooperation of the electric utility for goodwill rather than retdiation.

= Did not anticipate problems with local utility.

= Déeaysand dectric utility “ push-back.”.

Recommendations:

= Finish project and distribute results through DOE and RACs.

= Learning from the utility company experience ought to be more widely publicized.

= DOE should consider the above problem from along-term and global perspective; otherwise this
may be arecurring problem with systems of this size.

= Obtain loca eectric utility support; otherwise there may be a recurring problem with systems of

thissize.
s Use asacrutchto convince future installations that there is a need for field demonstration of this

concept. Involve target electrical utilities.
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PROJECT TITLE MADERA HOSPITAL
PRESENTER(S) KEVIN BEST, REAL ENERGY
OVERALL SCORE 8.38

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 10.00

Comments:

Relevance to DOE/DE program objective is high.

Project consistent with goal of IES/End-Use Application program to instal three integrated
systems with over 70% efficiency and payback of 4 years or less.

Excellent business model. Size range effective to penetrate much broader commercial market
opportunities.

2. Approach to performing the research and development and project management:

Rating: 8.50

Comments:

The reviewer likes the new business moddl. If successful, it could be the one to be emulated.
However, the objective of establishing an industry-wide standard appearsto be too ambitious for
the scope of the project.

This project has the potential to make a big market impact in that a modular CHP design standard
can be developed as aresult.

The business model of the contractor in owning and operating the CHP system (thus serving as an
ESCO) isvery noved and attractive.

However, long-term success of such abusiness plan is still uncertain.

Y ou cannot have this many projects without doing it right. Capital cost and payback scenarios
with 7.5% of power cost reduction program will eliminate much of the financial hurdles.

Product standardization is the key to affordable high-quality sites and off-bal ance sheet financing
of project is abig breakthrough.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.00

Comments:

Contractor appears to have made good progress in installing systems with interchangeable
components.

Did not see enough evidence of standardized interfaces between the modules or within any
module.

Technica accomplishment is in the interfacing and the definition of the standard. Satisfactory to
date. However, monitoring and care in acquiring quality performance data and its proper tracking
and analysis are key to success of such types of projects.
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= On schedule and successful!  Successful monitoring of results and satisfied customer backing are
the keys to successful rollout plans.

4. Technology transfer, collaborations, and partnerships:

Rating: 8.50

Comments:

= The CHP workshops planned are a great way to communicate. Real Energy should be commended
for the effort.

= Red Energy should coordinate with local RAC.

= Excelent and unique collaboration compared to other projects since an energy company is
involved as the ESCO. Details of which specific CHP equipment manufacturers were involved
have not been clearly spelled out.

5. Overall Impressions:

Strengths:

= |nnovative business mode.

= Great business model, good niche market. Excellent potential for mass production due to
standardization

= Modd ability for 500-1500 KW systems standardizes product, enables fast technical solutions for
the salesfence. Providing 7.5% reduction on %2 building power load is saleable and fixed. Broad
number of vertical market building.

Weaknesses:

= Attempt to establish industry-wide standards for interfacing components and model commendable
but may be too ambitious.

= Rather risky, yet to be proven.

= Long-term gas contract costsare too high; will need lower kW (150-250 kW) sizes (required).

Recommendations:

= Seek broader support for standards. Work with DOE and industry associations such as ASHRAE
to promote the effort and establish broad based group to attempt creation of standards.

= Sameleve of care and attention needed for follow-up, i.e., to demonstrate with performance data
that expected system efficiencies are being achieved and individua equipment is performing as
expected.

» Investigate bio-fuels and contact select electric utilities to embrace this product.
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PROJECT TITLE BASIN ELECTRIC
PRESENTER(S) RICHARD SWEETSER, EXERGY PARTNERS
OVERALL SCORE 8.52

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 10.00

Comments:

= High relevance to DOE & DE program objectives.

= Project consistent with goal of IES/End-Use Application program to install three integrated
systems with over 70% efficiency and payback of 4 years or less.

= Broad high capacity market. Concentrated customs (transmission pipe lines). A good roll out plan
should be developed.

2. Approach to performing the research and development and project management:

Rating: 9.00

Comments:

= Very creative approach to utilizing waste heat from gas line compressors using ORC.

= Business modd is excellent, creating win-win between the vendor and pipe-line utility owners.

= Project isvery novel. The fact that Ormat turbines, which supplied the organic turbine, owns and
operates the unit, but the rural cooperative is being paid to maintain it, is very novel.

= Equipment is on the ground and operation isin sight.

= ThisisNOT asmall project - it involves overseas vendors. So far, it iswel in hand.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 7.67

Comments:

= Even though ORC is a proven technology, system is not yet installed and tested in the field.

= Sdtisfactory. However, monitoring plan and care in acquiring quality performance data and its
proper tracking and analysis are key to success of such types of projects.

= Benefits effectively presented. Well-known old time technology.

= Will need comprehensive monitoring for future sales of the system.

4. Technology transfer, collaborations, and partnerships:

Rating: 9.00

Comments:
= Excelent partnership between stakeholders.
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= Thisisanovd project which should be successful.
= Can be extrapolated to severa locations in existing pipeline.

5. Overall Impressions:

Strengths:

Very cregtive business model and identification of opportunity for testing ORC technology.
Project was successfully executed and implemented to date.

It has the potentia of being extrapolated to numerous sites.

Size of load = big dollars per project.

Affordable- no fuel costs plus low emissions.

A well-known technology, very concentrated.

Well defined market for rollout programs.

A 4-year payback or less.

Weaknesses:

= Value proposition with ORC is perhaps limited to cold climate. Alternative heat recovery options
should be explored for hot climates.

= Though the organic turbines only recover about 10% of the energy, the concept has poor energy
efficiency overdl.

= 10% efficiency.

Recommendations:

= |dentify other opportunities and technol ogies to address heat recovery from gas pipeline
compressing substations.

= Samelevel of care and attention needs to be given for follow-up, i.e., to demonstrate through
performance data that expected system efficiencies are being achieved and individual equipment is
performing as expected

= Create a special task force to pursue transmission line owners.
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PROJECT TITLE RITZ CARLETON HOTEL
PRESENTER(S) RICHARD SWEETSER, EXERGY PARTNERS
OVERALL SCORE 7.93

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 9.67

Comments:

High relevance to DOE/DE objectives. Appearsto be a duplicate of Butler Hospital CHP project
except for the market segment

Project consistent with goal of IES'End-Use Application program to install three integrated
systems with over 70% efficiency and payback of 4 years or less.

Equipment size covers a great number of commercia buildings.

Hotel vertica market is alarge opportunity throughout the U.S. Large national accounts control
the magjor share of the market.

2. Approach to performing the research and development and project management:

Rating: 8.33

Comments:

In spite of the delay caused by anetwork protection issue, the project team has done well to
alleviate unplanned contingency and keep the timeline from dipping significantly.

Project meant as a demonstration rather than a research project. Satisfactorily dealt with unique
Situation such as network interconnection

Application is a hotel and replicating it to other hotels of the same type is appealing.

Good data acquisition plan.

Repeats multiple microturbine/absorption projects on previous project.

Encompasses complete turn key controls, etc. for standby power operations with hest recovery.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 7.00

Comments:

Project just starting — not enough performance data available to judge the technical success.
Deay of 3 months due to additional controls and software, however, solved interconnection
problem, System commissioned 12/12/05.

Satisfactory to date. However, development of a monitoring plan and care in acquiring quality
performance data, including proper tracking and analysis is key to the success of this type of
projects.

Comprehensive turn key approach. Multiples of standard products (i.e., turbine providence
reliability power costs).
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= Project iscommissioned. Twelve months of effective operation needs to be completed to judge
the system a success.

4. Technology transfer, collaborations, and partnerships:

Rating: 8.67

Comments:

= Excdlent collaborative effort with the learning shared with the industry widely.

= Very good collaboration between various devel opment equipment manuf acturers, hotels and
NAEA. .

=  Wall conceived testing protocol.

= Thisproject has good potentia for technology transfer and adoption into similar building
marketplace.

5. Overall Impressions:

Strengths:

= Probability of technical successishigh. High rdiability and back up options

= Successful project to date, several key partners, solved interconnection problem
= Good vertica market within the community. Modules of standard products.

= Good team and good ultimate customer.

Weaknesses:

= Success too dependent on eectricity and gas pricing differential and cooperation of electric utility
company.

Success of project greatly depends on relative costs of gas and eectricity, which fluctuate.

Follow up monitoring and tracking of performance is essential.

Need to determine if actua life of components is as expected.

High micro-turbine costs aswell as high gas prices.

Recommendations:

= Track performance versus objectives and widely disseminate learning and experience widely.

= Samelevel of care and attention needs to be given for follow-up, i.e., to demonstrate through
collection of performance data that expected system efficiencies are being achieved and individua
equipment is performing as expected.

= Start formulating hotel/motel rollout model now, pending successful documentation.
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PROJECT TITLE WINGATE HOTEL
PRESENTER(S) RICH SWEETSER, EXERGY PARTNERS
OVERALL SCORE 8.43

SPECIFIC COMMENTS
1. Relevance to overall DOE and DE program objectives, mission, goals, and strategy:

Rating: 9.33

Comments:

High relevance versus DOE/DE objectives

Project consistent with goal of IES/End-Use Application program to ingtal three integrated
systems with over 70% efficiency and payback of 4 years or less.

Achieving over 70% efficiency and payback of 4 years or less.

150 KW peak demand reduction will cover 75% of the typicd Inns. Plus, blackout backup is a
major interest to owners.

Complete skid-mounted system with limited externa connections to the building is critical.

2. Approach to performing the research and development and project management:

Rating: 8.67

Comments:

Wl thought out strategy of evaluating one new technology component — chilled exhaust gas
reciprocating generator for optimizing NOx emission reduction.

Project meant as a demongtration rather than a resear ch project.

Application is a smaler 96 room hotel (the fastest growing sector in the hotel business).
Replicating it to other hotels of the same type is appealing.

Wingate Hotels are well known with a quality, progressive image. Application is a smaller 96
room hotel. The greatest number of perspective prospects will be in the 60 - 150 guest room size.
Typicdly the hotel businesstargets a2 1/2 to 3 year payback. However, the blackout ability could
possibly overcome the typical shorter paybacks.

3. Technical accomplishments, quality, and progress toward project and DOE goals:

Rating: 8.00

Comments:

Technology still to be demonstrated.

Satisfactory. System started operation in December 2005 (about one month delay). Satisfactory to
date. However, development of a monitoring plan and care in acquiring quality performance data
and proper tracking and analysisis key to success of this project.

This program is atwo-fold program. A demongtration site plus research site in developing fuel
emissions through collar exhaust gas treatments.
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4. Technology transfer, collaborations, and partnerships:

Rating: 8.67

Comments:

=  Multiple stakeholders. Intent to communicate learning widely is clearly evident.
» Great collaboration between numerous partners. Also leverages NAEA.

= Good team.

5. Overall Impressions:

Strengths:

= Good strategy to try out reciprocating generator with potential NOx emission reduction.

= Excelent niche market, great application, good economics.

» Fitsthe typical market size (60 to 150 rooms), which can be used on existing buildings as well as
new construction.
A year payback may be a problem; however the blackout backup may help considerably.
Lower emissions, better fuel economy applicable to existing equipment.

Weaknesses:

Risk is high — no clear mitigation plan (either the technology will work or not).

Success of project greatly depends on relative costs of gas and e ectricity which fluctuate.
Follow up monitoring and tracking of performance essential.

Success of project greatly depends on relative local utility interconnect issues, and whether the
expected life and reliability of components is satisfied has yet to be determined. 1t will take time
to develop this new technology.

Recommendations:

= Better communication of risks. Conduct risk assessment and mitigation plans.

= Samelevd of care and attention need to be given for follow-up, i.e., to demonstrate with
performance data that expected system efficiencies are being achieved and individual equipment is
performing as expected.

= Thiswill definitely require a national account program to tackle the four or five chains that control
70% of the Inns. Thisis agood market to solve the regulatory issues surrounding electric utility
interconnect to the grid. Without it the interconnect costswill greatly reduce the potential market
size. Pursue and plan for extended time.
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APPENDIX A: AGENDA

2005 DISTRIBUTED ENERGY PEER REVIEW
Doubletree Crystal City
Crystal City, Virginia
December 13-15, 2005

TUESDAY, DECEMBER 13™—DAY ONE

8:00 am Registration and Continental Breakfast
Keynote and Program Overview
9:30 am Kevin Kolevar, Director, Office of Electricity Delivery and Energy Reliability, U.S. DOE
Patricia Hoffman, Program Manager, Distributed Energy Program, U.S. DOE
Distributed Energy Analysis Presentations
GPRA Analysis — Chris Marnay, Lawrence Berkeley National Laboratory
10:00 am Risk Analysis — Anne-Marie Borbely-Bartis, Pacific Northwest National Laboratory
Future Grid—Local Area Analysis of Distributed Energy, Renewable Energy, and Energy Efficiency Impacts — John Kelly, Gas Technology
Institute
11:30 am Luncheon
1:00 pm Begin Concurrent Sessions
Thermally Activated Technologies Reciprocating Engines Posters: Combustion Lab Calls
Lead: Doug Gyorke, NETL Lead: Ron Fiskum, U.S. DOE Lead: Don Geiling, NETL
Review Team: TAT Review Team: Recip
Session A Session B Poster Session
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Thermally Activated Technologies
Lead: Doug Gyorke, NETL

Review Team: TAT

Reciprocating Engines
Lead: Ron Fiskum, U.S. DOE

Review Team: Recip

Posters: Combustion Lab Calls
Lead: Don Geiling, NETL

Session A

Session B

Poster Session

Engineering Science & Technology
Division — Cooling, Heating, and

Advanced Reciprocating Engine System

Toward Predictive Understanding
of Low Emission Fuel-Flexible
Distributed Energy Turbine
Systems (TU P1.1)

Robert Schefer, SNL

Fuels Combustion: Impact of
Opportunity Fuel Combustion on
Distributed Energy Platforms (TU

1:00 pm P1.2)

L00PM  power (TATALL) 1:00 pm Lﬁls'éfa(n%%ftﬁ%mms Tim Theiss, ORNL
Ed Vineyard, ORNL ! Biodiesel Blends in Microturbines
(TU P1.3)
C.R. Krishna, BNL
Development of a Low Swirl
Injector for Midsize Gas Turbine
and Fuel Flexible Combustors (TU
P1.4)
Robert Cheng, LBNL
Thermally Activated Technologies Reciprocating Engines PostersM:\(/I:(r)(;jt(leJI;EignlénaIyS|s,
Lead: Doug Gyorke, NETL Lead: Ron Fiskum, U.S. DOE Lead: Doud Gvorke. NETL
Review Team: TAT Review Team: Recip ’ g LBy ’
Session A Session B Poster Session
Integrated Active Desiccant — Vapor Distributed Energy Enabling
1:45 pm Compression Hybrid Rooftop with 1:45 pm Advanced Power Generation (RE B1.2) Technologies: Site Energy
P CHP Capability (TAT Al1.2) Jim Drees, Waukesha Simulation (DESS) (TU P1.5)
John Fischer, Semco Chris Marnay, LBNL
2:15 pm Q{Iriﬁrc’)atlljr:)ine, Test & Evaluation
Thermal Conversion R&D . . . j
Converting Waste Heat into Heating Advanced Reciprocating Engine Rudly Perez, SCE -
2:30pM  ond Cooling Work(TAT A1.3) 2:30 pm Systems - ARES (RE B1.3) Fuel Composition Effects on
Stove S gk NREL : Darryl Baldwin, Caterpillar Emissions from Microturbine
eve slayzax, Generators (TU P1.7)
Peter Strakey, NETL
3:15 pm Break 3:15 pm Break 3:15 pm Break
Commercial Liquid Desiccant Advanced Reciprocating Engine System Posters: End Use Systems
3:45 pm Technology (TATAL1.4) 3:45 pm Overview (RE B1.4) Lead: Debbie Haught, U.S. DOE

Andy Lowenstein, AIL Research, Inc.

Tim Theiss, ORNL

Review Team: End-Use #2
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Ammonia Absorption Technology
Development for Air Conditioning,
Heat Pumping, and Refrigeration
(TATAL15)

Uwe Rockenfeller, Bruce Ritchey, and
Harry Topikian, Rocky Research

4:30 pm

4:30 pm

In-cylinder NOx Reduction Technologies
in Advanced Reciprocating Engine
Systems - ARES (RE B1.5)

Sreednath Gupta, ANL

5:15 pm Adjourn Day One

5:15 pm

Laser Ignition Development (RE B1.6)
Mike McMillan, NETL

3:45 pm

Butler Hospital CHP Project (EU2
P1.1)

Robert Fitzpatrick and Michael
Guyder, Carrier Corporation
Eastern Maine Medical Center
Combined Heat & Power Plant
(EU2 P1.2)

Jeff Mylen, EMMC

Madera Hospital (EU2 P1.3)
Kevin Best, Real Energy

Basin Electric (EU2 P1.4)

Richard Sweetser, Exergy Partners
Ritz Carlton Hotel (EU2 P1.5)
Richard Sweetser, Exergy Partners
Wingate Hotel (EU2 P1.6)

Richard Sweetser, Exergy Partners

6:00 pm

Adjourn Day One

5:45 pm

Adjourn Day One

6:30 pm Reception at Hotel

6:30 pm

Reception at Hotel

6:30 pm

Reception at Hotel
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WEDNESDAY, DECEMBER 14™—DAY TWO

8:00 am Continental Breakfast 8:00 am Continental Breakfast 8:00 am Continental Breakfast
Advanced Materials Reciprocating Engines Posters: End Use Systems
Lead: Debbie Haught, U.S. DOE Lead: Ron Fiskum, U.S. DOE Lead: Merrill Smith, U.S. DOE
Review Team: Recip Review Team: End-Use #2
Session A Session B Poster Session
DE Advanced Materials Proaram Reformer-Enhanced Lean NOx Catalysis RAC Overview Poster (EU2 P2.1)
] 9 ] for Emission Control of Natural Gas Ted Bronson, Power Equipment
9:00 am (TUA2.1) 9:00 am . A iat
. Engines (RE B2.1) ssoclates
Dave Stinton, ORNL Ken Rappe, PNNL Pacific RAC (EU2 P2.2)
Tim Lipman and Vince McDonell,
University of California
9:00 am Southeast RAC (EU2 P2.3)
' Louay Chamra, Mississippi State
; ; ; ; ; ; University
Enabling Technologies for Ceramic University Research Overview - ARES
9:45 am Hot Section Components (TU A2.2) | 9:45am (RE B2.2) Gulf Coast RAC (EU2 P2.4)
Venkata Vedula, UTRC Cary Smith, NETL Dan Bullock, Houston Advanced
Research Center
Northwest RAC (EU2 P2.5)
David Sjoding, Washington State
University
10:30 am Break 10:30 am Break 10:30 am Break
Micro-CHP . .
Lead: Mario Sciulli, NETL Mid-Atlantic RAC (EU2 P2.6)
Advanced Materials for Mercury ™ S T TR Dennis Moran, University of
11:00 50 Gas Turbine Combustion System , : : . Maryland
-0Uam (TU A2.3) Micro-CHP System for Residential Northeast RAC (EU2 P2.7)
Jeffery Price, Solar Turbines Applications that Provide Electrical Larry Ambs, UMass and Tom
11:00 am Power and Heating for the Home (TAT Bourgeois, Pace University Energy
B2.1) 11:00am  Project
Joe Gerstmann, AMTI Intermountain RAC (EU2 P2.8)
Melt Infiltrated Ceramic Matrix 11-30 am  Micro-CHP (TAT B2.2) Christine Brinker, Intermountain
Composites for Shrouds and ' Benoit Olsommer, UTRC Co(;nbmed Hea(t and POW()” Center
Combustor Liners of Advanced Midwest RAC (EU2 P2.9
11:45 pm : . Research, Development, and )
P Industrial Gas Turbines (TU A2.4) Demonstration of Micro-CHP Systems g{ohn CUtt'CaC’ UIC Energy
Krishan Luthra and Gregory Corman, | 12:00pm  for Residential Applications (TAT B2.3) esources Center
GE Bob Zogg, TIAX
1:00 pm Lunch 1:00 pm Lunch 1:00 pm Lunch
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Integrated Energy Systems
Lead: Ron Fiskum, U.S. DOE

Review Team: End-Use #2

Micro-CHP

Lead: Mario Sciulli, NETL
Review Team: TAT

Posters: End Use Systems
Lead: Debbie Haught, U.S. DOE

Session A

Session B

Poster Session

Integrated Energy Systems -
Distributed Energy Systems

Micro-CHP (TAT B2.4)

Utica College (EU1 P2.1)

2:00 pm Overview (EU2A2.1) 2:00 pm Karl Mayer, ECR John Kelly, GTI
Bob Devault, ORNL Pepperell HS (EU1 P2.2)
- 7 John Fischer, SEMCO
Technology for Large Integrated Microturbines 2:00 pm Neural Net Optimizing (EU1 P2.3)
Energy Systems (EU2 A2.2) Lead: Don Geiling, NETL Darrell Massie, USMA (+Demo)
2:45 am Sqa_ve Gabel_,_ Honeywe_ll, - Advanced Communication (EU1
Nitin Pathakji, Broad Air Conditioning, Advanced Microturbine System (TU P2.4)
er]go‘]c?ztne\smmberly’ .C. Thomasson |, pm B2.1) Y Arup Barat, Connected Energy
Jeff Willis, Capstone
3:30 pm Break 3:30 pm Break 3:30 pm Break
Integrated Energy Systems Microturbines Posters: End Use Systems
Lead: Ron Fiskum, U.S. DOE Lead: Don Geiling, NETL Lead: Debbie Haught, U.S. DOE
Review Team: End-Use #2
Integrated Energy Systems Domain Value of Distributed Energy
IES Demonstration Project & Dell Cooperative Research and Development Resources in Distributed
4:00 pm Children’s Medical Center of Central | ;.54 pm for Advanced Microturbine Systems (TU Infrastructure Renewal (EU1 P2.5)
’ Texas |IES Energy Plant (EU2 A2.3) ’ B2.2) Craig McDonald, Navigant
Ed Mardiat, Burns & McDonnell, and Tom Rosfjord, UTRC 4:00 pm Consulting
Cliff Braddock, Austin Energy CHP Capacity Optimizer (EU1
P2.6
Modular Integrated Energy Systems Advanced Microturbine System (TU Rangy Hudson, ORNL (+Demo)
4:45 pm (EU2 A2.4) 4:45 B2.3) BCHP Screening (EU1 P2.7)
Greg Rouse, GTI Laura Lindberg, Honeywell Steve Fischer, ORNL (+Demo)
5:30 pm Adjourn Day Two 5:30 pm Adjourn Day Two 5:00 pm Adjourn Day Two

Evening on Your Own

Evening on Your Own

Evening on Your Own
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THURSDAY, DECEMBER 15™"—DAY THREE

8:00 am Continental Breakfast 8:00 am Continental Breakfast 8:00 am Continental Breakfast
Integrated Energy Systems Microturbines Posters: Reciprocating Engines
Lead: Ron Fiskum, U.S. DOE Lead: Don Geiling, NETL Lead: Cary Smith, NETL

Review Team: Recip

Session A Session B Poster Session
Research, Development, and : Development of Advanced Ignition
Demonstration of Packaged Cooperative Research and Development Using Laser Spark Ignition (RE P3.1)
Cooli Heati dp of Primary Surface Recuperator for Azer Yalin. Colorado Stat
9:00 am ooling, neating, and Fower 9:00 am Advanced Microturbine Systems (TU zer Yaiin, Lolorado State

Systems for Buildings B3.1) Low Engine Friction Technology
(EU1 A3.1) ; : for Advanced Natural Gas
Tom Rosfjord, UTRC George Escola, Solar Turbines Reciprocating Engines (RE P3.2)

Victor Wong, MIT

. Advanced Natural Gas
9:00am Reciprocating Engine (RE P3.3)
Integrated Equipment . . Farshid Sadeghi, Purdue
Systems/Cooling, Heating and édvanCEd_ll_nteBg;;ted Microturbine Seleptive NOx Recirculation for
9:45 am Power Systems for Buildings (EU1 | 9:45am )_/stems (TUB3.2) Stationary Lean Burn Natural Gas

A3.2) Mllkg I?owman ahnd Karl Sheldon, GE Engines (RE P3.4)
Dennis Moran, University of Maryland Global Researc Nigel Clark, WvU

Two-Stage Catalytic Reduction of

NOx (RE P3.5)

Umit Ozkan, Ohio State

10:30 am Break 10:30 am Break 10:45 am Break
End-Use Systems Applications o : [

y S App L Sriesians Posters: Power Electronics,
Leads: Debbie Haught Lead: Merrill Smith. U.S. DOE Sensors/ Controls
U.S. DOE : U Lead: Mario Sciulli, NETL
Review Team: End-Use #2
Overview of End-Use Projects (EU2 Advanced DG/CHP Controls
11:00am  A3.1) Industrial Gas Turbine Engine Catalytic Development (EU1 P3.1)
Randy Hudson, ORNL _ Pilot Combustor Prototype Testing (TU Srinivas Katipamula, PNNL
_ : 11:00am - pa oy DE Enabling Technologies (EU1
\é?fr_lzonflzt%el I(::et” ProIJEeL(J:tZ-A(\isegtral Shahrokh Etemad, PCl and _ P3.2)
11:30 am ice of the Future ( -2) Ken Smith, Solar Turbines 11:15am  Chris Marnay, LBNL
Jert_amy Metz and Tom Donnelly, Reactive Power from Distributed
Verizon Energy (EU1 P3.3)
: ; Industrial Gas Turbine Engine RCL John Kueck, ORNL
National Accounts Energy Alliance System Development (TU B3.4) DE Advanced Power Electronics
12:00 (EU2 A3.3) 11:45 am EUL P34
John Kelly, GT! Shahrokh Etemad, PCI and ( 4)
' Waseem Nazeer, Solar Turbines Ben Kroposki, NREL
12:30 pm Lunch 12:30 Lunch 12:30 Lunch
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Integrated Energy Systems
Lead: Merrill Smith, Debbie Haught,

U.S. DOE

Low Emissions
Lead: Merrill Smith, U.S. DOE

Session A

Session B

Reactive Power from Distributed

Development of Low-Swirl Injector for
Mid-Size Gas Turbines and Fuel Flexible
Combustors (TU B3.5)

2:00 pm Egﬁ;gge(litélgégﬁa 2:00 pm Robert Cheng and David Littlejohn, LBNL
! Waseem Nazeer and Ken O. Smith, Solar
Turbines
DOE'’s Regional Office Interaction
. with the DE Program (EU1 A3.4) . : et
2:30 pm Sandy Glatt, DOE Central Regional 2:45 pm Benefits of Distributed Energy
Office
CHP Outreach, Education, and : :
’ ’ DE Benefits Studies (EU1 A3.7)
3:00 pm Markets (EU1 A3.5) 3:00 pm
Patti Garland, ORNL Stan Hadley and Therese Stovall, ORNL
Regional CHP Application Centers
3:30 pm Overview (EU1 A3.6)

Ted Bronson, Power Equipment
Associates

4:00 pm Closing Remarks
Patricia Hoffman, U.S. DOE

4:30 pm Reception
Happy Hour (Cash Bar)
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APPENDIX B: LIST OF ATTENDEES

Roy Allen

Consultant

155 Kare Fre Blvd

West Union, SC 29696
Email: rpaz01@earthlink.net
Phone: 864-638-8575

L awrence Ambs

Director

University of Massachusetts
MIE Department

160 Governors Drive
Amherst, MA 01002-9265
Email: ambs@ecs.umass.edu
Phone: 413-545-2539

G. Anand

Energy Concepts Co.

627 Ridgely Ave.
Annapolis, MD 21401
Email: ganandg@aol.com
Phone: 410-266-6521

Darryl Baldwin

Caterpillar

PO Box 1875

Technical Center, Building F
Mossville, IL 61552

Email: baldwin_darryl _d@cat.com
Phone: 309-578-3661

Arup Barat

Connected Energy Corp

4 Commercial Street

Suite 400

Rochester, NY 14614

Email: arup.barat@connectedenergy.com
Phone: 585-697-3807

Thomas Basso

Engineer and Scientist

National Renewable Energy Laboratory
1617 Cole Boulevard

MS1614

Golden, CO 80401

Email: thomas _basso@nrel.gov

Phone: 303-275-3753

Kevin Best

CEO

RealEnergy, LLC

6712 Washington Street
Yountville, CA 94599

Email: kbest@realenergy.com
Phone: 707-944-2400

Frank Biancardi

CTA LLC

95 Horizon Circle

South Windsor, CT 06074
Email: frankmary57@cox.net
Phone: 860-644-9658

Richard Biljetina

Director, Energy Technologies
Energy Solutions Center

400 N. Capitol Street,

Fourth Floor

Washington DC 20001
Emalil: biljet@att.net

Phone: 202-824-7150

Avtar Bining

Program Manager, ARICE
California Energy Commission
1516 - 9th Street MS-43

MS-43

Sacramento, CA 95814

Email: abining@energy.state.ca.us
Phone: 916-657-2002
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Thomas Bour geois

Research Director

Northeast CHP Application Center
78 North Broadway

Room 207 E" House"

White Plains, NY 10603

Email: TBourgeois@law.pace.edu
Phone: 914-422-4013

Michael Bowman

Manager - Energy Systems
GE

One Research Circle
K-1ES142

Niskayuna, NY 12309
Email: bowman@crd.ge.com
Phone: 518-387-5406

Lynnae Boyd

Group Manager - Energy Systems Group
NREL

1617 Cole Blvd

MS 1613

Golden, CO 80401

Email: lynnae_boyd@nrel.gov

Phone: 303-275-2995

Link Brandon

ARESPI

Cummins, Inc.

1900 McKinley Ave

Columbus, IN 47202

Email: link.e.brandon@cummins.com
Phone: 812-377-0654

Robert Brandon

Natural Resources Canada

CANMET Energy Technology Centre
1Haanel Drive

Ottawa, ON K1A 1M1

Email: rbrandon@nrcan.gc.ca

Phone: 613 992 2958

Jeannette Brinch

Senior Program Manager
Energetics Incorporated

7164 Columbia Gateway Drive
Columbia, MD 21046

Email: jbrinch@energetics.com
Phone: 410-953-6215

Christine Brinker

Program Associate
Intermountain CHP Center
2618 S. Everett St. #211
Lakewood, CO 80227

Email: cbrinker@swenergy.org
Phone: 303-984-5630

Ted Bronson

President

Power Equipment Associates
1IN 204 Redwing

Carol Stream, IL 60188

Email: tbronson@peaonline.com
Phone: 630-248-8778

Dan Bullock

Program Manager

Houston Advanced Research Center
4800 Research Forest Drive

The Woodlands, TX 77381

Email: brobinson@harc.edu

Phone: 281-364-6087

Tom Butcher

Head, Energy Resources Division
Brookhaven National Laboratory
Building 526

Upton NY 11973

Email: butcher@bnl.gov

Phone: 631-344-7916

Peter Carroll

Carroll Consulting

28480 Granville Lane

Trappe, MD 21673

Email: pcarroll @goeaston.net
Phone: 410-476-5219
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Patti Case

Vice President

etc Group, Inc.

1997 S 1100 East #201
SLC, UT 84106

Email: plcase@etcgrp.com
Phone: 801-278-1927

Robert Cheng

Senior Scientist

Lawrence Berkeley National Laboratory
MS70-108B

1 Cyclotron Road

Berkeley, CA 94720

Email: rkcheng@lbl.gov

Phone: 510-486-5438

Nigel Clark

Professor

West Virginia University

123, Engineering Sciences Building

Dept. of Mechanical and Aerospace Engine
Morgantown, WV 26506-6106

Email: Nigel.Clark@mail.wvu.edu

Phone: 304-293-3111 x2311

Thomas Clemens
SG America
Email: tclemens@sgamerica.com

James Cole

Assistant Director

Southwest Research Institute
6220 Culebra Road

San Antonio, TX 78238
Email: james.cole@swri.org
Phone: 210-522-5473

Kim Crossman

Program Manager

US EPA CHP Partnership
1200 Pennsylvania Ave NW
(6202J)

Washington DC 20460

Email: crossman.kim@epa.gov
Phone: 202-343-9388

John Cuttica

Coordinator Energy Programs
Energy Resources Center

851 South Morgan Street

MC - 156

Chicago, IL 60607

Email: cuttica@uic.edu
Phone; 312-996-4382

Allison Dani

Mechanical Engineer
Energetics Incorporated

7164 Columbia Gateway Drive
Columbia, MD 21046

Email: adani @energetics.com
Phone: 410-953-6282

Susan Davis

Director, Marketing

Questar Gas Company

180 East 100 South

Salt Lake City, UT 84145-0360
Email: susan.davis@questar.com
Phone: 801-324-2977

Richard DeBlasio

Technology Manager

National Renewable Energy Laboratory
1617 Cole Boulevard

Golden CO 80401

Email: dick_deblasio@nrel.gov

Phone: 303-275-4333

Robert DeVault

Group Leader

Oak Ridge National Laboratory
One Bethd Valley Road

PO Box 2008, Bldg. 3147

Oak Ridge, TN 37831-6070
Email: devaultrc@ornl.gov
Phone: 865-574-2020
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James Drees

Vice President- Product Devel opment
Engineering

Waukesha Engine

1101 W. St. Paul Ave.

Waukesha, W1 53188

Email:
jim.drees@waukeshaengine.dresser.com
Phone: 262-650-5843

Vinod Duggal

Cummins, Inc.

Mail Code 50174

Box 3005

Columbus, IN 47202-3005

Email: vinod.k.duggal @Cummins.com
Phone: 812-377-7338

George Escola

Principal Engineer

Solar Turbines Incorporated

2200 Pacific Highway

PO Box 85376, MZ G-5

San Diego, CA 92186-5376

Email: escola_george e@solarturbines.com
Phone: 619-544-5664

Shahrokh Etemad

Manager

Precision Combustion Inc

410 Sackett Point Rd.

N. haven, CT 06473

Email:
setemad@precisioncombustion.com
Phone: 203-287-3700 x217

Ndeye Fall

Engineer

Energetics Incorporated

901 D Street, SW., Suite # 100
Washington DC 20024
Email: nfall @energetics.com
Phone: 202-479-2748

John Fischer

Director of Research and Development
SEMCO Inc.

1800 East Pointe Drive

Columbia, MO 65202

Email: johnfischer@bellsouth.net
Phone: 770-850-1030

Steve Fischer

Research Staff

Oak Ridge National Laboratory
PO Box 2008

1 Bethel Valey Road

Oak Ridge, TN 37831-6070
Email: fischersk@ornl.gov
Phone: 865-574-2017

Robert Fitzpatrick

Sales Engineer

Carrier Corporation

780 Dedhan Street

Canton MA 02021

Email: bob.fitzpatrick@carrier.utc.com
Phone: 781-774-6330

Steve Gabel

Program Manager

Honeywell Laboratories

3660 Technology Dr. (MS2700)
Mail Sta. 65-2700

Minneapolis, MN 55418

Email: steve.gabel @honeywell.com
Phone: 612-951-7555

Patricia Garland

CHP Program Manager

Oak Ridge National Laboratory
901 D Street SW, Suite 910
Washington DC 21401

Email: galrandpw@ornl.gov
Phone: 202-479-0292
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Donald Geiling

Project Manager

U.S. Department of Energy/NETL
3610 Collins Ferry Road

P.O. Box 880

Morgantown, WV 26507-0880
Email: donald.geiling@netl.doe.gov
Phone: 304-285-4784

Gordon Gerber

Regulatory Compliance Manager
Caterpillar

200 SW Adams

Peoria, IL 61614

Email: gerber_gordon_r@cat.com
Phone: 309-675-5362

Joseph Gerstmann
R&D Manager

Advanced Mechanical Technology, Inc.

AMTI

176 Waltham Street
Watertown, MA 02472
Email: joeg@amtimail.com
Phone: 617-926-6700 x314

Lauren Giles

Analyst

Energetics Incorporated

7164 Gateway Drive
Columbia, MD 21046

Email: |giles@energetics.com
Phone: 410-953-6250

Sandy Glatt

Senior Energy Project Officer
U.S. Department of Energy
Central Regiona Office

1617 Cole Boulevard

Golden, CO 80401

Email: sandy.glatt@ee.doe.gov
Phone: 303-275-4857

Sreenath Gupta

Research Engineer

Argonne National Laboratory
362-C257

9700 So. Cass Avenue
Argonne, IL 60439

Email: sgupta@anl.gov
Phone: 630-252-6089

Michael Guyder

Account Representative

Carrier Corporation

780 Dedham Street

Canton, MA 02021

Email: michael.a.guyder@carrier.utc.com
Phone: 781-774-6329

Douglas Gyorke

Project Manager

U.S. Department of Energy/NETL

P O Box 10940

Pittsburgh, PA 15236

Email: douglas.gyorke@netl.doe.gov
Phone: 412-386-6173

Stan Hadley

Research Staff

Oak Ridge National Laboratory
POBox 2008

1 Bethdl Valey Road

Oak Ridge, TN 37831-6070
Email: hadleysw@ornl.gov
Phone: 865-574-8018

Nabil Hakim

Senior Powertrain Technologist
Nabmag Technologies

Phone : 248-974-9646

Email: nabil.hakim@comcast.net

Clifford Haefke

Program Manager

Midwest CHP Application Center

851 S. Morgan Street, 12th Floor, SEO
Chicago, IL 60607-7054

Email: chaefkl@uic.edu

Phone: 312-355-3476
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Robert Hawsey

Program Manager

Oak Ridge National Laboratory
PO Box 2008

Oak Ridge, TN 37831-6195
Email: hawseyra@ornl.gov
Phone: 865-574-8057

Hugh Henderson

President

CDH Energy Corp.

PO Box 641

132 Albany St

Cazenovia, NY 13035

Email: hugh@cdhenergy.com
Phone: 315-655-1063

Douglas Hinrichs

Distributed Energy Project Manager
SENTECH, Inc.

7475 Wisconsin Avenue, Suite 900
Bethesda, MD 20814

Email: dhinrichs@sentech.org
Phone: 240-223-5532

Dan Hoppe

New Business Devel opment
Enercon Engineering, Inc.

1 Altorfer Lane

East Peoria, IL 61611

Email: dhoppe@enercon-eng.com
Phone: 309-694-1418

Randy Hudson

Senior Research Staff

Oak Ridge National Laboratory
POBox 2008

1 Bethel Valley Road

O&k Ridge, TN 37831-6070
Email: hudsoncrii@ornl.gov
Phone: 865-574-0578

John Jimison

Executive Director

U.S. Combined Heat & Power Association
218 D Street SE

Washington DC 20003

Emall: uschpa-hg@admgt.com

Phone: 202-544-2003

Srinivas Katipamula

Senior Research Scientist

Pacific Northwest National Laboratory
PO Box 999, K5-20

Richland, WA 99352

Email: Srinivas.Katipamula@pnl.gov
Phone: 509-372-4281

Jack Kazmar

President

Comfort Air Solutions, Incorporated
46 Passaic Street - Gate 4

Dannex Building #46, PO Box 444
Wood-Ridge, NJ 07075

Email: jkazmar @earthlink.net
Phone: 973-473-9451

Jay Keller

Manager, Hydrogen & Combustion
Technologies

Sandia National Laboratories

P.O. Box 969

MS 9052

Livermore CA 94551-0969
Email: jokelle@sandia.gov

Phone: 925-294-3316

John Kédly

Executive Director

Gas Technology Institute

1700 South Mount Prospect Road
DesPlaines, IL 60018

Email: john.kelly@gastechnology.org
Phone: 847-768-0665

GregKerr

Director, Research & Development
Propane Education & Research Council
1140 Connecticut Avenue NW

Suite 1075

Washington, DC 20036

Email:
brandon.robinson@propanecouncil.org
Phone: 202-452-8975
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Danidl Kincaid

Principal

Distributed Power Consulting LLC
4834 King Arthur Drive

Charlotte NC 28277

Email: daniel_kincaid@msn.com
Phone: 704-708-4032

Edwin Kraft

Principal

EHK Technologies

10917 SE Burlington Drive
Vancouver, WA 98664-5383
Email: ekraft@ehktechnologies.com
Phone: 360-896-0031

CR Krishna

Mechanical Engineer
Brookhaven National Laboratory
Building 526

Upton NY 11973-5000

Email: krishna@bnl.gov

Phone: 631-344-4025

Ben Kroposki

Senior Engineer

National Renewable Energy Laboratory
1617 Cole Blvd.

MS-1614

Golden, CO 80401

Email: benjamin_kroposki@nrel.gov
Phone: 303-275-2979

John Kueck

Research Staff

Oak Ridge National Laboratory
POBox 2008

1 Bethel Valley Road

Oak Ridge, TN 37831-6070
Email: kueckjd@ornl.gov
Phone: 865-574-5178

Tyson Lawrence

Technologist

TIAX LLC

15 Acorn Park

Cambridge, MA 02140

Emalil: lawrence.tyson@tiaxllc.com
Phone: 617-498-6030

Wei-Jen Lee

Professor & Director

University of Texas at Arlington
Energy Systems Research Center
UTA Box 19048

Arlington TX 76019

Email: wlee@uta.edu

Phone; 817-272-5046

Robert Licht

Manager, Government Programs Group
Saint-Gobain High-Performance Materials
9 Goddard Road

Northboro, MA 01532

Email: robert.h.licht@saint- gobain.com
Phone: 508-351-7815

Tim Lieuwen

Associate Professor

Georgia Institute of Technology
270 Ferst Drive

Guggenheim Bldg.

Atlanta, GA 30332-0150

Email: tim.lieuwen@ae.gatech.edu
Phone: 404-894-3041

Hua-Tay Lin

Senior R&D Steff

Oak Ridge National Laboratory

Bldg 4515, MS 6068

PO Box 2008, One Bethel Valley Road
Oak Ridge, TN 37831-6068

Email: linh@ornl.gov

Phone: 865-576-8857

LauraLindberg

Honeywell Laboratories

111 S 34th Street

Phoenix, AZ 85072

Email: laura.lindberg@honeywell.com
Phone: 602-231-3455

Andrew Lowenstein
President

AlL Research, Inc.

P.O. Box 3662

Princeton, NJ 08543
Email: all@ailr.com
Phone: 609-452-2950 x40
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Krishan Luthra

Mgr. High Temperature Ceramics Lab
GE Globa Research

K-13D7,

One Research Circle

Niskayuna, NY 12309

Email: Luthra@crd.ge.com

Phone: 518-387-6348

Edward Lyford-Pike

Chief Engineer, Advanced Alternative Fuels
Cummins, Inc.

MC 50180

1900 McKinley Avenue

Columbus, IN 47201

Email: edward.j.lyford-pike@cummins.com
Phone: 812-377-4407

Ellen Makar

President

Energy Concepts Co.

627 Ridgely Avenue
Annapolis, MD 21401
Email: enerconcep@aol.com
Phone: 410-266-6521

Brian Marchionini

Analyst

Energetics Incorporated

901 D Street, SW., Suite 100
Washington DC 20024

Email: bmarchionini @energetics.com
Phone; 202-479-2748

Edward Mardiat

Principal, Director of CHP Devel opment
Burns & McDonnell Engineering

9400 Ward Parkway

Kansas City, MO 64114

Email: emardiat@burnsmcd.com

Phone: 816-822-3344

Darrell Massie

VP/Chief Technical Officer
Intelligent Power & Energy Research
Corporation

27 Wayne Avenue

PO Box 616

Ft. Montgomery, NY 10922-0616
Email: darrell.massie@iperc.us
Phone: 845-781-0023

Craig McDonald

Navigant Comsulting Inc.

1717 Arch Street

Philadelphia, PA 19103

Email: cmcdonal d@navigantconsulting.com
Phone: 215-832-4466

Vincent McDonell

Co-Director

Pacific Region CHP Application Center
Advanced Power and Energy Program
323 East Peltason Avenue

Irvine, CA 92697-3550

Email: mcdonell @apep.uci.edu

Phone: 949-824-5950 x121

Michael McMillian

U.S. Department of Energy/NETL
3610 Callins Ferry Road

PO Box 880

Morgantown, WV 26507

Email: mmcmil @netl.doe.gov
Phone: 304-285-4669

KennethMidkiff
University of Alabama
Email: cmidkiff @coe.eng.ua.edu

Ajay Misra

Program Executive

NASA

Mail Code 3K39-A

300 E Street NW

Washington DC 20024-3210
Email: gjay.misra- 1@nasa.gov
Phone: 202358-5163
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DennisMoran

Director

Mid-Atlantic CHP Application Center
4164 Glenn Martin Hall

College Park, MD 20742

Email: dmoran@umd.edu

Phone: 301-405-4681

Michael Muller

Director, Center for Advanced Energy
Systems

Rutgers University/CAES

640 Bartholomew Road

Piscataway, NJ 08854

Email: muller@caes.rutgers.edu
Phone: 732-445-5540

Jeffrey Mylen

Director of Facilities Special Projects
Eastern Maine Medical Center

P O Box 404

489 State Street

Bangor, ME 04402-0404

Email: jmylen@emtt.org

Phone: 207-973-7786

Waseem Nazeer

Principal Engineer

Solar Turbines Incorporated

2200 Pacific Highway

San Diego, CA 92101

Email: nazeer_waseem@solarturbines.com
Phone: 619-544-5519

Tod O'Connor

President

O'Connor Consulting Services
5427 Fenwood Avenue
Woodland Hills, CA 91367
Email: todocl@aol.com
Phone: 818-883-1038

Joseph Oefelein

Principal Member of Technical Staff
Sandia National Laboratories

PO BOX 969

MS 9052

Livermore CA 94551

Email: oefelel @sandia.gov

Phone: 925-294-2648

Benoit Olsommer

UTRC

411 Silver Lane

E Hartford, CT 06108

Email: olsommbc@uitrc.utc.com
Phone: 860-610-7463

Larry Osgood

Propane Council

20280 Silver Horn Ln
Monument, CO 80132-8002
Email: ldogood1l@aol.com
Phone: (719) 487-0080

Bob Owen

Business Development Lead
Horeywell Laboratories

3660 Technology Dr.

Minneapolis, MN 55418

Email: bob.owen@honeywell.com
Phone: 612-951-7474

Umit Ozkan

Professor

Ohio State University

Chemical Engineering Department
140 W 19th Avenue

Columbus, OH 43210

Email: ozkan.1@osu.edu

Phone: 614-292-6623

Lynn Palmer

Ricardo, Inc.

7850 Grant Street

Burr Ridge, IL 60527

Email: lynn.palmer@ricardo.com
Phone: 630-468-8760
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Nitin Pathakji

Technic Manager

BroadUSA

401 Hackensack Avenue, #503
Hackensack, NJ 07601

Email: nitin@broadusa.com
Phone: 201678-3010

Rudy Perez

Manager

Southern California Edison
1000 Portero Grande Blvd
Monterrey Park, CA 91755
Email: perezrl @sce.com
Phone: 323889-5505

Deepak Perti

Senior Research Associate

DuPont

Bldg 711/1230A

Chestnut Run Plaza

Wilmington DE 19805

Email: degpak.perti- 1@usa.dupont.com
Phone: 302999-2598

Brigette Philpot

Business Development Manager
UTRC

411 Silver Lane

MS 129/13

East Hartford, CT 06108
Email: philpoby@utrc.utc.com
Phone: 860-610-1557

Jeffrey Price

Program Manager

Solar Turbines Incorporated

2200 Pacific Highway

P.O. Box 85376

San Diego, CA 92186-5376

Email: price jeff r@solarturbines.com
Phone: 619-544-5538

Ken Rappe

Engineer

Pacific Northwest National Laboratory
790 6th Street

Richland, WA 99354

Email: ken.rappe@pnl.gov

Phone: 509-372-3918

Marion Rawson

Analyst

Energetics, Incorporated

901 D Street, Suite #100
Washington DC 20024

Email: mrawson@energetics.com
Phone: 202-479-2748

Agami Reddy

Professor

Drexel University

Civil, Arch and Env. Engg
3141 Chestnut Street
Philadelphia, PA 19104
Email: reddyta@drexel .edu
Phone: 215-895-1502

Edward Reinbold

Staff Engineer

Waukesha Engine

1101 W. St. Paul Ave.

Waukesha, WI 53188

Email:
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APPENDIX C: EVALUATION OF OVERALL
DE PROGRAM MANAGEMENT

Peer reviewers were asked to assess the Department of Energy’ s Distributed Energy Program on the basis
of its relevance to national needs and the agency’ s mission; program structure and balance; program
outcomes; program planning; and implementation

Respondents commended the Department on the manner in which technical and scientific advances have
been made to improve the reliability and cost-effectiveness of distributed energy products, components,
and systems. The program was noted as being relevant to the needs of our most pressing national energy
problems, including grid reliability, diversification of energy sources, and reduction of fossil fuel
consumption, reduced greenhouse gas emissions, and improved homeland security.

Some debate exists between those who support the shift in emphasis away from primary research on
equipment and systems, to grid security and reliability policy and deployment. Nevertheless, respondents
were satisfied with project approaches and goals, and with the work accomplished to date. Some
criticisms were leveled at the heavy earmarks attached to financia support for distributed energy, as well
as at thelack of aclear strategy and mission for the distributed energy program within the new Office of
Electricity Delivery and Energy Reliability.

Program implementation received favorable reviews. Technical progress was seen as excellent, with the
taxpayer receiving good vaue for his’her tax dollar. DOE was encouraged, however, to address
commercialization in the future, integrating new technologies with current heating, ventilation, and air
conditioning (HVAC) systems and ensuring common integrating platforms so as to alleviate market bias.

Evaluation Ratings and Comments

Rating Scale:  1-Not Adequate 2-Fair 3-Good 4-Very Good 5-Excellent

Relevance to National Needs and Agency Mission
Rating: 4.50

= Grid congestion, loca substations overloads, reduced dependence of oil imports, homeland
security and emissions are our country’s problems. Distributed energy provides “do able
solutions.”

= This program isimportant to saving energy and improving the reliability of the existing grid
structure and relieves the need for new power lines. It aso reduces greenhouse gases, improves
national security, aids in disaster relief and planning.

= Theeffort isvery appropriate for reducing reliance on traditional energy sources, reducing energy
consumption, and improving reliability. Significant technical and scientific progress has been
made to demonstration of integrated energy systems and components. The progress made will be
vital in addressing greenhouse gas reduction efforts that the U.S. will have to make in the future
irrespective of the current administration’s policy. However, the effort is suffering from gyrations
in funding levek. It isimportant to maintain level funding to sustain devel opment.

= The program has clearly been crafted with a focused eye toward achieving objectives.

= The program is clearly relevant and deserving of additional funding. Distributed energy offers
partial solutions of several of our most pressing national problems: grid reliability, diversification
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of energy sources, and reduction of fossil fuel consumption, reduced greenhouse gas emissions,
and improved homeland security.

= Not convinced that the ceramics program will result in implementation. More work needed in grid
integration and increasing overal system efficiency.

Program Structure and Balance
Rating: 4.00

= Current project portfolio is agood start but this effort isjust starting. Need to focus more on
commercial units between 250 kW to 1 MW to modularize, make them vendor-agnostics. Ensure
they are well integrated with HVAC systems. Efforts should be made to lead interface
standardization effort to allow plug-and-play capability in future.

= Recommend conducting overall program risk assessment and putting more money in high
risk/high payoff areas. There does not appear to be enough money for maturation of ceramics and
ceramic matrix composites (CMCs). DOE should have amagjor role in this key technology.

= | don't have an adequate appreciation of the efforts that were not in my area. However, | am
somewhat troubled by a shift in emphasis away from prime movers to only grid issues because the
turbines and engines have a lot of potentia to improve energy utilization. Maybe DOE should
move the prime mover and CHP activity elsewhere, but it needs to be funded adequately.

= Not convinced that the ceramics program will result in implementation. More work needed in grid
integration and increasing overall system efficiency.

= Need more on the grid connection issues.

Program Outcomes
(No Numerical Rating)

= Balanced program goals effective.

= Suggest more emphasis on 300 kW to IMW solutions.

=  Wadl planned research with viable goals. Much of the programs are progressing (not faling by the
wayside) and will deliver needed results when completed. Thisis not an easy thing to accomplish.
Congratulations!

= All of the projects demonstrated “on-the-ground” success in meeting stated goals. Thisisan
excellent outcome.

= Most of the projects have well defined approaches and goals and have met technical milestones.

= Concern with the national lab programs form the lab cal (i.e., poster sessions) — these were funded
with apparently little regard to lab core competencies, or consideration of minimizing duplication
of efforts.

= The program with industries is producing excellent results toward meeting overall goas. The
industry team is highly focused and market driven, which will ensure successful transition of
advanced technology into commercia products. However, the program with national labs can be
significantly improved.

= |t appearsthat the national labs are not focused; they are doing what they like to do. There needs
to be strong management of research efforts at the national labs. Also, various nationd lab efforts
need to be well coordinated with each other.

= |Inthereciprocating engine area, one issue that the review panel noted is that thereis alot of work
funded on after-treatment strategies but apparently little enthusiasm for these methods among the
engine manufacturers themselves. The gods and rate of progressin the RE activity appears to be
reasonable. The tax payer is getting a good deal for his/her tax dollar.

= Best results achieved from medium sized companies or consortia. Investment in large companies
research and devel opment, although balanced by funding, has not resulted in success. Solar a
possible exception. Performance at national labs mixed.
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Program Planning
Rating: 4.13

= |t appearsthe programswill be implemented successfully.

= Too much of the DOE funds are earmarked. Ongoing research is being canceled. Funding needs
to continue for both research and the CHP regiona application centers. If not, gains to date will
belost. Moving from Energy Efficiency and Renewable Energy (EERE) to the Office of
Electricity Delivery and Energy Reliability (OE) will dilute focus on local end-uses. Buildings
consume 40% of total energy in the country and 66% of total electricity consumed, so we cannot
afford to lose focus on energy use in the buildings sector. The electric utilities must be compelled
to participate in the process and to change regulations to be friendlier to more efficient uses of
energy, especially where there is grid congestion.

= Program planning appears to be somewhat confused as the DE affiliation is changing from EERE
to OE. Clear strategy and mission statement are needed to ensure that DE does not get swamped
as just another source of eectricity to alleviate grid congestion.

= Difficult to comment given recent changes.

= Good planning process to meet multiple customer needs. It might be nice to have 20-year plan,
even though the plan may not be followed due to budgetary changes. The program might want to
include high level performance metrics to measure progress every year.

= A shift in emphasis away from prime movers to only grid issues because the turbines and engines
have alot of potentia to improve energy utilization is troublesome. Maybe DOE should move the
prime mover and CHP activity elsewhere, but it needs to be funded adequately.

= Very hard to plan when program moved around and budget allocations subject to earmarks. DOE
is doing areasonable job under the circumstances.

=  The program iswell planned. Need long term stability of the program.

Implementation
Rating: 4.14

= Some programs have been delayed due to untouchable problems. But they are still progressing.

= Technical progressis excdlent and justifies expenditures. However, DE should aso focus on
providing clear pathways to ensure that technical successes are converted into commercial
successes. Thiswill include integration with HV AC systems and standardi zation and making the
system vendor agnostic.

= Very strong industry component. Management of national |ab call component is adisaster. Some
labs are working outside of their areas of expertise, their work is overlapping with both other labs
and other ingtitutions, and there is essentialy no evidence of high level coordination. University
component seems disorganized. There isauniversity program in reciprocating engines, not onein
turbines. Little evidence of coordination with other university programsin DOE.

= Does not have adequate university participation. The contribution and impact of national labsis
minima compared to the cost.

= Based on the reciprocating engine presentations, the government is getting good value from al
three sectors (industry, national lab), but probably more bang for the buck from the universities. A
process should be initiated whereby one or two current university programs are dropped every two
years and several more programs are added.

= Need continued implementation.
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Other Comments/Recommendations
(No Numerical Rating)

= The number-one target should be grid congestion and substation overloads. Pick the utilities with
these problems and target them. In fact, maybe the electric utilities should own the DE sites and
retain the revenue.

= Renewable energy is now front and center and many states are legidating renewable power targets
for the 2010-2020 time period, another reason for the electric utilities to own the DE sites.

= Think about greenhouse gas reduction and future regulations as you develop your future strategy
and mission. Also, think of carbon credits that can be created by technology transfer.

» Overdl, DOE and these funded researchers are doing a god job in this program.
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