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Introduction T

This appendix to the 2012 Northwest Energy Efficiency Technology Roadmap Portfolio
(“Appendix B”) provides a centralized, concise source of information about current research
and development being done in areas of interest to regional stakeholders.

Each individual Roadmap in the Portfolio contains an accompanying “R&D Project
Summaries” page that provides some additional information and website links to ongoing or
recently completed research and development projects identified in the Roadmap. When
applicable, these summary statements refer readers to “Appendix B,” this appendix of
existing R&D projects.

Bonneville Power Administration staff, with essential input and guidance from a wide range
of regional stakeholders and subject matter experts, created the first version of the
Roadmap Portfolio itself in 2010, and the resource has since been revised annually. This
R&D appendix appears with the 2012 iteration of the Roadmap Portfolio for the first time.
Like the Roadmap Portfolio, this appendix is an evolving document and will change with
future iterations of the Portfolio; as such, it reflects our best knowledge as of March 2012.

Appendix B Project Team:
Project Manager: Joshua Binus, Bonneville Power Administration
Project Coordinator: James V. Hillegas, Bonneville Power Administration
Graphics & Design: David Moody, Bonneville Power Administration

Research Assistance: lbrahim Iskin, Portland State University, Department of
Engineering and Technology Management; E Source (Peter Criscione, Katie
Elliott, Mary Horsey, Bryan Jungers, Leland Keller, Ira Krepchin, Andrea
Patterson, Essie Snell, Jay Stein, and Tim Stout)

Content Input: See complete list of workshop participants in the 2012 Northwest
Energy Efficiency Technology Roadmap Portfolio.

For more information about the Joshua Binus
Northwest Energy Efficiency Technology Roadmap Portfolio, jdbinus@bpa.gov
contact: 503.230.5298
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How to Use and | e

Navigate Appendix B

Appendix B is organized in a “nested” or “tiered” fashion that enable readers, at a glance, to
do the following;:

e (Gain a broad understanding of the institution managing the listed research projects.

e Learn how a given research project fits within the context of other institutional
projects.

¢ Navigate the document efficiently to find information about specific research
projects.

To accomplish these goals, individual research and development programs are listed under

their respective institutions, within three categories of interrelated pages, as outlined on the
following page.
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Institutional Pages

L tycieren ewd 816 aks-sed fman
Lawrenee Borkeley  Sevksimy cavirse e

National Laberatory
(LBNL)

v

e These pages identify the institution
or organization conducting the
research.

e The pages also identified the

applicable divisions, departments, or > 9
other second-tier sub-groups within
the institution. 4

e Under the headings of each division ,
or department are listed the research > <

groups working on one or more
current R&D projects identified in the L
Technology Roadmap Portfolio.

Research Group Pages

e Each research group title listed on
the Institutional Page is featured in
its own Research Group Page. These
pages provide a brief overview of the
broader work of the group.

v

A 4
A

o Following this overview is a listing of
the specific projects of this group.

Note: Smaller organizations may not
have a distinct Research Group Page; .
in these cases, the Institutional Page
will flow directly into R&D Project !

Page(s)

S5SB8JOU| 109040 4218959 USAIS € UO [1B1ap JO |9AST]

R&D Project Pages

e R&D Project Pages takes the level of
detail of the Research Group Page to its
final step by providing an overview of
the relevant details of individual R&D
projects identified in individual
Technology Roadmaps within the full
Portfolio.

Appendix B, NORTHWEST ENERGY EFFICIENCY TECHNOLOGY ROADMAP PORTFOLIO m iv



Research & Development Institution
& Project Listings
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P.0. Box 5000 (631) 344-8000 (0)

Brookhaven National upton, Ny 11973-5000
Laboratory (BNL)

Mission

http://www.bnl.gov/world

Staff and scientists at Brookhaven National Laboratory (BNL) conduct research in the physical, biomedical,
and environmental sciences, national security, and energy technologies. BNL is one of ten national
laboratories primarily funded by the DOE’s Office of Science (http://science.energy.gov/), and is overseen
by Brookhaven Science Associates, a partnership between Battelle (http://battelle.org/) and Stony Brook
University of New York (http://www.stonybrook.edu/).

Two BNL departments are doing work of relevance to the Northwest Energy Efficiency Technology
Roadmap Portfolio, the Center for Functional Nanomaterials (http://www.bnl.gov/cfn/) and the Sustainable
Energy Technologies Department (within the Global and Regional Solutions Directorate,
http://www.bnl.gov/GARS/).

Center for Functional Nanomaterials

Mission

User Administration Office (631) 344-NANO (6266) (0)
Brookhaven National Laboratory (631) 344-7072 (f)
P.0. Box 5000, Bldg. 735 cfnuser@bnl.gov

Upton, NY 11973-5000

http://www.bnl.gov/cfn/

Research in this area focuses on developing and understanding nanoscale materials to facilitate atomic-
level tailoring to achieve desired properties and functions that help achieve the DOE’s energy security
goals.

Soft and Biological Nanomaterials Page 3
e  Transparent thin-film photovoltaic materials
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. . Oleg Gang (631) 344-3645 (o)
Soft and Biological P.0. Box 5000

. Upton, NY 11973-5000 ogang@bnl.gov
Nanomaterials

http://www.bnl.gov/cfn/research/Soft and Biological Materials.asp

Research Focus Develop methods to assemble hybrid nanoscale systems from organic and inorganic components and
increase understanding of science behind nanoscale structure formation and energy-conversion
properties to produce functional optical, electrical, magnetic and bio-sensing materials.

Transparent By applying a thin, clear photovoltaic (PV) film on windows, power can be generated to help buildings
thin-film achieve Net Zero Energy goals.
photovoltaic
materials
e  Transparent thin-film photovoltaic materials Page 4
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: Soft and Biological Nanomaterials
Transparent thin- &
. . Project Overview: By applying a thin, clear photovoltaic (PV) film on windows, power can
fllm phOtOVOltaIC be generated to help buildings achieve Net Zero Energy goals.
materlals http://www.bnl.gov/cfn/research/Soft and Biological Materials.asp
Institution Brookhaven National Laboratory Div. / Dept. Center for Functional Nanomaterials
Contact Andy Shreve, Thrust Leader Sponsor(s)
Soft, Biological and Composite
Nanomaterials
Los Alamos National Laboratory
MPA-CINT, MS K771
Los Alamos, NM 87545
(505) 667-6933 (0)
(505) 665-9030 (f)
shreve@lanl.gov
Product / Retrofit Building Design/Envelope Roadmap Retrofit and New Construction Windows

Service Area

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

Budget

Other parties
involved

Integral low-energy and photovoltaic windows.

Concepts for next generation “same as R-value as a wall” or Zero Net Energy (ZNE) windows. Lower cost
and better technology.

Net energy producing 50% market skylights become alternative for lighting. Switchable
window/photovoltaic 5% of replacement market.

Researchers have fabricated nanonmaterials into transparent thin films capable of absorbing light and
generating electric charge over a relatively large area.

This material might be useful in developing transparent solar panels or windows that can absorb solar
energy and generate electricity, thereby improving building energy efficiency.

Honeycomb-patterned transparent thin films have been constructed using semiconductors and
fullerenes to absorb light, generate charge, and efficiently separate the charge. Developing larger, cost-
effective sheets of this film would enable material to be used in a wide array of applications.

Tsai, Hsinhan; Xu, Zhihua; Pai, Ranjith Krishna; Wang, Leeyih; Dattelbaum, Andrew M.; Shreve, Andrew
P.; Wang, Hsing-Lin; and Cotlet, Mircea (2011, Nov.). “Structural Dynamics and Charge Transfer via
Complexation with Fullerene in Large Area Conjugated Polymer Honeycomb Thin Films.” Chemistry of
Materials 23:3, pp. 759-761.

Los Alamos National Laboratory (http://www.lanl.gov/source/orgs/mpa/cint/science thrusts.shtml).
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Next steps Continue testing to determine feasibility of creating larger sheets of thin nanonmaterial for practical
applications such as flexible organic solar cells.

Associated
R&D strategy

References Brookhaven National Laboratory (2010, Nov. 3). “Transparent Conductive Material Could Lead to Power-

Generating Windows.” Physorg.com. http://www.physorg.com/news/2010-11-transparent-material-
power-generating-windows.html, accessed Jan. 17, 2012.

Brookhaven National Laboratory (2010). “Soft and Biological Nanomaterials.”
http://www.bnl.gov/cfn/research/Soft and Biological Materials.asp, accessed Dec. 14, 2011.

Tsai, Hsinhan; Xu, Zhihua; Pai, Ranjith Krishna; Wang , Leeyih; Dattelbaum, Andrew M.; Shreve, Andrew
P.; Wang, Hsing-Lin; and Cotlet, Mircea (2011, Nov.). “Structural Dynamics and Charge Transfer via
Complexation with Fullerene in Large Area Conjugated Polymer Honeycomb Thin Films.” Chemistry of
Materials 23:3, pp. 759-761.

5 m MARCH 2012 [BACK TO TOP]



California Energy (916) 654-4287 (o)

California Energy Commission
Media and Public mediaoffice@energy.state.ca.
Communications Office us

Commission (CEC)

Mission

1516 Ninth Street, MS-29
Sacramento, CA 95814-
5512

http://www.energy.ca.gov/

The California State Legislature created the California Energy Commission in 1974 to serve as the state’s
primary energy policy and planning agency. In addition to forecasting energy needs, licensing power plants,
and providing contingency planning, the Commission also promotes energy efficiency, provides public
interest energy research, and develops alternative and renewable fuel programs.

Energy Research and Development Division

Mission

Laurie ten Hope, Deputy Director (916) 327-1521 (o)
Energy Research & Development
Division Ltenhope @ energy.state.ca.us

California Energy Commission
1516 Ninth Street, MS-29
Sacramento, CA 95814-5512

http://www.energy.ca.gov/research/index.html

The work of the California Energy Commission’s Energy Research and Development Division helps provide a
reliable and affordable electricity supply by assisting in demand side management and providing research,
development, and testing of new technologies. The division also provides grants and contracts to spur
research and development of energy technologies and systems. Programs directly related to the Northwest
Energy Efficiency Roadmap Portfolio include:

Energy Technology Systems Integration (ETSI) Program Page 7
e  Energy Innovation Small Grants Program (EISG)

Public Interest Energy Research (PIER) Program Page 8

e  Buildings End-Use Energy Efficiency Research
e Data Centers Research
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Mike Gravely (916) 327-1370 (o)

Energy Technology Energy Systems Research MGravely@energy.state.ca.us
. California Energy Commission

Systems Integration 1516 Ninth Street, M5 43

(ETSI) Program Sacramento, CA 95814-5512

http://www.energy.ca.gov/research/integration/index.html

Research Focus Supports interdisciplinary, systems approach to development of efficient, affordable, and reliable
energy services and products that integrate fully within the California grid. The ETSI program also
funds Public Interest Energy Research (PIER) projects.

Energy Program offers research grants to small businesses, non-profits, individuals, and academic institutions
Innovation Small working to establish the product and system concept feasibility. Funded projects must target a PIER-
Grants Program identified need, address a pressing California energy issue, and provide a potential ratepayer benefit.

(EISG)
e  [No current R&D projects identified as of Feb. 2012]
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Panama Bartholomy (916) 654-5013 (o)

Public Interest Energy Deputy Director

California Energy Commission pbarthol @ energy.state.ca.us
Research (PIER) 1516 Ninth Street, MS-29
Program Sacramento, CA 95814-5512

Research Focus

Buildings End-
Use Energy
Efficiency
Research

Data Centers
Research

http://www.energy.ca.gov/research/index.html

Works with businesses, utilities, energy companies, public advocacy groups, and scientists at
California's universities and national laboratories to advance science and technology in a variety of
energy-related fields, including advanced electricity technologies and energy efficiency. Efforts are
part of California's “Energy Efficiency Standards for Residential and Nonresidential Buildings” (Title 24,
Part 6, California Code of Regulations, http://www.energy.ca.gov/title24/).

Research is funded by the Energy Innovation Small Grants Program (EISG) under the Energy Research
and Development Division’s Energy Technology Systems Integration (ETSI) Program
(http://www.energy.ca.gov/research/integration/index.html).

Research and development to provide energy-efficient technologies and systems for appliances and
for new and retrofitted buildings to help California achieve Net Zero Energy
(http://netzeroenergy.org/) residential buildings by 2020 and commercial buildings by 2030.
(http://www.energy.ca.gov/research/buildings/index.html).

Broad study areas include Lighting; Heating, Ventilation, and Air Conditioning; Equipment,
Appliances and Plug Loads; Whole Building and Envelope; and Codes and Standards.

The following specific projects relate to the Northwest Energy Efficiency Roadmap Portfolio:

e Development of Diagnostic, Measurement and Verification Tools for Commercial Page 9
Buildings
Page 11

e Improved Insulation for Buildings and Refrigeration
Page 13

e  Sweet SPOT for Daylighting
Projects to improve efficiency at data centers, including cooling systems, construction planning, and
daily operation. Research conducted under the aegis of PIER’s Industrial, Agriculture and Water
Research program (http://www.energy.ca.gov/research/iaw/datacenter.html).

e [No current R&D projects identified as of Feb. 2012]
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Development Of Public Interest Energy Research (PIER) Program

D . t Project Overview: Develop tools and methods to integrate HVAC fault detection and
lagnos 1C, diagnostics software to drive energy efficiency and improve reliability.

Measurement and | nttp://www.energy.ca.gov/research/buildings/index.html
Verification Tools

for Commercial

Buildings

Institution California Energy Commission Div. / Dept. Energy Research and Development
Division
Contact Chris Scruton Sponsor(s)
1516 9th St, MS 49
Sacramento, CA 95814-5512

(916) 327-2341 (o)
cscruton@energy.state.ca.us

Product / Sensors, Meters, Energy Management | Roadmap Low-Cost Savings Verificatoin
Service Area  Systems Techniques

Project Details

R&D Program | M&V project for universal software.

Product / Need to be able to attribute energy performance improvements and effects. No tools for savings

Service verification (M&V). Transform raw data into actionable insights. Feedback loops for energy-related
Performance | qyctem design and operation decisions.

Gap(s)

Product / Low-cost savings verification techniques.

Service

Performance

Goals(s)

Background Building HVAC systems routinely fail to meet performance expectations, and these shortcomings are not

always detected in a timely manner, which increases energy consumption. Fault detection & diagnostics
(FDD) methods that have been developed are not integrated with common analytical tools, which means
that it’s difficult to get reliable measurements from complex systems. There is also a lack of consensus
standards for energy analysis. The result is that economic benefits of many types of efficiency measures
are difficult to prove, and energy efficiency investments difficult to justify. PG&E’s Universal Translator
(http://www.pge.com/mybusiness/edusafety/training/pec/toolbox/tll/software.shtml,
http://utonline.org/cms/) offers the potential of integrating diagnostic technology and energy analysis
but the tool’s architecture makes it difficult to add functions.

Improved HVAC FDD tools for California commercial buildings can potentially reduce electricity
consumption by about 3,800 GWh/yr and gas consumption by about 97 Mtherms/yr, and reduce peak
electricity demand by about 1.5 GW.

Goals The goals of this project are: 1) develop tools and methods to: a) reduce M&V difficulty; b) improve fault
detection and diagnostics for dual duct systems and fan coil equipment ; 3) characterize fan and duct
system performance; 2) devise, implement, and evaluate a generic Application Programming Interface
(API) for the Universal Translator tool.

Scope Develop tools and methods to enhance PG&E'’s Universal Translator software.

Timeline Agreement between CEC and LBNL finalized Dec. 16, 2008. Chris Scruton reported via email on Jan. 31,
2012: “No major outcomes yet, but it's moving.”
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Milestones &
Publications

Budget

Other parties
involved

Next steps

Associated
R&D strategy

References

$1,959,879 for 36 months as of Dec. 16, 2008.

Lawrence Berkeley National Laboratory.

This R&D project addresses Warren-Alquist Act section 25620.1 stipulating that the PIER program shall
include a full range of RD&D activities not adequately provided for by markets. It also is in accord with
the goals of the California Integrated Energy Policy Report 2005 to increase energy efficiency.

Scruton, Chris (2008, Dec. 16). “Agreement between California Energy Commission and DOE- Lawrence
Berkeley National Laboratory.”

Lawrence Berkeley National Laboratory (2009, July 15). “Exhibit A - Scope of Work.”
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Improved
Insulation for
Buildings and

Public Interest Energy Research (PIER) Program

Project Overview: Research to pursue the feasibility of developing a hydrophobic, easy
to manufacture a ceramic insulation made with perlite and other materials. 500-98-014
Project # 72 in Palm Springs, CA.

. . http://www.energy.ca.gov/pier/portfolio/Content/06/EISG/Improved%20insulation%20f
Refrlgeratlon 0r%20Buildings.htm
Institution California Energy Commission Div. / Dept. Energy Research and Development
Division
Contact David Michel III Sponsor(s)
Energy Systems Research Office
Energy Innovations Small Grant Prog.
(916) 651-9381 (0)
Product / New Construction Building Roadmap New Construction Insulation

Service Area

Design/Envelope

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope
Timeline

Milestones &
Publications

Budget

Other parties
involved

Next steps

Associated
R&D strategy

References

11 = MARCH 2012

Application technology “easy and cheap.”

Better modeling/technology. Easier to install.

Affordable, widely available construction materials with outstanding insulating characteristics.

Prior research concluded that a highly efficient ceramic insulation product could be made with perlite
and other materials. This insulation would be useful for both building and refrigeration systems. To be
widely useful, the product should be hydrophobic, easy to manufacture, and have mechanical properties
to make it marketable.

Project goals include using low cost materials to make a high efficiency insulating material;
demonstrating that perlite helps increase insulation efficiency beyond current materials; and showing
that a cost-effective product can be produced easily.

As of April 2008, project was still active.

Jeffrey Zuker, contractor.

Efforts are part of California's Energy Efficiency Standards for Residential and Nonresidential Buildings
(Title 24, Part 6, California Code of Regulations, http://www.energy.ca.gov/title24/).

California Energy Commission Public Interest Energy Research (PIER) Program (2008). “Improved
Insulation for Buildings and Refrigeration.”

http://www.energy.ca.gov/pier/portfolio/Content/06 /EISG/Improved%20Insulation%20for%20Buildi
ngs.htm, accessed Jan. 12, 2012.
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Sweet SPOT for
Daylighting

Institution

Contact
Product /

Service Area

Public Interest Energy Research (PIER) Program

Project Overview: Developing and enhancing the Sensor Placement Orientation Tool
(SPOT'™) software tool to help designers in the proper placement of light sensors, and to
analyze and predict system performance.

http://www.energy.ca.gov/2005publications/CEC-500-2005-178/CEC-500-2005-178-

FS.PDF
California Energy Commission Div. / Dept. Energy Research and Development
Division
Sponsor(s)
Lighting Roadmap Daylighting

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

Budget

Other parties
involved

Next steps

Associated
R&D strategy

References

Software for daylight design - sensor placement.

Better light quality as perceived by users. More responsive controls, especially for horizontal daylighting.
Easier to design, commission, and operate.

Affordable, widely available daylighting options.

Daylighting systems have significant energy efficiency potential, but only if sensors are placed in the
correct locations for each situation. There are a lack of adequate daylighting system design software tools
available to aid in deployment of the most effective daylighting layouts.

To help designers comply with California’s Title 24 energy code by creating an easy-to-use, MS Excel
worksheet with calculations done by the Radiance software program.

The tool provides customized design layouts based on user input including room geometry, surface
reflections, solar orientation, electric lighting layout, and window design.

SPOTtm was available in the marketplace as of late 2005, but with some limitations; future versions are to
allow for input of complex-geometry interior spaces and interface with a database of manufacturer
product specifications.

First iteration of tool available in marketplace in late 2005.

Architectural Energy Corporation (http://www.archenergy.com/) developed the software.

As of late 2005, work continued on enhancing features and functionality of the SPOTtm tool.

Efforts are part of California's Energy Efficiency Standards for Residential and Nonresidential Buildings
(Title 24, Part 6, California Code of Regulations, http://www.energy.ca.gov/title24/).

California Energy Commission Public Interest Energy Research (PIER) Program (2005, Dec. 23). “Sweet
SPOTtm for Daylighting.” http://www.energy.ca.gov/2005publications/CEC-500-2005-178 /CEC-500-
2005-178-FS.PDF, accessed Jan. 12, 2012.

Appendix B, NORTHWEST ENERGY EFFICIENCY TECHNOLOGY ROADMAP PORTFOLIO m 12



. . Day Hall Lobby (607)254-4636 (0)
Cornell University Cornell University (607)255-5396 (f)
Ithaca, NY 14853
info@cornell.edu

http://www.cornell.edu/

Mission Cornell is both a private university and the land-grant institution of New York State composed of 11
undergraduate, graduate, and professional schools.

Program of Computer Graphics

Dr. Donald P. Greenberg, Director (607) 255-7444 (o)
580 Rhodes Hall (607) 255-0806 (f)
Cornell University pcg-info@graphics.cornell.edu

Ithaca, NY 14853

http://www.graphics.cornell.edu/

Mission Program provides interdisciplinary education, research, and development in graphics, digital arts, and
related areas. Departments represented include Computer Science, Computing & Information Science,
Architecture, and Mechanical & Aerospace Engineering.

Green Building Design team Page 14
e  Green Building Design Computer Simulation Software
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Dr. Donald P. Greenberg, Director (607) 255-7444 (o)

Green Bui]ding Design 580 Rhodes Hall (607) 255-0806 (f)
Cornell University pcg-info@graphics.cornell.edu
team Ithaca, NY 14853

http://www.graphics.cornell.edu/

Research Focus Software development team comprised of faculty from computer science, mechanical engineering and
architecture departments.

Green Building Interdisciplinary software design project to build more accurate and dynamic modeling and simulation
Design tool that couples buildings to their environments so as to reduce energy use and the buildings’ carbon
footprints
Computer
Simulation
Software
e  Green Building Design Computer Simulation Software Page 15
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Green Building
Design Computer

Green Building Design team

Project Overview: Interdisciplinary software design project to build more accurate and
dynamic modeling and simulation tool that couples buildings to their environments so as

Simulation to reduce energy use and the buildings’ carbon footprints.
http://www.graphics.cornell.edu/
Software
Institution Cornell University Div. / Dept. Program of Computer Graphics
Contact Dr. Donald P. Greenberg, Director Sponsor(s)
580 Rhodes Hall
Cornell University
Ithaca, NY 14853
(607) 255-7444 (o)
(607) 255-0806 (f)
pcg-info@graphics.cornell.edu
Product / Roadmap
Service Area
Product / Roadmap

Service Area

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Predictive modeling to determine what knobs to have and control.

Effective design.

Easy-to-use tools and techniques to optimize contributions of energy efficiency and renewable
generation on an individual dwelling unit scale.

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

15 = MARCH 2012

Need more accurate modeling to compare systems more easily.

Don’t currently optimize use of ambient or indoor conditions, e.g., economizer, indoor ventilation
controls, heat recovery. Not tied to building needs/loads. Current high-energy use for distribution of heat
and cooling beyond actual vent need.

Deliver of only what the space of occupant needs (long-term goal). Maximum efficient distribution of

HVAC (don’t use ducts if you don’t have to) (long-term goal).

The process of designing sustainable buildings is in need of streamlining so as to reduce the need for
engineers to implement post-design fixes such as modifying building orientation and ventilation systems.

To build more accurate and dynamic modeling and simulation tool that couples buildings to their
environments so as to reduce energy use and the buildings’ carbon footprints.

To refine a 3-D simulation tool that enables designers to incorporate at the start of the design process
complex, site-specific dynamics such as as temperature, natural light, and total energy use to make
building modeling more accurate and help cut down on consultation and labor expenses.

[BACK TO TOP]



Timeline

Milestones &
Publications

Budget

Other parties
involved

Next steps

Associated
R&D strategy

References

The Cornell Center for a Sustainable Future Academic Venture Fund provided initial funding in 2008.

program now functions on a cloud of computers at Cornell's Program of Computer Graphics running
multiple parallel simulations.

$1.83 million grant from the Department of Energy (using American Recovery and Reinvestment Act
(ARRA) funds) that will support seven years of student research and two postdoctoral associate
positions.

As of September 2010, a member of the team, Lars Schumann, was developing software to enhance
simulation results by displaying them on large-scale multitouch devices.

Ju, Anne (2010, Sep. 29). “Computer Graphics to help Streamline Green Building Design.” Cornell
Chronicle. http://www.news.cornell.edu/stories/Sept10/SustBuilding.html, accessed Feb. 14, 2012.
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1965 North 57th Court (303) 444-7788 (o)

E Source Boulder, Colorado 80301  (303) 484-4279 (f)
2826
Email:
https://www.esource.com/
user/5471/contact

http://www.esource.com

Mission Facilitates interaction, networking, and information dissemination to utilities, major energy users, and
others in the retail energy marketplace, with the goal of promoting efficient and environmentally sound
energy use by enhancing members' operations, programs, and customer relationships.

Efficiency tools & services Page 18
e EnFocus tool
e Residential Energy-Use Study
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EnFocus tool

Institution
Contact

Product /
Service Area

Efficiency tools & services

Project Overview: E Source’s EnFocus system integrates geographic information system
(GIS) data with utility billing records and could be used to categorize building stock and
identify individual buildings.

http://www.esource.com/esource/preview_list/27113?highlight=allsubs&plain=no

E Source

Michael Shepard, President
1965 North 57th Court
Boulder, Colorado 80301-2826

Div. / Dept.
Sponsor(s)

(303) 345-9129 (o)
(303) 484-4279 (f)

Retrofit Building Design/Envelope Roadmap Deep Retrofits for Residential &

Commercial

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

Budget

Other parties
involved

Next steps

Associated
R&D strategy

References

Categorize building stock for better, easier testing.

Awareness / training / technology.

Cheap, streamlined testing and retrofitting of existing buildings to achieve optimum savings at minimum
total cost.

To help utilities integrate and improve demand-side management (DSM) , marketing, account
management, and communications programs.

Tool facilitates microtargeting and demand-side management (DSM) program impact measurement by
integrating utility billing, premises, and customer data within a geographic information systems (GIS)
interface.

Company reported this as one of their new tools at the 22nd Annual E Source forum “Advancing Energy
Efficiency & Utility Customer Relationships,” Denver, CO, Sep. 21-25, 2009.

E Source (2009). “22nd Annual E Source Forum Agenda.”
http://www.esource.com/ee/event/agenda/25799, accessed Dec. 14, 2011.

E Source (2009). “New Arrivals: The Latest Tools from E Source

Appendix B, NORTHWEST ENERGY EFFICIENCY TECHNOLOGY ROADMAP PORTFOLIO m 18



Residential
Energy-Use Study

Institution
Contact

Product /
Service Area

Efficiency tools & services

Project Overview: Analytical pay-for-service tool that utility customers can use to take
advantage of detailed market research data to analyze impacts on loads, residential
customers program participation, user behavior, market segments, appliance saturation,
and customer attitudes toward the utility.

http://www.esource.com/Residential Energy-Use 2011

E Source

Michael Shepard, President
1965 North 57th Court
Boulder, Colorado 80301-2826

Div. / Dept.
Sponsor(s)

(303) 345-9129 (0)
(303) 484-4279 (f)

Roadmap Deep Retrofits for Residential &

Commercial

Retrofit Building Design/Envelope

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

Budget

Other parties
involved

Next steps

Associated
R&D strategy

References

19 m MARCH 2012

Categorize building stock for better, easier testing.

Awareness / training / technology.

Cheap, streamlined testing and retrofitting of existing buildings to achieve optimum savings at minimum
total cost.

ESource collaborated with the Nielsen Company to conduct wide range of market studies for providing
information about residential energy use. In 2011, tool users could take advantage of data back to 2009.

Goal of this consulting service is to provide information about the residential energy use in a given
geographical context. This is not an R&D program, this is a resource that can be utilized.

Tool takes advantage of The Neilson Company’s extensive market research assets (including a nation-
wide sample of more than 32,000 survey respondents) to generate detailed and customized reports on
residential appliance saturation, efficiency program participation, customer attitudes, and demographics.

Consulting tool available for purchase at http://www.esource.com/Residential Energy-Use 2011.
Tailored reports provided according to customer requirements.

The Nielsen Company (http://nielsen.com/content/corporate/global/en.html).

E Source (2011). “E Source Residential Energy-Use Study, 2011: Insights on Efficiency, Segments, and
Appliance Saturation.” http://www.esource.com/Residential Energy-Use 2011, accessed Dec. 14, 2011.
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3420 Hillview Avenue 800-313-3774 (o)

Electric Power Palo Alto, CA 94304 650-855-2121 (0)

Research Institute

(EPRI)

Mission

askepri@epri.com
http://my.epri.com/portal/server.pt?

The Electric Power Research Institute (EPRI) is an independent non-profit organization that collaborates
with universities and private and public entities to conduct research, development, planning, and analysis
in the areas of electricity generation, distribution, and use. EPRI has offices in California, North Carolina,
Tennessee, and Massachusetts, and collaborates with researchers worldwide. EPRI program areas can be
found at http://portfolio.epri.com/Programs2012.aspx.

Power Delivery & Utilization

Mission

Don Kintner (704) 595-2506 (o)
Electric Power Research Institute dkintner@epri.com
1300 West W.T. Harris Boulevard

Charlotte, NC 28262

EPRI’'s Power Delivery & Utilization research sector works to improve grid reliability and promote energy
efficiency.

End Use Energy Efficiency and Demand Response (Program 170) Page 20
e  Computers and Electronics
e DC Power for Data Centers
e  Variable Refrigerant Flow Systems

High Voltage Direct Current (HVDC) (Program 162) Page 26
e High Voltage Direct Current (HVDC)

Appendix B, NORTHWEST ENERGY EFFICIENCY TECHNOLOGY ROADMAP PORTFOLIO m 20



Omar Siddiqui 650-855-2328

End USE Energy Program Manager osiddiqui@epri.com
Efficiency and Demand
ReSpOnse (Pl"ogram 170) http://portfolio.epri.com/ProgramTab.aspx?sld=PDU&rld=203&pld=6396

Research Focus

Computers and
Electronics

DC Power for
Data Centers

Variable

Refrigerant Flow
Systems

21 = MARCH 2012

This EPRI program area contributes to the development and adoption of emerging energy-efficient
technologies and best practices and demand response strategies.

Research involving electronics and computer components and systems such as gaming consoles and
network devices.

e Computers and Electronics Page 22
Joint EPRI- Lawrence Berkeley National Laboratory project investigating the possibility of increasing
energy efficiency at data centers by using direct current DC.

e  DC Power for Data Centers Page 24
Conduct laboratory testing and modeling of advanced variable refrigerant flow systems.

e  Variable Refrigerant Flow Systems Page 28
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Computers and

End Use Energy Efficiency and Demand Response (Program 170)

Project Overview: Research involving electronics and computer components and

EleCtronlcs systems such as gaming consoles and network devices.
http://my.epri.com/portal/server.pt?open=512&0bjlD=432&&PagelD=873&mode=2&in
hi_userid=2&cached=true
Institution Electric Power Research Institute Div. / Dept. Power Delivery & Utilization
(EPRI)
Contact Brian Fortenbery Sponsor(s)
942 Corridor Park Blvd.
Knoxville, TN 37932
(865) 218-8012
bfortenbery@epri.com
Product / Electronics Roadmap Sleep Mode
Service Area
Product / Electronics Roadmap Component-Level Efficiency

Service Area

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Responsive to gamers’ needs.

Responsive to user needs and preferences. Minimal user interaction required.

Optimize sleep mode energy impacts without degrading user experience.

R&D Program

Product /
Service
Performance

Gap(s)
Product /
Service

Performance
Goals(s)

Background

Goals

Scope

Timeline

Broad research on component-level efficiency opportunities in electronics.

Knowledge of the state of the art of existing component energy performance and potential beneficial
interactions among components.

Development of low loss components for electric devices.

EPRI’s current work in electronics system and component energy efficiency is based on successful R&D on
internal power supplies for desktop computers, which spawned the 80PLUS program was born, which is a
utility funded incentive program administered by Ecova, Inc.

Ongoing efforts are focused on determining efficiency improvements that lead to opportunities for large-scale

energy savings and possible inclusion in incentive programs.

EPRI’s ongoing research on gaming systems is part of a California Energy Commission Public Intereste
Energy Research (PIER) program effort on high-end (gaming) and low-end (kiosks) computing platforms.

Electronics research timeline and product identification:
=  2011: Product ID#1021975, included commencing effort to measure UPS, network devices, and

smart meter power supply efficiency.
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Milestones &
Publications

Budget

Other parties

involved

Next steps

Associated
R&D strategy

References

= 2010: No research on most electronics, but gaming consoles studies briefly.
= 2009: Product ID# 1017892, included testing of televisions, DVD players, and digital picture
frames.
EPRI researchers looked briefly at gaming consoles in 2010 and produced a press release as the only
deliverable; see Electric Power Research Institute (2010, Dec. 16). “Power Play: EPRI Analysis Reveals
That Video Game Consoles Differ in Energy Consumption.”
(http://my.epri.com/portal/server.pt/gateway/PTARGS 0 230564 317 205 776 43 /http%3B/uspalec
p604%3B7087 /publishedcontent/publish/power play epri analysis reveals that video game consoles
differ in energy consumption da 753432.html).

EPRI produces a yearly project deliverables summary, the most recent of which is: Electric Power
Research Institute (2011). “End-Use Energy Efficiency and Demand Response, EPRI Program 170: 2010
Summary of Deliverables” http://my.epri.com/portal/server.pt?Abstract id=000000000001022649.
Reported in project #170.021.

California Energy Commission Public Interest Energy Research (PIER).

2012: Uninterrupted power supply (UPS) and network devices is ongoing; smart meters turned out to be
such a small load that there is little opportunity for significant savings, even on a nationwide scale.
Ongoing gaming research is part of a California Energy Commission PIER effort on high-end (gaming)
and low-end (kiosks) computing platforms.

All of EPRI’s efforts are in accord with their Technology Strategy, which “encompasses the long-term
visions and broad societal goals defined by the Electricity Technology Roadmap; the mid- to long-term
targets for innovation identified via scenario planning and energy-economy modeling activities; and the
near- to mid-term technical and business objectives of EPRI's members.” (see
http://my.epri.com/portal/server.pt?open=512&0bjID=237&mode=2&in hi userid=2&cached=true.)

Electric Power Research Institute (2011). “End-Use Energy Efficiency and Demand Response, EPRI
Program 170: 2010 Summary of Deliverables”

http://my.epri.com/portal/server.pt?Abstract id=000000000001022649, accessed Feb. 2, 2012.

Electric Power Research Institute (2011, Dec. 14).“Energy Efficiency Demonstration Webcast 14Dec2011
FINAL.”

Electric Power Research Institute (2010, Dec. 16). “Power Play: EPRI Analysis Reveals That Video Game

Consoles Differ in Energy Consumption.”

http://my.epri.com/portal/server.pt/gateway/PTARGS 0 230564 317 205 776 43 /http%3B/uspalecp
604%3B7087 /publishedcontent/publish /power play epri analysis reveals that video game consoles
differ in energy consumption da 753432.html, accessed Feb. 3, 2012.

Electric Power Research Institute (n.d., circa Feb. 2012). “Kiosk and Gaming Project Scope of Work.”
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Project Overview: Joint EPRI- Lawrence Berkeley National Laboratory project
DC Power for Data ) y v prol

Centers

Institution

Contact

Product /
Service Area

investigating the possibility of increasing energy efficiency at data centers by using direct

current DC.

http://my.epri.com/portal/server.pt?Abstract id=000000000001020818
Electric Power Research Institute Div. / Dept. Power Delivery & Utilization
(EPRI)
Satish Rajagopalan Sponsor(s)
942 Corridor Park Blvd.
Knoxville, TN 37931
Electronics Roadmap Direct Current (DC) Power Source

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

Higher voltage conversion alternating current (AC) as an alternative to DC (230v).

Evidence that direct current (DC) has predictable energy savings benefits compared to alternating
current (AC), and under what conditions

Investigate alternative—perhaps simpler—to direct current (DC) power, such as higher voltage AC, to
see if they are as effective before committing to changing to DC power.

Consumer demand for Internet-related services has led to significant increase in the electricity consumption
of data centers. The U.S. Environmental Protection Agency reported in 2007 that in 2006 data centers
consumed about 1.5 percent of the nation’s electricity, and by 2011 this figure would double. Finding ways to
make data centers more energy efficient will help reduce data center load requirements.

This research project investigated the potential benefits of direct current (DC)-powered data centers.

The project investigated the component costs, energy use, reliability, design, interconnectivity, and data
center configuration.

EPRI published a white paper in November 2010 outlining the potential benefits and need for additional
research; further research appears to be ongoing.

Researchers concluded in 2010 that there were appreciable potential cost savings, energy efficiency, and
other benefits to DC-powered data centers, and that areas for additional research included connectors,
safety, power quality, the need to develop standards. See Satish Rajagopalan, Brian Fortenbery, Dennis
Symanski, and William Tschudi. “DC Power for Data Centers.” Electrical Power Research Institute, Nov. 2010
(http://my.epri.com/portal/server.pt?Abstract id=000000000001020818).

Brian Fortenbery of EPRI reported in February 2012 that EPRI had successfully completed three field trials
showing feasibility, reliability, and efficiency improvement. Details of the first project can be found in My Ton,
Brian Fortenbery, and William Tschudi, “DC Power for Improved Data Center Efficiency,” Jan. 2007
(http://hightech.lbl.gov/documents/DATA CENTERS/DCDemoFinalReport.pdf).

Stakeholders interest has increased as this work has progressed, to the point where EPRI recently joined the
Emerge Alliance (http://www.emergealliance.org/), a group dedicated to standardizing DC products. Emerge
has published a standard for 24 VDC lighting products and is very close to publication of a standard for 380
VDC power distribution, not just in data centers, but in commercial buildings in general. EPRI’s Dennis
Symanski chairs the 380 V committee.

2012 Power Delivery & Utilization Research projects listed at http://portfolio.epri.com/Sector.aspx?sld=PDU
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Budget

Other parties

involved

Next steps

Associated
R&D strategy

References

EPRI produces a yearly project deliverables summary, the most recent of which is: Electric Power Research
Institute (2011). “End-Use Energy Efficiency and Demand Response, EPRI Program 170: 2010 Summary of
Deliverables” http://my.epri.com/portal/server.pt?Abstract id=000000000001022649, accessed Feb. 2, 2012.

Lawrence Berkeley National Laboratory.

EPRI concluded that “Several challenges remain to be addressed before the DC data center can be a
successful replacement to today’s AC data center. Foremost are issues of safety, with several
manufacturers already moving to address these issues. Examples include the development of new DC-
specific interconnects that extinguish arcing during disconnects without endangering personal at the
data center who handle powered equipment. Discussions are also happening to choose the best possible
distribution architecture that can minimize any hazard. As a part of this effort, significant work is also
underway to develop standards, warning labels, and notices that can increase awareness and reduce any
possible risks associated with DC distribution systems.”

All of EPRI’s efforts are in accord with their Technology Strategy,” which “encompasses the long-term
visions and broad societal goals defined by the Electricity Technology Roadmap; the mid- to long-term
targets for innovation identified via scenario planning and energy-economy modeling activities; and the
near- to mid-term technical and business objectives of EPRI's members..”
[http://my.epri.com/portal/server.pt?open=512&objID=237&mode=2&in_hi_userid=2&cached=true]

Rajagopalan, Satish, Fortenbery, Brian, Symanski, Dennis, and Tschudi, William (Nov. 2010). “DC Power
for Data Centers.” Palo Alto, CA: Electrical Power Research Institute.
http://my.epri.com/portal /server.pt?Abstract id=000000000001020818, accessed Jan. 10, 2012.

Electric Power Research Institute (2012). “Tech nology Strategy: A Strategy for Innovation in the
Electricty Enterprise.”

http://my.epri.com/portal/server.pt?open=512&objID=237&mode=2&in hi userid=2&cached=true,
accessed Jan. 10, 2012.

Electric Power Research Institute (2011). “End-Use Energy Efficiency and Demand Response, EPRI
Program 170: 2010 Summary of Deliverables”
http://my.epri.com/portal/server.pt?Abstract id=000000000001022649, accessed Feb. 2, 2012.

Electric Power Research Institute (2011, Dec. 14).“Energy Efficiency Demonstration Webcast 14Dec2011
FINAL.”

My Ton, Brian Fortenbery, and William Tschudi (2007, Jan.). “DC Power for Improved Data Center
Efficiency,” http://hightech.lbl.gov/documents/DATA CENTERS/DCDemoFinalReport.pdf, accessed Feb.
2,2012.
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ngh Voltage High Voltage Direct Current (HVDC) — Program 162

Project Overview: Ongoing research in the area of high voltage direct current

DlreCt Current technologies provides the opportunity to improve grid reliability, raise power transfer

(HVD C) capabilities, and integrate renewable energy sources into the grid.
http://portfolio.epri.com/ProgramTab.aspx?sld=PDU&rId=200&p|d=6283

Institution Electric Power Research Institute Div. / Dept. Power Delivery & Utilization

Contact John Chan Sponsor(s)

Program Manager

Electric Power Research Institute
3420 Hillview Avenue

Palo Alto, CA 94304

(650) 855-2452 (o)
jchan@epri.com

Product / Electronics Roadmap Direct Current (DC) Power Source
Service Area

Project Details

R&D Program | Direct current (DC) loss reduction.

Product / Evidence that direct current (DC) has predictable energy savings benefits compared to alternating current
Service (AC), and under what conditions.

Performance

Gap(s)

Product / Investigate alternative—perhaps simpler—methods to direct current (DC) power, such as higher voltage
Service alternating current (AC), to see if they are as effective before committing to changing to DC power.
Performance

Goals(s)

Background Both Flexible ac transmission system (FACTS) and high voltage direct current (HVDC) technologies offer
opportunities to help alleviate power grid reliability issues and integrate renewable power sources into the
existing alternating current (AC) system.

Goals The program seeks to provide insights about and support for wider industry adoption of HVDC systems.

Scope The scope of the program is to evaluate and test components; study electrical effects; develop conversion
strategies and guidelines; provide experimental and theoretical analyses as well as practical technology
demonstrations; address and resolving concerns of owners and operators.

Timeline

Milestones & | Project members promulgate their findings regularly by way of newsletters, conferences, and workshops,

Publications and consult with utilities considering applying these technologies. Other examples of important
milestones and project reports include producing life extension guidelines for HVDC converter stations
and transmission lines; producing an HVDC reference book; and ongoing component testing, among
others.
Annual program overviews for 2010 and 2011 can be found at
http://portfolio.epri.com/ProgramTab.aspx?sld=PDU&rId=200&pld=6283.

Budget $1.5 million (estimated 2012 program funding).
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Other parties
involved

Next steps

Associated
R&D strategy

References

The program is slated to continue through 2012.

All of EPRI’s efforts are in accord with their Technology Strategy,” which “encompasses the long-term
visions and broad societal goals defined by the Electricity Technology Roadmap; the mid- to long-term
targets for innovation identified via scenario planning and energy-economy modeling activities; and the
near- to mid-term technical and business objectives of EPRI's members..” (see
http://my.epri.com/portal/server.pt?open=512&0bjID=237&mode=2&in hi userid=2&cached=true.)

Rajagopalan, Satish, Fortenberry, Brian, Symanski, Dennis, and Tschudi, William (Nov. 2010). “DC Power
for Data Centers.” Palo Alto, CA: Electrical Power Research Institute.

Electric Power Research Institute (2012). “Technology Strategy: A Strategy for Innovation in the
Electricty Enterprise.”

http://my.epri.com/portal/server.pt?open=512&0bjlD=237&mode=2&in hi userid=2&cached=true,
accessed Jan. 10, 2012.

Electric Power Research Institute (2011, Dec. 14).“Energy Efficiency Demonstration Webcast 14Dec2011
FINAL.”
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Variable

End Use Energy Efficiency and Demand Response (Program 170)

Project Overview: Conduct laboratory testing and modeling of advanced variable

Refrigerant FIOW refrigerant flow systems.

Systems
Institution

Contact

Product /
Service Area

http://my.epri.com/portal /server.pt?

Electric Power Research Institute Div. / Dept. Power Delivery & Utilization
(EPRI)

Ron Domitrovic Sponsor(s) Bonneville Power Administration
942 Corridor Park Blvd. Southern California Edison

Knoxville, TN 37932

(865) 218-8061 (0)
rdomitrovic@epri.com

Heating, Ventilation, and Air Roadmap Variable Refrigerant Flow
Conditioning

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

More information about energy use; improve controls.

VRF energy savings potential, control optimization not well understood.

Need the equivalent of ASHRAE Manual chapter on VRF design, control and energy savings optimization.
Clarify variable refrigerant flow system energy benefits, trade-offs, and optimal control strategies.

Thirty-five subject matter experts representing BPA, the Electrical Power Research Institute (EPRI), Southern
California Edison, and seventeen other institutions collaborated from 2009-2011 to produce the Variable
Capacity Heat Pump Measure Development Roadmap. One outcome of this collaboration is this BPA- and
Southern California Edison-funded project to test two variable refrigerant flow heat recovery (VRF-HR)
systems.

To analyze system performance under various parameters so as to develop coded modules available for
incorporation into building simulation software. Expected value to BPA and the region includes 4.6 aMW
to offset load growth and $21 million cost savings.

The VRF-HR test unit from LG Electronics has a three pipe heat recovery setup, and the Mitsubishi
system will has a two pipe heat recovery setup. While controlling relevant air-side parameters, this
experiment will collect output performance data at discreet points of steady-state operation.
Experiments will include variable performance parameters to build a multi-dimensional performance
map relating output to input.

Began in late 2010, projected to continue into fiscal year 2013.

In early February 2012, Ron Domitrovic provided project update at BPA Technology Innovation 2012
R&D Summit Week Event.
As of February 2012, Ron Domitrovic authored six deliverable documents:

= Deliverable for Task 1 - Design of Test Stand

= Deliverable for Task 2A - Summary of Materials Ordered and Equipment

= Task 2B Deliverable - Test Stand Construction

= Deliverable for Task 2C - Test Stand Operational Testing

= Task 3A, 3B: Test Report for 2 Pipe VRF-HR System - Heating, Cooling and Simultaneous
Cooling and Heating Mode

= Task 4A, 4B: Test Report for 3 Pipe VRF-HR System - Heating, Cooling and Simultaneous
Cooling and Heating Mode.
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Budget BPA and Southern California Edison have provided project funding; total project budget is $784,842,

BPA'’s share is $392,421.
Other parties
involved
Next steps FY 2012:
=  Provide data to modelers
=  Stage Gate: Is data appropriate for modelers?
=  Adjust data as appropriate
=  Test3rd & 4th systems
= Stage Gate: Can test-stand accommodate non-ducted systems? (Testing to date has been on
ducted systems)
FY 2013:
= Vet models with field data
Associated All of EPRI’s efforts are in accord with their Technology Strategy, which “encompasses the long-term

R&D strategy | visions and broad societal goals defined by the Electricity Technology Roadmap; the mid- to long-term
targets for innovation identified via scenario planning and energy-economy modeling activities; and the
near- to mid-term technical and business objectives of EPRI's members.” (see
http://my.epri.com/portal/server.pt?open=512&0bjID=237&mode=2&in hi userid=2&cached=true.)

References Bonneville Power Administration (2012). “Variable Capacity Heat Pump Technology Roadmap and

Overview.” http://www.bpa.gov/energy/n/emerging technology/VCHPOverview.cfm, accessed Feb. 7,
2012.

Domitrovic, Ron (2012). “Project 216: Lab Testing and Modeling of Advanced Variable Refrigerant Flow
Systems.” PowerPoint Presentation delivered at BPA Technology Innovation 2012 R&D Summit Week
Event, Feb. 2012.

Undated deliverable documents listed in “Milestones & Publications” section above.
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2400 Camino Ramon, Suite  (925) 275-6617 (o)

EMerge Alliance 375 (925) 884-8668 (f)

Mission

San Ramon, CA 94583
help@EMergeAlliance.org

http://www.emergealliance.org/

An open industry association working with public and private entities to develop EMerge Alliance standards
that will facilitate the adoption of safe and efficient direct current (DC) power distribution systems in
commercial buildings.

EMerge Alliance’s ongoing “DC power distribution standards” project addresses two Northwest Energy
Efficiency Technology Roadmaps, Direct Current (DC) Power Source and Solid State Lighting.

EMerge Alliance DC power distribution standards Page 31
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Project Overview: Eliminate inefficient alternating current (AC) to direct current (DC)
conversions and improve reliability by facilitating the creation of DC microgrids

EMerge Alliance

DC power throughout commercial buildings by way of a hybrid AC and DC platform.
distribution This ongoing project addresses two Northwest Energy Efficiency Technology Roadmaps,
Direct Current (DC) Power Source and Solid State Lighting.
Standards http://www.emergealliance.org/
Institution EMerge Alliance Div. / Dept.
Contact 2400 Camino Ramon, Suite 375 Sponsor(s) See full list at
San Ramon, CA 94583 http: //www.emergealliance.org/About/OurM

embers.aspx
(925) 275-6617 (0)
(925) 884-8668 (f)
help@EMergeAlliance.org

Product / Electronics Roadmap Direct Current (DC) Power Source
Service Area
Product / Lighting Roadmap Solid State Lighting

Service Area

Project Details

R&D Program | Direct current (DC) safety.

Needed

Product / Need safety education and training for designers, installers, code officials, end users. Need a good, affordable

Service way to transmit control signals on a DC network.

Performance

Gap(s)

Product / Work with state/local entities to invoke codes and standards.

Service

Performance

Goals(s)

R&D Program | Electric system compatibility.

Needed

Product / Reduce cost. Increase efficiency. Better (CRI). Improve stability over time. Improve human interface. Full

Service dimming while maintaining all of the preceding qualities.

Performance

Gap(s)

Product / Solid state lighting that can operate on alternating current (AC) power without rectification, or an ultra-

Service efficient direct-current-to-direct-current converter well-suited to solid state lighting driver applications.

Performance

Goals(s)

Background Commercial buildings use up to 50 percent of all electricity produced and distributed by public utilities in the
U.S., and most electrical devices inside these buildings are inefficient because they must convert incoming AC
to DC power.

Goals EMerge Alliance standards that will facilitate the adoption of safe and efficient direct current (DC) power
distribution systems in commercial buildings.

Scope Group is creating standards for building interiors, data centers, building exteriors, and building services.

Timeline
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Milestones

Budget

Other parties
involved

Next steps

Specific R&D
strategy

References

In 2010, the first available EMerge Alliance Standard created a 24-volt DC commercial interior microgrid
(http://www.emergealliance.org/Standard/Overview.aspx).

Currently developing a 380-volt DC power standard for data centers, and continuing work on building
exteriors and building services (such as heating, ventilation, and air conditioning systems).

EMerge Alliance (2012). “EMerge Alliance.” http://www.emergealliance.org/, accessed Jan. 5, 2012.
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421 SW Oak Street (1-866) 368-7878 (0)
Energy Trust of Suite 300 (503) 546-6862 (f)

Oregon (ETO) Portland, OR 97204 info@energytrust.org

http://energytrust.or

Mission The Energy Trust of Oregon (ETO) is an independent nonprofit organization with the mission of helping
regional utility customers benefit from saving energy and generating renewable energy by providing an
array of services, incentives, and solutions. State legislation, tariffs, and other requirements have
established exclusive funding to ETO by the customers of Portland General Electric, Pacific Power, NW
Natural and Cascade Natural Gas.

Planning and Evaluation Department

Fred Gordon, Director (503) 445.7602 (o)

421 SW Oak Street Fred.Gordon@energytrust.org
Suite 300

Portland, OR 97204

http://energytrust.org/

Mission ETO’s Planning and Evaluation Department provides economic and engineering planning, project
management, analysis, and evaluation services for energy efficiency and other initiatives.

Heating, Ventilation, and Air Conditioning (HVAC) Systems Page 34
e  Heating, Ventilation, and Air Conditioning (HVAC) Systems
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Fred Gordon, Director of Planning &

Heating, Ventilation, and evaluation (503) 445.7602 (o)

. .y - . 421 SW Oak Street Fred.Gordon@energytrust.org
Air Conditioning (HVAC)  suite 300
SyStemS Portland, OR 97204

http://energytrust.org/

Research Focus ETO works with regional stakeholders, including the Northwest Power & Conservation Council’s
Regional Technology Forum (http://www.nwcouncil.org/energy/rtf/Default.htm), to increase energy
efficiency by devising, implementing, and evaluating strategic energy management programs and pilot
tests for industrial and commercial applications.

Heating, ETO has a number of projects and programs to improve HVAC system energy efficiency, including
managing a rooftop tune-up program, piloting energy information systems for commercial buildings,
and providing customer and contractor feedback on equipment energy use and operation, among
others.

Ventilation, and
Air Conditioning

(HVAC) Systems
e Heating, Ventilation, and Air Conditioning (HVAC) Systems Page 35
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Heating Project Overview: ETO has a number of projects and programs to improve HVAC system

) energy efficiency, including managing a rooftop tune-up program, piloting energy

Ventilation’ and information systems for commercial buildings, and providing customer and contractor
feedback on equipment energy use and operation, among others.

Air Conditioning
(HVAC) Systems

http://energytrust.org/

Institution Energy Trust of Oregon Div. / Dept. Planning and Evaluation Department
Contact Fred Gordon, Director of Planning & Sponsor(s)

Evaluation

421 SW Oak Street

Suite 300

Portland, OR 97204

(503) 445.7602 (o)
Fred.Gordon@energytrust.org

Product / Heating, Ventilation, and Air Roadmap Fault Detection and Predictive
Service Area  Conditioning Maintenance (3 of 3)

Project Details

R&D Program | Research to reduce maintenance.

Product / Don’t currently have “on-board” diagnostics or data streams to collect. Don’t have redundant or

Service corrective hardware.

Performance

Gap(s)

Product / Predictive maintenance in 100% of new sales (short-term goal). Initial self-healing/correcting (medium-
Service term goal). Intelligent system with predictive, diagnostic controls & self-healing processes (long-term
Performance goal).

Goals(s)

Background ETO has been engaged in a variety of HVAC system energy efficiency efforts the legislature established
the organization in 1999; since 2004, ETO’s work has also been in partnership with the Commercial
Rooftop Unit Working Group (RTUG) of the Northwest Power & Conservation Council’s Regional
Technology Forum.

Goals ETO’s 2012-2013 action plan establishes the goals of: 1) Increasing operations-based savings and low-
cost/no-cost approaches to save energy in a capital constrained market; 2) Continuing the Strategic
Energy Management pilot, including a) Cohort approach with 10-15 commercial real estate participants
and b) Long-term energy efficiency planning with 2-3 targeted customers; 3) Expand Building
Information System Pilot to: a) provide benchmarking, b) work with operators to implement improved
procedures, and c) incentivize and evaluate improved procedures by applying measured performance
gains.

Scope ETO facilitates regional HVAC energy efficiency research and pilot programs for commercial, industrial,
and residential applications. This work includes energy management systems, equipment tune-up and
repair, . Specifically within the area of HVAC maintenance, ETO staff do not work formally within a fault
detection paradigm, but they do solicit customer and contractor feedback on energy use and equipment
operation to help manage energy use.

Timeline Ongoing.

Milestones & | As of February 2012, ETO’s Strategic Energy Management (SEM) pilot projects are underway and, in
Publications some cases, not yet fully designed; these projects have not yet passed beyond the stage of internal
management plans.
ETO staff published the final report of their roof top unit (RTU) pilot project in 2009: Robison, David
(2009, Nov.). "Small Commercial HVAC Pilot Program Final Impact Evaluation For Energy Trust of
Oregon." Portland, Oreg.: Stellar Processes, Inc. http://energytrust.org/OMRTUPilotResultsFINAL.pdf,
accessed Feb. 2, 2012.
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Budget

Other parties

involved

Next steps

Associated
R&D strategy

References

ETO also shares regular updates with the Commercial Rooftop Unit Working Group (RTUG) of the
Northwest Power & Conservation Council’s Regional Technology Forum; see
http://www.nwcouncil.org/energy/rtf/subcommittees/rtug/.

The Oregon legislature established a stable funding infrastructure for ETO in 1999, and the organization
began operation in early 2002. As a public purpose organization all of ETO’s work is focused on
maintaining the lowest possible energy costs while implementing energy efficiency, renewable, and other
sustainable systems, methods, and technologies. Within this context, ETO’s 2012-2013 research agenda
can be found in: Harris, Margie (2011, Dec. 16). “Memorandum: 2012-2013 Action Plan and Proposed
Final 2012 Budget.” http://energytrust.org/library/plans/2012-

2013 Proposed Final BudgetActionPlan.pdf, accessed Feb. 2, 2012.

Robison, David (2009, Nov.). "Small Commercial HVAC Pilot Program Final Impact Evaluation For Energy
Trust of Oregon.” Portland, Oreg.: Stellar Processes, Inc.
http://energytrust.org/OMRTUPilotResultsFINAL.pdf, accessed Feb. 2, 2012.

Harris, Margie (2011, Dec. 16). “Memorandum: 2012-2013 Action Plan and Proposed Final 2012 Budget.”
http://energytrust.org/library/plans/2012-2013 Proposed Final BudgetActionPlan.pdf, accessed Feb.
2,2012.

Regional Technical Forum (2012). “Commercial Rooftop Unit Working Group (RTUG): Phase 4.”
http://www.nwcouncil.org/energy/rtf/subcommittees/rtug/, accessed Feb. 2, 2012.

Energy Trust of Oregon (2012). “Energy Trust of Oregon.” http://energytrust.org/, accessed Feb. 2, 2012.
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. . GridPoint, Inc. (888) 998-GRID (4743) (0)
GrindPoint, Inc. 2801 Clarendon Blvd, Suite  (703) 667-7000 (0)
100 (703) 667-7001 (f)
Arlington, VA 22201

Email: http://www.gridpoint.com/Contact-Us.aspx

http://www.gridpoint.com

Mission GridPoint provides software, hardware, and services for both energy consumers and producers, including
strategic energy management program designs and smart grid applications. Peter L. Corsell founded the
company in 2003; it is headquartered in Arlington, Virgina, and has offices in Austin, Texas; Ottawa,
Ontario; Roanoke, Virginia; and Seattle, Washington.

GridPoint Energy Manager Page 38
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GridPoint Energy
Manager

Institution
Contact

Product /
Service Area

Project Overview: Software platform to provide enterprise and utility energy
management for smart energy endpoints including “building management systems, solar
arrays, electric vehicle charging stations, and home energy management technologies.”

http://www.gridpoint.com/energy-management-systems/enterprise-manager.aspx

GridPoint, Inc.

2801 Clarendon Blvd, Suite 100
Arlington, VA 22201

Div. / Dept.
Sponsor(s)

(888) 998-GRID (4743) (0)
(703) 667-7000 (o)
(703) 667-7001 (f)

http://www.gridpoint.com/Contact-
Us.aspx
Electronics

Roadmap Direct Current (DC) Power Source

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

Budget

Other parties
involved

Next steps

Associated
R&D strategy

References

Uninterruptible power supply (UPS)-photovoltaic (PV) integration (large or small).

Lack of DC network infrastructure.

Work with state/local entities to invoke codes and standards.

Provides a unified enterprise and utility energy management platform to integrate smart energy
endpoints including “building management systems, solar arrays, electric vehicle charging stations, and
home energy management technologies.”

To provide enterprise and utility energy management teams with a unified and comprehensive tool
integrating control algorithms and analytics to help reduce energy costs.

The cloud-based system provides visibility and monitoring, data analysis for ease of system evaluation,
and problem identification and control.

Software released June 2011, currently available in the market.

Product released to market in June 2011.

GridPoint continues to work on other products and systems.

GridPoint Inc. (2011, June 28). “New GridPoint Energy Manager Software Provides Comprehensive

Visibility, Analysis, and Control of Energy Endpoints.”

http://www.gridpoint.com/News/PressReleaseShare/11-06-

28/New GridPoint Energy Manager Software Provides Comprehensive Visibility Analysis and Control
of Energy Endpoints.aspx, accessed Jan. 6 2012.
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6A-A Zona Franca 011-506-2293-3468 (0)
Heart Transverter, Metropolitana 011-506-2293-9879 (f)

S A Barreal de Heredia heart@transverter.com
e Heredia, Costa Rica

http://transverter.com/

Mission Company creates products to facilitate increased use of alternate energy sources such as photovoltaics and
fuel cells. Their primary focus is to create a “real smart grid” by developing and patenting scalable,
household-level systems to integrate renewable energy, demand response, data acquisition, advanced
metering, power quality control, community energy storage, communications, and energy security.

Advanced Power Electronics for Sustainable Energy Page 39
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Advanced Power
Electronics for

Manufacturing & Engineering Group

Project Overview: Company is developing “highly programmable building blocks” that
can “reshape the entire electrical infrastructure” by integrating renewable energy and

Sustainable energy storage with the smart grid . . . one house and office at a time.”

Energy

Institution
Contact

Product /
Service Area

http://transverter.com/

Heart Transverter S.A. Div. / Dept.

6A-A Zona Franca Metropolitana Sponsor(s)
Barreal de Heredia
Heredia, Costa Rica

011-506-2293-3468 (0)
011-506-2293-9879 (f)

rodolfo@transverter.com

Electronics Roadmap Direct Current (DC) Power Source

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

Uninterruptible power supply (UPS)-photovoltaic (PV) integration (large or small).

Lack of DC network infrastructure.

Work with state/local entities to invoke codes and standards.

Start-up company filling a need for integrated power inverter systems to facilitate move away from fossil
fuel-based energy sources and move toward renewable energy and fuel cells.

The company’s goals are to provide a “deep cradle to grave Life Cycle Analysis of the Transverter to
maximize beneficial environmental impact and promote Green Engineering. Financial benefits are
created to motivate the move to greener energy management. The net effect will be less pollution from
fossil fuels used for energy & materials, less aluminum and copper mined and less total energy used
directly & for manufacturing & transportation.”

Company develops products to create a “real smart grid,” which they define as scalable, household-level
systems to integrate renewable energy, demand response, data acquisition, advanced metering, power
quality control, community energy storage, communications, and energy security.

Company appears still to be engaged in research, development, and product patenting as of January
2012.

Fully-functional, full-scale examples of household transverter systems showcased at Solar Panel
International 2011 (http://www.solarpowerinternational.com/2011/public/enter.aspx) and
Connectivity Week, May 2011 (http://www.connectivityweek.com/2011/#home). Heart Transverter
partnered with OSIsoft (http://www.osisoft.com/) to showcase a fully-functional microgrid system at
Distributech 2011 (http://www.distributech.com/index.html).

Heart Transverter has developed and patented at least three products to date
(http://transverter.com/products.html).
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Budget

Other parties | OSIsoft (http://www.osisoft.com/).
involved

Next steps

Associated
R&D strategy

References “Heart Transverter” (2012). http://transverter.com/, accessed Jan. 6, 2012.
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Headquarters (877) 88-iPower (884-

iPower 504 Redwood Blvd Suite  7693) (0)
230 (415) 884-5555 (0)
(Integrated Power Novato, CA 94947 (415) 884-5557 (f)

Corp.)

Mission

info@ipowercorp.com

http://www.ipowercorp.com/

iPower (Integrated Power Corp.) works to increase the use of renewable energy by providing
architecturally-designed building-integrated photovoltaic systems and providing solar system expertise and
guidance. The company was founded in 2005 and is headquartered in San Francisco.

New Construction Solutions

Mission

Headquarters (877) 88-iPower (884-7693) (o)
504 Redwood Blvd Suite 230 (415) 884-5555 (o)
Novato, CA 94947 (415) 884-5557 (f)

info@ipowercorp.com

http://www.ipowercorp.com/index.php?option=com content&view=article&id=5&
Itemid=4

iPower’s New Construction Solutions team offers technical knowledge, design services, and financial
analysis support to develop efficient, building-integrated photovoltaic systems.

Grid Tie Inverters Page 43
e iPower® SHO Series Grid Tie Inverters
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. Project Overview: Firm’s SHO Series inverters make use of maximum power point
lpower® SHO tracking (MPPT) algorithms to provide reliable, high efficiency energy yield.

Serles Grld Tle http://www.ipowercorp.com/index.php?option=com_content&view=article&id=105%
Inverters 3Anew-construction-solutions-1&catid=4&Itemid=4

Institution iPower (Integrated Power Corp.) Div. / Dept. New Construction Solutions

Contact Headquarters Sponsor(s)

504 Redwood Blvd Suite 230
Novato, CA 94947

(877) 88-iPower (884-7693) (o)
(415) 884-5555 (o)

(415) 884-5557 (f)
info@ipowercorp.com

Product / Electronics Roadmap Direct Current (DC) Power Source
Service Area

Project Details

R&D Program | Uninterruptible power supply (UPS)-photovoltaic (PV) integration (large or small).

Product / Lack of DC network infrastructure.

Service

Performance

Gap(s)

Product / Work with state/local entities to invoke codes and standards.

Service

Performance

Goals(s)

Background Inverters are necessary to integrate solar photovoltaic arrays within existing grid.

Goals Company sought to provide reliable, high-efficiency, integration of photovoltaic-generated electricity.

Scope To develop a series of inverters to use with some of the company’s building integrated photovoltaic
systems.

Timeline iPower® SHO Series Grid Tie Inverters are currently available in the marketplace.

Milestones & | Project information and specifications available at
Publications http://www.ipowercorp.com/index.php?option=com content&view=article&id=105%3Anew-
construction-solutions-1&catid=4&Itemid=4.

Budget

Other parties
involved

Next steps

Associated iPower’s products and services are coordinated to help integrate clean energy into commercial and
R&D strategy | residential buildings.

References Integrated Power Corporation (2012). “iPower® SHO Series Grid Tie Inverters.”
http://www.ipowercorp.com/index.php?option=com content&view=article&id=105%3Anew-
construction-solutions-1&catid=4&Itemid=4, accessed Jan. 6, 2012.
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195, Sec. 4, Chung Hsing +886-3-582-0100 (o)

Industrial Technology ra. +886-3-582-0045 (f)
. Chutung, Hsinchu, Taiwan
Research Institute AL T
(ITRI) http://www.itri.org.tw/eng
/econtent/contact/contact
01.aspx

http://www.itri.org.tw/eng/

Mission The non-profit Industrial Technology Research Institute (ITRI) collaborates with global partners to help
propel technology innovation and commercialization in a variety of sectors including information
technologies, electronics, and the material, chemical, and nanotechnology research area.

Material, Chemical, and Nanotechnology

195, Sec. 4, Chung Hsing Rd. +886-3-582-0100 (o)
Chutung, Hsinchu, Taiwan 31040, R.0.C. =~ +886-3-582-0045 (f)

Email:
http://www.itri.org.tw/eng/econtent/c
ontact/contact01.aspx

http://www.itri.org.tw/eng/
Mission Researchers work with industry to develop and commercialize advances in electronics, optoelectronics, and
panel displays, as well as high-tech fibers and specialty chemicals for the textile and chemical industries.

High Value-added Materials Page 45
e High Performance Thermoelectric Materials
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195, Sec. 4, Chung Hsing Rd. +886-3-582-0100 (o)

High Value-added Chutung, Hsinchu, Taiwan 31040, +886-3-582-0045 (f)
. R.O.C.
Materials Email
http://www.itri.org.tw/eng/econten
t/contact/contact01.aspx

http://www.itri.org.tw/eng/econtent/research/research04 01.aspx?Sltem=
3

Research Focus Conducting research in a variety of areas to develop value-added materials and nanomaterials,
including high performance thermoelectric materials.

High Developing materials to generate heat from solid state lighting systems by taking advantage of the
Performance Seebeck effect, which describes the phenomenon of generating voltage based on temperature
Thermoelectric differences between junctions of dissimilar metals in the same circuit.

Materials

e High Performance Thermoelectric Materials Page 46
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High Performance

High Value-added Materials

Project Overview: Developing materials to generate heat from solid state lighting

ThermoeleCtrlc systems by taking advantage of the Seebeck effect, which describes the phenomenon of
Materials generat.mg voltage b?secj,l on temperature differences between junctions of dissimilar
metals in the same circuit.
http://www.itri.org.tw/eng/econtent/research/research04 02.aspx?sid=11#
Institution Industrial Technology Research Div. / Dept. Material, Chemical, and Nanotechnology
Institute
Contact Amanda Cheng Sponsor(s)
+886-3-5919193 (o)
hjc@itri.org.tw
Product / Lighting Roadmap Solid State Lighting

Service Area

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

Budget

Other parties
involved

Thermoelectric heat recovery from LEDs.

Increase efficiency.

Thermoelectric generation mounted on LED driver chip to reduce power requirements and waste heat
output.

Thermoelectric solid state devices have been used to recover exhaust heat from vehicles, factories,
incinerators, and precision temperature controllers, but not yet to light emitting diodes (LEDs). This
project is the first to apply a silicon-based thermoelectric (TE) device on high-power LEDs.

Evaluate the feasibility of generating electricity from the waste heat of high-power LEDs.

Microfabrication and flip-chip assembly processes were used to fabricate the silicon-based TE device.
Since the LED chip is fully enclosed and the LED chip junction temperature cannot be measured directly,
an infrared camera was used to demonstrate the cooling abilities of the TE devices.

Research as of 2005 indicated that the silicon-based TE device can reduce the thermal resistance of the
high power LED; see Jen-Hau Cheng, Chun-Kai Liu, Yu-Lin Chao, and Ra-Min Tain (2005, June). “Cooling
Performance of Silicon-Based Thermoelectric Device on High Power LED .” Proceedings, Institute of
Electrical and Electronics Engineers (IEEE) 24th International Conference on Thermoelectrics (ICT
2005), pp. 53-56.
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Next steps

Associated
R&D strategy

References Jen-Hau Cheng, Chun-Kai Liu, Yu-Lin Chao, and Ra-Min Tain (2005, June). “Cooling Performance of

Silicon-Based Thermoelectric Device on High Power LED .” Proceedings, Institute of Electrical and
Electronics Engineers (IEEE) 24th International Conference on Thermoelectrics (ICT 2005), pp. 53-56.
(Abstract at
http://ieeexplore.ieee.org/Xplore/login.jsp?reload=true&url=http%3A%2F%2Fieeexplore.ieee.org%2Fi

el5%2F10188%2F32527%2F01519885.pdf%3Farnumber%3D1519885&authDecision=-203, accessed
Jan. 27,2011.)

Industrial Technology Research Institute (2012). “High Performance Thermoelectric Materials.”
http://www.itri.org.tw/eng/econtent/research /research04 02.aspx?sid=11#, accessed Jan. 27, 2012.
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1 Cyclotron Road 510-486-4000 (main office)
Lawrence Berkeley Berkeley, CA 94720

National Laboratory
(LBNL) http://www.lbl.gov

Mission The Lawrence Berkeley National Laboratory is a U.S. Department of Energy National Laboratory operated
by the University of California. The institution partners with individuals, institutions, and businesses
throughout the globe to conduct research on a wide array of techniques and technologies, including energy
efficiency, renewable energy, and building sciences.

Environmental Energy Technologies Division

Ashok Gadgil, Director (510) 486-4435 (o)

Lawrence Berkeley National Laboratory (510) 486-5454 (f)
Environmental Energy Tech Div.

1 Cyclotron Road, Mail Stop 90R3029B A]Gadgil@lbl.gov

Berkeley, CA 94720 EETDinfo@Ilbl.gov (general email)

http://eetd.lbl.gov/eetd.html

Mission The Berkeley Lab's Environmental Energy Technologies Division (EETD ) conducts analysis, research, and
development to help implement energy and energy efficiency technologies and to reduce energy-related
environmental impacts. The U.S. Department of Energy is the division’s primary sponsor; the EETD also
works closely with other federal entities, state governments, and the private sector. EETD’s staff of 300
includes expertise in architecture, physics, mechanical engineering, economics. and public policy.

The R&D areas below relate directly to current projects identified in the Northwest Energy Efficiency
Technology Roadmap Portfolio.

Buildings Energy Efficiency Page 48
e  Applications
e  Building Technologies
e  Commercial Building Systems
e  HeatIsland Group
e High Performance Building Fagade Solutions
e  Lighting Research Group
e  Windows & Daylighting
Energy Analysis Page 66
e  Energy Efficiency Standards
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Buildings Energy

Efficiency

Research Focus

Windows &
Daylighting

High
Performance
Building Fagade
Solutions

Heat Island
Group

Commercial
Building
Systems

Lighting
Research Group

Energy
Information
Systems

Applications

49 m MARCH 2012

Ashok Gadgil, Director

Lawrence Berkeley National Laboratory
Environmental Energy Tech. Div.

1 Cyclotron Road, Mail Stop 90R3029B
Berkeley, CA 94720

(510) 486-4435 (o)
(510) 486-5454 (f)

AJGadgil@lIbl.gov

http://eetd.lbl.gov/eetd.html

Researchers on the Buildings Energy Efficiency team of the Lawrence Berkeley National Laboratory's
Environmental Energy Technologies Division (EETD ) works with private industry to research, develop,
and implement building systems and technologies to increase efficiency and improve occupant
comfort, health, and safety.

LBNL has been working for a number of years to develop improved window glazing and window frame
technologies and analytical software. The lab’s goal is to develop products that significantly reduce the
flow of heat through the window (lowering the window’s U value), making the windows suitable for
Net Zero Energy applications.

Page 64
e Daylighting Page 55

Building fagade systems that fully consider and integrate functional and aesthetic design elements
provide a significant opportunity for energy efficiency and for achieving Net Zero Energy goals.

e  Window Glazes and Frames

e  High Performance Building Fagade Solutions Page 57

Developing roofing materials that have both high solar reflectance and high thermal emittance—
materials that both reflect sunlight and quickly shed heat.

e  Cool Roofs Page 52

Correlates other LBNL research involving windows, lighting and simulations into coherent,
applied construction and design techniques; also seeks to correlate energy efficiency and an
increased building life-cycle by integrating building technologies into complete systems.

e  Commercial Building Systems Page 53

Investigates wireless and digital technologies to improve building efficiency and occupant
productivity.

Page 60
e Lighting Sources and Ballasts Page 62

Works to develop energy information systems and performance monitoring and analysis
technologies.

e  Lighting Controls and Communications

e  Building Energy Information Systems and Performance Monitoring Tools Page 50
Helps transfer new building technologies to the marketplace.
e High-Performance Buildings for High-Tech Industries Page 59

[BACK TO TOP]



Energy Information Systems Team

Building Energy

Project Overview: The Lawrence Berkeley National Laboratory is working with the

Informatlon California Energy Commission and the Department of Energy to evaluate and improve

Systems and tools for tracking and monitoring energy use in commercial buildings.
http://eis.lbl.gov

Performance

Monitoring Tools

Institution Lawrence Berkeley National Div. / Dept.
Laboratory

Contact Mary Ann Piette Sponsor(s) California Energy Commission
Building Technologies

1 Cyclotron Road, MS 90R3111 HoaDepartmentatinersy

Berkeley, CA 94720

(510) 486-6286 (0)
(510) 486-4089 (f)

MAPiette@lbl.gov

Product / New Construction Building Roadmap Labeling
Service Area  Design/Envelope

Project Details

R&D Program | Energy information systems - numerous existing.

Product / Get stakeholders to adopt.
Service
Performance

Gap(s)

Product / Have labels (short-term goal).
Service

Performance

Goals(s)

Background The LBNL has been working with the California Energy Commission and the Department of Energy for
fifteen years to test and track emerging and in-use energy information systems. This work supports the
2007 Energy Independence and Security Act (http://energy.senate.gov/public/ files/getdocl.pdf), the
U.S. Department of Energy’s Zero-Energy Commercial Building Initiative
(http://www1.eere.energy.gov/buildings/commercial initiative/), and similar efforts.

Goals To help make energy information systems technologies more robust and widely available.

Scope The LBNL’s Energy Information Systems team tracks ongoing and completed research involving
software, data acquisition hardware, and communication systems used to store, analyze, and display
building energy data. Systems often also include analysis methods such as baselining, benchmarking,
utility and carbon tracking, load profiling, and energy anomaly detection.

Timeline Project began about 1996 and is ongoing.

Milestones &

Publications J. Grandersone, M.A. Piette, B. Rosenblum, L. Hy, et al. Energy Information Handbook: Applications for

Energy-Efficient Building Operatoins. Berkeley, Calif: Lawrence Berkeley National Laboratory, 2011.

Other project reports and case studies available at http://eis.lbl.gov/ and
http://gaia.lbl.gov/btech/pubs/pubs.php?code=Energy%20Information%20Systems.
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Budget

Other parties
involved

Next steps

Associated
R&D strategy

References Lawrence Berkeley National Laboratory (2012). “Building Energy Information Systems and Performance
Monitoring Tools.” http://eis.lbl.gov/, accessed Jan. 3, 2012.
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Cool Roofs

Institution

Contact

Product /
Service Area

Heat Island Group

Project Overview: Developing roofing materials that have both high solar reflectance
and high thermal emittance—materials that both reflect sunlight and quickly shed heat.

http://heatisland.lbl.gov/coolscience/cool-science-cool-roofs

Lawrence Berkeley National
Laboratory

Ronnen Levinson

1 Cyclotron Road, MS 90R2000
Berkeley, CA 94720

Div. / Dept. Environmental Energy Technologies
Division, Building Technologies Dept.

Sponsor(s)

(510) 486-7494 (o)
RMLevinson@Ibl.gov

Retrofit Building Design/Envelope Roadmap Solar and/or Smart Roofing Technology

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

Budget

Other parties
involved

Next steps

Associated
R&D strategy

References

Cool, photovoltaic, and/or solar water heating roofing.

Technology, price, and standards. Need to match-up house locations with Google Maps, global positioning
system (GPS), or equivalent, plus site-specific data collection by non-technical auditors, possibly the
homeowner.

Products readily available in marketplace at low cost. Intelligent buildings with photovoltaics.

Horizontal surfaces can receive up to 1000 watts of sunlight per square meter. Traditional, dark roofing
materials absorb this energy, which increased the temperature of both the building and surrounding air.
This heating can increase building energy as air conditioning systems work to counteract the increased
temperature. Lighter-colored roofing materials can significantly decrease this heating effect.

In addition to a variety of benefits that these improved roofing materials have in terms of reducing heat
island effects and slowing climate change, the project also has some specific energy efficiency goals.
These include reducing peak demand loads and reducing overall energy use at the household level.

This project is focused on developing alternative roofing materials; research does not include other
aspects such as integrated photovoltaics or solar water heating.

R. Levinson and H. Akbari (2010) “Potential Benefits of Cool Roofs on Commercial Buildings: Conserving
Energy, Saving Money, and Reducing Emission of Greenhouse Gases and air Pollutants.” Energy Efficiency
3, pp- 53-1009.

Lawrence Berkeley National Laboratory (2011). “Cool Science: Cool Roofs.”
http://heatisland.lbl.gov/coolscience/cool-science-cool-roofs, accessed Dec. 23, 2011.

Lawrence Berkeley National Laboratory (2011). “The Cool Colors Project.” http://coolcolors.lbl.gov/,
accessed Dec. 23, 2011.
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Commercial
Building Systems

Institution

Contact

Product /
Service Area

Commercial Buildings Systems Group

Project Overview: The Commercial Building Systems group correlates other LBNL
research involving windows, lighting and simulations into coherent, applied construction
and design techniques. This research also seeks to correlate energy efficiency and an
increased building life-cycle by integrating building technologies into complete systems.

http://cbs.Ibl.gov,
Lawrence Berkeley National Div. / Dept. Environmental Energy Technologies
Laboratory Division, Building Technologies

Department

Philip Haves Sponsor(s) The group works within a number of
1 Cyclotron Road, MS 90R111 research areas has a variety of public and
Berkeley, CA 94720 private sector sponsors, as necessary.
(510) 486-6512 (office)
PHaves@lbl.gov
New Construction Building Roadmap Net Zero Energy Home Technology
Design/Envelope

Project Details

R&D Program

Product /
Service
Performance

Gap(s)

Product /
Service
Performance
Goals(s)

Background

Goals

Scope

Timeline

Milestones &
Publications

Budget

Other parties
involved

53 m MARCH 2012

Predictive modeling to determine what knobs to have and control.

Effective design.

Easy-to-use tools and techniques to optimize contributions of energy efficiency and renewable
generation on an individual dwelling unit scale.

This group at LNL has been conducting research for more than thirty years in support of the U.S.
Department of Energy’s Zero Energy Commercial Building initiative
(http://www1.eere.energy.gov/buildings/commercial initiative/).

In accordance with the U.S. Department of Energy’s Zero Energy Commercial Building initiative, the
group’s goal is to achieve significant energy efficiency improvements in both existing and new
commercial buildings.

Within the area of energy efficiency, this group conducts research in Advanced Building Technologies
and Systems (windows, lighting, heating/ventilation, office equipment, etc.); Building Operations
(commissioning/decommissioning, benchmarking, energy information systems, etc.); and Tools, Guides,
and Standards (energy design and simulation, technical analysis, etc.).

Ongoing; website periodically updated with new research and publications.

Group website provides links and information on more than fifty ongoing and recent commercial
buildings projects, categorized into “Technologies & Systems” and “Tools & Process” subject areas:
http://buildings.lbl.gov/.

U.S. Department of Energy
University of California Berkeley
Numerous private and public sector partners

[BACK TO TOP]



Next steps

Associated
R&D strategy

References Lawrence Berkeley National Laboratory (2011). “Commercial Building Systems.” http://cbs.lbl.gov/,

accessed Dec. 23, 2011.
Lawrence Berkeley National Laboratory (2011). “R&D for the Net-Zero Energy Commercial Building.’
http://buildings.Ibl.gov/, accessed Dec. 23, 2011.

Lawrence Berkeley National Laboratory. “Continuous Performance Monitoring Systems.”
http://cbs.lbl.gov/performance-monitoring/specifications/, accessed Dec. 23, 2011.
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Dayhghtlng Windows and Daylighting Group

Project Overview: LBNL has been working for a number of years to develop improved
window glazing and window frame technologies and analytical software. The lab’s goal is
to develop products that significantly reduce the flow of heat through the window
(lowering the window’s U value), making the windows suitable for Net Zero Energy
applications.

http://windows.lbl.gov/

Institution Lawrence Berkeley National Div. / Dept. Environmental Energy Technologies Division,
Laboratory Building Technologies Department
Contact Dariush Arasteh Sponsor(s)
Building Technologies
Lawrence Berkeley National
Laboratory
1 Cyclotron Road, MS 90R3111
Berkeley, CA 94720

(510) 486-6844 (0)
(510) 486-4089 (f)
D_Arasteh@Ibl.gov

Product / Lighting Roadmap Daylighting
Service Area

Project Details

R&D Program | Core lighting.

Product / Better light quality as perceived by users. More responsive controls, especially for horizontal daylighting.

Service

Performance

Gap(s)

Product / 80% reduction in average lighting electric use in part due to combination of better controls, better

Service application, and more use of natural light. Affordable, widely-available daylighting options.

Performance

Goals(s)

Background Daylighting tools, techniques, design strategies, and systems are designed to decrease energy consumed
by artificial lighting.

Goals This Group appears to be working on additional daylighting projects, but specific ongoing projects are

not readily discernable as of Dec. 2011.

Scope A significant portion of LBNL’s work in this area appears to have been as a member of the International
Energy Agency Task 21 work group, 1995-1999, and the New York Times Headquarters Building
daylighting project, 2003-20009.

Timeline

Mile§t0n'es & | Lawrence Berkeley National Laboratory (2009). “Daylighting the New York Times Headquarters
Publications Building.” http://windows.lbl.gov/comm perf/newyorktimes.htm, accessed Dec. 13, 2011.
Kjeld Johnsen (Operating Agent) (1999). “International Energy Agency Task 21, Daylight in Buildings:

Design Tools and Performance Analysis.” http://www.iea-shc.org/task21/index.html, accessed Dec. 23,
2011.

International Energy Agency (2000). “Daylight in Buildings: A Source Book on Daylighting Systems and
Components.: http://gaia.lbl.gov/iea21/, accessed Dec. 23, 2011.

55 m MARCH 2