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Foreword |

Technology has played a central role in the Northwest’s development, from
the Federal Columbia River Power System to technology giants like Boeing,
Microsoft and Intel to thousands of businesses, universities and
laboratories. In the Northwest, irrigation is high tech.

This savvy has allowed the region to meet half of its load growth through
cost-effective investments in energy efficiency for more than thirty years.
Through the leadership of the region’s utilities, labs, universities, energy
organizations and private businesses, the Northwest has been able to
successfully deliver energy efficiency as a reliable resource.

The Northwest Power and Conservation Council’s Sixth Power Plan calls for
roughly 85 percent of the region’s power needs to be met with energy
efficiency by 2030. In order to meet these goals, we must find ways to
increase the adoption rates of existing products and services. At the same
time, we must also strategically target the region’s research and
development resources into efforts that will produce the technologies
needed to enable the products of tomorrow.

Beginning in December 2009, thirty-five experts from twenty organizations
pooled their efforts to develop an energy efficiency technology roadmap that
would define a research agenda for the Northwest. The results of the
intensive ten-week effort, along with revisions based on critical comments
received following the releases of drafts in March and July 2010 and March
2011, are contained in the following March 2012 version of the Northwest
Energy Efficiency Technology Roadmap Portfolio. The portfolio will always be
a draft; it is intended as a living document, continuously refined as we move
forward.

There are two notable additions to this 2012 version of the Roadmap
Portfolio. We have expanded the roadmaps into two important industrial
product and service areas: food processing and combined heat and power
(CHP) technologies. We have also created a new appendix of existing R&D
projects (Appendix B) to provide expanded and updated information
previously contained in the individual “R&D Project Summaries” pages.

iii @ MARCH 2012

Far more minds are needed to contribute; hence the document is public,
freely available for use by others in process, form, and content. As always,
we are distributing this draft with a request: Please evaluate these findings
with a critical mind and send us your comments. We are especially
interested in filling in any holes in regard to existing research and
development programs. We are not interested in duplicating efforts already
underway elsewhere.

We will be collecting feedback on this draft on an ongoing basis. Any and
all comments can be sent directly to our project manager, Joshua Binus
(jdbinus@bpa.gov, 503.230.5298).

g )

Terry Oliver
Chief Technology Innovation Officer
Bonneville Power Administration
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Introduction |

Technology roadmaps are created to develop tactical research and development
(R&D) plans to meet the strategic goals of a wide array of industries and
organizations. The Northwest Energy Efficiency Technology Roadmap Portfolio
provides a snapshot of stakeholders’ current perspectives in regard to a shared
research agenda for the next twenty years. This Portfolio provides clarity on:

1. Key drivers (environmental/global, market, policy and regulatory, and
technology innovation) affecting the Northwest in regard to energy efficiency

2. Products/services needed to address identified drivers

3. Technologies needing developed in order to bring non-existing products to
market

4. Gaps in existing R&D programs designed to address identified technology
needs

5. Regional priorities in regard to the treatment of R&D gaps

Ultimately, the goal of identifying and prioritizing R&D gaps allows for a more rational
allocation of limited funding and resources by organizations such as the BPA,
national labs, research universities, private businesses, and venture capitalists.

BPA’s Office of Technology Innovation uses these roadmaps to guide its annual
solicitation for proposals for energy efficiency R&D projects. This annual solicitation
typically reopens every year in March; proposals not linked to technology needs
identified in the roadmap are not eligible for awards. Because these roadmap are
shared public resources, any organization can also use them to guide their own
research efforts with some confidence that their work fits into a larger research
agenda crafted and vetted by technical experts from across the country.

In the process of identifying gaps in existing energy efficiency R&D programs,
roadmapping participants also identified a list of products and services that were
already available in the marketplace but not widely adopted due to various technical
and/or market barriers. While treating this group of products and services was not
the primary purpose of the roadmapping endeavor, some effort was dedicated to
articulate:

1. Barriers to the wider adoption of existing products/services
2. Necessary components to future market intervention programs and other
initiatives to increase adoption rates for these targeted products/services

To avoid confusion, the findings articulated by participants in these latter efforts are
located in Appendix A.

By creating a regional technology roadmap portfolio, the Northwest has taken an
important step toward the goal of creating continuity between its R&D efforts to bring
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non-existing technologies to market, ongoing work in emerging technologies, and
present and future market intervention strategies.

Using the Roadmap Portfolio

The Northwest Energy Efficiency Technology Roadmap Portfolio is a reference tool
designed to be a living, working document. It was not crafted with any expectation
that it would be read from beginning to end like a traditional report or narrative.
Rather, its design allows for quick reference technology development research
agendas in relation to specific energy efficiency products and services.

The content herein is organized into eight sections, with multiple product/service-
level roadmaps within each section. The eight sections are:

1. Retrofit Building Design/Envelope

New Construction Building Design/Envelope
Lighting

Electronics

Heating, Ventilation, and Air Conditioning

Sensors, Meters, and Energy Management Systems

N o ok 0N

Food Processing Industry
8. Combined Heat & Power

Additionally, one cross-cutting roadmap conveys the top-15 regional priorities in
regard to the treatment of R&D gaps identified in all eight sections listed above. (See
the organizational chart below.) All other supporting documents are in the
appendices.

Disclaimer

Some roadmaps, project summaries, and appendix pages identify specific vendors,
commercial products, or proprietary systems and technologies. BPA and regional
stakeholders make these references solely for context; these references do not
constitute endorsement on the part of BPA, the Department of Energy, or any
stakeholder involved in the creation and refinement of these roadmaps.



Roadmap Portfolio Organizational Chart:
Residential & Commercial Roadmaps

NORTHWEST ENERGY

EFFICIENCY TECHNOLOGY
ROADMAP
Top 15 R&D Gaps to
Address *
| |
r T T ¥ T 1
Retrofit Bullding Heating, Ventllation, and Alr 'Sensors, Meters, and Energy
Deslgn/Envelope New Construction Lighting Electronics Conditioning Management Systems
Bullding Deslgn/Envelope
Deep Retrofits for Residential Net Zero Energy Home o Fault Detection and Predictivel Smart Device-Level Controls
] and Commercial ] ] Lighting (General) ] Sleep Mode ] Maintenance || Responsive to User and
Environment
5 8, 15
] ] ] o Heat Recovery and Easy/Simple User Interface
Labeling Labeling Solid State Lighting DC Power Source Economizer Optimization Controls
2 12
Retrofit and New Construction| X . Task/Ambient Application and| X o Variable Refrigerant Flow Consumer Energy
Windows New Construction Insulation Control Use and Virtualization Management Services
9,13 7 1,11
Transformative Building Eliminating Home Lighting Controls (Dimming, ) Low-Cost Savings Verification
_— Materials _— Penetrations _— Occupancy Sensors) _— Compgn_ent—level | HVAC Motors and Drives _— Technique
Efficiency
. Day Lighting Walls o . Modeling, Lab and Field Real-Time Smart Electric
Solar/Smart Roofing Luminaires Complete Electronic System Testing Power Measurement of
10 Facilities
Retrofit Insulation Manufactured Housing o Interlock Devices to Manage Enterprise Energy and
Day Lighting Energy Use | Maintenance Management
Systems
14 4 Y3
- Insulated Shades * In order to maximize the region’s investments in R&D programs, roadmap participants scored and

Retrofit and New Construction
Air Sealing

3,6

Infrared Scanning

(BPA is currently working with the Regional

prioritized only the identified R&D programs yet to be developed (as opposed to existing programs already
underway). These priorities will be reevaluated, along with the drivers, products/services, technologies, and
R&D programs through formal workshops every year or two.
Emerging Technology Advisory Committee to establish a workable strategy in this regard.)

Numbers corresponding to the Top 15 Priority R&D program gaps are shown according to their respective
product-level roadmaps.
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Roadmap Portfolio Organizational Chart:
Industrial Roadmaps (added march 2012)
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Roadmap Key |

Product/Service Area :

PI’OdUCt or Service Area Northwest Energy Efficiency

Technology Roadmap

GAP
Product/Service
Performance Product or service performance gap
n in r
GAP eeding addressed
GOAL
Product/Service Targeted Performance for the product or service identified above
Performance ST=Short Term (0-5 yrs; MT=Mid-Term (6-10 yrs); LT=Long Term (11+ yrs)

GOAL

EXISTING TECHNOLOGIES TECHNOLOGY GAPS

Technology

Technologies fulfilling the gaps above Technologies needed to fulfill the gaps above

EXISTING R&D PROGRAMS R&D PROGRAM GAPS |

R&D Programs in progress

R&D Programs required to develop the technologies needed
R&D

Program

- Performance Gap - Current Technology - Technology Gap (R&D need)

Priority Score of R&D Gap
Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D) (Max=100)

1 = MARCH 2012



High Priority R&D Roadmap
| TS
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High Priority R&D Programs

Product & Service NEW CONSTRUCTION BUILDING SENSORS,
Area RETROFIT BUILDING DESIGN/ENVELOPE DESIGN/ENVEL OPE LIGHTING METERS, & EMS

Environmental & Global Drivers: 1. Climate change; 2. Peak oil; 3. Energy security; 4. Water scarcity and cost, related health concerns; 5. Increasing cost and decreasing availability of raw materials; 6. Environmental impact of centralized power
generation; 7. Fuel switching from combustion to electric
Market Drivers: 1. Increasing and uncertain future cost of electricity and gas; 2. Proliferation of consumer electronics (increased plug loads); 3. More and cheaper products due to globalization of manufacturing; 4. Increase in available funding for EE; 5.
Increased adoption of LEED; 6. Changes in types of industries in the Northwest; 7. Market awareness (e.g., BPA E3T, utility demos and outreach); 8. Increased interest in and availability of plug-in hybrid and electric vehicles; 9. Energy efficiency promoted
through mainstream media
Behavior / Social Drivers: 1. Employer pressure to increase productivity; 2. Consumer desire to be “green” and reduce embedded & used energy; 3. Consumer desire for comfort and aesthetics; 4. Changing demographics impacting purchasing choices
and behavior; 5. Personal energy independencel/interest in living off the grid; 6. Increased awareness of impact of behavior on energy usage; 7. Aging workforce, lack of trained workforce; 8. Pushback against over-regulation; 9. People like cool, new
technologies; 10. People more "plugged in" electronically, digital information, social networking
Policy & Regulatory Drivers: 1. Carbon emissions penalties and/or incentives; 2. Use of codes to lock in efficiency gains; 3. Increasing budgets for emerging technology R&D; 4. American Clean Energy and Security Act of 2009; 5. Integrated resource
planning; 6. Increased interest among legislators in efficiency and renewables; 7. Limits to existing transmission and generation capacity; 8. Smart grid technology development
Technology Innovation Drivers: 1. Diffusion of common communication protocols into energy-consuming devices; 2. Integration of info, communication & entertainment devices; 3. Availability of new technologies such as solid state lighting;
4. Availability of cross-cutting, low-cost technology building blocks (i.e. wireless, ultra compact heat exchangers, advanced controls, ASDs)
[, e oo oo el el ) o o) = e b O o e b e b e T e s I
!'| Training / methods Awareness — identification of need : Training i mprov ements in | Education and trai nin . e, Design . 1 |m—————————————— - ——— — — . : Not tied to building needs/l oads |
: and technologies atalow cost, easier to install 1 identifying methods of effective - — E _____ | : cost/com plexity 1 1 oot Sy er e s et o | O - — - 1
---------------------- —---- |EE e R | T o V. TIoIIzoIIoIIIo;TE! } | indoor conditions, e, economizer, | 1 1} LoE g ety e ventheed || 4= === === ——— -
L o o 1 practitioners = 1| design technol ogy I | : ‘I Weak understanding of how to weav e task 1 ndoorpventilationjcontiolegheatdnecoveny : : {Fesin D 2 ider d hi :
: Lower cost & better technology I | 1 1 i Follow codest/code | /ambient functions toge ther; Need control | 1 1 [ nformation on energy perfor mance, 0§ o:eersazﬁ“;onsl ler demographic i
pe rfOl’ mance | 1 A ! 1 [ Architect and engineers, : . i improv emen | strategies .that are easy to design & install, aqd 1 L\IS:::JI&;IIZI:‘IE :Indofi(:sr(r-‘esffecllve sensors, || 1| optimization, and mini-split sys tem (34 1
|| Concepts for next generation “same | | Buildi i ling i ! installers, code/manufac turing | 1 R ! (R (GEO IEEESHEF (507 @ Sawe Gy Wil | i - J 1| control best practices 0 !
Rvalue as awall’ or ZNE windows | | o e | ! IR ¢ e 1 ensuring visual comfort | ||| Make user experience as |
! 1 too often poorlydone d | | installed — sprayon e E—— T e e b e e = || important to EMS manufacturers |
GAP SESEEEE g st g i SYCCTEETTR I ! VRF energy sav ings pote ntial, control 4 1| 5 R @ M erd) Sy !
Awareness / training / A A 1 | Elimination of duct work : optimizati on not well understood | Spepunppagas —_— - - - !
technology boETes e e |
=R denaEEeEEeEE
Easier to use, affordable r'S I'| Need the equiv alent of ASHRAE Manual ¢ hapter on : IF d
insulation materials New appliance energy L !'| VRF design, control, and ener gy savings 1 | | Surveyconsumer needs
A standards and sup porti ng Cheap, streamlined construc tion and @ : optimizati on 1 |
. @ - hnol ogi di lati installation of energy efficie nt Easy-to-design, install, implement task / 1
Product/Service Cheafp. Strea?ﬂl ned testing and :zzh:ﬁq o rr'.:"ns—c:tae ation manufac tured housing — reflecting amb)i/ent syslgems that séw‘e’ significant energy ! 3 — 7 | : Control management s ystem
(ElEiiaE Of edsilng Better insulated vampire loads in the home best practices in other manufacturing and impr ov e visual comfort relativ e to 1| Clarifyvariable refrigerant flow s ystem energy H | | should be implemented where
Pe rfor mance ::c?:\"ggsatomaiﬁi%ivn?toopt‘allmcl‘;?t wind ows Data better/methods i industries ey Es : benefits, trade-offs, and optimal control s trategies | i :Eg\x):rplraé?érr:rﬂ:eecs( user/occ upant
(VA e Tyl T || e ——— el |
yy A : . A A e ayiySagoy el 1015 LA RE RS 3 I
Streamlined, simpler - A
G OAL Awindow that can methodology for air sealing Mini mize power conv ersion losses I - T : Deliv ery of only what the space of occupant | !
effectively cut energyusein among |oads and zones; assess Better design support I'| controls to meetindoor air needs 1 1 needs (LT) [
both heating and c ooling “ building stock for DC power tools I'| —no excess vented air beyond | 1 :
climates oppor tuni ties 7y : occupant needs | | | Maxim um efficient distribution of HVAC | |
1 1 | @on’tuse ducts if you don't need them)
A A : Make cost-effective and reliable 1 1 :
T T el | |
A “taxonomy” of building insulated than fiberglass perform air sealing programmable, addressable (in Easier, cheaper dayli ght !_ P ——— \ 1 [ slrategiés (60 Gl :Spli[AC o] i
types that eliminates 7y dev elopment) modeling tools that give — 1| heat pumps |
guesswork and reduces fe - m@m ———- A 1 energy benefits i L
) R (o S S
recommendation options : New materials, : Lo e, Be wied A :' ; [———————- :
7y . gheaper and easier to | homes | | Task /ambient luminaires designs to I !l Need to downscale what's av ailable 1
) Linstall 1 | | provide both lighting functions ! ! on big chiller for smaller units and 1
Technology . ! MiEe—— e 1 [omerais icaily : 1 imeore win maimienance sysiems | |
1 : 1| Modular, pre-insulated wall, : 1 : | !
! 1 I'| floor, and ceiling units 1 I | Task /ambient controls to ensure 1 1| Variable refrigerant fl ow s yste ms !
Next-ge n coatings for 1 1 | I | energy savings relative to simply 1 1| and controls :
iple-glazed |Gs with 1 1 i ighti
g&’:):rz:?zseHGCSa:vétu- An affordable, * idio t-pr 0of" 1 IAulomated/robotic assembly I: | CEHIN (ESHE TG : e A i _r _____________________
factor ratings (R5+) methodology forlair spealing | P e 4 o o TN 1 O e R —_— ! Il variable refrigerant flow s yste ms and :
A !| Reliable & effec tive economizers | ! 1] controls for mini-split AC and heat |
A : controls & systems : : pump applicati ons H
- 1
What is there beyond 1| Heatrecovery optimization ' 1| variabie speed everything with low 1
fiberglass that has | |_controls and algorithms \ cost, high reliability 1
. : 1 s
excellent insulation o aemart B L e e e - 1
Categorize building stock characteristics and is - Develgp cheap and reliable smart
for better, easier testing lightweight and durable Research to move air plugs; create protocols for :
o éPA Evcny Geu ir?wind (?w sealing to prescriptive appliance compatibility with smart Innovative shop floor
] (B S lications? and into hands of plugs; study human factors for technologies similar to :
22%;350’, S7 quality control and out design, installation, and use of auto industry @ Toyota Human factor (usability and 0 —
- of contractors smartplugs and Panasonic eat recovery optimization 8
R& D P comBICGIRCRE routines such that economizer Better mini-split controls for
NEtgeaalEy Selins oy GEe performanceis notimpacted variable refrigerant flow
X i i i VRF) applications
Program glazed IGs with low SHGC and U- ¢ ) applicat
factor ratings @ LBNL Application technology that
is easy and inexpensive Low power, DC-wired homes to
reduce conversion losses Cheaper and simpler self-
calibrating dimming Variable refrigerant fow (VRF), more
“Smart’ material that fills all controls @ Watt Stopper/ information about energy use, improving Study of what energy |
cavities, is mistake{ree, and NEMA Lighting Controls controls @ BPA, EPRI, SCE et al. managementdevices people
inexpensive actually use

- Product and Service Performance Gap - Current Technology - Technology Gap (R&D need)
Priority Ranking (1 to 15)

- Product and Service Performance Goal - Current R&D (R&D underway) - R&D Gap (No known R&D)
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High Priority R&D Programs |

1. Better mini-split controls for variable refrigerant flow (VRF)
applications: VRF and mini-splits, particularly with improved controls, can
more efficiently respond to space conditioning needs than conventional HVAC
systems with air ducts. To successfully realize the opportunity associated

with broad interest and increasing application of variable refrigerant flow
systems, more R&D is needed to optimize controls for mini-split system
energy savings.

2. Heat recovery optimization routines such that economizer performance
is not impacted: Make better use of exhaust air heat recovery and
economizers. Develop algorithms that would most efficiently optimize the use
of both systems.

3. Research to move air sealing to prescriptive and into hands of quality
control and out of contractors: Building air sealing is too often poorly done
by contractors. By having highly trained specialists perform air sealing,
average infiltration rates will drop.

4. Innovative shop floor technologies similar to auto industry:
Manufactured housing is generally overlooked. It can generate big energy
and financial benefits with some optimization and lessons from other
industries. Apparently, most of the work being done, to date, has been
happening in Japan under the leadership of Toyota and Panasonic
(http://www.joplinglobe.com/dailybusiness/x1383437018/Toyota-
Panasonic-sally-into-nascent-green-housing-sector). (NOTE: The score in this
box reflects the fact that Roadmap drafts prior to the March 2011 identified
this research area as an R&D gap.)

5. Categorize building stock for better, easier testing: If a wide range of
building stock is sorted into categories, energy assessments can be
performed more expeditiously. DOE and EPA have collaborated on a national
Commercial Buildings Energy Consumption Survey that collects information
on the stock of U.S. commercial buildings, their energy-related building
characteristics, and their energy consumption and expenditures
(http://www.eia.doe.gov/emeu/cbecs/). The EPA has designed an Energy
Star portfolio manager tool to help facility managers track and benchmark
energy and water consumption across an entire portfolio of buildings
(http://www.energystar.gov/index.cfm?c=evaluate performance.bus_portfoli
omanager). DOE’s Residential Energy Consumption Survey characterizes U.S.
homes through such data as structural features, fuels used, heating and
cooling equipment, appliances, and energy usage patterns
(http://www.eia.doe.gov/emeu/recs/). E Source’s EnFocus system integrates

[BACK TO TOP]

geographic information system (GIS) data with utility billing records and could
be used to categorize building stock and identify individual buildings (contact
Michael Shepard at 303.345.9129). (NOTE: The score in this box reflects the
fact that Roadmap drafts prior to the March 2011 identified this research
area as an R&D gap.)

6. Application technology that is easy and inexpensive: If a common
methodology for air sealing common building envelope types could be
developed, a wider range of builders could implement it more effectively and
consistently.

7. Human factor (usability and comfort): The elements for broad application
are present - need human factors R&D on design and control approaches to
realize the potential. This work could potentially be informed by researchers
such as Joan Roberts, of Fordham, and Jennifer Veitch at the National
Research Council of Canada, who are both working on designing healthy
workplaces. PG&E also completed a study of how occupants respond to task-
ambient lighting systems in 2009 (http://www.etcc-
ca.com/component/content/article/21/2892-high-efficiency-office-low-
ambienttask-lighting-large-office-). There is still much to be explored in this
R&D space. (NOTE: The score in this box reflects the fact that Roadmap
drafts prior to the March 2011 identified this research area as an R&D gap.)

8. Develop cheap and reliable smart plugs. Create protocols for appliance
compatibility with smart plugs; study human factors for design,
installation, and use of smart plugs: Make smart outlets a standard feature
in new construction requires innovation in technology and building industry
practices. Research is needed primarily to develop the ability of plugs to turn
off equipment when not in use; secondarily, to enable participation in
demand response events. The University of Florida at Gainesville has
conducted some limited research on smart plugs and smart environments
that addresses the design of the plugs, their capabilities, and their
installation. In this research, the ability of the home operating system is
explored, but their integration with the smart grid for demand response is not
addressed.

9. Develop next-generation coatings for triple-glazed windows with low
SHGC and R-value over 5: Develop a glazing product with high R-value and
low SHGC that performs well in all seasons and climates. LBNL (High
Performance Building Facade Solutions) is engaged in ongoing research into
new coatings and highly insulated window technologies for both commercial
and residential applications. (NOTE: The score in this box reflects the fact
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that Roadmap drafts prior to the March 2011 identified this research area as
an R&D gap.)

10. Cheaper and simpler self-calibrating dimming controls: Making
daylighting cost-effective continues to be a challenge. Cheaper, easier to use,
and self-calibrating controls can help to make daylighting more attractive.
Dorene Maniccia of Watt Stopper (and chair of the NEMA Lighting Controls) is
researching dual-loop daylight control systems that self commission and offer
continual calibration. (NOTE: The score in this box reflects the fact that
Roadmap drafts prior to the March 2011 identified this research area as an
R&D gap.)

11. Variable refrigerant flow (VRF), more information about energy use,
improving controls: Develop reliable engineering and technical information
on how to optimize VRF energy savings while assuring comfort and reliability.
BPA, EPRI, Southern California Edison, and others met in February 2011 to
develop a short-term (2 - 3 year) roadmap for variable capacity heat pumps.
This roadmap will be integrated into the Northwest Energy Efficiency
Technology Roadmap as early as the end of March 2011. Other projects
being carried out by BPA and EPRI are conducting VRF assessments and
demos and analyzing the market position of VRF systems in the U.S. (NOTE:
The score in this box reflects the fact that Roadmap drafts prior to the March
2011 identified this research area as an R&D gap.)

5 m MARCH 2012

12. Study of what energy management devices people actually use:
Creating standard, easy-to-use EMS interfaces can move them from fairly
clunky software that is only occasionally accessed to being regularly used by
maintenance personnel along with other duties. Human factors and usability
studies will allow for optimization of device design, interface design, and
communication protocols for the end user.

13. What is there beyond fiberglass that has excellent insulation
characteristics and is lightweight and durable in window applications?:
Other materials may be available to allow a more effectively insulated frame.
E Source has identified aerogels as being among the lightest materials made,
with great potential for a variety of building applications, ranging from
insulating building studs (to reduce thermal bridging) to use in skylights and
other daylighting applications.

14. “Smart” material that fills all cavities, is mistake-free, and
inexpensive: Overall, the cost of sprayed insulation is still around twice that
of installing fiberglass batting
(http://www.toolbase.org/pdf/techinv/insulationalternatives techspec.pdf).

15. Low power, DC-wired homes to reduce conversion losses: Design
homes with both AC and DC outlets so that DC-ready electronic appliances
can use the DC directly, eliminating conversion losses.



Retrofit Building Design/Envelope Roadmaps
| B |
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Productsence Area: RETROFIT BUILDING DESIGN/ENVELOPE R S e

Technology Roadmap

__ Easier methods to determine needs, financing, product
Awareness / training / technology

odu . development, codes and enforcement certification and branding
Performance
Lack of waste heat recovery in commercial . . .
GAP buildings u Non-utility weatherization funding
Cheap, streamlined testing and | o . |
retrofitting of existing buildings to clivillzse Ewsryy GeusMaHe (1)
HCLIIR/EERIEER | achieve optimum savings at minimum
Performance total cost Better capture and utilization of waste 10% of market 30% savings (MT)
GOAL heat from commercial buildings

5% of market 30% savings (ST) |

Self-programmable Technology exists, need to apply it at an
Smart Thermostats acceptable cost for homeowners

A “taxonomy” of building types
that eliminates guesswork and

reduces retrofit test and . ] - Existing building commissioning tools;
Mixed use: use heat from commercial Building screening tools:

recommendation options : ol
Technology i for residential, integrate markets Energy savings and estimates (CA Pier Project)
A 7y

District heat Controls, demand Building control
planning, sharing response on schedule/strategy

Research commercial heat recovery

options for providing space and domestic

water heating for adjacent residential

buildings

R&D Py
Program Categorize building stock for better,
easier testing

- Performance Gap - Current Technology - Technology Gap (R&D need) Priority Score of R&D Gap

# -
- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D) - (Max=100)
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R&D Project Summaries |

Categorize building stock for better, easier testing: if a wide range of
building stock is sorted into categories, energy assessments can be performed more
expeditiously. There are four regularly-updated tools available for this purpose, one
tool in beta testing, and one longstanding data source that is no longer kept current. (NOTE:
The score in this box reflects the fact that Roadmap drafts prior to the March 2011
identified this research area as an R&D gap.)

= The U.S. Environmental Protection Agency (EPA) has designed an ENERGY STAR
portfolio manager tool to help facility managers track and benchmark energy and
water consumption across an entire portfolio of buildings
(http://www.energystar.gov/index.cfm?c=evaluate_performance.bus_portfoliomanage
r.

= The U.S. Department of Energy’s (DOE) Residential Energy Consumption Survey
characterizes U.S. homes through such data as structural features, fuels used, heating
and cooling equipment, appliances, and energy usage patterns
(http://www.eia.doe.gov/emeu/recs/).

= 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 also provides clients a Residential Energy Use Study that they update
annually with comparative data (http://www.esource.com/Residential_Energy-
Use_2011).

= Specifically for lighting, the DOE’'s Commercial Lighting Solutions website provides
facility-specific information on best practices and allows users to compare and
contrast different lighting strategies easily. As of January 2012, this tool is available
and in beta testing (https://www.lightingsolutions.energy.gov/comlighting/login.htm).

= The DOE and the EPA collaborated on a national Commercial Buildings Energy
Consumption Survey (CBECS) from 1979 through fiscal year 2010 (September 2010).
This survey collected information on the stock of U.S. commercial buildings, their
energy-related building characteristics, and their energy consumption and
expenditures. Survey data is no longer kept current because Congress de-funded the
project beginning fiscal year 2011 (http://www.eia.doe.gov/emeu/cbecs/).

[BACK TO TOP]

Research commercial heat recovery options for providing space

and domestic water heating for adjacent residential buildings:
With co-located commercial and residential buildings, commercial waste heat recovery can
be more cost effective by utilizing it for adjacent residential use.

= As of January 2011, E Source reported that factors such as distribution losses and the
need for customized engineering on both the commercial and residential side may
pose obstacles to making this a cost-effective efficiency strategy and, while this is an
interesting approach, they were not aware of any current research being done in this
area.
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Productsence Area: RETROFIT BUILDING DESIGN/ENVELOPE R S e

Technology Roadmap

Determine what it is Strong branding
Performance

GAP
G SEREDRES D el Develop national/regional stakeholder

Product/Service Consensus on labels (ST) Mandatory (LT)
Performance
GOAL 20% of homes meet standard
(MT)
Labeling Data aggregation systems
T P 7 |
Technology i| Energy benchmarking tools |TAppI|cat|ons that make testing easier to do !
! 1
A
R&D
O

RIS R Test —new tools for modeling that are

attempting new approaches to
computer applications @ LBNL, DOE

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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R&D Project Summaries |  TT——

New modeling tools attempting new approaches to computer

applications: In order to achieve wide-spread adoption of a consistent energy
labeling program, better modeling tools are needed.

= The U.S. Department of Energy (DOE) maintains a Building Energy Software Tools
Directory that provides a comprehensive list of currently available software tools. As of
December 2011, the directory contained 405 internationally-produced modeling
software tools developed for the PC, Mac, and UNIX platforms and the Internet. The
tools are grouped in a variety of subject areas, including Whole Building Analysis;
Codes, Standards, Materials, Components, Equipment, & Systems; and others
(http://appsl.eere.energy.gov/buildings/tools_directory/).

= The Lawrence Berkeley National Laboratory (LBNL) is working with the California
Energy Commission and the Department of Energy to evaluate and improve tools for
tracking and monitoring energy use in commercial buildings. More information on
these tools can be found at http://eis.Ibl.gov/ and in Appendix B.

= Stellar Processes, Inc., has developed the EZ Sim Billing Analysis Tool, available for
purchase at http://www.ezsim.com/. The tool’s spreadsheet template makes possible
sophisticated engineering analysis and simulation modeling within an easy-to-use
interface to provide reliable and realistic conservation savings estimates. Howard
Reichmuth, Senior Engineer at the New Buildings Institute, was co-developer of this
tool (http://newbuildings.org/about-us/staff/howdy-reichmuth).
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Productsence Area: RETROFIT BUILDING DESIGN/ENVELOPE e

Code national/regional (day lighting) Design — education

Lower cost & better Concepts for next generation “same R-value as a wall” or : I Specs training
- technology ZNE windows | P
Performanc L) 1
] | Shift industry focus from residential to commercial performance
GAP Address seamless PV integration into fenestration i standards
1
___________________________________________ |
. i i Better labeling
Electrochromic issues such as cost, life, performance |
————————————————————— -_— . — . —. ] Increase window codes
Product/Service i residential and commercial (ST)
Performance T it il el e el et i i b el el el i : - :
:l Switchable window/PV 5% of replacement market (ST) |' L Residential envelope
GOAL A window that can effectively cut I : | Better insulated windows | performance standards (MT)
energy use in both heating and cooling : 1
climates 1| Net energy producing 50% market Skylights become : “
|| alternative for lighting (LT) i
1 1
oo eretenannonooc T """"""""" ; | Fiberglass frames |
Ngxt-gen cpatings for triple-glazed IGS Self-powered electrochromic-PV | SH6 with low-E windows |
with superior SHGC and U-factor ratings windows
(R5+)
Methods to facilitate
Technology Heavily insulated orientation specific
Integral low-E and PV electrochromic windows glazing
windows
A Glazing, vacuum filled 1- -
pane, low-E windows Window frames better
insulated than fiberglass
A
. Add a small PV panel to ilvi
Develop next-generation electrochromic \F/)vindows that will Heavily msula_\ted_
coatings for triple glazed increase tinting proportionall electrochromic windows
windows with low SHGC and R- : g proportionatly
value over 5 @ LBNL orinsulate during the cooling
season @ NREL - -
R&D What is there beyond fiberglass that
Program is highly insulated & lightweight?
L i Aerogels?

Integral low-E and PV

windows @ BNL & LANL Glazing, vacuum filled

2-pane, low-E windows

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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R&D Project Summaries |

Add a small PV panel to electrochromic windows that will
increase tinting proportionally or insulate during the cooling
Season: An electrochromic window powered by a small photovoltaic (PV) panel can
vary tint with solar heat during the cooling system without low-voltage power distribution.

(NOTE: The score in this box reflects the fact that Roadmap drafts prior to the March 2011
identified this research area as an R&D gap.)

= The National Renewable Energy Laboratory (NREL) is developing a prototype window
with an integrated PV panel used to control and power the windows; more information
on this project can be found in Appendix B.

What is there beyond fiberglass that is highly insulated and

lightweight?: oOther materials may be available to allow a more effectively

Develop next-generation coatings for triple-glazed windows with

low SHGC and R-value over 5: Develop a glazing product with high R-value
and low Solar Heat Gain Coefficient (SHGC) that performs well in all seasons and
climates. (NOTE: The score in this box reflects the fact that Roadmap drafts prior to the
March 2011 identified this research area as an R&D gap.)

= The Lawrence Berkeley National Laboratory’s (LBNL) High Performance Building
Facade Solutions team is engaged in ongoing research into new coatings and highly
insulated window technologies for both commercial and residential applications; more
information on these projects can be found in Appendix B.

insulated frame.

= E Source reported in March 2010 about the status of research and market
penetration of aerogels. These materials are clear and have significant insulative
properties (R-value of about 10 per inch of thickness), and can be used in a variety of
building applications, including windows, skylights, and daylighting applications
(http://www.esource.com/members/TAS-AskES-15/Ask_ESource/Aerogels). Though
aerogel products are available in the marketplace, high manufacturing costs are have
thus far precluded more wide-spread adoption. Three companies current producing
aerogel products:

0 Aspen Aerogels (http://www.aerogel.com/)
0 Cabot (http://www.cabot-corp.com/Aerogel)
0 ThermaBlok (http://www.thermablok.com/)

Glazing, vacuum-filled 2-pane, low-E windows: Combining the
insulating property of vacuum between panes and low-emissivity (low-E) coatings

Integral low-E and PV windows: By applying a thin, clear photovoltaic (PV)
film on windows, power can be generated to help buildings achieve Net Zero Energy
status. (NOTE: The score in this box reflects the fact that Roadmap drafts prior to the
March 2011 identified this research area as an R&D gap.)

= Brookhaven National Laboratory (BNL) and Los Alamos National Laboratory (LANL) are
collaborating to develop large area polymer honeycomb thin film, which is a
transparent thin-film photovoltaic (PV) material. See Appendix B for more information
on this project.

= As of January 2011, there were several Chinese and Japanese companies selling
these types of products (for example, Suntech’s Photovol Glass product,
http://www.solarpowersolutions.nl/cms/support/get.file.php?file_id=683). However,
high costs are still a barrier to widespread market penetration.

[BACK TO TOP]

results in a higher R-value glazing.

= Guardian Industries has developed different coatings for commercial and residential
applications to achieve balance between capturing and reflecting solar heat in
different climate zones. See
http://www.guardian.com/GuardianGlass/GlassSolutions/Energy-EfficientLow-
EGlass/index.htm.

Heavily insulated electrochromic windows: Adding electrochromic
tinting to a high R-value glazing allows a window to block heat transfer and

selectively block solar radiation. E Source reported that, as of January 2011, they
were not aware of any current research in this area.
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Product/Service Area :

RETROFIT BUILDING DESIGN/ENVELOPE R S e

Technology Roadmap

Performance

GAP

Product/Service
Performance

GOAL

Technology

R&D
Program

- Performance Gap - Current Technology - Technology Gap (R&D need)

Make it easy for inexperienced workers Reduce carbon footprint of typical
Prefab components for low-cost Net Zero to build right materials
Energy construction
Affordable, widely available
construction materials with
outstanding insulating and/or
energy storage characteristics
Modular, pre-insulated wall, Self heating insulation
floor, and ceiling units
. ‘ .‘. .
Insulat|r_19 sheetrock Insula_ted building exterior Products that may or may not have EE components but
alternative material improve building designs and improve techniques that
A can save energy
PCM wall board, etc., Transitive building envelope designs,
phase change material load shape

Develop cost-competitive insulated
sheetrock alternatives

material @ NAHB Research Center

L
Develop insulated building exterior a

- Priority Score of R&D Gap
((YENSH))

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)

13 m MARCH 2012




R&D Project Summaries |  T——

Develop insulated building exterior material: A costeffective Develop cost-competitive insulated sheetrock alternatives: A
insulating material that can be applied to building exteriors would help achieve Net cost-effective, insulated alternative to sheetrock would help achieve Net Zero
Zero Energy retrofits in buildings for which interior insulation is impractical. These Energy retrofits in buildings where wall cavities are shallow.

materials are also referred to as Exterior Insulation Finishing Systems (EIFS). (NOTE: The
score in this box reflects the fact that Roadmap drafts prior to the March 2011 identified
this research area as an R&D gap.)

= E Source reported in January 2011 that they were not aware of any current R&D in
this area, but in April 2010 E Source’s Mary Horsey wrote an article identifying
“phase change materials” as a potential area for exploration. These materials are

= The National Association of Home Builders (NAHB) Research Center’s Technology designed to absorb and release energy into the surrounding environment, thereby
Inventory, last updated in 2008, provides a centralized listing of more than 160 saving energy and shifting HVAC loads to off-peak times
products and systems developed to increase the efficiency of housing units, including (http://www.esource.com/members/TAS-ASkES-
an exterior insulation finishing system and insulated vinyl siding products 16/Ask_ESource/PhaseChangeMatls).

(http://www.toolbase.org/Techlnventory/ViewAll.aspx).

= The National Institute of Building Sciences’ Whole Building Design Guide published a
guide specifically EIFS in June 2010
(http://www.wbdg.org/design/env_wall_eifs.php).
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Productsence Area: RETROFIT BUILDING DESIGN/ENVELOPE R S e

Technology Roadmap
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Product/Service marketplace at a low cost (ST) | Buildings codes that required solar (LT)
Performance A
_________________________________ e LD mle IR
GOAL +
Cool / PV / solar water heating Modular PV installation systems, including
roofing electronics

Solar shingles

A

Water collection systems

Technology

@
Solar survey mobile
application for residential
(exists for commercial)

® A
Cool / PV / solar water heating

roofing @ NREL, FSEC, ORNL,
and DOE

L 4
R&D Erl‘]f_ectlive, cost-competitive sog
Program shingles

L 4
Solar survey mobile application
for residential @ NREL

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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R&D Project Summaries |

Cool/PV/solar water heating roofing: Develop affordable roofing systems
with integrated solar photovoltaic (PV) and solar collectors for domestic hot water

(DHW) while shading the building. Institutions engaged in current R&D into building-

Efficient, cost-competitive solar shingles: Building-integrated
photovoltaic (PV) technologies helps make solar power more affordable and easier to
incorporate into a building. Although there are currently solar shingle products in the

integrated PV and solar thermal systems include the U.S. Department of Energy (DOE) Office market (i.e., DOW POWERHOUSEtm solar shingles, http://www.dowsolar.com/), these
of Energy Efficiency and Renewable Energy (EERE), the Florida Solar Energy Center (FSEC), products tend to have relatively low efficiencies and higher costs when compared with
the National Renewable Energy Laboratory (NREL), and the Oak Ridge National Laboratory standard small PV systems.
(ORNL).
= More information about the U.S. DOE EERE’s Sunshot Initiative can be found in
Appendix B.

= FSEC’s work in this area is likely being done by their Photovoltaics & Distributed
Generation Division, but information pertaining to this research was not available as of
Feb. 2012 (http://www.fsec.ucf.edu/en/research/photovoltaics/index.htm).

= NREL'’s research in this area can be found in Appendix B.
= ORNL'’s research in this area can be found in Appendix B.

Solar survey mobile application for residential: A simple, inexpensive,
accurate approach to surveying residential buildings' solar potential will assist in
owners' decision-making and reduce overhead costs for installers. (NOTE: The score
in this box reflects the fact that Roadmap drafts prior to the March 2011 identified this
research area as an R&D gap.)

= The National Renewable Energy Laboratory’s (NREL) In My Backyard (IMBY) system
estimates photovoltaic (PV) electricity production based on location, system size, and
other factors. By using a Google Maps interface, the IMBY system easily allows one to
choose an accurate PV system location, and then the IMBY tool draws applicable data
from one of NREL’s databases to estimate potential electricity production
(http://www.nrel.gov/eis/imby/).

[BACK TO TOP]
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1
1
Awareness — identification of need at !
alow cost, easier to install -
1
1

Performance 1
: A
GAP —————————————————————————————————————————————————————————————————— L
Develop cost-effective methods to
quickly increase market
iy | penetration of insulation -
Performance augmentation Easier to use, affordable
insulation materials
GOAL A : S —
Comprehensive, affordable building survey for
missing or ineffective insulation
A 2 0 )
; : Neighborhood scale
- — i | New materials, cheaper and easierto | ! |approaches
Community aerial infrared scan + "install I
GPS data systems : |
|
A i . i | Insulation optimization via IR
Technology . Device or method to better | | scanning & analysis software
- — : insulate walls .
Device that scans infrared and i :
calculates heat load = TwEEE e e
A
Utilize aerial infrared scanning
with GPS and GIS to quickly
prioritize attic and roof insulation “Smart” material that fills all cavities and is
opportunities in a community mistake-free and inexpensive @ MIT
R&D
Program
g @
Device that scans infrared and
calculates heat load

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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R&D Project Summaries |

“Smart” material that fills all cavities and is mistake-free and

inexpensive: Sprayed fiber or foam insulation are notable contenders for
addressing this gap. Sprayed insulation application costs are about twice the amount
of fiberglass batting, indicating the need for R&D to drive down costs. The Massachusetts
Institute of Technology’s (MIT) Building Technology Research Program is working on related
projects, and the National Association of Home Builders (NAHB) Research Center has one
potential tool available.

= More information about MIT’s research can be found in Appendix B.

= The NAHB’s Research Center provides cost data, possible contingencies, and case
studies for both sprayed fiber and foam insulation. According to this research,
published circa 2002, the cost of sprayed insulation is still around twice that of
installing fiberglass batting
(http://www.toolbase.org/pdf/techinv/insulationalternatives_techspec.pdf).

Device that scans infrared and calculates heat load: with a bit more
data input and programming capability, an infrared camera could translate surface
temperature into heat load. As of January 2011, E Source was not aware of any
current R&D in this area.

Utilize aerial infrared scanning with GPS and GIS to prioritize
attic and roof insulation opportunities quickly within in a
community: Implementation costs of weatherization programs may be reduced
and impacts greatly improved by integrating aerial infrared scanning with global positioning
system (GPS) locating technologies and geographic information systems (GIS) mapping
tools to aid in project identification and prioritization. As of January 2011, E Source was not
aware of any current R&D in this area.
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Technology Roadmap

Product/Service BMN:TiT:1g
Performance product/awareness

GAP

Aesthetically appealing

Product/Service
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New materials for thin, Window-integrated PV-integrated window
super-insulating fabrics insulating shades shades
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R&D
Program

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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R&D Project Summaries |  I——

No current or prospective R&D projects identified for this Roadmap as

of February 2012. However, the Technology Inventory list identified by the National
Association of Home Builders (NAHB) Research Center provides some links to insulation
technologies that are not yet widely used but that show potential energy efficiency benefits
(http://www.toolbase.org/Techinventory/ViewAll.aspx).
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Technology Roadmap

Building air sealing is too often
poorly done by contractors

Performance . . - e
Training improvements in identifying

GAP Methods of effective air sealing are too complex and
poorly understood by many practitioners

Data better/methods

Product/Service

PRTTEMTENEE Streamlined, simpler methodology for air
GOAL sealing
A
Have specialists perform air sealing Next-gen substitute for blower door testing —
i cheap & easy
Technology An affordable, “idiot-proof” methodology for
air sealing
A
Checklists (test effectiveness)
L
Research to move air sealing to prescriptive and into
hands of quality control and out of contractors
R&D @
Program Application technology that is easy and inexpensiveﬁ

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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R&D Project Summaries |  ——

No current R&D projects identified for this Roadmap as of February Research to move air sealing to prescriptive and into hands of
2021.2.However, the Technology Inventory list identified by the National Association of quality control and out of contractors: Building air sealing is too often
Home Builders (NAHB) Research Center provides some links to insulation technologies that poorly done by contractors.

are not yet widely used but that show potential energy efficiency benefits
(http://www.toolbase.org/Techinventory/ViewAll.aspx).

Application technology that is easy and inexpensive: If a common
methodology for air sealing common building envelope types could be developed, a
wider range of builders could implement it more effectively and consistently.
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Product/Service Area :

RETROFIT BUILDING DESIGN/ENVELOPE

Northwest Energy Efficiency

Technology Roadmap

Performance

GAP

Product/Service
Performance

GOAL

Technology

R&D
Program

- Performance Gap

Need affordable, widely-available IR
photography capability

Comprehensive, affordable building
survey for missing or ineffective
insulation

Identifying need at a lower cost — part of labeling

Lower cost/more awareness

Similar to Carfax

Cheap products widely available to realtors and
contractors (ST)

Thermal overlay major meter areas
(MT)

Infrared Smart phone

Insulation optimization via infrared scanning & analysis software

Community aerial IR scan + GPS data systems

Google street view w/ IR

Aerial photos to target

®
Marry the energy technology with smart
phone/device technology

- Current Technology

- Technology Gap (R&D need)

- Priority Score of R&D Gap

- Performance Goal
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Marry the energy technology with smart phone/device

technology: To make infrared scanners more effective, find a way to link them to
smart phones or devices, or develop a cell phone application that would allow the
cell phone to function as an infrared (IR) camera.
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ProducySenvice Area NEW CONSTRUCTION BUILDING DESIGN/ENVELOPE Northwest Energy Eficiency

i i s i e i e ) | Code change
1
oduct/Service i ' | Effective design New technology i I
Performance = . . Encouraging high densit
| ] I<_ Education and training | gmg g y
GAP o Architect and engineers, installers, | ! |
| ! code/manufacturing I Branding urban areas and
1 ' . . . .
<y i | certification / commissioning
|__._;_._;_.____.__T___.____.____._ ____ R e e e e ——-
A
Easy-to-use tools and techniques to New appliance energy standards and supporting technologies and 5% - 50% better than code (ST)
Product/Service optimize contributions of energy installation techniques to eliminate vampire loads in the home
Performance efficiency and renewable generation on 20% - 50% or better of that 50% are net
an individual dwelling unit scale A £ zero after that code (MT)
GOAL Minimize power conversion losses among loads and e i . i
- zones; assess building stock for DC power Building America —risk lies going
All new construction zero opportunities from 50% to 70%
energy by 2030 (LT)
i A Non-conductive framing members
Design & analysis tools to integrate components and predict | Non stick built homes |
whole-system energy performance
y | R10 structural sheeting |
Technology Py
Smarter electrical plugs, programmable, Micro heat exchangers that can
addressable (in development) handle low temp waste heat
© S
Low power, DC-wired homes Renewable building
materials
A
gred'Ct_'VG m'(:dell(lngbto h Develop cheap and reliable smart plugs; create
e;ermme \IN aIJSré:OB sLtE(;)NLave protocols for appliance compatibility with smart
ans control @ J J plugs; human factors R&D for design, installation,
NIST and use of smart plugs @ Ecos Consulting, U of
R&D Florida
Program
@ \ 4
2030 Challenge @ DOE, PNNL, Low power, DC-wired homes to reduce
NREL, ORNL, LBNL conversion losses @ EPRI, EMerge Alliance,
Nextek, Panasonic 38

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)

ES)
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General note on Net Zero Energy R&D: In late 2011, The California Public
Utilities Commission (CPUC) and the California Energy Commission (CEC) held a workshop to
develop a Research and Technology Action Plan as an integral element of the process of
implementing the California Energy Efficiency Strategic Plan
(http://www.cpuc.ca.gov/PUC/energy/Energy+Efficiency/eesp/). This  Strategic Plan
includes a section focused on Net Zero Energy (NZE) technologies for residential and
commercial buildings (http://www.cpuc.ca.gov/NR/rdonlyres/6C2310FE-AFEQ-48E4-AF03-
530A99D28FCE/0/ZNEActionPlanFINAL83110.pdf). As of Feb. 8 2012, Edward Vine,
Program Director for Planning and Analysis at the California Institute for Energy and
Environment (http://uc-ciee.org/technical-experts/15/dpeople), had revised a Research
and Technology Gap Analysis on NZE buildings that he originally compiled in June 2011.

Low power, DC-wired homes to reduce conversion losses: Design

homes with both alternating current (AC) and direct current (DC) outlets so that DC-

Develop cheap and reliable smart plugs; create protocols for
appliance compatibility with smart plugs; human factors R&D for

design, installation, and use of smart plugs: Make smart outlets a standard
feature in new construction requires innovation in technology and building industry
practices. “Smart plugs” or “smart strips” can refer to the ability of the outlet to turn-off
devices when they are not being used, and to interactivity with smart grid systems for
demand response and load control. Research is needed primarily to develop the ability of
plugs to turn off equipment when not in use; secondarily, to enable participation in demand
response events. Ecova (formerly Ecos Consulting) and Florida’s Computer and Information
Science and Engineering Department have conducted two preliminary studies in this area.
(NOTE: The score in this box reflects the fact that Roadmap drafts prior to the March 2011
identified this research area as an R&D gap.)

= Ecos Consulting (http://www.ecova.com/) has done research on the energy savings
potential of plugs that turn off devices when that are not being used. Their efforts have
led them to identify the same technology gap that Pacific Northwest regional
stakeholders have: further research is needed on the linkage of smart strips to
building control interfaces (such as ZigBee, http://www.zigbee.org/). Research in this
area would incorporate the functionality of both types of “smart plugs” (see Ecos
Consulting, “Smart Plug Strips: Draft Report,” July 22, 2009,
http://www.efficientproducts.org//reports/smartplugstrip/Ecos-Smart-Plug-Strips-
DRAFT-Jul2009-v2x.pdf).

= Researchers in the University of Florida’s Computer and Information Science and
Engineering Department (http://www.cise.ufl.edu/) have conducted some research on
smart plugs and smart environments that addresses plug design, capabilities, and
installation. This research explores the ability of the home operating system, but does
not address smart grid integration for demand response purposes (see Hicham
Elzabadani, Abdelsalam (Sumi) Helal, Bessam Abdulrazak, and Erwin Jansen, “Self-
Sensing Spaces: Smart Plugs For Smart Environments,” 2005,
http://www.icta.ufl.edu/projects/publications/2005-ICOST-Selfsensingspaces.pdf).

[BACK TO TOP]

ready electronic appliances can use the DC directly, eliminating conversion losses. E
Source reported that, as of January 2011, most research in this area in the United States is
focused on commercial applications and DC-wired data centers; therefore, there is an R&D
gap for DC-wired residential buildings. Some of the findings from this research may cross-
over into the residential sector, and there is work being done in Japan. (NOTE: The score in
this box reflects the fact that Roadmap drafts prior to the March 2011 identified this
research area as an R&D gap.)

= The Electric Power Research Institute (EPRI) is conducting research on DC power for
data centers and high voltage direct current (HVDC) systems that may have that
results that can cross-over into commercial and/or residential applications; see
Appendix B for more information.

= EMerge Alliance developed their “EMerge Standard” in 2009 to supplement ASHRAE
building standards for DC low-voltage power distribution within commercial building
interiors. See Appendix B for more information.

= Nextek Power Systems (http://www.nextekpower.com/) and Redwood Systems
(www.redwoodsystems.com) are developing different DC power systems for
commercial and industrial buildings.

= |n Japan, Panasonic Electric Works is doing research on what they are calling “hybrid
housing”—homes supplied with both AC and DC power (http://panasonic.net/pew/).

Predictive modeling to determine what knobs to have and

control: Integrating and operating the variety of energy technologies required to

achieve Net Zero Energy requires advanced modeling and controls. Research is
ongoing at Cornell University, the Lawrence Berkeley National Laboratory (LBNL), the UC
Santa Barbara (UCSB) Institute for Energy Efficiency (IEEE), and the National Institute for
Standards and Technology (NIST).

= Researchers at Cornell University are currently working on a Green Building Design
Computer Simulation Software project; see Appendix B for more information.

= LBNL’s work in this area is identified in Appendix B.

= The Buildings & Design Solutions Group of UCSB'’s Institute for Energy Efficiency is
doing research into economically viable Zero Net Energy building systems; see
Appendix B for more information.

= NIST’s work in this area is identified in Appendix B.

= Ateam within the Cornell University Program of Computer Graphics is working on a
three-year grant funded by the Department of Energy (using American Recovery and
Reinvestment Act (ARRA) funds) to use computer building simulations to streamline
green design; see Appendix B for more information.

(continued on following page .. .)
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2030 Challenge: To achieve carbon-neutrality by 2030 requires buildings,
which contribute almost 50 percent of greenhouse gas emissions, to be designed to
50 percent of current average energy use for the building type and region. The U.S.
Department of Energy (DOE), Pacific Northwest National Laboratory (LBNL), National
Renewable Energy Laboratory (NREL), Oak Ridge National Laboratory, and the Lawrence
Berkeley National Laboratory (LBNL) are doing work in this area.

= For DOE research in this area, see Appendix B.

= PNNL research in this area is likely being done through the lab’s Electricity
Infrastructure & Buildings Division; as of Feb. 2012, specific projects had not been
identified. See http://energyenvironment.pnnl.gov/ie_b_div.asp for more information.

= NREL has developed two tools to facilitate building design and analysis to help reach
these goals:

0 In My Backyard (IMBY) system estimates PV electricity production based on such
factors as location and system size. The IMBY system uses a Google Maps interface
to allow users to easily choose a system location with pinpoint accuracy
(http://www.nrel.gov/eis/imby/).

o0 The HOMER computer model simplifies design option evaluations for both off-grid
and grid-connected remote, standalone, or distributed generation (DG) power
systems (https://analysis.nrel.gov/homer/, http://www.homerenergy.com/).

= |n addition to the ongoing research & development projects at LBNL outlined in more
detail in Appendix B, the LBNL is also working with the California Energy Commission
and the Department of Energy to evaluate and improve tools for tracking and
monitoring energy use in commercial buildings; see available tools at
http://eis.Ibl.gov/.

= For ORNL research in this area, see Appendix B.
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Get stakeholders to adopt Determine what it is Develop national/regional stakeholder
Performance Standards for labeling
GAP
Have labels (ST) | |20% are using labels (ST) | Net zero label (LT) |
Product/Service
Performance . . .
Labeling mandatory increasing to meet zero energy (MT) |
GOAL
Energy benchmarking tools Data aggregation systems Faster/cheaper approaches
A
Uniform MLS Requirement Valuation of label

Technology

Access to utility billing data

L
Improved energy modeling tools to
facilitate the increased adoption of
building energy labels (i.e., Cal Arch,
Energy 12 Action, Ecotype tool)

R&D ®
Program Energy information
systems—numerous
existing

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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Improved energy modeling tools to facilitate the increased Energy information systems—numerous existing: Energy information
adoption of building energy labels: The broad adoption of building and systems to collect and make data available to building designers and facility
energy labels requires better energy modeling tools. Stakeholders recommended management staff are key to achieving carbon-neutrality by 2030, which requires
the Cal Arch, Energy I2 Action, Ecotype tools. buildings, which contribute almost 50 percent of greenhouse gas emissions, to be designed

to 50 percent of current average energy use for the building type and region. The
establishment of building energy labeling requires sharing building energy performance
data to establish performance benchmarks and ratings.

= The California Energy Commission’s Public Interest Energy Research (PIER) program
(http://www.energy.ca.gov/research/) sponsored the development of Cal-Arch, a web-
based tool for energy use benchmarking

(http://buildings.Ibl.gov/hpchs/Element_2/02_E2_P2_1_1.html). Cal-Arch uses data = The Lawrence Berkeley National Laboratory (LBNL) has been working with the

from both the U.S. Department of Energy’s Commercial Buildings Energy Consumption California Energy Commission and the Department of Energy for fifteen years to test
Survey (CBECS) and California's Commercial End Use Survey (CEUS) and track emergl_ng and in-use energy _mformat_lon systems. Th|s_d|rectory can be
(http://poet.Ibl.gov/cal-arch/ceus.html). The CBECS is no longer funded as of Fiscal found at http://eis.Ibl.gov/, and more information can be found in Appendix B.

Year 2012, and the CEUS was last conducted in 2008. The most recent version of the
tool (2008) is available at http://poet.lbl.gov/cal-arch/.

= The U.S. Department of Energy (DOE) Office of Energy Efficiency and Renewable
Energy (EERE, http://www.eere.energy.gov/) maintains a periodically-updated Building
Energy Software Tools Directory. As of December 2011, this directory contained 405
software tools used to track and evaluate energy efficiency, renewable energy, and
sustainability (http://appsl.eere.energy.gov/buildings/tools_directory/).

= As of Feb. 2012, no further information could be found about the Energy 12 Action and
Ecotype energy modeling tools or their respective development teams; research to
uncover this information is ongoing.
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Better modeling / technology Better materials with higher EE || Modular homes

value |
Performance Easier to install i
GAP B - — = = — m — m e m e m e e e e e e e —m——— - :

Affordable, widely available
construction materials with outstanding
insulating characteristics

Product/Service
Performance

GOAL

ARSIy EHEE e Insulation optimization via IR scanning & analysis software

A

Insulating structural panels

Technology

L 4
Application technology, “easy and cheap” @ CEC
PIER, ORNL, Ec Manufacturing, and MIT

R&D
Program

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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Application technology, “easy and cheap”: To achieve widespread use
of more efficient building insulation, develop new materials that are cost-competitive

with existing materials and that are easy to install. The Oak Ridge National
Laboratory (ORNL) and Ec Manufacturing have recently developed insulation products, and
research in this area is ongoing at the California Energy Commission’s Public Interest
Energy Research (PIER) program and at the Massachusetts Institute of Technology (MIT).
(NOTE: The score in this box reflects the fact that Roadmap drafts prior to the March 2011
identified this research area as an R&D gap.)

= ORNL developed a panelized wall system in 2010 with foam core insulation that can
be easily assembled, is airtight, and is extremely energy efficient
(http://www.ornl.gov/adm/partnerships/factsheets/10-G01077_ID1581.pdf).

= |n 2010, Ec Manufacturing, LLC, of Colorado introduced to the market its rSTUD line of
insulated, thermally-broken dimensional lumber products (http://rstud.com/,
http://www.jetsongreen.com/2010/10/new-thermally-broken-rstud-lumber.html#).

= As of 2008, PIER researchers are exploring the feasibility of using a low-cost, perlite-
based ceramic insulator material for buildings
(http://www.energy.ca.gov/pier/portfolio/Content/06/EISG/Improved%20Insulation%
20for%20Buildings.htm).

= MIT has been researching insulated concrete forms to determine the advantages over
conventional wood-framed construction. See Appendix B for more information.

[BACK TO TOP]
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Technology Roadmap

Better designs Codes/products/technology Training

Performance

GAP

Product/Service
Performance

GOAL

Modular, pre-insulated wall, floor, and

- - i Double wall systems
ceiling units Surface mount electrical y

With foam based framing, how do you
remove or add material for wiring,
plumbing, and how do you wire it?

Technology Products unrelated to energy savings
but eliminate wall penetrations

R&D
Program

- Performance Gap - Current Technology - Technology Gap (R&D need) Priority Score of R&D Gap

# -
- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D) - (Max=100)
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No current or prospective R&D projects identified for this Roadmap as
of February 2012.
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Cost, ease of use,
predictable benefits
GAP e - B - - - - - — ———m—mmm———— - o l

Performance

Product/Service
Performance Affordable, widely-available day
lighting options

GOAL Better design support tools
A
Devices for deeper penetration of light into Retrofitable exterior window shades
spaces, i.e.: light shelf
A A
Technology E_asier, cheaper de_lylight modeling tools that
give energy benefits
A
L
Devices for deeper penetration into space @
UBC, LBNL
R&D @
Program Develop easier, cheaper daylighting models

that determine energy saving benefits @
Architectural Energy Corporation

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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Develop easier, cheaper daylighting models that determine
energy savings benefits: Affordable daylighting design and commissioning

Devices for deeper penetration into space: For more effective
daylighting, develop devices to transfer daylight deeper into building spaces. Ongoing

software with intuitive design features for ease of usability will assist in optimum
placement of sensors and optimum daylight harvesting, promoting successful and long-
lasting applications. Stakeholders identified research in this areas at the Architectural
Energy Corporation (AEC); there is also ongoing R&D at the Daylighting Collaborative and at -
the National Renewable Energy Laboratory (NREL). (NOTE: The score in this box reflects the
fact that Roadmap drafts prior to the March 2011 identified this research area as an R&D
gap.)
= The AEC (http://www.archenergy.com/) released the first version of its Sensor
Placement and Optimization Software (SPOT™) in 2005, with the support from the
California Energy Commission’s Public Interest Energy Research (PIER) Lighting
Research Program (http://www.energy.ca.gov/research/index.html). AEC has released
periodic updates to the software with the support of the Northwest Energy Efficiency

Alliance (NEEA, http://neea.org/) and other organizations. SPOT™ is a free tool using -

uses a Microsoft® Excel platform with a RADIANCE engine, and was developed to help
designers quantify existing and desired lighting characteristics and establish optimal

sensor placement for user controls. AEC released the most recent version (4.2) in July .

2010 (http://www.archenergy.com/SPOT/). E Source reported in Jan. 2011 that the
New Buildings Institute (http://newbuildings.org/) was also involved in this project.

= The Daylighting Collaborative (http://www.daylighting.org/) maintains a list of currently
available daylighting modeling software
(http://www.daylighting.org/designaids.php#computer). As of Feb. 2012, this list
numbered twelve free and for-cost modeling tools.

= NREL is working on a project funded by the Bonneville Power Administration (BPA)
Technology Innovation (Tl) office to study the feasibility of integrating building energy
models for new and existing buildings that evaluates daylighting as a viable energy
efficiency strategy and that can be analyzed using emerging building energy efficiency
metrics such as the Energy Utilization Index (EUI). This is BPA Tl Project
#252,“Integrated Daylighting and Energy Analysis Toolkit (IDEAKIt)”; See Appendix B
for more information.

[BACK TO TOP]

research in this area includes work at the University of British Columbia (UBC),

California Lighting Technology Center (CLTC) at the University of California Davis, and the
Lawrence Berkeley National Laboratory (LBNL).

UBC Structured Surface Physics Department (http://www.phas.ubc.ca/ssp/index.html)
developed and extensively evaluated their Core Sunlighting System
(http://www.phas.ubc.ca/ssp/CoreSun_index.html), a cost-effective, architecturally-
integrated approach that they call “the first core daylighting system with potential for
widespread adoption.” The system is composed of sunlight concentration panels and
dual-function prism light guides to replace conventional light fixtures and incorporate
lighting fixture dimming technologies to distribute collected sunlight. As of early 2012,
SunCentral Inc. (http://www.suncentralinc.com/) is developing this technology for
commercial applications, with a projected market availability date of 2013.

The CLTC is currently working on an R&D project to evaluate the application of UBC’s
Core Sunlighting System to the climate and topography of California’s Central Valley.
See Appendix B for more information on this effort.

LBNL’s Windows & Daylighting team in the Buildings Energy Efficiency research group
has developed some daylighting technologies and strategies over the past two
decades, including lightshelves / lightpipes, tools for daylighting predictions, and
daylighting controls. (http://windows.Ibl.gov/daylighting/Default.ntm). As of Feb.
2012, it is not clear what specific R&D projects in these areas are ongoing at LBNL.
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1 1
' Follow codes/code Panels that can be easily T : .
' I . Elimination of work
T " improvement installed — spray on ation of duct wo : Retro structurally engineered
1 1
GAP I T I e B - - - - - e e e e m e mmmm e —————— -

Product/Service . . . . -
Performance Cheap, streamlined construction and installation of energy efficient manufactured

housing — reflecting best practices in other manufacturing industries

GOAL

Modular, pre-insulated wall, floor, and
ceiling units

Technology A

\ 4
Innovative shop floor technologies similar to
auto industry @ Toyota and Panasonic

R&D
Program

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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Innovative shop floor technologies similar to auto industry:
Manufactured housing is generally overlooked. It can generate significant energy

efficiency and financial benefits with some optimization and lessons from other
industries. Most of the work done to date in this area has been in Japan under the
leadership of Panasonic and Toyota. Based upon available data, while Panasonic and
Toyota do appear to be producing advanced manufactured housing that deliver significant
energy efficiency results, it is not clear the extent to which the work in Japan involves
innovative shop floor technologies. Further, it does not appear that much is being done to
bring these technologies to the U.S. housing industry. Therefore, further domestic research
in this area seems warranted. (NOTE: The score in this box reflects the fact that Roadmap
drafts prior to the March 2011 identified this research area as an R&D gap.)

= Panasonic: http://www.panahome.jp/english/.

= Toyota: http://www.toyota-
global.com/company/profile/non_automotive_business/housing.html; see also
Appendix B.
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Product/Service Area :

LIGHTING

Northwest Energy Efficiency
Technology Roadmap

Performance

GAP

Product/Service
Performance

GOAL

Technology

R&D
Program

- Performance Gap

Optimize use of fluorescent, SSL, halogen IR
technologies by application

Optimized design of lamp, ballast / driver, luminaire, controls
for ease of installation, operation, maintenance

!

80% reduction in avg. lighting electric use in new buildings (through combination of more efficient light sources, more efficient luminaires,
better controls, better application, and more use of natural light (LT)

Hybrid fluorescent / SSL technologies for
optimum performance, cost & aesthetics

Red LED integrated into FCL for
improved CRI

L
Lighting productivity research
@ LRC, Heschong-Mahone

H A

L
Luminaire optics for plasma light

L 4
Red LED integrated into CFL for
improved CRI

m

Study health impacts of
lighting @ LRC, others

- Current Technology

Self-cleaning luminaires @
Holophane, Schreder

L 4
Luminaire optics for plasma light @
Topanga Technologies and Luxim

- Technology Gap (R&D need) - Priority Score of R&D Gap

- Performance Goal
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Lighting productivity research: To expand the use of some efficient lighting
techniques, research is needed to better document positive impacts on productivity,
building on work by the Heschong-Mahone Group (http://www.h-m-g.com/) and the
Lighting Resource Center (LRC, http://www.Irc.rpi.edu/).

= For Heschong-Mahone Group’s completed projects in this area, see http://www.h-m-
g.com/Projects/daylighting/projects-PIER.htm.

= For some specific current LRC projects in this area, see Appendix B; for LRC’s work in
this area generally, see http://www.Irc.rpi.edu/researchAreas/healthVision.asp.

Luminaire optics for plasma light: Plasma lighting claims 120 lumens per
watt and 30,000 hour life. Research on luminaire optics is needed to take better
advantage of this new lamp technology. California Lighting Technology Center (CLTC)
affiliates Luxim Corporation and Topanga Technologies are two of the leading Light-emitting
Plasma (LEP) companies. (NOTE: The score in this box reflects the fact that Roadmap drafts
prior to the March 2011 identified this research area as an R&D gap.)

= Luminaires using the Luxim LEP lamp were shown at LightFair International
conferences 2010 and 2011 (http://www.luxim.com/).

= Topanga Technologies (http://topangatech.com/).

Self-cleaning luminaires: Explore surface films and treatments to reduce
reductions in luminaire reflectivity and transmittance due to surface deterioration
and contamination. Both Holophane (http://www.holophane.co.uk/) and The
Schréder Group GIE (http://www.schreder.com/Pages/default.aspx) have developed self-
cleaning luminaries. (NOTE: The score in this box reflects the fact that Roadmap drafts prior
to the March 2011 identified this research area as an R&D gap.)

= Holophane’s Prismpack applies the company’s self-cleaning reflector technology in a
line of energy efficient lighting options for high bay industrial and commercial
applications (http://www.holophane.co.uk/downloads/Prismpack_UK.pdf).

= The Schréder Group’s Furyo lights make use of a hydrophilic coating on the exterior of

the glass that causes raindrops to spread over the glass and wash away any residue
(http://www.schreder.com/272-1-259-520/product/print_fiche.aspx).
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Study health impacts of lighting: To expand the utilization of some efficient
lighting techniques, research is needed to better document positive impacts on
human health, building on work that stakeholders indicated was ongoing at the
Rensselaer Polytechnic Institute’s Lighting Resource Center (LRC) and other institutions.
This work could potentially be informed by researchers such as Joan Roberts of Fordham
University and Jennifer Veitch at the National Research Council of Canada, who are both
working on designing healthy workplaces.

= For LRC work in this area, see Appendix B.
= Bonneville Power Administration staff sent queries to Professors Roberts

(http://www.dsm.fordham.edu/ns/roberts.html) and Veitch (http://www.nrc-
cnrc.ge.ca/eng/projects/irc/office-lighting.html) in Feb. 2012, still awaiting reply.

Red LED integrated into CFL for improved CRI: Research the
combination of red light-emitting diodes (LEDs) into compact fluorescent lights
(CFLs) to raise Color Rendering Index (CRI), making it closer to that of incandescent,
which is still the current favorite for residential applications.
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Better fixture design: Designing luminaires that take best advantage of solid
state lighting (SSL) characteristics rather than look like traditional fixtures leads to
the best performance. Dealing with replacement parts for premature failure is an
issue. Lack of interchangeability will hamper the market. Many luminaire manufacturers are
researching this issue, as is the Department of Energy (DOE) Office of Energy Efficiency and
Renewable Energy (EERE) and the Lighting Research Center (LRC).

= DOE EERE sponsors two design competitions: The “L Prize” to accelerate SSL lighting
development to replace incandescent bulbs, and the “Next Generation Luminaires”
competition to foster advanced commercial luminaire design and commercialization
(for both competitions, see
http://www1.eere.energy.gov/buildings/ssl/competitions.html).

= LRC’s ongoing research in this area is identified in Appendix B.

Electric system compatibility: unlike most other light sources, most light-
emitting diode (LED) products require conversion of alternating current (AC) to direct

Can it focus better?: Designing luminaires that take best advantage of solid
state lighting (SSL) characteristics to deliver luminous flux on the task rather
attempting to mimic traditional fixtures leads to the best performance. Research is
ongoing at the Department of Energy (DOE) Office of Energy Efficiency and Renewable
Energy (EERE) as well as Royal Philips Electronics, Cree, Inc., and other manufacturers;
ongoing research from private firms tends largely to be proprietary and, therefore, not
thoroughly or consistently reported through companies’ web pages.

= Cree, Inc.: http://cree.com/.

= Philips Research conducts lighting R&D for Royal Philips Electronics; see
http://www.research.philips.com/index.html.

= DOE EERE sponsors two design competitions: The “L Prize” to accelerate SSL lighting
development to replace incandescent bulbs, and the “Next Generation Luminaires”
competition to foster advanced commercial luminaire design and commercialization
(for both competitions, see
http://www1.eere.energy.gov/buildings/ssl/competitions.html).

[BACK TO TOP]

current (DC) power, which introduces system inefficiencies. Multiple parties are
researching this issue, including Emerge Alliance and the Lighting Research Center (LRC)
and the private firms Lunera Lighting, Inc., Redwood Systems, Inc., and Nextek, Inc..
Ongoing research from private firms tends largely to be proprietary and, therefore, not
thoroughly or consistently reported through companies’ web pages. (NOTE: The score in this
box reflects the fact that Roadmap drafts prior to the March 2011 identified this research
area as an R&D gap.)

= Emerge Alliance is developing standards for DC power for commercial buildings, which
would provide an environment where LEDs could be used directly. See Appendix B.

= LRC is researching electronic walls and ceilings that are compatible with LEDs. See
Appendix B for more information.

= |n addition to the above, to help educate lighting designers, architects, and engineers
on the applications of quickly-evolving LED lighting technologies, the LRC has been
conducting bi-annual LED Lighting Institute workshops in Troy, New York. These
workshops include hands-on training in system integration, design, and evaluation
(http://www.lrc.rpi.edu/programs/solidstate/SSLeducation.asp).

Improved light extraction: Constant development of higher efficacy light-
emitting diode (LED) / driver packages is ongoing with the goal of more lumens per
watt without sacrificing lamp life. Research is ongoing at the Lighting Research
Center (LRC) and the University of Santa Barbara’s Institute for Energy Efficiency (IEE) as
well as Royal Philips Electronics, Cree, Inc., and other manufacturers; ongoing research
from private firms tends largely to be proprietary and, therefore, not thoroughly or
consistently reported through companies’ web pages.

= Cree, Inc.: http://cree.com/.

= Philips Research conducts lighting R&D for Royal Philips Electronics; see
http://www.research.philips.com/index.html.

= LRC’s ongoing research in this area is identified in Appendix B.
= |EE’s ongoing research in this area can be found in Appendix B.

(continued on following page .. .)
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SSL heat dissipation: Excess heat directly affects both short-term and long-
term light-emitting diode (LED) performance. The short-term (reversible) effects are

color shift and reduced light output, while the long-term effect is accelerated lumen
depreciation and thus shortened useful life. Research is ongoing at Royal Philips
Electronics, Cree, Inc., and National Semiconductor Corporation (NSC); ongoing research
from private firms tends largely to be proprietary and, therefore, not thoroughly or
consistently reported through companies’ web pages.

= Cree, Inc.: http://cree.com/.

= Philips Research conducts lighting R&D for Royal Philips Electronics; see
http://www.research.philips.com/index.html.

= NSC offers a variety of LED thermal management solutions for exterior and interior
applications in commercial and residential buildings
(http://www.national.com/en/led/tempsensors.html).

Substrate growth improvements: Light-emitting diodes (LEDs) are grown on
substrates and there is ongoing research to improve the process for such things as:

higher external quantum efficiency performance, better electrostatic discharge
durability, simple low-cost fabrication, high product yield with high brightness, and better
heat management. The U.S. Department of Energy (DOE) sponsors research in this area at
various contractors.

= DOE’s ongoing research and development in this area can be found in Appendix B.

Thermoelectronic heat recovery from LEDS: Heat dissipation is essential
to good performance of light-emitting diode (LED) lighting. One approach suggested

SSL life extension: Electrical and thermal design of the light-emitting diode
(LED) system or fixture determine how long LEDs will last and how much light they
will provide. Driving the LED at higher than rated current will increase relative light
output but decrease useful life. Operating the LED at higher than design temperature will
also decrease useful life significantly. Research is ongoing at the Lighting Research Center
(LRC) as well as Royal Philips Electronics, Cree, Inc., and other manufacturers; ongoing
research from private firms tends largely to be proprietary and, therefore, not thoroughly or
consistently reported through companies’ web pages.

= Cree, Inc.: http://cree.com/.
= The LRC’s ongoing research in this area is identified in Appendix B.

47 m MARCH 2012

for dissipating the heat is to actually generate electricity from the generated heat
using thermoelectric (or thermoelectronic) devices (similar to photovoltaic (PV), but they
operate on heat, not light), increasing the effective efficiency of the system. Nextreme
Thermal Solutions and the Industrial Technology Research Institute (ITRI) in Taiwan are
among the institutions researching this area. (NOTE: The score in this box reflects the fact
that Roadmap drafts prior to the March 2011 identified this research area as an R&D gap.)

= Nextreme Thermal Solutions has developed a number of technologies to generate
power from waste heat. These technologies include their Thermobility™ system that
converts heat into electricity for low-power wireless applications
(http://www.nextreme.com/pages/power_gen/apps/thermobility.shtml), and thin film
thermoelectric materials
(http://www.nextreme.com/pages/power_gen/power_gen.shtml).

= |TRI reported in 2005 on a project involving the cooling performance of a silicon-based
thermoelectric device on high power LEDs; see Appendix B for more information.
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R&D Project Summaries |

Design standards: The lluminating Engineering Society (IES) is currently
developing design for task and ambient lighting applications; apply these standards

as they become available.

= |ES: http://www.iesna.org/.

Hospital lighting systems: Optimize lighting in hospitals by reducing ambient
lighting and instituting effective task lighting. (NOTE: The score in this box reflects the

fact that Roadmap drafts prior to the March 2011 identified this research area as an

R&D gap.)
= Seattle design firm Mahlum (http://www.mahlum.com/) dedicated the inaugural issue

of their Healthcare Design Insights periodical in Autumn 2009 to daylighting in
hospitals, including providing basic guidelines and brief descriptions of some current
research in this area
(http://www.mahlum.com/pdf/MahlumHDIAutumn2009Issue01.pdf).

The University of Oregon’s Energy Studies in Buildings Laboratory
(http://aaa.uoregon.edu/esbl/) partnered with Zimmer Gunsul Frasca Architects
(http://www.zgf.com/) in 2005 on a joint research study, “Daylighting Hospital Patient
Rooms”
(http://www.betterbricks.com/graphics/assets/documents/Daylighting_Patient_Room
s_brochure_final.pdf).

Human factor (usability and comfort): The elements for broad application
are present, but need human factors R&D on design and control approaches to
realize the potential. Some work has been done in this area, but there is still much
to be explored in this R&D space. Pacific Gas & Electric (PG&E) has done some work in this
area. This research could potentially be informed by Professors Joan Roberts of Fordham
University and Jennifer Veitch at the National Research Council (NRC) of Canada, who are
both working on designing healthy workplaces.

= PG&E in 2009 completed a study of how occupants respond to task-ambient lighting
systems (http://www.etcc-ca.com/component/content/article/21/2892-high-
efficiency-office-low-ambienttask-lighting-large-office-).

= Professor Veitch, Senior Research Officer of the NRC’s Indoor Environment Research
Program (http://www.nrc-cnrc.gc.ca/eng/projects/irc/office-lighting.html) reported in
late February 2012 that there are some relevant findings from the NRC’s work in this
area, and details at http://www.nrc-cnrc.gc.ca/eng/programs/irc/ie.html.

= Bonneville Power Administration staff sent query to Professor Roberts
(http://www.dsm.fordham.edu/ns/roberts.html) in Feb. 2012, still awaiting reply.

Lighting systems for school, office, etc.: Review research from existing
programs that adopt Finelight's Integrated Classroom Lighting System
(http://www.finelite.com/about-us/news/icls-integrated-classroom-lighting-
system.html) or Personal Lighting System (http://finelite.pinnaclecart.com/), and/or related
systems, to maximize lighting effectiveness in offices and reduce the need for over-lighting:

= In May 2007, Finelite, Inc., completed the California Energy Commission (CEC) Public
Interest Energy Research (PIER) study "Integrated Classroom Lighting System Final
Report (CEC-500-2005-141-A14)" outlining the development and testing of an
integrated classroom lighting system (ICLS) for K-12 classrooms (available at
http://www.energy.ca.gov/pier/project_reports/CEC-500-2005-141-A14.html).
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R&D Project Summaries | —

Cheaper, simpler self-calibration: Some controls try to adjust settings Dynamic control of occupancy-based lighting: Likely using predictive
according to the habits of the user. Cheaper, simpler, and more effective ways of modeling developed from research being done at Massachusetts Institute of
doing this will be helpful. This will likely take advantage of better predictive Technology’s (MIT) Media Lab and possibly other institutions, integrate controls that
modeling. (NOTE: The score in this box reflects the fact that Roadmap drafts prior to the predict lighting needs dynamically by taking into account the time of day and day of the
March 2011 identified this research area as an R&D gap.) week for the user will make lighting controls more useful and more acceptable to users.
= The Massachusetts Institute of Technology’s (MIT) Media Lab is currently researching Stakeholders have indicated that R&D in this area may be ongoing at Watt Stopper and/or
feedback controlled solid state lighting, with a specific focus on low-cost solutions that Lithonia Lighting.
sense and respond to human factors including user context, circadian rhythms, and = Bonneville Power Administration staff sent query to Dorene Maniccia of Watt Stopper
productivity, and integrating these responses with atypical environmental factors. See in Feb. 2012, still awaiting reply; (Maniccia is also Chair of the Lighting Controls
Appendix B for more information. Section of the Association of Electrical Equipment and Medical Imaging Manufacturers
= The National Renewable Energy Laboratory (NREL) is working on a project funded by (NEMA), see http://cltc.ucdavis.edu/content/view/142/164/).
the BPA Technology Innovation (Tl) office to develop an enhanced Image Processing = Lithonia Lighting: http://www.lithonia.com/.

Occupancy Sensor (IPOS) prototype. This is BPA Tl Project #247, “Image Processing
Occupancy Sensor (IPOS) Prototype Enhancement and Testing”; see Appendix B for
more information.

Predictive modeling for dynamic lighting needs: Research on modeling
that will better predict lighting needs by taking into account the time of day and day
of the week will make lighting controls more useful and more acceptable to users.
Researchers at Massachusetts Institute of Technology’s (MIT) Media Lab are among those
doing work in this area. (NOTE: The score in this box reflects the fact that Roadmap drafts
prior to the March 2011 identified this research area as an R&D gap.)

= The MIT Media Lab is currently researching feedback controlled solid state lighting,
with a specific focus on low-cost solutions that sense and respond to human factors
including user context, circadian rhythms, and productivity, and integrating these
responses with atypical environmental factors. See Appendix B for more information.
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R&D Project Summaries |

Change IES metrics: Metrics and standards have evolved as we learn more
about how humans use light most effectively. More work needs to be done to
continue to improve Illuminating Engineering Society (IES) metrics.

= |ES: http://www.iesna.org/.

Human factors research to determine parameters for optimizing

lighting systems: Regardless of how efficient lighting is, it's only useful if it
actually helps humans. Research on the relevant human factors is important and
may apply to luminaires. Rensselaer Polytechnic Institute’s Lighting Research Center (LRC)
is doing much in this area.

= Appendix B provides an overview of LRC’s research in this area. The LRC has upwards
of sixty ongoing R&D projects at any given time, and a public list of R&D progress and
final reports can be found at
http://www.lrc.rpi.edu/resources/newsroom/projectsheets.asp.

= |n addition to the projects identified above, the LRC also manages and updates the
National Lighting Product Information Program (NLPIP,
http://www.Irc.rpi.edu/programs/NLPIP/index.asp). This resource aids contractors,
designers, building managers, homeowners, and others in identifying and using
correctly the energy-efficient lighting solution that best fits their needs.

Legitimize mesopic lighting: Mesopic lighting, to be fully accepted by the
market, needs to have standards changed to legitimize it. Provide data to support
IES standards modifications. The Lighting Research Center (LRC) is working in this

area.
= An overview of LRC’s mesopic lighting research can be found in Appendix B.

Review and audit of various luminaire designs for various

lighting applications: The importance of luminaires has often been overlooked
in specifications and codes. Need to rate luminaires so better data are available,
then educate architects and designers on which luminaires to use for which applications to
improve efficiency and effective lighting. The U.S. Department of Energy (DOE) has done
work in this area.

= The DOE’s Commercial Lighting Solutions provides tools in this area
(https://www.lightingsolutions.energy.gov/comlighting/login.htm).
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Cheaper and simpler self-calibrating dimming controls: Making
daylighting cost-effective continues to be a challenge. Cheaper, easier to use, and
self-calibrating controls can help to make daylighting more attractive. Stakeholders
indicated that research was ongoing at the Lighting Research Center (LRC), and possibly at
Watt Stopper and under the aegis of the Lighting Controls Section of the Association of
Electrical Equipment and Medical Imaging Manufacturers (NEMA); R&D is also ongoing at
the California Lighting Technology Center (CLTC). (NOTE: The score in this box reflects the
fact that Roadmap drafts prior to the March 2011 identified this research area as an R&D
gap.)
= Dorene Maniccia of Watt Stopper (and chair of the NEMA Lighting Controls Section) is
researching dual-loop daylight control systems that self commission and offer
continual calibration (http://cltc.ucdavis.edu/content/view/142/164/). Bonneville
Power Administration staff sent query to Ms. Maniccia in Feb. 2012, still awaiting
reply.
= The Lighting Research Center’s (LRC) Capturing the Daylight Dividend program has
completed R&D on daylighting systems and controls, and has also worked on a
number of case studies. (http://www.lIrc.rpi.edu/researchAreas/daylighting.asp).

= Information about CLTC research in this area can be found in Appendix B.

Research human and technology barriers: Investigate both human
factors and technical barriers to adopting daylighting. Stakeholders have indicated

that Rensselaer Polytechnic Institute’s Lighting Research Center (LRC) is working in
this area.

= Appendix B provides an overview of research at LRC, which has upwards of sixty
ongoing R&D projects at any given time. A public list of R&D progress and final reports
can be found at http://www.Irc.rpi.edu/resources/newsroom/projectsheets.asp, and
some additional information about LRC'’s research can be found in Appendix B.

= |n addition to the projects identified above, the LRC also manages and updates the
National Lighting Product Information Program (NLPIP,
http://www.Irc.rpi.edu/programs/NLPIP/index.asp). This resource aids contractors,
designers, building managers, homeowners, and others in identifying and using
correctly the energy-efficient lighting solution that best fits their needs.

Skylight design: Making daylighting cost-effective continues to be a challenge.
Effective, affordable, leak-resistant skylight design could help make daylighting

Core Lighting project: Daylighting has traditionally concentrated on perimeter
zones (near windows). There is an ongoing research partnership between the
University of British Columbia (UBC) and the California Lighting Technology Center
(CLTC) to provide daylighting in core zones, but more research is needed to find more
affordable and effective ways of doing this.

= The CLTC is currently working on an R&D project to evaluate the application of UBC’s
Core Sunlighting System to the climate and topography of California’s Central Valley.
See Appendix B for more information on this effort.

Optimize daylighting with PC use: Research on how to effectively use
personal computers to monitor and control daylighting. Stakeholders have indicated
that Rensselaer Polytechnic Institute’s Lighting Research Center (LRC) is working in
this area.

= Appendix B provides an overview of research at LRC, which has upwards of sixty
ongoing R&D projects at any given time. A public list of R&D progress and final reports
can be found at http://www.Irc.rpi.edu/resources/newsroom/projectsheets.asp, and
some additional information about LRC’s research can be found in Appendix B.

[BACK TO TOP]

easier and more affordable to adopt. The California Lighting Technology Center
(CLTC) is engaged in ongoing R&D in this area, and California Energy Design Resources
(CEDR) website provides a list of skylight and daylighting resources. (NOTE: The score in this
box reflects the fact that Roadmap drafts prior to the March 2011 identified this research
area as an R&D gap.)

= Information about CLTC’s ongoing research into sunlighting and solatube skylight
systems can be found in Appendix B.

= (California’s utility ratepayers fund the state’s EDR program; Southern California Edison
administers the program under the auspices of the California Public Utilities
Commission (CPUC). The EDR website serves as a portal for architects, engineers,
lighting designers, and developers to access energy design tools and resources that
will foster energy-efficient commercial and industrial building design. EDR resources
include daylighting and sky light design
(http://www.energydesignresources.com/technology/daylighting-design.aspx,
http://www.energydesignresources.com/resources/publications/design-briefs/design-
brief-skylights-with-suspended-ceilings.aspx).

Software for daylight design—sensor placement: Develop good,
affordable software for designing daylighting systems, including determining

optimum placement of sensors. Stakeholders have indicated that there is ongoing
research in this area at the California Energy Commission’s (CEC) Public Interest Energy
Research (PIER) program.

= Some PIER research in this general area can be found in Appendix B; as of Feb. 2012,
Bonneville Power Administration staff has queried PIER researchers for more specific
information.

NORTHWEST ENERGY EFFICIENCY TECHNOLOGY ROADMAP PORTFOLIO m 56



57 m MARCH 2012



Electronics Roadmaps
| B

[BACK TO TOP] NORTHWEST ENERGY EFFICIENCY TECHNOLOGY ROADMAP PORTFOLIO m 58



Product/Service Area : ELECTRONICS "I\'l::hhnvﬁséfr};?)raggnigciency

Integration of sleep mode application with Retain intelligence

1 |
Minimal user i '
! | product standby software and hardware :
l |
! |

interaction required

Responsive to user needs and
preferences

Performance . X
configurations

Capability to
GAP Coccooco — e e s s — -

_____________________ _— _  _ I _fuII
i functionality

1
E Optimize sleep mode energy Reduce overall energy use by : Require sleep mode features that reduce
i 1 . . : : energy usage by 90% (ST-MT
Prlfd?‘:tlser‘”ce ' | impacts without degrading user 65% relative to "always on" : U EEeRE Y ( )
eriormance | | experience baseline :
GOAL L : Work with manufacturing community as in
e f ______________________________ trade associations and interest groups
T ettt el ettt ettt el et e i ---------- ll Sleep-mode chip or
i! | User-sensing and user- Sleep mode more responsive to late Google App to reset equivalent design standard
aware controls night network admin. updates sleep mode
AN, TN JA Il | |resetsieep mode to energy
Technology | Video games with sleep mode | efficiency best practices
| |are also losing score |
| A =
_-“- ''''''''''' - - Accessible Software compatibility
and simple with stand-by modes
interface

needs @ EPRI LBNL

L 4
User sensing controls —
underway @ TV mfgs,
however this R&D is not
R&D accessible for

Responsive to gamers’ controls @

Software
compatibility
with stand-by
modes

L 4
Network management

Optimize user
interface

Program collaboration for computer
networks
® Gap not yet scored Responsive to late-night
Behavior economics for how network updates @ UCSD
people use devices and Microsoft E

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)

59 m MARCH 2012



R&D Project Summaries |

Accessible and simple interface controls: To facilitate widespread
adoption of sleep mode technology, develop controls that are as simple or accessible
as possible. If they're complicated or a hassle, they won't get used. (NOTE: The score
in this box reflects the fact that Roadmap drafts prior to the March 2011 identified this
research area as an R&D gap.)

= |n December 2004, the Lawrence Berkeley National Laboratory (LBNL) developed
Institute of Electrical and Electronics Engineers (IEEE) Standard #1621, “Standard for
User Interface Elements in Power Control of Electronic Devices Employed in
Office/Consumer Environments.” The purpose of the standard is “to accomplish a
similarity of experience of power controls across all electronic devices so that users
will find them easier to use and be more likely to utilize power management features
that save energy” (http://eetd.lbl.gov/Controls/1621/).

Responsive to gamers' needs: video games with sleep mode are losing
scores. The Electric Power Research Institute (EPRI) completed a preliminary study of
this in 2010 and is currently doing some work in this area. (NOTE: The score in this
box reflects the fact that Roadmap drafts prior to the March 2011 identified this research
area as an R&D gap.)

= |n 2010, EPRI completed a preliminary study on the power consumption of various
gaming consoles. The deliverable for this study was a press release, but ongoing
related work in this and other areas of electronics components and systems is part of
EPRI’'s End Use Energy Efficiency and Demand Response research (Program 170) and
can be found in Appendix B.

Responsive to late-night network updates: sieep mode must become
more responsive to late-night network administrative updates. Researchers at U.C.
San Diego (UCSD) and at Microsoft are working in this area. (NOTE: The score in this
box reflects the fact that Roadmap drafts prior to the March 2011 identified this research
area as an R&D gap.)

= Researchers at UCSD developed their “SleepServer” software in 2009 to reduce
personal computer energy consumption within enterprise environments by hosting a
light-weight image of each PC on the server that can allow the individual PCs to remain
in sleep mode longer, but still remain accessible for waking. This product is currently
being refined for wider applicability and commercialization. More information about
this project in Appendix B.

= Microsoft’s “sleep proxy” allows PCs to remain in sleep mode, on average, about 50%
more of the time without sacrificing employee or IT accessibility. More information
about this project in Appendix B.

[BACK TO TOP]

Behavior economics for how people use devices: To facilitate wide-

spread adoption of sleep-mode technology, study the way the most common user

groups interact with electronic devices so the sleep-mode technology will be
compatible with their behavior.

Network management for computer networks: To facilitate widespread

adoption of sleep mode technology, it's not enough that it works well with end users.

Sleep mode also needs to meet the needs of network administrators; otherwise, they
will not support (or will even disallow) its use.

Optimize user interface: Facilitate widespread adoption of sleep mode

technology by developing optimized, intuitive, and tailored user interface and control

capabilities.
= As with the “accessible and simple interface controls” R&D project within this
Roadmap, the Lawrence Berkeley National Laboratory (LBNL) has developed the
Institute of Electrical and Electronics Engineers (IEEE) Standard #1621, “Standard for
User Interface Elements in Power Control of Electronic Devices Employed in
Office/Consumer Environments” (http://eetd.Ibl.gov/Controls/1621/). There is still
much research needed in this area.

User sensing controls: Stakeholders indicate that research in this area is

underway at a variety of television manufacturers, but this R&D is not accessible for

collaboration. To facilitate widespread adoption of sleep mode technology, study the
way the most common user groups use electronic devices so the sleep mode technology will
be compatible with their behavior and not cause user inconveniences.

Software compatibility with stand-by modes: To facilitate widespread

adoption of sleep mode technology, it is essential that the technology serves the

needs of end users and network administrators and is also compatible with all
commonly used software applications and video games. According to E Source, ongoing
work in this area seems to be primarily occurring within the software and hardware
developers (e.g. Microsoft, Dell, etc.); open demonstrations of research are unknown at this
time.
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Data center requirements for DC-only operation: Since the idea of
using direct current (DC) for data centers is new, standards need to be developed
before deploying widely.

= The Electric Power Research Institute (EPRI) is conducting research in this area, see
Appendix B for more information.

DC loss reduction—basic R&D: The concept of using direct current (DC)
power supply in a data center makes intuitive sense, but it is not well tested,
especially in comparison to other approaches such as using higher alternating
current (AC) supply voltage (230V.). Basic proof-of-concept and maybe some small trials are
needed before expanding further. (NOTE: The score in this box reflects the fact that
Roadmap drafts prior to the March 2011 identified this research area as an R&D gap.)

= The Electric Power Research Institute (EPRI) is assessing efficiency and loss-reduction
potential for distribution technologies in general, including for DC power. See Appendix
B for more information.

DC Safety: Direct current (DC) acts very differently from alternating current (AC), so
we need a whole new set of safety standards, education, and training so that people
understand and implement DC safely. Emerge Alliance and the Electric Power
Research Institute (EPRI) are working to develop DC power standards for commercial
buildings that address safety concerns. (NOTE: The score in this box reflects the fact that
Roadmap drafts prior to the March 2011 identified this research area as an R&D gap.)

= For EPRI's and Emerge Alliance’s work in this area, see Appendix B.

Higher voltage conversion AC as an alternative to DC (230v): As an
alternative to converting data centers to direct current (DC), some researchers have
suggested that we could save more energy by simply converting data centers to
230V. The change would be simple and would require no equipment changes, since
computer equipment is typically provided with a 115V/230V switch. Evaluate this
thoroughly before committing to DC data centers.

= The Electric Power Research Institute (EPRI) is conducting research in this area, see
Appendix B for more information.

Universal plug adapter for DC: One of the issues with converting to direct
current (DC) is that it is totally non-standard. The development of a universal plug for
DC will greatly aid adoption.

= The Electric Power Research Institute (EPRI) is conducting research in this area, see
Appendix B for more information.

[BACK TO TOP]

UPS-PV integration (large or small): One of the things that could change
with providing direct current (DC) to data centers is the uninterruptible power system

(UPS). It is likely that many data centers will convert to DC UPS. Solar photovoltaic
(PV) systems, too, may supply DC directly rather than converting to alternating current (AC)
and back again. Research is needed to determine how most effectively to do this. Heart
Transverter, Gridpoint , and iPower are working in this area. (NOTE: The score in this box
reflects the fact that Roadmap drafts prior to the March 2011 identified this research area
as an R&D gap.)

= Heart Transverter developed a 2 kW power management device and control hardware
for integrating PV, electric vehicles, battery banks, and some other combinations of AC
or DC within its power range. See Appendix B for more information.

= Gridpoint seems to have designed a product that is specifically meant to integrate with
PV. See Appendix B for more information.

= jPower’s offering promises to tailor its UPS to specific distributed generation systems
for an added cost. See Appendix B for more information.

Direct PV to DC equipment integration: Solar photovoltaic (PV) systems

may supply direct current (DC) directly rather than converting to alternating current

(AC) and back again. This will be most effective if the voltage of the PV system is
matched with the most common voltage needed by the DC equipment. Research is needed
to determine how to do this most effectively.

Explore DC appliances with speed control: Since variable speed is easy
to do with direct current (DC) motors, having DC in the building may allow the

possibility of using many more DC motors for variable-speed applications. The
economic advantages are greatest when there is a large number of DC motors or DC
electronic loads that can all operate, or be easily adapted to operate, on the same DC
voltage.

Power line carrier performance over DC lines: Power line carrier

solutions for controls are attractive. Do some basic research to see if this is viable on

direct current (DC) systems; would likely need to avoid jumping alternating current
(AC)-DC or DC-AC converters.

Research how much “stuff” in home is DC vs. AC at the core:

Conduct basis analysis to see if there is enough direct current (DC) equipment in a

typical home to justify having a DC supply in homes. It is unlikely that the load of DC
in a home is enough to justify supplying DC.
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R&D Project Summaries |

Network/web energy usage research leading to better
awareness of energy use of Internet, email, and other computer

USES: Many users consider it environmentally benign to transfer information electronically
rather than with paper, but there is substantial energy use for this; research this and raise
user awareness. As a subtopic, perform a literature search to identify the manufacturers,
national labs, and other organizations involved with R&D on the broader use of optical data
transfer, which is more energy efficient than metal cables.

= For more information on the Lawrence Berkeley National Laboratory research in this
area, see Appendix B.

Improving information management: Perform a literature search to

identify the manufacturers, national labs, and other organizations involved with R&D

on information displays.

Information synopsis for energy savings: Perform a literature search and
primary research needed to identify potential energy savings by systems and

software that automatically summarize lengthy documents for users.

User comfort with VR goggles: Virtual reality (VR) goggles can replace
displays using much more energy, but research is needed on user comfort with VR
goggles. Also examine the potential savings, comfort, and usability of miniaturized
displays embedded in traditional eyeglass frames.

= The Massachusetts Institute of Technology (MIT) Media Lab is currently researching VR
viewing technology; see Appendix B for more information.

Integrate cable, TV and phone to the Internet: Using one appliance to

do computing, cable TV, and phone could conceivably save energy. Research to

examine the extent that that full function is maintained or improved would be useful.

More efficient server use: To greatly cut energy use for data center servers
and cooling, research "virtualization," which increases the sharing of servers so fewer

Assess secondary research on state-of-the-art information

displays: Perform a literature search to identify the manufacturers, national labs,
and other organizations involved with R&D on information displays as a potential
path to energy savings.

servers and power supplies are needed.

Optical data transfer to replace metal cables: Perform a literature

search to identify the manufacturers, national labs, and other organizations involved

Ergonomic research on right-sized TV & computer displays: The
trend in TV and computer displays seems to be "bigger is better," which increases
energy use. Research "right-sized" displays.

[BACK TO TOP]

with R&D on the broader use of optical data transfer, which is more energy efficient
than metal cables.

Visual performance impacts with micro-screens: Using smaller

computer screens saves energy, but for some applications performance may be

reduced such that this is not feasible. Research user feedback.
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R&D Project Summaries |

Broad research on component-level efficiency opportunities in
electronics: Explore a wide range of approaches to component efficiencies
utilizing untapped and underutilized opportunities.

= The Electric Power Research Institute (EPRI) is conducting various electronics R&D

projects for gaming consoles, network devices, computers, and related technologies
under their Program 170; more information about this work in Appendix B.

Chip efficiency: Continue advancing R&D efforts that target microprocessor and
other chip efficiencies. Stakeholders report that research is ongoing at Advanced
Micro Devices, Inc. (AMD), Intel Corporation, and other manufacturers. Ongoing
research from manufacturers tends largely to be proprietary and, therefore, not thoroughly
or consistently reported through companies’ web pages.

= Intel Corporation’s research group-Intel Research—works on a variety of projects
applicable to regional stakeholders’ interests, including cloud computing, energy,
microarchitecture, and personal energy systems. See
http://techresearch.intel.com/index.aspx and
http://techresearch.intel.com/ResearchAreaDetails.aspx?ld=2 for more information.

= Semiconductor design company AMD has a research division—AMD Research—with
locations throughout the U.S. where work is done in a variety of areas related to
semiconductors and information technology systems; see
http://www.amd.com/us/aboutamd/corporate-
information/research/Pages/research.aspx.

Memory efficiency: Continue advancing R&D efforts that target memory
efficiency, including development of new, lower-power memory technologies.
Stakeholders report that research is ongoing at SanDisk and other manufacturers.
Ongoing research from manufacturers tends largely to be proprietary and, therefore, not
thoroughly or consistently reported through companies’ web pages.

= SanDisk: http://www.sandisk.com/.

[BACK TO TOP]

Power supply efficiency: Continue advancing R&D efforts that target power
supply efficiency. The Electric Power Research Institute (EPRI), Ecova, Inc., and the
California Energy Commission’s (CEC) Public Interest Energy Research (PIER)
program are involved in this work.

= EPRI and Ecova, Inc., (http://www.ecova.com/), with funding from the CED PIER
program, have collaborated to create and maintain a website to serve as a forum on
current and recently completed R&D on energy efficient power supplies in the “active”
or “on” mode (http://www.efficientpowersupplies.org/).

= Ecova, Inc., maintains the website EfficientProducts.org to provide a central location
showcasing research on energy efficient consumer products
(http://www.efficientproducts.org/index.php).

= An overview of CEC PIER-funded research in consumer and office electronics as of
April 2010 can be found at
http://www.calit2.uci.edu/uploads/Media/Text/Meister_CECPresentation_Consumera
ndOfficeElectronics_Meister.pdf.

Simpler and more energy efficient PCs that still meet needs of

70 percent of users: Explore innovative approaches to reducing energy use by
mass-market PCs. Stakeholders report that research is ongoing at Dell, Hewlett-
Packard (HP), Apple, and other manufacturers. Ongoing research from manufacturers tends
largely to be proprietary and, therefore, not thoroughly or consistently reported through
companies’ web pages.

= Apple, Inc., reports that every product they sell exceeds ENERGY STAR specifications,
and that their goal is to reduce energy use with their laptop and desktop computers
while not negatively impacting user experience. Their research includes both hardware
and software products, and focuses on three areas: 1) using more efficient power
supplies; 2) using components that require less power; 3) using power management
software; see http://www.apple.com/environment/energy-efficiency/.

= The work of HP’s worldwide research group—HP Labs—spans a range of technical
applications and business areas, including cloud computing, security, information
analytics, infrastructure, and networking. HP introduced their rp5700 Desktop PC in
2007 that achieved the highest performance rating of the Electronic Products
Environmental Assessment Tool (EPEAT) (http://www.epeat.net/) registry and met
ENERGY STAR® 4.0 requirements; in April 2010, HP introduced two space-saving and
energy-efficient desktop PCs; see http://www.hpl.hp.com/ and
http://www.hp.com/hpinfo/newsroom.

Integrated solutions for device component on/off state: Develop

"whole-device" approaches and technologies that minimize or eliminate component

standby losses in any operational state.
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Integrate algorithms with device architecture: Develop software-
hardware hybrid approaches to minimize servers' and other electronic systems'
energy use. Stakeholders indicate that research in this area is underway at NetApp,
Inc. (http://www.netapp.com/us/), but this R&D is not always accessible for collaboration
and tends largely to be proprietary and, therefore, not thoroughly or consistently reported
through companies’ web pages.

Rebound effect —which technologies are most susceptible to

this?: Perform human factors R&D to determine which combinations of products

and users are most likely to cancel out intended energy savings. Stakeholders
indicate that research in this area is underway at a institutions that specialize in
measurement & verification (M&V) and behavior, but further information about this R&D is
not known as of Feb. 2012.

Integrated design: Develop tools and approaches to help manufacturers do
whole-system designs that achieve ultra-low energy consumption. Stakeholders
indicate that research in this area is underway at a variety of television
manufacturers, but this R&D is not accessible for collaboration and tends largely to be
proprietary and, therefore, not thoroughly or consistently reported through companies’ web
pages.

[BACK TO TOP]

Broad research on system-level efficiency opportunities in

electronics: Explore a wide range of approaches to product efficiencies utilizing

untapped and underutilized opportunities.
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Automated systems to shut down all electrical devices not in
use: Stakeholders indicate that various products are already equipped with this

Use of hotel keys to activate room power: Continue advancing key-
based systems that disable lighting, HVAC and other energy uses in hotel rooms

functionality, but that there is a need to advance current best practices for products

when not occupied.

that turn themselves off when not in use. = Madison Gas and Electric of Wisconsin has compiled an overview of the potential

Requirement standards for sleep / stand-by modes: Develop
equipment and code-based approaches to eliminating product energy consumption

benefits associated with hotel room automation systems:
http://www.mge.com/business/saving/madison/PA_63.html. They have also collated
links to nineteen automation controls manufacturers
(http://www.mge.com/business/saving/madison/PA_manufacturers.html#PA63).

when not in use. Research is ongoing at the California Energy Commission (CEC),
Pacific Gas & Electric (PG&E), the Lawrence Berkeley National Laboratory (LBNL), and

ENERGY STAR.
= CEC research in this area has not yet been specified as of Feb. 2012.

Behavioral issues / opportunities for coming generation of
“smart homes”: Perform human factors R&D to develop understanding of

= Stakeholders referenced PG&E research in this area, which is likely conducted by the

opportunities and barriers for energy reductions in home automation using current

PG&E Emerging Technologies Program. This program does not have its own website, and emerging technologies.

and current contact information is not readily apparent; as of Feb. 2012, attempts
continue to track-down this information.

= Ongoing work in this area at the LBNL can be found in Appendix B.

= ENERGY STAR sleep-mode/stand-by standards for computers and electronic
equipment can be found at
http://www.energystar.gov/index.cfm?c=products.pr_find_es_products.

[BACK TO TOP]
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Product/Service Area :

Performance

GAP

Product/Service
Performance

GOAL

Technology

R&D
Program

Don’tcurrently have “on-board” diagnostics or data streams
to collect

Don’t have redundant or corrective hardware

Don’tcurrently optimize
economizer, indoor venti

Doesn’t communicate (2-way) well with building controls

relative to performanceissuesin equipment and systems

Not tied to building need

HEATING, VENTILATION, AND AIR CONDITIONING Northwest Energy Efficiency

Technology Roadmap

use of ambientor indoor conditions, e.g.,
lation controls, heat recovery |

s/loads

Predictive maintenancein 100%

Ventilation/temperature/humidity delivery matched to actual uses at granular
level so controls can be designed appropriately with monitoring (MT)

of new sales (ST)

Intelligent controls connected/communicating with buildings & spaces so unit

operation (MT)

Predictive controls to optimize | delivers only what spaces need (MT)

Intelligent Systems with predictive, diagnostic Initial self-
controls & self-healing processes (LT) healing/correcting (MT)

1
Pattern recognition/learning system d |
(MT) :

User-aware & self-
diagnosing controls
for the packaged
HVAC unit

\ T

No current MTBF testing, case (Title
24 goal for 2013)

User Aware, self-program

Reliable & effective
economizers controls &
systems

Self optimizing controls I| g

l Someresearch on neural Nets
Expand spec regular use | -

Hardwareis available;, need more
reliable fault detection and
diagnostics controls at smaller
scaleto drive market acceptance

- Performance Gap - Current Technology

- Tec

not conclusive—need more

of closed loop controls -
P algorithm development

Someresearch on neural networks, etc.
not conclusive; need more algorithm
development

hnology Gap (R&D need) Priority Score of R&D Gap

(Max=100)

- Performance Goal
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R&D Project Summaries | ——

Hardware is available; need more reliable FDD controls at No current MTBF testing, part of CEC CASE study (Title 24 goal

smaller scale to drive market acceptance: Though hardware is available for 201.3): Need better information on the mean time between failures (MTBF) for

for sophisticated controls, more work is needed on software and thoughtful design different equipment in order to inform predictive maintenance programs and
and application of sophisticated fault detection and diagnostics (FDD) controls. controls.

= Engineering graduate student Siyu Wu is currently working on thesis research at the
Applied Controls Laboratory of the University of California at Merced, under the
guidance of Dr. Jian-Qiao Sun (http://faculty.ucmerced.edu/jgsun/index.html). They

delivered a paper at the American Council for an Energy-Efficient Economy (ACEEE) A

2010 conference, “Multilevel Fault Detection and Diagnosis on Office Building HVAC Some rese?mh on neural net.works, etc., not conclusive; need
Systems.” This paper presented a multilevel fault detection method that allowed for more algorithm development: More research on neural networks and
the uniform application of the FDD strategy to an entire building artificial intelligence is needed to help inform design of self-healing and learning
(http://eec.ucdavis.edu/ACEEE/2010/data/papers/1992.pdf). HVAC controls systems.
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Product/Service Area :

Performance

GAP

Product/Service
Performance

GOAL

Technology

R&D
Program

- Performance Gap
- Performance Goal
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HEATING, VENTILATION, AND AIR CONDITIONING

collect

performance issues in equipment and systems

economizer, indoor ventilation controls, heat recovery

Don't currently have “on-board” diagnostics or data streams to

Doesn’t communicate (2-way) well with building controls relative to

Don’t currently optimize use of ambient or indoor conditions, e.g.,

cooling beyond actual vent need

Current high-energy use for distribution of heat and

100% of new construction self-diagnosing controls

Initial self-healing/correcting (MT)

for the packaged HVAC unit (ST)

Economizer controls & systems (seals, actuators,
dampers) that are reliable & effective (ST)

Intelligent Systems with predictive, diagnostic controls
& self-healing processes (LT)

Predictive controls to optimize operation
(MT)

| Pattern recognition/learning system (MT) |

Intelligent controls connected/communicating with
buildings & spaces so unit delivers only what spaces
need (MT)

User aware, self-program
thermostat

| User-aware & self-diagnosing controls for the packaged HVAC unit

| Reliable & effective economizers controls & systems

User notification of status |

| Self optimizing controls

Hardware available; software development
needed @ Purdue

- Current Technology

Current R&D (R&D underway)

Technology Roadmap

Packaged equipment (up to 20 tons capacity) for 100%
of new construction, to capture all lost opportunities in
the new and replacement market (LT)

Controls to meet indoor air needs — no excess vented
air beyond occupant needs (LT)

Predictive maintenance in 100% of new sales (ST)

Expand spec regular use
of closed loop controls

RTU simple fault detection and
diagnostics sequence testing @ BPA

- Technology Gap (R&D need)
R&D Gap (No known R&D)

ES)

Northwest Energy Efficiency

Priority Score of R&D Gap




R&D Project Summaries !  —

Hardware is available; software development is needed: Much of RTU simple fault detection and diagnostics sequence testing:

the hardware useful for implementing self-diagnoses of HVAC equipment controls is Bonneville Power Administration conducted research in 2008-2009 on roof-top
available. The biggest remaining need is good software and design. units (RTUs) with special attention paid to controls and fault detection and

= The Purdue University Energy Center's Smart Buildings Research group is working on diagnostics; see http://www.bpa.gov/energy/n/emerging_technology/AirHandlerControls.
fault detection and diagnostics software; as of Feb. 2012, specific R&D project cfm.
information is not readily apparent through the research group’s website, but general
information can be found at

http://www.purdue.edu/discoverypark/energy/research/efficiency/green_building.ph
p.
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Technology Roadmap

; - 1 Don’t currently have “on- Don't have
Don’t currently have “on-board” . | Doesn’t communicate (2-way) well | board” diagnostics or data | | redundant or
| diagnostics or data streams to collect | | | ith building controls relativeto | | streams to collect corrective hardware
Performance e —————————————————— R |5/ {{)217(E (125U (7] (6 10T :
Don't have redundant or corrective i!] and systems I Doesn’t communicate (2-way) well with building
GAP ; o — controls relative to performance issues in

equipment and systems

100% of new construction self-diagnosing controls

icti i i 0,
Predictive maintenance in 100% of new for the packaged HVAC unit (ST) |

Product/Service sales (ST) :
Performance |

Economizer controls & systems (seals, actuators, I q — 5
GOAL : : — i | dampers) that are reliable & effective (ST) | Predictive controls to I
Intelligent Systems with predictive, : || optimize operation (MT)
diagnostic controls & self-healing i 1
processes (LT)

Initial self-healing/correcting (MT)

Intelligent controls connected/communicating with I J 1
buildings & spaces so unit delivers only what | Predictive maintenance in | |
spaces need (MT) 1 | 100% of new sales (ST)

| | Predictive controls to optimize operation (MT)

| | Pattern recognition/learning system (MT)

Technology P __A. .......................

User-aware & self-diagnosing

| Predictive maintenance |

1
1
1
1
1 e .

Self optimizing | : | User notification of status |

controls for the packaged controls s -

1
1
1
1
1
1
1

Predictive energy use, alerts when

L | Predictive maintenance | HVAC unit |
H not meeting targets

|
| Reliable & effective economizers controls & systems | |

| Self optimizing controls |

i | User notification of status |

— . e = - - - - ———— =

| | Predictive energy use, alerts when not meeting targets | |
et e s e ee e 5

Research to reduce maintenance @

WCEC, NIST, ETO

R&D
Fault response on compressor related
Program to US companies

Air conditioning Rx Sentinel field
study @ CEC PIER

- Performance Gap - Current Technology - Technology Gap (R&D need) Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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R&D Project Summaries |  T——

Air Conditioning Rx Sentinel field study: Developing and testing self- Fault response on compressors related to U.S. companies: one of
diagnostic controls for air conditioning will help increase reliability and efficiency of the important areas to develop right now is self-diagnostic controls. An important
HVAC systems. Stakeholders indicated that this study was underway through the aspect of that is to develop and implement fault response on compressors.

California Energy Commission’s (CEC) Public Interest Energy Research (PIER) program, but
further details of this were not available as of Feb. 2012.

Research to reduce maintenance: Reducing maintenance on energy-
efficient equipment can help expedite uptake of the equipment. Downtime in itself
can be wasteful and reduces service. Replacing equipment prematurely likewise
increases embedded energy of equipment and reduces service. Research is ongoing at the
National Institute of Standards and Technology (NIST) and the Western Cooling Efficiency
Center (WCEC) at the University of California Davis, and the Energy Trust of Oregon (ETO) is
also involved in this work in some capacity.

= WCEC is working to commercialize fault detection and diagnostics tools. See Appendix
B for more information.

= NIST’s Energy and Environment Division has two ongoing fault detection and
diagnostics projects. See Appendix B for more information.

= ETO staff reported in February 2012 that their projects and programs do not explicitly
address maintenance reduction, though this is often an ancillary benefit of their work;
they also do not work formally within a fault detection paradigm. However, they are
engaged in a number of ongoing programs and pilot projects involving energy
information systems for commercial buildings, a roof top unit tune-up program, and
soliciting customer and contractor feedback on energy use and equipment operation
to help them manage energy use. See Appendix B for more information.
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Product/Service Area :

HEATING, VENTILATION, AND AIR CONDITIONING

Northwest Energy Efficiency
Technology Roadmap

Need reliable and cost-effective sensors,

controls, and algorithms

Performance

GAP

Don'’t currently optimize use of ambient or
indoor conditions, e.g., economizer, indoor
ventilation controls, heat recovery

| || need

Not tied to building needs/loads

Current high-energy use for distribution
of heat and cooling beyond actual vent

Product/Service
Performance

Controls to meet indoor
air needs — no excess
vented air beyond
occupant needs (LT)

GOAL

Make cost-effective and
reliable heat recovery
available in RTUs and
other HVAC systems

Technology

i| Ventilation/temperature/humidity delivery
| matched to actual uses at granular level so
{| controls can be designed appropriately

:| with monitoring (MT)

Predictive controls to optimize operation
(MT)

Delivery of only what the space
of occupant needs (LT)

Economizer controls & systems

are reliable & effective (ST)

;| Reliable & effective
i| economizers controls &
;| systems

Reliable & effective
economizers controls &

systems

i| Heat recovery
i| optimization controls
;| and algorithms

Fast, accurate controls for
enthalpy and air flow

R&D
Program

Heat recovery optimization routines
such that economizer performance is
not impacted

- Performance Gap

Performance Goal

[
|
|
|
|
(seals, actuators, dampers) that :
|
1

Work with manufacturing
community as in trade
associations and interest groups

Maximum efficient

distribution of HVAC (don’t
use ducts if you don’t need
them) (LT)

Packaged equipment (up to
20 tons capacity) for 100% of
new construction, to capture
all lost opportunities in the
new and replacement market
(LT)

Reliability of enthalpy
controls @ NBI

- Current Technology

Compact and reliable
condensing burner /
furnace for RTU
application

Condensing gas pack RTUs @
NRCAN, CEE, others

- Technology Gap (R&D need)

Case studies to validate
system energy savings
and reliability

Reduce or eliminate
space heating and/or
water heating
requirements in grocery
stores and supermarkets
by recovering waste heat
from refrigeration and AC
equipment

Modular heat recovery
heat exchangers and

controls
A

Modularize grocery and supermarket
waste-heat recovery for space and
domestic water heating

Gap not yet scored

Priority Score of R&D Gap
(Max=100)

79 m MARCH 2012

Current R&D (R&D underway)

R&D Gap (No known R&D)




R&D Project Summaries |

Condensing gas pack RTUS: Rooftop units (RTUs) with condensing gas heat
will be much more efficient than non-condensing. Field test as necessary and

encourage implementation in the Northwest. Stakeholders indicated that work in this
area is ongoing at the Consortium for Energy Efficiency (CEE) and Natural Resources
Canada (NRCAN); CEE staff member Tony Gross has also indicated that Douglas Kosar at
the Gas Technology Institute and Dick Lord at Carrier Corporation have expertise in ongoing
research in this area, and BPA staff is in the process of following-up with these contacts.

= Martin Thomas oversees NRCAN (http://www.nrcan.gc.ca/home) research in this area;
as of Feb. 2012, Bonneville Power Administration staff have queried Mr. Thomas for
more information.

= CEE does not conduct its own technical research in this area, but does keep abreast of
R&D and helps bring emerging technologies into the marketplace; see
http://www.ceel.org/.

= Gas Technology Institute:
http://www.gastechnology.org/webroot/app/xn/xd.aspx?it=enweb&xd=gtihome.xml.

= Carrier Corporation: http://carrier.com/Carrier+Corporate+Sites/Corporate

[BACK TO TOP]

Reliability of enthalpy controls: Good enthalpy control is important for
efficient control of economizers. To date, enthalpy controls have been found to have

notorious reliability issues. Developing and testing a reliable enthalpy control could
help save significant energy in the Northwest. Stakeholders have indicated that work is
ongoing in this area at the New Buildings Institute (http://newbuildings.org/), but as of Feb.
2012, no further information on such efforts have been uncovered.

Heat recovery optimization routines such that economizer
performance is not impacted: Developing controls and system designs to

optimize heat recovery and use of outside air can reduce or eliminate HVAC compressor and
burner operation for many hours per year.

Modularize grocery and supermarket waste-heat recovery for
space and domestic water heating: Do a field study of using heat recovery

from grocery refrigeration or air conditioning to use for space heating in other areas
or to pre-heat domestic hot water.
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Technology Roadmap

|| Trained Don't have redundant or N T X l
l technicians corrective hardware pon U curren_tl_y TR WSS o gmbl_ent or |
: indoor conditions, e.g., economizer, indoor |
e EIHENEE VRF energy savings potential, l Don'’t currently have “on-board” diagnostics | | Ventilation controls, heat recovery [
control optimization not well | or data streams to collect : 2
GAP understood . Not tied to building needs/loads || Information on energy

-| performance, optimization,
Current high-energy use for distribution of || and mini-split system

heat and cooling beyond actual vent need control best practices

Doesn’t communicate (2-way) well with
building controls relative to performance
issues in equipment and systems

s e - - .. ... A R
: '| Need the equivalent of - ... £ = ‘_‘_ ______ Al -
Product/Service 1| ASHRAE Manual chapter on q I| Ventilation/temperature/humidity delivery | [ g T |
Performance : VRF design, control, and | | matched to actual uses at granular level so | | Clarify variable refrigerant flow system energy | Variable speed control on ALL U
1| energy savings optimization ; ‘| controls can be designed appropriately with | | benefits, trade-offs, and optimal control strategies | systems, fsans, compressors, |
GOAL i : | monitoring (MT) | for mini-split AC and heat pumps | pumps, e(ST) i
i I 5
; ; : | e 1
: Clanfy variable refngeram. I = i_ 2 Maximum efficient distribution of I
, | flow system energy benefits, ! | Delivery of only what the space of occupant needs (LT) HVAC (don't use ducts if you don’t |
! trade-offs, and optimal control |, | |_ ______________ e R | need them) (L) I
| | strategies I | 4 e !
1
e —— ' : - - |
| Controls to meet indoor air needs — Intelligent controls connected/communicating with Work Wllh manyfacturlng o |
i o no excess vented air beyond buildings & spaces so unit delivers only what community as in trade associations :
! occupant needs (LT) spaces need (MT) and interest groups |
Variable refrigerant flow e R | e | ——— ][ ------- et L e e e 4
systems and controls ¢ =
Technology ;‘ i
Need to downscale what's j:[ variable refrigerant flow '
available on big chiller for systems and controls for I
smgller units and integrate with I:| mini-split AC and heat pump |
maintenance systems | appicafons |1 e e e e e |
| Variable speed everything with Fast, accurate controls Self optimizing |
I:] low cost, high reliability for enthalpy and air flow | | controls I
| — y i
_______________________________ A
More information about energy A
use; improve controls @ BPA, Better mini-split
EPRI, SCE, others controls with
variable refrigerant
flow (VRF
R&D appli(catio)ns Water-based VRF
systems to
Program tems t
incorporate
geothermal with
Field test variable speed heat VRF

pumps @ EPRI (testing equipment
built by Daikin Industries, Ltd.)

- Performance Gap - Current Technology - Technology Gap (R&D need) Priority Score of R&D Gap
(Max=100)

- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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R&D Project Summaries |

Field test variable speed heat pumps: One of the most promising heating
and air conditioning technologies is variable refrigerant flow, or "multi-split" systems.

Better mini-split controls with flow (VRF) applications: variable
refrigerant flow (VRF) and other control optimization can make mini-splits even better

However, good field testing is needed to verify that it can perform in the field as
promised in theory. Stakeholders reported that the Electric Power Research Institute (EPRI)
was conducting research in this area specifically with technologies developed by Daikin

alternatives to conventional central air conditioning.

Industries; as of Feb. 2012, further information about this testing was not known.

Water-based VRF systems to incorporate geothermal with VRF:
So much attention has been given to air-source heat pumps recently that the

variable refrigerant flow (VRF) "multi-split" and "mini-split" systems are nearly as

More information about energy use; improve controls: Develop efficient as ground-source and water-source heat pumps. Could we combine the

reliable engineering and technical information on how to optimize variable refrigerant technologies, using what we have learned in VRF technology to further increase the

flow (VRF) energy savings while assuring comfort and reliability. efficiency of water-source heat pumps? Both Mitsubishi and Daikin Industries, Ltd., offer
= Thirty-five subject matter experts representing Bonneville Power Administration (BPA), products that represent some progress in this area.

the Electrical Power Research Institute (EPRI), Southern California Edison (SCE), and
seventeen other institutions collaborated from 2009-2011 to produce the Variable
Capacity Heat Pump Measure Development Roadmap
(http://www.bpa.gov/energy/n/emerging_technology/VCHPOverview.cfm). As part of
this effort, BPA contracted EES Consulting of Kirkland, Washington, to perform
secondary research and provide estimates of efficiency improvements in the
Northwest by applying variable capacity heat pump technology; see “Measure
Summary Report: Variable Refrigerant Flow,” February 2011,
http://www.bpa.gov/energy/n/emerging_technology/pdf/BPA_VRF_Measure_Report_
Final_R1.pdf.

= EPRI continues to conduct laboratory testing and modeling of advanced variable
refrigerant flow systems in partnership with SCE and the Florida Solar Energy Center
(FSEC) and funding from BPA’s Energy Efficiency Emerging Technology (E3T) team;
more information in Appendix B.

[BACK TO TOP]

= The Mitsubishi City Multi WY Series 56.0 kW Heat Pump and City Multi WR2 Series 63

kW Heat Recovery systems are commercially available in the marketplace. They are
built for simultaneous heating and cooling and provide substantial savings on
installation and operations costs (http://www.mitsubishielectric.com.au/374.htm,
http://www.mitsubishielectric.com.au/376.htm).

Daikin Industries’ VRV-WIII Intelligent Air Conditioning System is a heat exchange

system using water as a heat source (http://www.daikin.com.hk/pdf/PCV0826.pdf).
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Product/Service Cost and size limitations
Performance for currently available
ECMs
GAP A - -
Cost-effective technology, case studies,
education, application standards
Product/Service -
Performance Variable speed control on ALL systems, fans,
compressors, pumps, e(ST)
GOAL A

Variable spegj control on
ALL systems, fans,
compressors, pumps,
e(ST)

Technology

g
- - Variable speed everything with low cost, high
Variable speed everything reliability
with low cost, high

reliability
1

Make electronically N X
commutated motors bigger Drop-in electronically commutated

and compatible with belt- motors for residential, need
R&D driven loads furnaces, case studies, savings, etc.;
commercially-available products @
Program McMillian Electric Co., Genteq
Motors, and Emerson Climate
Technologies

- Performance Gap - Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap
- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)

ES)

83 m MARCH 2012



R&D Project Summaries |

Drop-in electronically commutated motors for residential

applications: Use of electronically commutated motors (ECMs) for small motors
could decrease energy use and increase ease of speed control significantly. A line of
ECMs that would drop-in easily for retrofits would make implementation easier and more
widespread. (NOTE: The score in this box reflects the fact that Roadmap drafts prior to the
March 2011 identified this research area as an R&D gap.)

Make electronically commutated motors bigger and compatible
with belt-driven loads: electronically commutated motors (ECMs) have been
very effective for saving energy and simplifying speed control for small motors.
Having them available in larger sizes could simplify many retrofits, increase efficiency, and
simplify design of variable speed systems.

= E Source reported in January 2011 that they were not aware of any current research

= As of January 2011, E Source reported that there were at least three commercially-

available options for drop-in replacement brushless permanent magnets (BPM, a.k.a.,
electronically commutated motors) for furnace and/or air conditioning motors (see
http://www.esource.com/node/27096); these included

o McMillian Electric Company (http://www.mcmillanelectric.com/) offers the high-
efficiency Concept 3 motor with climate optimized controls for standard heating
and air conditioning systems (http://www.proctoreng.com/c3motor.html).

o Genteq Motors (http://gentegmotors.com/) offers the Evergreen IM high-
efficiency ECM designed to replace HVAC system blower motors.
(http://gentegmotors.com/products/genteq/evergreen-im/).

o Emerson Climate Technologies (http://www.emersonclimate.com/en-
US/Pages/Home.aspx) offers the Rescue Ecotech® is designed to drop-in to
existing permanent split capacitor blower applications, and does not require
complex wiring modifications or system control changes
(http://www.emersonclimate.com/en-
US/products/motors/variable_speed_ecm/rescue_ecotech/Pages/rescue_ecote
ch.aspx).

[BACK TO TOP]

into very large ECMs, because as ECM motor size increases, the technology has to
compete with highly efficient 3-phase motors. Research in electric vehicle
technologies is illustrative. E Source Research Manager Bryan Jungers reported that
his analysis of direct current-permanent magnet (DC-PM) motors in comparison to
alternating current (AC) induction motors showed that the DC motors tended to be 10
to 20% more energy efficient on average in the 75kW range. For larger motors (~200+
kW), however, the AC induction motor is the preferred option, as it is usually smaller,
lighter, and less expensive. For applications less than or equal to about 50 kW, the
PM motors seem to have a size and weight advantage, partly due to their smaller and
lighter motor controller. In the range of 50 to 150 kW, the market seems somewhat
split on these two options: for heavy-duty vehicle applications, AC is the preferred
technology, while for light-duty vehicles, PM seems to have an edge thus far. The 50 to
150 kW range is effectively where the cross-over might be for switching from one
technology to the other.
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Northwest Energy Efficiency

Product/Service Area :
Technology Roadmap

HEATING, VENTILATION, AND AIR CONDITIONING

Don't currently optimize use of ambient or indoor conditions, e.g., economizer,

Predictable, enforceable . o
indoor ventilation controls, heat recovery

RTU efficiency standards
to enable maximum
savings from this pervasive

Performance : S
Not tied to building

needs/loads

Current high-energy use for distribution of heat and
cooling beyond actual vent need

Performance

GOAL

Technology

R&D
Program

- Performance Gap

associations and interest groups

Economizer controls & systems
(seals, actuators, dampers) that
are reliable & effective (ST)

construction, to capture all lost
opportunities in the new and
replacement market (LT)

Functional performance test
definition for factory testing (ST)

RTU performance test protocols

A

ASHRAE 1608-RTAR

\ 4
Develop load based lab testing for RTUs @

- Current Technology

| | needs — no excess vented

| LD

Controls to meet indoor air

air beyond occupant needs

Delivery of only what the space of
occupant needs (LT)

Maximum efficient distribution of
HVAC (don’t use ducts if you
don’t need them) (L)

software

Building simulation

A

Do field tests to compare
building models to actual

energy use to provide feedback

in order to help develop more
accurate building simulations
@ NIST, DOE’s GPIC

GAP technology
A
Work with manufacturing Packaged equipment (up to 20 tons - = @ N~ ’ ________ .
Product/Service community as in trade capacity) for 100% of new SEmG e o wmen s mE e e s - L s e

Quantify and deliver
predictable energy savings
from HVAC distribution
zone control systems

HVAC distribution
system zoning
controls

Predictive occupancy
residential HVAC zone
control distribution
system @ MountainLogic

Need more a%curate
modeling to compare
systems more easily @
Cornell University, LBNL

- Technology Gap (R&D need)

Field M&V test for zoning
savings @ Cadmus Group
& NBI

Priority Score of R&D Gap
(Max=100)

- Performance Goal
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R&D Project Summaries |

Develop load-based lab testing for RTUs (ASHRAE 1608-RTAR):
The American Society of Heating, Refrigeration, and Air-Conditioning Engineers
(ASHRAE) is currently working on updating the testing standard for roof-top units;
ASHRAE 1608-RTAR. Once that is completed, implement the standard in the Northwest.
Information about this standard is not readily apparent through ASHRAE’s website;
Bonneville Power Administration staff queried ASHRAE as of Feb. 2012 and are still
awaiting reply.

Need more accurate modeling to compare systems more easily:
Building modeling for design has been a great boon to designing energy-efficient

Do field tests to compare building models to actual energy use;
provide feedback to help develop more accurate building
simulations: Do field tests to compare building model to actual energy use when built.
Provide feedback to building modeling developers to help them develop more accurate
building simulations. Teams at the National Institute of Standards and Technology (NIST)
and the U.S. Department of Energy (DOE) are working in this area.

= NIST’s Energy and Environment Division is engaged in one facet of this research with
their “Design and In-Situ Performance of Vapor Compression System” project. More
information in Appendix B.

= E Source reported that as of early 2012, the DOE had established an “Energy
Innovation Hub” in Pennsylvania called the Greater Philadelphia Innovation Center
(GPIC). They plan to devote a significant part of their efforts to comparing measured
performance to modeled performance, including computational tools that will enable
robust and rapid design of integrated building systems
(http://gpichub.org/activities/tools/tools).

buildings, but there's much room for improvement. We should make it much easier

to try out alternative scenarios without having to do detailed re-designing of the building
model. Researchers at the Lawrence Berkeley National Laboratory’s (LBNL) and Cornell
University are working on aspects of this.

LBNL'’s Simulation Research Group is involved in research, development, and
deployment of building design and operation software tools. Recent products that
they’ve launched include EnergyPlus whole building simulation tool
(http://appsl.eere.energy.gov/buildings/energyplus/), Building Controls Virtual Test
Bed (http://simulationresearch.lbl.gov/bcvtb), and the GenOpt generic optimization
program (http://simulationresearch.lbl.gov/GO/).

The LBNL Simulation Research Group also manages the “Modelica Library for Building
Energy and Control Systems,” a free and expanding library of open-source dynamic
simulation models for building energy and control systems
(http://simulationresearch.lbl.gov/modelica). Administrators of this library seek
contributions to the library’s holdings, and are particularly interested, as of early 2012,
in expanding the library; validating models currently in the library; enhancing
documentation; and improving the numerical robustness of large system models.

A team within the Cornell University Program of Computer Graphics is working on a
three-year grant funded by the Department of Energy (using American Recovery and
Reinvestment Act (ARRA) funds) to use computer building simulations to streamline
green design; see Appendix B for more information.

Field M&V test for zoning savings: Do field monitoring and verification

(M&V) tests to gather data for optimizing design choices for zoning with different
heating and cooling systems.

= BPA’s Energy Efficiency Emerging Technology (E3T) is currently working with the
Cadmus Group and the New Buildings Institute (with guidance from the Northwest
Power & Conservation Council’s Regional Technical Forum) to build upon pilot tests in
2008-2009 to develop methods for measuring and verifying electricity savings from
HVAC system retro-commissioning. Full description and project details at
http://www.bpa.gov/energy/n/emerging_technology/RetroRTU.cfm.

Predictive occupancy residential HVAC zone control distribution

[BACK TO TOP]

system: Significant energy savings will result from refining and tailoring occupancy
controls to improve upon existing control systems.
MountainLogic, Inc., is working on a project funded by the BPA Technology Innovation

office to develop a retrofit solution for central forced air HVAC systems that will provide
predictive occupancy residential zone control. See Appendix B for more information.
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Technology Roadmap

Don’t currently optimize use of ambient or indoor conditions, e.g.,

economizer, indoor ventilation controls, heat recovery Trade-offs among various approaches to drilling

Performanc for ground-source heat pump heat exchanger
Current high-energy use for distribution of Not tied to building placement are not well understood
GAP heat and cooling beyond actual vent need needs/loads

Non-vapor compression cooling
(S.S. or Evaporative) (LT)

Retrofitable radiant heating ,
cooling in residential,

Product/Service Delivery of only what the space of occupant Reduce costs and increase cost

I 1
| 1
I 1

Performance | needs (LT) : predictability for ground-source commercial, industrial
! i heat pump installations

GOAL ' i — -

!| Maximum efficient distribution of HVAC (don’t || A Retrofit variable air flow
1| use ducts if you don’t need them) (L) 1 system wireless,
1 1
it by I Desiccant cooling (if shown to

be more viable than in the past)
—not applicable in this climate,
small market niche

Heat recovery
ventilation as primary

Technology Improved building energy house heat
simulation software with - -
parametric analysis ® Hybrid vapor compression /
capabilities to better model Geoexchange with HRV (may evap. cooling systems and
variations in real-world be abandoned) sub-systems
operating conditions
A A Wireless controls that meet or exceed
all standards for wired controls — move

to market case study

Equipment rack with
water cooled — high
(delta)T low flow

o . Indirect EVAP with
More variability, determined Geothermal bore testing for different boring technology thermal mass/night
R&D automatically in simulation for more performance, integrating into the building structure flush
Program realistic systems modeling
Gap not yet scored

HPWH, heat
recovery for whole
house heating

Gap not yet scored

- Performance Gap - Current Technology - Technology Gap (R&D need) Priority Score of R&D Gap
- Performance Goal Current R&D (R&D underway) R&D Gap (No known R&D)
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Geothermal bore testing for different boring technology More variability, determined automatically in simulation for more
performance, integrating into the building structure: it would be realistic systems modeling: Building modeling for design has been a great
worthwhile to have some good data on what kind of drilling is generally most cost- boon to designing energy-efficient buildings, but there is much room for
effective under certain conditions for geothermal heating and cooling systems. Test the improvement. We need to develop the capability to program-in more variability for specific
different methods against each other for cost-effectiveness. If not already available, develop building conditions. Ideally, the program could anticipate some of the specific features. We
a best practices guide for what conditions favor which drilling techniques. should also make it much easier to try out alternative scenarios and perhaps have modules

= |nJanuary 2011, E Source offered the following citations on work that may be that would automatically suggest design optimization options.

relevant:

o Harvey M. Sachs, Geology and Drilling Methods for Ground-Source Heat Pump
Installations: An Introduction for Engineers (Atlanta, Ga.: American Society of
Heating, Refrigerating, and Air-Conditioning Engineers, 2002).

o} Kevin B. McCray, “Guidelines for the Construction of Vertical Boreholes for
Closed Loop Heat Pump Systems,” (Westerville, Ohio: National Ground Water
Association, n.d.)
(http://intraweb.stockton.edu/eyos/energy_studies/content/docs/proceedings/
MCCRA.PDF).

o Publications through the National Groundwater Association (www.ngwa.org).
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Sensors, Meters, and Energy Management System Roadmaps
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Northwest Energy Efficiency

Product/Service Area : SENSORS, METERS, ENERGY MANAGEMENT SYSTEMS

Technology Roadmap

Consumer-oriented
solutions which combine
multiple needs, energy
savings and security,

= ]

Need low-cost control | !
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’ i
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o §
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I

1

I

I

A (e.g., install an occupancy
capabilities |

sensor for a light fixture)

i Cost to add-on sensors is high
!
|

Performanc h i

Many stand-alone devices run uncontrolled
i with no occupant present. Also deliver too
much heating, lighting, etc.

GAP

consumer uses gl
Central EMS control is HoL
expensive and often not T
responsive to users :

| | Sufficient intelligence somewhere in the

| | system to manage conflicting inputs Occupant desire for

environment? individual/personal control

I
|
1:| “Automatic”: how does the occupant control his/her
1
I
1

Product/Service
Performance

GOAL

Modular generic control/sensor packages are
available at low cost (10% of device cost or less) (LT)

Occupancy sensor controls
available in common
devices (ST)

:I Extension of smart controls to lighting and HVAC

Standards for electronic
(MT)

{| devices (ST)

|

|
Standard practice for all electrical devices that |
directly serve people includes smart control |
|

|

|
i-| Stand alone sensors must
| connect to whole system to
:|| enable optimum energy use

User input is standard, cheap, and ubiquitous (e.g.,
by cell phone, standard IR controller, voice
command, or similar) (LT)

Modular generic control
sensor package responding to
occupancy temperature light
level, air quality, and user
input (LT)

logic and sensors to modulate energy use to
optimally correspond to user needs (LT)

Sensors that integrate with
other control systems

Standardized wireless
communication systems,

Cheap, standardized, user-aware,

Occupancy sensor integrated into

Sasteooitioficedoacise lighting fixtures (stairwells,

we know operation result

Technology

Wi-Fi, Zigbee, Home plug,

responding to occupancy

Z-wave

|
i modular control sensor packages
|

temperature light level, air quality,
and user input

parking garages, outdoor parking
lots, private offices)

(lighting, HVAC)

Eliminate sensors where

data can be acquired
externally , enthalpy

Technology improvements to
better modulate, control speed
etc., need more use specific
devices

Testing and certification of
equipment to conform to
interoperability “EPRI level”

Open license sensor technologies

Web Enabled Programmable

To what degree are Thermostat (WEPT) research

R&D

these simply for enhancing whole building
Program autonomous energy savings @ BPA E3T & Possibility of using power line
agents? QUEST carrier to distribute control

signals over low transmission
voltage lines to control
commercial building voltages

Gap not yet scored

@
Scan existing technology from cell phones for
transformation to new uses with standardized
wireless communication systems

- Performance Gap
- Performance Goal
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R&D Project Summaries |

Web Enabled Programmable Thermostat (WEPT) research for

enhancing whole building energy savings: Web-enabled programmable
thermostats that control HVAC equipment can help deliver significant reductions in
electricity use.

= Bonneville Power Administration’s Energy Efficiency Emerging Technology (E3T) team
is working with Quantum Energy Services (QUEST) and the Clark Public Utilities District
to evaluate WEPT systems in modular classroom buildings at Several Washington
State School Districts and develop a whole-building regression analysis tool to
estimate and verify HVAC savings; see
http://www.bpa.gov/energy/n/emerging_technology/WEPT.cfm.

[BACK TO TOP]

Scan existing technology from cell phones for transformation to

new uses with standardized wireless communication systems:

Cell phones are now ubiquitous and versatile. Being able to send alarms to cell
phones or change control settings via cell phone would add to the convenience of control
systems. Additionally, operators may pay more attention to control systems without being
distracted from other tasks. There is a need to identify current technologies before
developing new systems.

= One example of such a system is the iPhone app for General Motors’ Chevrolet Volt
electric vehicle that allows users to monitor charging status and can be notified when
charging ends (either on-schedule or prematurely). This system seems like it could
easily lend itself to vehicle controllability via GM’s On Star system. See http://gm-
volt.com/2009/12/10/chevy-volt-will-connect-to-blackberry-iphone-and-apps/,
http://www.chevrolet.com/volt-electric-car/. E Source reported in February 2011 that
this application of cell phone technology appeared to be the only such project currently
in development.

Possibility of using power line carrier to distribute control signals
over low transmission voltage lines to control commercial

building voltages: The attraction of power line carrier signals for controls is
compelling. Power lines are available virtually wherever control is needed. This eliminates
the need for installing an additional set of wires or more expensive wireless equipment. If
barriers to implementing this in commercial applications could be removed, it could simplify
and reduce the cost of installation of controls, especially for retrofit. Stakeholders asked
originally if the Northwest Energy Technology Collaborative (NETC) was doing work in this
area; since the publication of the 2011 Northwest Energy Efficiency Technology Roadmap
Portfolio, the Northwest Energy Technology Collaborative (NETC) has become Innovate
Washington (IW, http://innovatewashington.org/), and IW staff are not themselves doing
research in this area nor are they aware of previous NETC research.
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SENSORS, METERS, ENERGY MANAGEMENT SYSTEMS Northwest Enery Eff

Performance

GAP

Product/Service
Performance

GOAL

Technology

R&D
Program

- Performance Gap

Does not consider Make user experience as important to EMS
demographic operability manufacturers as it is to Intuit and Sony

____________________

Based on manufacturer design

Control management system should
be implemented where appropriate,
reflect user/occupant known
preferences (LT)

User-friendly energy
management systems

amenity contro

Controls need to connect to large number of
devices/features to allow users to address

| needs (LT)

Create standards (LT)

Need standardization of communication/control

Support
demonstration
projects (MT)

Interfaces need to allow for
different levels of
sophistication of users (LT)

protocols to allow for variety of interface devices
and approaches (phones, RFID cards, PCs,
integrated amenity control devices, etc.) (LT)

display syst

Energy information

ems

i

devices people actually use.

Study/determine what energy management d

A

Energy savings impacts for energy
information display @ LBNL

- Current Technology

- Technology Gap

Industry-wide user experience test standards and
minimum performance requirements

Energy hub

Sensors that optimize lighting, power
density based on color temperature

(R&D need) - Priority Score of R&D Gap

ES)

- Performance Goal
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R&D Project Summaries |  TT——

Energy savings impacts for energy information display: R&D and Study/determine what energy management devices people
pilot tests are ongoing in this area to determine the persistence of energy efficiency actually use: E Source reported in February 2011 that, to date, there has been
savings of in-home energy displays (IHDs). much more research about which energy management devices (EMDs) people do not use,
= Researchers at the Brattle Group reviewed twelve utility pilot programs in the U.S.A., and little positive research relating to which EMDs people actually do use. This research
Canada, and Japan focused on the energy conservation impact of IHDs and customer suggests that consumers’ good intentions in buying programmable thermostats, ECM
receptivity to these technologies. They conclude that consumers are more likely to use furnaces, and other products do not often lead to overall energy savings because many
energy up to 7% more efficiently with the direct feedback provided by IHDs, and up to consumers do not use take full advantage of the products’ features or use the features
14% more efficiently when IHDs are coupled with an electricity prepayment system. incorrectly.

This study of pilot programs also finds that IHD feedback has positive time-of-use rates
impacts upon demand response programs. See Ahmad Faruqui, Sanem Sergici, and
Ahmed Sharif, "The Impact of Informational Feedback on Energy Consumption: A
Survey of the Experimental Evidence," Energy 35 (2010), 1598-1608.

= Alan Meier, Senior scientist in the Energy Analysis Department of the Lawrence
Berkeley National Laboratory (LBNL), studies ways to reduce energy consumption by
analyzing how both people and equipment use energy. His research involves buildings,
equipment and, transportation, including residential thermostats and real-time energy
displays. See http://eetd.Ibl.gov/ea/akmeier//.
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el dea E and user input labs) Verisae) : E
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1
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R Integrated household energy
&D Federal Stimulus-funded management products and
Program demonstration projects services including electric
involving home energy vehicle wiring, energy audits,
management smart phone applications, etc.
@ Best Buy
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Federal stimulus-funded demonstration projects involving home

energy management: One of the foci of the federal stimulus package
(American Recovery and Reinvestment Act (ARRA) of 2009, Public Law 111-5) was to
foster energy efficiency by promoting and/or funding good home energy management
(http://www.recovery.gov/Pages/default.aspx). An action item from the March 2011
Northwest Energy Efficiency Technology Roadmap Portfolio was to identify underway
stimulus-funded projects both for the potential collaboration and to see if more funding is
available. This research found that the federal Smart Grid Investment Grant Program
closed August 2009 (http://www.grants.gov/search/search.do?mode=VIEW&oppld=
46833), and also identified three specific stimulus-funded projects:

= Asearch on the U.S. government's official website tracking Recovery Act spending
(Recovery.gov) for the phrase “home energy management” returned hits for two
projects:

0  Central Lincoln People’s Utility District (Newport, Lincoln County, OR): Smart Grid
Investment Grant Program (EISA 1306) Award Number OEO000370 for
$9,936,950 in grants through the U.S. Dept. of Energy. Awarded in April 2010.
Project to provide two-way communication between the utility and its 38,000
customers by building a smart grid network and other in-home energy
management tools. As of January 2012, this project was less than 50% complete
(http://www.recovery.gov/Transparency/RecipientReportedData/Pages/Recipien
tProjectSummary508.aspx?AwardIDSUR=102718&qtr=2011Q3).

o Indianapolis Power and Light Company (Indianapolis, Marion County, IN): Smart
Grid Investment Grant Program (EISA 1306) Award Number OEO000273 for
$20,000,000 in grants through the U.S. Dept. of Energy. Awarded in April 2010.
Project to install Advanced Metering Infrastructure, Customer Systems, and
Electric Distribution System improvements to save energy, reduce peak demand,
and improve reliability. As of January 2012, this project was more than 50%
complete
(http://www.recovery.gov/Transparency/RecipientReportedData/Pages/Recipien
tProjectSummary508.aspx?AwardIDSUR=107979&qtr=2011Q3).

= The U.S. Department of Energy’s Recovery Act website (http://energy.gov/recovery-
act) reports one home energy management initiative funded by the Recovery Act:

0  The Center for Commercialization of Electric Technology (CCET) in Austin, Texas
(http://electrictechnologycenter.com/) received stimulus funds for its Smart Grid
Regional Demonstration Project
(http://electrictechnologycenter.com/reports.html). This project sought to
increase system monitoring capabilities, improve operator visualization, and
enhance load management through a variety of measures including home energy
management systems (http://electrictechnologycenter.com/reports.html,
http://energy.gov/articles/texas-uses-phasors-increase-electricity-reliability).
June 2010 project report summary available at
http://electrictechnologycenter.com/pdf/TS_WG%20ERCOT.pdf.

[BACK TO TOP]

Integrated household energy management products and

services including electric vehicle wiring, energy audits, smart

phone applications, etc.: In November 2011, Minnesota-based Best Buy, Inc.,
introduced an enhanced Home Energy Management Department that provides tools and
education through easily-accessible on-site and online sources
(http://www.bestbuy.com/site/regularCat%3Apcmcat257000050007/Home-Energy-Why-
Best-Buy/pcmcat257000050007.c?id=pcmcat257000050007). This approach could
serve as a useful model for how to engage the under-served residential energy
management market.
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M&V project for universal software: Universal software protocol for
monitoring and verification (M&V) would increase the reliability of measurements
from complex systems, simplify implementation, and reduce costs for savings
verification procedures.

= The California Energy Commission’s Public Interest Energy Research (PIER) program is
currently working on that makes use of Pacific Gas & Electric’s Universal Translator
tool; see Appendix B for more information.
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Low cost, reliable enthalpy sensor: A low-cost, reliable enthalpy sensor Develop metrics for interval data. Related to significant drivers such as

would help gather much needed information for energy analysis. Stakeholders have time of day, weather, etc., high/low ratios: The first step to analyzing energy use is

indicated that work is ongoing in this area at the New Buildings Institute good data. Developing standardized metrics will help make the information more
(http://newbuildings.org/), but as of Feb. 2012, no further information on such efforts have accessible, and make it easier for more people to be able to analyze the data.

been uncovered.

Standards research: Developing standards for measuring facility energy use Review existing research on realtime smart electric power

wou'ld help simplify and standardize energy megsu.remer?t. Work with the National measurement of facilities: Some smart electric power measurement

Institute of Standards and Technology (NIST) priority action group to help develop ) . ; .

useful standards technologies are already available. Before putting too many resources into research,
: it would be worthwhile to do a thorough assessment of tools and systems that are already

available, i.e., from the U.S. Department of Energy’s smart grid R&D workshop.

[BACK TO TOP] NORTHWEST ENERGY EFFICIENCY TECHNOLOGY ROADMAP PORTFOLIO m 100



Product/Service Area :

SENSORS, METERS, ENERGY MANAGEMENT SYSTEMS Northwest Energy Effciency

R&D
Program

- Performance Gap

| i
. | Site: common protocols for Enterprise, i Intearating eneray man ment int nsumer
Performance i RTU sponsors communicating data ! sef\ﬂcaels g energy manageme RIEOIELITE
GAP : : = ) :
. | Processing, synthesizing and storing data i
Lo .- e ———————————— | .
Product/Service :‘ """""""""""""""""" i'“"""'""“"'""""““'"""""“"""""""'.
1
Performance ' | Integrating energy management into Standards: IP-V6, Internet Bill to provide list that Wal- !
GOAL ! | consumer services Engineering Task Force ( ST, MT) Mart uses (ST) :
o .. _— :
e Gt A o T AT EEETE T RE R e B B e e B R W W T W T T e R O
1 1
Technol ! | Enterprise energy management software (many Information technology adapted for energy management -
SLULLO Ll ! | providers, easily 30+ companies) players: Cisco, Google, IBM, Microsoft !
S S | i
A

Development of
algorithms / intelligence
interface of sensor
information with central

system @ Cisco, Google, Development of
Microsoft, IBM, others? protocols for security
@ ASHRAE

- Current Technology - Technology Gap (R&D need) - Priority Score of R&D Gap

- Performance Goal

101 = MARCH 2012

Current R&D (R&D underway) R&D Gap (No known R&D)

ES)



R&D Project Summaries |  ——

Developing security protocols: in developing and promulgating enterprise Developing sensor information algorithms / intelligence interface
energy managemqnt sy_stems, it is very degirable _to standardize protocols for with central system: In developing and promulgating enterprise energy
multiple reasons, including ways to communicate with a central system and for management systems, it is very desirable to standardize protocols for multiple

security. Stakeholders indicate that the American Society of Heating, Refrigerating and Air
Conditioning Engineers (ASHRAE) is working on this. Other enterprises who are doing work
in this area include Cisco, Google, IBM, Microsoft, and others; ongoing research from private
firms tends largely to be proprietary and, therefore, not thoroughly or consistently reported
through companies’ web pages.

reasons, including ways to communicate with a central system. Many programs and
enterprises are working on this, including Cisco, Google, IBM, Microsoft, and others; ongoing
research from private firms tends largely to be proprietary and, therefore, not thoroughly or
consistently reported through companies’ web pages.

= Some information about the work of Microsoft Research’s Sensing and Energy

= Information about ASHRAE’s work in this area is not readily apparent through their Research Group in this area can be found in Appendix B.

website; Bonneville Power Administration staff queried ASHRAE as of Feb. 2012 and
are still awaiting reply.
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Product/Service Area : Technology Roadmap

Food Processing Heating Technology Roadmap
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Aseptic bulk storage similar operations
LI [lithium Lithium bromide or similar to orange juice and other
ion] or lead absorption chillers PCW food products
acid battery
packs s i it s i e A
i . . '
Technology 1 [ Hyperbaric pasteurization | i Condensing type Microwave and variable
! : economizers recovering radio frequency based
! | Smart distributed steam i sensible and latent heat heating methods
! | generation [Miura boilers] I from steam boiler exhaust
S eyt i Sy S 1 1
e e e et “' _____________ 1
1 1
E Develop'absorptipn chliIIers to i Develop and _ Need to develop prototype to
1 | accomplish freezing with low ! demonstrate aseptic prove feasibility and validate
: grade heat (120°-180°F) : bulk storqge pllot_ scale effectiveness in heating
] ! for apple juice, wine process such as
R&D i | Partner with DOE CHP program to | | pasteurization, cooking,
Program | | demonstrate multi-effect LiBr ! thawing, and tempering of
i | chiller for food plant refrigeration | | various foods @ OSU's Food
' | with waste heat I Innovation Center
1 1

P E - Existing R&D Program (ERD)

- Driver
- Capability Gap (CG)
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- Commercially
Unavailable Technology (CUT)

New R&D Program (NRD)




R&D Project Summaries |  —

Need to develop prototype to prove feasibility and validate the Develop and demonstrate aseptic bulk storage pilot scale for

effectiveness in heating process such as: pasteurization, cooking, apple juice, wine.
thawing, tempering of various foods. Ongoing R&D in this area at Oregon State University's
Food Innovation Center (http://fic.oregonstate.edu/).

Partner with DOE CHP program to demonstrate multi-effect

lithium bromide (LiBr) chiller for food plant refrigeration with
waste heat.

Develop absorption chillers to accomplish freezing with low

grade heat (120-180F).
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Fuel switch from combustion
to electric

Increasing and
uncertain future
cost of electricity
and gas

Need to reduce risks of

technology implementation Climate

Change

Driver More and cheaper products due to

globalization of manufacturing

Product quality enhancement
needed

Pushback against over-
regulation

Increasing budgets for

s Need ways to reuse lower
emerging R&D

grade heat in processes

Need to eliminate need for
central steam (generation) in

Need cheap energy
storage to cut peaks.

Capability food processing plants Enable direct use of A
GAP intermittent on-site
generation
Need new pasteurization A

processes to reduce energy
in canning operations

Smart distributed steam
generation to lower costs i

and complexity

LiBr or similar absorption
chillers that can achieve
freezing temperatures (OF)

__________________________ P
Better batteries or
capacitors or any similar
technology that has less
than 2.5-year payback

Technology

1

1

Develop sterilization and .
pasteurization based on !
1

1

1

Universal oven (combination RF
heating and convection) Binary fluid ejector heat pumps

(thermally driven)

microwave (replacing steam)

R&D

Develop universal oven to

Pilot-scale demonstration

R&D program not defined

of microwave sterilization
and pasteurization
technology @ WSU Food
Engineering, Ocean Beauty
Sea Foods

- Commercially
Available Technology (CAT)

- Commercially
Unavailable Technology (CUT)

demonstrate effectiveness of
technology @ OSU’s Food
Innovation Center

Program

- Driver

Capability Gap (CG)
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Develop proof-of-concept
for Binary Fluid Ejector
Heat Pump @ May-Ruben
Technologies

- Existing R&D Program (ERD)

New R&D Program (NRD)




R&D Project Summaries |  ——

Develop proof-of-concept for Binary Fluid Ejector Heat Pump. rR&D Pilot-scale demonstration of microwave sterilization and
ongoing at May-Ruben Technologies (http://may-rubentechnologies.com/), contact pasteurization technology. ongoing R&D in this area involving the Food
) Research Support Officer Chelsea Ruben, http://may-rubentechnologies.com/ Engineering team of Washington State University's (WSU) Biological Systems Engineering
index.php?option=com_content&view=article&id=76&Itemid=116. department  (http://bsyse.wsu.edu/core/research/Emphasis/Food/Food.html), and at
Ocean Beauty Sea Foods, LLC (http://www.oceanbeauty.com/).

Develop universal oven to demonstrate effectiveness of

technology. Ongoing R&D in this area at Oregon State University's Food Better batteries or capacitors or any similar technology that has

Innovation Center (http://fic.oregonstate.eduy). less than 2.5-year payback. Stakeholders did not define a prospective R&D
program for this currently unavailable technology.
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Tech nology Increasing and uncertain future Need to reduce EE ROI hurdle Increased
i ici A Cheaper Product Energy Water Tech nolo
Adoption cost of electricity and gas It’ISkhS oT rates product quality due tg global Costhyavings At aqy
echnology ©
implementation Need to sustain UG

Less-efficient competivie advantage

systems installed
because

Fewer than six regional Use of multi-stage

refrigeration refrigeration contractors ?:;r%c:;r:;ion for low
evaporator defrost
tecl?nology is not donmorsvt vtvisrk. :geny El’e Increased uncertainty Lack of available temperature

e e conservative al SK- of gas & electric costs effective non- freezing (less than -
well un erstood in averse and prefer proven hazardous 25°F) is less
the industry. designs and technologies refrigerants to effici)em

o A A replace ammonia
Capability ISR : o " —i
GAP gas driven Ways to quantify quipmen anx o A
. . d control needed to chilling Existing N N
refrigeration anc ntrol - - ORI Lowest-cost
compressor infiltration into upgrace hea uses energy P . refrigeration system
. lers and freezers content in waste intensive technology is . .
options that coo - . : o : installations often
streams to higher, refrigerants inefficient (Air !
also can ; ; have increased
; more useful temp. or coolants refrigeration) .
provide ranges energy consumption
usable waste due to design and
heat equipment selection

Fast acting doors-

é vestibules-air curtains, compromises

—

R&D
Program

Better defrost controls, float

drainers, effective frost-free piping

+_l

Provide funding for
demonstrations. Demos need

compressors, possibly

for NH; systems?

i

to involve manufacturers,

Standardized industrial

refrigeration compressor

energy use. Needed heat
exchanger design is
available. Regional
contractors need to offer

high rise warehouses, CO; trans-critical

Natural gas automated storage and heat pumps A Hydrocarbons

X . - Electrodialysi !
engine driven retrieval systems (Mayekawa) fofitolodd aysis halocarbons

Technology JEEEY (ASRS) S . and other Cascade-type
compressors A chemicals refrigeration
with heat Incorporating increased systems (using
recovery 0 E ] Ig — : : 1st stage CO2 &
from driver EE industrial More efficient refrigeration Ambient air-cooled 2nd stage NH3)
refrigeration design

are available

Better defrost controls. Eoncel?ts nIOt |fn'|t|atetc! including Mycom and oil cooling using a glycol and more
i i W EE@IE MEiESEem Vilter. Q: Does this refer to loop may increase fficient at |
float drainers, effective A CONEERS ' ’ . efficient at low
frost-free piping Yy the scavenging heat pump refrlggratlon compressor temperatures
system marketed by Vilter capacity and reduce (less than -25F)

@ Logix Refrigeration Controls
(IntelliFrost™), Cascade Energy,
and Henningsen Cold Storage

- Driver

Capability Gap (CG)

as a design option

consultants, vendor, installers
and end users

refrigeration compressor
ratings are needed

Commercially

Available Technology (CAT)
Commercially

Unavailable Technology (CUT)

- Existing R&D Program (ERD)

New R&D Program (NRD)
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R&D Project Summaries |  ——

Better defrost controls, float drainers, effective frost-free piping: Provide funding for demonstrations. Demos need to involve
Stakeholders referred to R&D that includes Logix Refrigeration Controls’ manufacturers, consultants, vendor, installers and end users.
IntelliFrost™ product and work at Cascade Energy and Henningsen Cold Storage.

= Logix® IntelliFrost™ Automatic Defrost System: http://www.logix-
controls.com/docs/Logix_IntelliFrost_ Technical_Brief.pdf.

= Cascade Energy: http://www.cascadeenergy.com/default.asp.
= Henningsen Cold Storage: henningsen.com.

Standardized industrial refrigeration compressor ratings are
needed.
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Increasing and [Driver not More and cheaper Climate Increasing and Need tO_SZUStain
uncertain future cost specified] products due to Change uncertain future competitive
of electricity and gas globalization of cost of electricity advantage
manufacturing [Driver not and gas
specified]
Use of more
—® energy intensive
Ammonia is less Lack of available Liquid mtrqgen mechanical
efficient at very | | effective non- freezes fruit cooling rather
low suction hazardous and vegetable than absorption
) : temperatures refrigerants to products but is cooling when
Refrigeration (below -25F) replace ammonia | | €xpensive waste heat is
evaporator defrost available
Capability technology is not A
GAP well understood in Need better and
the industry. This Ways to quantify !ess ex-pensive Existing Equipment is
leads to the and control insulation compressor needed to
installations of less infiltration into materials technology is upgrade heat
than efficient coolers and Good alternatives inefficient (Air content in
systems freezers to toxic refrigerants refrigeration) waste streams
such as ammonia to higher, more
A useful
: . . Better (higher R- temperature
Systems to Refrlgera_nts WIFh. Reusable liquids value, durable, etc.) ranges
y ==l proven high efficiency that can freeze el (eSS EpEnsive
TIPS and reliability at very fruit and : il
infiltration while insulation materials
Sreenmel h low evaporator vegetable
echnology refrigerator and temperatures products /[y  oooodooooooaodbonnononosoaioon i
freezer doors are ] : g - o A g ;
. open A A | Airan Binary flui " i
LEGIS @ E2il 1| refrigeration ejector heat LT reglonal 1
that don’t absorption-type |,
frostu | compressors pump chiller expertise |1
e U "l that minimize || (thermally : ; i
! h and industrial-
L 4 1| waste heat driven) 1
Develop and 1| generation sz U !
Develop demonstrate : equipment mfrs. :
alternative alternatives to lr————————_——_——_——_— e — ™™™ 1
Explore refrigerants for regulated Develop reusable P
R&D alternative ammonia t_hat are refriger_ants like Iilquid for direct Develop better
Program Develop methods of | | more e_fﬂment ammonia, such [|mm§r3|ve] (higher R-value, -
) cooling coils getting and reliable at as CO2, freezing of food durable, etc.) and Develop equipment to upgrade heat
that don't frost | | Products in | | suction cascade, multi- products (e.g. less expensive content in waste streams to higher, more
up or are self- and out of temperatures stage, or combo fruits & insulation useful temperature ranges, such a binary
defrosting freezers below -25°F mixtures vegetables) materials fluid ejector heat pump (thermally driven)

- Driver

Capability Gap (CG)

Commercially

Available Technology (CAT)

Commercially
Unavailable Technology (CUT)

- Existing R&D Program (ERD)
New R&D Program (NRD)
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R&D Project Summaries |  T——

Develop alternative refrigerants for ammonia that are more Develop equipment to upgrade heat content in waste streams
efficient and reliable at suction temperatures below -25°F. to higher, more useful temperature ranges, such a binary fluid
ejector heat pump (thermally driven).

Develop and demonstrate alternatives to regulated refrigerants

like ammonia, such as CO2, cascade, multi-stage, or combo Develop reusable liquid for direct [immersive] freezing of food
mixtures. products (e.g. fruits & vegetables).

Develop better (higher R-value, durable, etc.) and less expensive Explore alternative methods of getting products in and out of

insulation materials. freezers.

Develop cooling coils that don't frost up or are self-defrosting.
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Consumer Increasin Aging workforce / lack of
desieiohe e uncergtain trained workforce |EE ROl hurdle rates | Increasing neremsing
“green” and future cost of Need to sustain cost a"f! e Availability
reduce electricity Increased awareness of competitive advantage decreas.,llng R ——" of new
embedded & ||and gas Increasing cost impact of behavior on availability electricity technologies
used energy and decreasing energy usage Employer pressure to of raw and gas
availability of increase productivity materials
raw materials Lack of energy efficiency
knowledge in the industry
Capabilit CG-10: Need Need to apply Need training Need consultants Need integrated Need Need fan wall
p y leak detection technologies from education for with experienced in industrial process dedicated application for
GAP tools and other industries use of energy management optimization for industrial staff air movement to
meters mechanical or continuous mechanical working on EE supplement
A equipment energy improvement systems at plant level product cooling
l i
1| Premium Industrial Assessment I
1| efficient Centers, Lean training Fan wal
Laser food DOE, ;| motors A
processing Hydraulics : 1
(marker and Institute, " variable F
Technology & o orati C,Om‘;’eussed | frequency | i[ Energy Some industrial | i
Compressed perforations) Air Challenge, I drive management EE programs :
air leak NEEA 1 software, metering | | provide ;
management A 1| Efficient equipment, i.e._ administrator, but | :
practices, 1| gear boxes |i| Nortwright, eSight | [ pac NW lacks this :
prOdUCts’ Prellmlnary StUdy hOW b s e s mm s mm s e s mm s mm s mm s [ s mm o mm s s mm s mm s omm s s omm s omm s -
services .
laser perforation of
A blueberry can improve
fruit infusion with T T T T T34 T T3
;nuogl?tglgdo?j’sbit;z:j : Test certification :
h rogram (RETA NEEA .
R&D Innovation Center I prog ( )@ [ S [z Understa:d fan
Program | i i | Management @ wall technolo
Te‘stAcash incentive for | BPA, ETO, NEEA, dit i gi’.
Investigate new products that may reduce || training @ Idaho Power | NWFPA, ENERGY ta;in:dasat?p ication
the effort required for leak detection == STAR Y

: Commercially —
- Driver Available Technology (CAT) - Existing R&D Program (ERD)

. Commercially
- Capability Gap (CG) Unavailable Technology (CUT) - New R&D Program (NRD)
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R&D Project Summaries |

Preliminary study how laser perforation of blueberry can

improve fruit infusion with more yield and better quality. ongoing
R&D in this area at Oregon State University's Food Innovation Center
(http://fic.oregonstate.edu/).

Test cash incentive for training. Stakeholders indicated that the Northwest
Energy Efficiency Alliance (NEEA) is working in this area; see http://neea.org/.

Strategic Energy Management. The Northwest Energy Efficiency Alliance
(NEEA), the ENERGY STAR program, Bonneville Power Administration (BPA), and the

Northwest Food Processors Association (NWFPA) are involved in developing Strategic
Energy Management solutions.

= NEEA’s work in this area includes a Strategic Energy Management study they released
in January 2012; see http://neea.org/research/reportdetail.aspx?ID=1619.

= ENERGY STAR Strategic Energy Management approach:
http://www.energystar.gov/index.cfm?c=guidelines.guidelines_index.

= BPA Energy Efficiency staff are working in this area ().

= NWFPA'’s work in this area can be found at

http://www.nwfpa.org/nwfpa.info/component/content/article/37-boiler/55--energy-
roadmap-projects-put-nwfpa-membership-on-the-road-.

[BACK TO TOP]

Test certification program. Refrigerating Engineers & Technicians Association
(RETA), http://www.reta.com/; see also the Northwest Energy Efficiency Alliance
(NEEA); http://neea.org/.

Investigate new products that may reduce the effort required for
leak detection.

Understand the fan wall technology and its application to
industry.
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Smart grid
technology
development

Consumer desire
to be “green” and
reduce embedded
& used energy

Increasing and
uncertain future
cost of electricity
and gas

Increasing cost
and decreasing
availability of

raw materials

Increased
awareness of
impact of behavior
on energy usage

Consumer desire
to be “green” and
reduce embedded
& used energy

Carbon emissions
penalties and / or
incentives

Smart grid technology
development

Need smart Need leak Need low cost Need methods Need dedicated Need dedicated Need smart
motor that works detection easy to install for extending industrial staff industrial staff battery
with smart grid tools and sensors and storage time for working on working on ener charging for
g g g g ay ging
Capability meters controls raw product (use | | energy efficiency at plant vehicles
GAP of mechanical efficiency at level mechanical
equipment) plant level non essential
Motor respond Non invafsive Raw product Advanced Separations Smart chargers
to signals from fslens;)rs i storage conveyance (product from that respond to
grid, energy el aiEsslE [preservation] technology waste, water demand.
efficiency 7 alternative to (belts, rollers, from product) Response signal-
versus surge fEf[fi'EfJerat',O“ etc.) with low balanced with
management and freezing
Technology Y A energy process
A A requirements
\
Demonstrations at
selected processes
R&D where separations are
Program ® i # energy intensive and
R&D program R&D program R&D program R&D program gg;g?’af‘:dd S"‘t’:‘e‘zg can R&D program
not defined not defined not defined fi i
not defined be recycled not defined

Commercially

- Existing R&D Program (ERD)

- Driver

Capability Gap (CG)

Available Technology (CAT)
Commercially

Unavailable Technology (CUT) New R&D Program (NRD)
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R&D Project Summaries |  —

Advanced conveyance technology (belts, rollers, etc.). Non invasive sensors for flow / pressure.
Demonstrations at selected processes where separations are Raw product storage [preservation] alternative to refrigeration
energy intensive and costly and where separated stream can be and freezing.

recycled.

Smart chargers that respond to demand. Response signal-

Motor respond to signals from grid, energy efficiency versus balanced with process requirements.
surge management.
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Need to sustain || Aging workforce / - -
competitive lack of trained Solid state lighting (EEEses] EE ROI Population Envuoqmental
advantage workforce Lack of energy Employer ETEESS G hurdle rates growth regulations
- Increasing C})St efficiency pressure to impact of behavior COnGITGEr
Need 0 reduce isks of technology | - |and decreasing | || knowledgen |, ‘{ncrease | | |on energy usage | | | peman for | : [EE promoted || Water scarcty,
> materials Y the industry RICuCTIVILY Climate Ch green / local in mainstream || cost, health
Imate ange i i
Change in growth of processed 2 products media ISSUES
foods
Need better training Need better Need more focus Need better energy Need to include embedded
of workforce: efficacy of on HVAC in management_ energy costs of water supply
Capabilit academic and trade lighting in food plants. Learn systems fo'r industry and waste water treatment
P y school curriculum processing cold from commercial benchmarking (KPI, when making decisions
GAP storage areas roadmap dashboard)
| A LD DN L G L
il i | e |
: : | . 1 | Integrate flow |
- : - i i | Training on EIS || some ! L oth
; ] H . 1 ' | interpretation and || |: - 1 | meters and other |
I [ Implement K12, i | More widespread : . | Establish 1 0| e information [ | foior Use data |
\ | community college and | { | knowledge / awareness [: | |standards of | 1 ! | available on | 110 "onergy
1 | university programs on | } [ of heat load in : ;| service and ' i - | | embedded | !¢ : d I
2 : ! B i i | Real time energy ) i | information an
: energy basics : | refrigerated spaces : 1 | comfort 1! ! [ | | energy in i | monitoring |
: HE 1! ! water 1 |
Hooosooonooooog e AR prECoDooooo0 2 g i | hardware, main :_ ! SYSiES |
- i .. 1 H
Technology : L =), GG i 1 | Training for : : and sub metering |bL — — — — — Y ——
: controls : ! | operations and ; I :
: ! | maintenance : ! | Data compilation analysis and |
b d : practices i I presentation software focused on |,
: i ! industrial (benchmarking, d
o 1
i | improved : ! dashboards and KPIs) :
: control systems | ; bk i e b e
: R ———— l
: Reach out to |
1 industry suppliers - Identify EMCS
R&D Outreaph, 1 | Better controls, | | for case studies. ! with water flow
Program education, | | cost effective Have standard ! monitoring,
directed courses | 1 | for refrigerated | | testing and write up ! Market survey, industrial survey industry
and workshops | 1 | area lighting @ | | of results @ Digital | challenge upstream @ why they do not
@ NWFPA, OSU ' | EPRI Lumens and others || BPA, NEEA use
1
1

: Commercially —
- Driver Available Technology (CAT) - Existing R&D Program (ERD)

. Commercially
- Capability Gap (CG) Unavailable Technology (CUT) - New R&D Program (NRD)
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R&D Project Summaries |

Better controls, cost effective for refrigerated area lighting

Ongoing R&D at the Electric Power Research Institute (EPRI,
http://et.epri.com/index.html).

Reach-out to industry suppliers for case studies. Have standard
testing and write up of results. Stakeholders indicated ongoing R&D at Digital
Lumens (www.digitallumens.com) and others.

Outreach, education, directed courses and workshops. Ongoing
R&D at the Northwest Food Processors Association (NWFPA, http://www.nwfpa.org/)

and in Oregon State University’s (OSU) Department of Food Science and Technology
(http://oregonstate.edu/dept/foodsci/extservices/ext_index.htm).

Market survey, industrial challenge upstream. oOngoing R&D at the
Bonneville  Power Administration’s (BPA) Energy Efficiency department

(http://www.bpa.gov/Energy/N/) and the Northwest Energy Efficiency Alliance
(NEEA, http://neea.org/).

[BACK TO TOP]

Identify EMCS with water flow monitoring, survey industry why
they do not use.
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Change in growth Aging workforce/lack Increased Environmental
of processed foods of trained workforce Increased awareness | | Lack of energy EE ROI transportation costs || regulations

of impact of behavior efficiency knowledge hurdle rates
Consumer desire to Increasing cost and on energy usage in the industry — Consumer
be “green” and decreasing availability Non energy Carbon emissions Demand for
reduce embedded & of raw materials benefits of the penalties and / or green /local
used energy Need to sustain competitive advantage technology incentives products

Pushback against
over-regulation

Climate
Change

Energy
Security

Increased scrutiny by regulators

Consumer desire to be
“green” and reduce
embedded & used energy

Product quality
need to be
enhanced

Employer pressure to
increase productivity
choices and behavior

Water scarcity,
cost, health issues

Changing demographics
impacting purchasing

Capability
GAP

Need better clarity and

life cycle cost analysis, embedded
energy). Prep for green supply chain
inspections by customers

!

Case studies, publically
available on overall life
cycle energy
assessment in food
processing

A

Technology

R&D i
Program o
Templates for sustainability

metrics, KPIs, monitoring,
plans, measures

- Driver
- Capability Gap (CG)

documentation for sustainability (i.e.:

Need energy efficient
development in
(current) training

RETA (CEV) not implemented
formally, NEEA work with MED
need to educate

ETOROC widespread adoption
by providers (refrigeration
operations training)

Energy awareness training
focused on industrial energy
use (PGE / NEEA industrial
training)

Commercially

Available Technology (CAT)

Commercially

Unavailable Technology (CUT)

Lack of industry and plant
energy reduction-related
goals and implementation
plans. Lack of
management awareness
and commitment to energy
management systems

More widespread
implementation CEI (or
1ISO 50001) in industrial
food processing

{k

.

Develop delivery
mechanisms for C&l,
ISO 50001 @ ITP, NEEA

Need better traceability
information systems from farm
to consumers

Need better data acquisition
and analysis, tracking
sustainability of food lines

:

Auto ID systems and
bio sensor
technologies

- Existing R&D Program (ERD)

New R&D Program (NRD)
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R&D Project Summaries |  ——

Develop delivery mechanisms for C&I, ISO 50001. Research in this Templates for sustainability metrics, KPIs, monitoring, plans,
area is ongoing at the U.S. Department of Energy’s (DOE) Advanced Manufacturing measures.

Office (AMO, formerly known as the Industrial Technologies Program or ITP; see
http://www1.eere.energy.gov/ manufacturing/) and Northwest Energy Efficiency Alliance
(NEEA, http://neea.org/).
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Increasing cost and Employer pressure to Carb Ch T hi
decreasing availability of increase productivity Consumer Demand for EULL Energy ~hanging aemographics
raw materials green /local products Climate emissions s h impacting purchasmg
Increased awareness Change penalties and / ecurity choices and behavior
Lack of energy efficiency of impact of behavior Need to sustain or incentives - -
knowledge in the industry on energy usage competitive advantage Change in growth || Water scarcity, cost,
Environmental of processed foods || health issues
Availability of new Aging workforce / lack Consumer desire to be “green” and regulations
Technologies of trained workforce reduce embedded & used energy Need to sustain competitive advantage
Product quality
Increased Increased scrutiny || need to be
transportation costs || by regulators enhanced
- Need better
Capability efficacy of
GAP lighting in food Need better energy o L Need better clarity and
processing cold management systems for _Need bet_ter traceability Need b_etter da_ta acqmm_tlon_gnd documentation for sustainability
storage areas industry benchmarking information systems from analy5|sZ tracking sustainability (i.e.: life cycle cost analysis,
(KPI, dashboard) farm to consumers of food lines embedded energy). Prep for green

i 4 supply chain inspections by
———————————————— 4 customers
| Fiber optics training | l l i

| — (““-) “t_)l_ ________ i Reliable Smart traceability Pooomonoo! Yooooooons
. Auto ID (smart) enable benchmarks system from farm
Order of magnitude electricity management system for food to consumer No systems available
price reduction in for food processing industry processing on the shelf for
efficient lighting I A industrial energy
Technology systems with low systems

Self correcting energy
management systems based
on known inputs e.g.: seasonal
variations in defrost

toxicity

More standardized

Electro luminescent templates for

paint documentation of
Product quality attribute and sustainability for
Order of magnitude composition sensors that green supply chain
improvement on control thermal or mechanical Need to define smart and other inspections
lighting system processes: monitor ethylene traceability information \ i
efficacy content to control temperature system, the
R R R e Development of components, the
benchmark and standards governance body and
Program I and industrially-oriented hardware/software
energy management required for the Develop industrial
R&D program - software @ NWFPA, EPA, system @ OSU Food software systems
not defined R&D program not defined | DOE Innovation Center

: Commercially —
- Driver Available Technology (CAT) - Existing R&D Program (ERD)

. Commercially
- Capability Gap (CG) Unavailable Technology (CUT) - New R&D Program (NRD)
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R&D Project Summaries |  ——

Development of benchmark and standards and industrially- Develop industrial software systems. Stakeholders did not define a

oriented energy management software. Research ongoing at the potential R&D area for this area.
Northwest Food Processors Association (NWFPA, http://www.nwfpa.org/) and at the U.S.
Environmental Protection Agency (EPA) and the U.S. Department of Energy (DOE) [is this
EPA-DOE collaboration the ENERGY STAR program? See http://www.energystar.gov/
i 2c= i . . . . .
index.cfm?c=home.index). Need better efficacy of lighting in food processing cold storage

areas. Stakeholders did not define a potential R&D area for this area.

Need to define smart traceability information system, the
components, the governance body and hardware/software Need better

required for the system. Research is ongoing at the Oregon State University
(OSU) Food Innovation Center (http://fic.oregonstate.edu/).

energy management systems for industry

benchmarking (KPI, dashboard). Stakeholders did not define a potential
R&D area for this area.
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Combined Heat and Power (CHP) Roadmaps

General Notes Regarding Combined Heat and Power (CHP) Research
and Development in the United States.

The U.S. Department of Energy (DOE) partnered with the U.S. Environmental
Protection Agency (EPA) and the newly-formed U.S. Combined Heat and Power
Association (USCHPA) to host a national CHP summit in December 1998. Early
in 1999, the USCHPA initiated a CHP visioning and roadmapping process to
with the goal of doubling national CHP capacity by 2010. They produced their
roadmap in March 2001, “National CHP Roadmap: Doubling Combined Heat
and Power Capacity in the United States by 2010.”

The USCHPA provides advocacy, networking, education, and market data to
support the development and expansion of CHP applications in the industrial,
commercial, institutional and residential sectors.

Concurrent to the USCHPA'’s work, the DOE’s Energy Efficiency and Renewable
Energy program organized formation of a group focused on CHP applications
for buildings, the Buildings Cooling, Heating and Power (BCHP) Initiative. The
BCHP was to review technical, policy, and market barriers to CHP use, and the
group produced a roadmap that they uploaded to www.bchp.org; as of March
2012, this URL no longer points to the BCHP Initiative or the roadmap.

The USCHPA and other stakeholders held at least eighteen CHP workshops
and visioning sessions throughout the United States between late 1998 and
late 2000. In March 2000 the first such event occurred in the Pacific
Northwest, the Pacific Northwest Regional CHP Challenge Workshop and
Exposition.

The DOE maintains online portals for more information about CHP initiatives
focused at regional levels and upon the technical, market, and policy arenas:

= Northwest Clean Energy Application Center (http://chpcenternw.org/).

= Midwest Clean Energy Application Center
(http://www.midwestcleanenergycenter.org/).

[BACK TO TOP]

= |ndustrial Distributed Energy: Combined Heat and Power Projects

= (http://wwwl.eere.energy.gov/manufacturing/distributedenergy/chp_proj
ects.html).

= |ndustrial Distributed Energy: Legislative Initiatives
(http://wwwl.eere.energy.gov/manufacturing/distributedenergy/legislativ
e.html).

= |ndustrial Distributed Energy: Market Analyses
(http://www1l.eere.energy.gov/manufacturing/distributedenergy/market_
analyses.html#regional).

= |ndustrial Distributed Energy: Research and Development
(http://www1l.eere.energy.gov/manufacturing/distributedenergy/rd.htm).

Additional sources:

Energy and Environmental Analysis, Inc., “Combined Heat and Power
Installation Database,” [last updated May 10, 2010], http://www.eea-
inc.com/chpdata/, accessed March 2, 2012.

William Steigelmann and Barry Hinkle, “CHP: The ‘Ugly Duckling’ of Energy
Efficiency,” Report 1335, International Energy Program Evaluation Conference,
20009, http://www.ceel.org/eval/db_pdf_es/1335es.pdf.

U.S. Combined Heat and Power Association,
http://www.uschpa.org/ida/pages/index.cfm?pageid=1.

U.S. Combined Heat and Power Association, “National CHP Roadmap:
Doubling Combined Heat and Power Capacity in the United States by 2010,”
March 2001,
http://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/chp_nat
ional_roadmap.pdf, accessed March 2, 2012.
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Product/Service Area :

Combined Heat and Power (CHP) Industrial Applications

Northwest Energy Efficiency
Technology Roadmap

Driver

Capability
GAP

Technology

Program

Renewable power
generation creates
income stream to
support management
of waste streams
D89 Availability of
new technologies

Heat recovery from low and
moderate temperature waste
heat streams

Organic Rankine cycle and
Kalina Cycle®. Technical
barrier: Not well known; need
demonstration project & case
studies

cycle, Kalina Cycle®, or
other) in industrial

environments

Greater energy
efficiency to
reduce cost

Co-dependency issue: How to
integrate CHP? Stranded asset
problem; lost host

CHP—need designs with
inherent high salvage value.
Technical barrier: Modularity
and portability; also,
willingness of CHP generators
to look beyond the fence for
other potential thermal energy

Grid quality and
consistency negatively
impacted by alternative
power system
interconnection

Need plug-and-play
interconnection system and
standards (see Interstate
Renewable Energy Council
(IREC))

A

"
Interconnection technologies.

Other barrier: Need to adopt
standards

technology to encourage
secondary market/use of CHP
equipment to reduce risk

Commercially

A
users A
Demonstrate cost-effective
low/moderate heat Develop standards for I O— - -
R&D recovery (organic Rankine modular/portable CHP Standards Develop type certification air quality

development

Environmental impact of
centralized power generation
and transmission

Need U.S. EPA air quality type
certification of biogas
generator set equipment

Biogas generator sets. Technical
and other barrier: Need U.S. EPA-
type certification

A

emission profiles to U.S EPA data
standards for biogas engines

- Existing R&D Program (ERD)

- Driver

Available Technology (CAT)

Commercially
- Unavailable Technology (CUT) -

New R&D Program (NRD)

- Capability Gap (CG)
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Demonstrate cost-effective low/moderate heat recovery Develop standards for modular/portable CHP technology to
(organic Rankine cycle, Kalina Cycle®, or other) in industrial encourage secondary market/use of CHP equipment to reduce
environments. risk.

Standards development.

Develop type certification air quality emission profiles to U.S EPA
data standards for biogas engines.
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Product/Service Area :

Driver

Capability
GAP

Technology

R&D
Program
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Combined Heat and Power (CHP) Industrial Applications

Northwest Energy Efficiency
Technology Roadmap

Renewable power generation
creates income stream to support
management of waste streams

Very high temperature in alpha type
engines reduces durability of piston seals.
For e.g, Stirling Danmark requires 2 week

service every 6 months

Stirling Danmark has
commercial scale Stirling
projects fueled by biogas
in Denmark.Stirling

Material testing
for Stirling engine
piston; redesign

Free piston
Stirling engine
designis in
pilot-phase by

. . of Stirling o
Engl_ne l_1as solar d_lsh thermocoupleleng Infmla\_. Bosch
application operational ine design free piston
since 2010. WhisperGen’s (Stirling design in
MicroCHP stirling engines Biopower) development
use natural gas. A

Challenge is applying to
biomass fuel source in
U.S.

Redesign materials for piston
rings and thermocouple probes;
research and development
ongoing at Stirling Biopower
and Stirling Danmark

- Driver

Capability Gap (CG)

Develop and degwonstrate
Stirling engine designs that
avoid the piston seal problem of
the alpha design. Free piston
and beta designs are example
alternatives

- Commercially
Available Technology (CAT)

Commercially

- Unavailable Technology (CUT)

Greater energy efficiency
to reduce cost

Direct electric
power conversion
from heat

Direct conversion of heat
to electric power

Advanced Thermoelectric
Materials for Efficient Waste
Heat Recovery: U.S. DOE /
PPG Industries / Pacific
Northwest National Laboratory
study, see "Advanced
Thermoelectric Materials for
Efficient Waste Heat Recovery
in Process Industries”
(http://www1l.eere.energy.gov/i
ndustry/imf/pdfs/14cps_16947
_advanced_thermoelectric_mal
terials.pdf)

Thermal equivalent to
photovoltaic cells; heat
recovery modules that
generate electrical power
directly from waste heat
stream (liquid and gas)

More efficient, compact, and long-
lasting thermoelectric materials used
in batteries. See Marlow Industries
(http://www.marlow.com/resources/futu
re-concepts/power-generators-

page2.html)

Research to result in commercial
materials & systems for direct
conversion of thermal energy to
electrical energy

- Existing R&D Program (ERD)

New R&D Program (NRD)




R&D Project Summaries |

Advanced Thermoelectric Materials for Efficient Waste Heat

Recovery: U.S. DOE / PPG Industries / Pacific Northwest National Laboratory
study, see "Advanced Thermoelectric Materials for Efficient Waste Heat Recovery in

Process Industries"
(http://www1.eere.energy.gov/industry/imf/pdfs/14cps_16947_advanced_thermoelectric_
materials.pdf).

Redesign materials for piston rings and thermocouple probes;
research and development ongoing at Stirling Biopower (www.stirlingbiopower.com/)
and Stirling Danmark (www.stirling.dk).

Develop and demonstrate Stirling engine designs that avoid the

piston seal problem of the alpha design. Free piston and beta designs
are example alternatives.

More efficient, compact, and long-lasting thermoelectric

materials used in batteries. See Marlow Industries
(http://www.marlow.com/resources/future-concepts/power-generators-page2.html).
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Research to result in commercial materials & systems for direct
conversion of thermal energy to electrical energy.
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1
i [Renewable power generation creates income stream to Availability of new Greater energy efficiency to '
| |support management of waste streams technologies reduce cost 1
looooooooooooonoocoooooconoooooooDooooDCcooDoo o oo oo Do oy T = et
Driver
Heat recovery from “the exhausts of Waste heat recovery from Organic Rankine cycle and Kalina
industrial processes that are corrosive, contaminated exhaustsis a large Cycle®. Technical barrier: Not
fouling, particulate-laden, sticky or untapped opportunity well known; need demonstraton
otherwise contaminated poses technical project & case studies
challenges that increases capital and Many contaminant resistant material —
maintenance costs. Example industries coat?/n JApAp———— e Many facilities are
; ; g [y s 9 hesitant to implement ; ; ;
include metals and glass manufacturing. Kalina Cycle® is a proprietary
their widespread use heat recovery because of R T
Refer to ; Ay technology, limiting its availability
Capability fhttp://Iwww.moderneq.com/documents/whit - - previous failures due to
GAP epapers/NASA_Recuperation_study.pd Many p[omass-denved fugls have Eoor ddestl_gn and materials [ —————]
http://www.gulfcoastcleanenergy.org/Portals|  impurities, such as tars, siloxanes, egradation
/24/Reports_studies/WHR_DOE%20ITP.pdf and H2S, that pose challenges moderate temperature waste heat
_ | . streams (<1000F) is a vast, largely
untapped opportunity
: _______________________________________________ /
! i Examples: "Smart" soot blowers; : -
1 Commermalzed $“Tfa°e Work with coating pulse detonation at smaller ! There are many
i|cleaning technologies companies to broaden | [scales; material coatings | |commercialized coatings.
'linclude soot blowers, P ) : ' |E | El Fin®
[ i the use of their coatin | |ZERIES €1 HEEiiEl Al
1|acoustic horns, pulse roducts and 9 1 |(http:/iwww.luvata.com/el
i|detonation, mechanical {)echnologies - »:dvanced sen;sor technologyford ! |ectrofin), EonCoat Y G S "
eat recovery from contaminate . ! . 1
hnol ] (SIS, AGNEEE CHP barriers; sharing h Ey le: Slaggi il (http:/www .eoncoat.com/| i [industrial heat pumps can | |ORCs are available from 1
Technology technologiesimprove upon exhausts. Example: Slagging an 1 } !
! 9 p P i Hori i [), FlameControl recover latent and several companies for
i|th t bl research and fouling monitoring system for . C p !
/[these. e.g. soot blowers devel i tent ) ! ! |(http:/lwww flamecontrol. | 1 |sensible heat from waste heat recovery from 1
i|that target contaminated evelopmentor patents | |plack liquor recovery boilers ! h ti html 1 B I
| ! com/hr_coating_n.html), | [exhausts up to 200F temperatures ranging from |
ijareas | |etc. Anon- |} lmechanicalyand 400F ~200F to 750F !
"""""""""""""""""""""""""""""""""""" commercialized C?at'“g IS [ (absorption). Refer to - ]
Stirling Biopower’s 1 |Nyle Systems LLC, and Kalina Cycle® can recover | 1
Develop new sensors and coating for biogas ! [Broad, Carrier, York etc. heat up to 1000F !
monitoring equipment for S R e W e ;
contaminated exhausts
Develop advanced HEEssoe Jooooooooadooooogn ]
surface cleaning | |Demonstration of heat recovery from | pEoccooooooooooas =
technologies for I [contaminated exhausts and publications on best |1 I _ i 1
R&D contaminated waste ! |practices, lessons learned and case studies. 1 | L.OW cost he.at pump systems with 1
Program heat. : : ; [high coefficient of performance 1|Demonstration of moderate temp
Develop material coatings for heat recovery from - - " 1 i
L contampinated waste hee?t. Refer to referenc):e I : Demonstra.tlon.of |ndusgr|lal heat pump ! Eiitorfgfge?rys‘g;tngzgs (Keélgiﬁa
: “Corrosion Resistant Coatings Technology” : 1 |systems with high coefficient of ! Cycle® '
1 | (suzukiy i | |performance (contact Nyle Systems LLC) |I
1 1

: Commercially -
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

L Commercially
- Capability Gap (CG) - Unavailable Technology (CUT) - New R&D Program (NRD)
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R&D Project Summaries |  ——

Demonstration of heat recovery from contaminated exhausts Develop new sensors and monitoring equipment for
and publications on best practices, lessons learned and case contaminated exhausts.
studies.

Develop material coatings for heat recovery from contaminated

Demonstration of industrial heat pump systems with high waste heat. Refer to Ichiro Suzuki, Corrosion-Resistant Coatings Technology
coefficient of performance (contact Nyle Systems LLC, www.nyle.com). (New York: Marcel Dekker [Taylor & Franicis Group], 1989).
Demonstration of moderate temp heat recovery with Organic Low-cost heat pump systems with high coefficient of
Rankine Cycles (ORCS) (e.g. Nucor Steel, Seattle, www.nucor.com) and Kalina performance.

Cycle®.

Develop advanced surface cleaning technologies for
contaminated waste heat.
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Shorter product cycles
(less certain thermal
hosts for CHP)

Driver Smaller scale economic Greater energy efficiency
development to reduce cost

The majority of waste heat

sources are small scale (even C ; .
o-dependency issue: How to
in large facilities) Many Improved small-scale system

o ( Tt R EEss integrate CHP? Stranded asset
Ca%apt\);“ty L?;::Cr;ic:llZg;telsaragrgrosnclzlgsost v problem upon loss of thermal host

1
I|Example: Pratt-Whitney

: (formerly UTC) is reducing cost
1]of ORCs by incorporating
1
1
1

Economic scaled-down heat [|Provide gas treatment systems
recovery equipment for to fit smaller installations;
small-scale operations refine CHP technologies that
don't require gas treatment

1

1

: Modular plug-and-play cogeneration /
1 CHP that can be relocated / reused
1

1

1

1

standard chiller components. (positive salvage value)

Technology A
Pre-package systems to limit engineering '
R&D costs; standardize small units as normal CHP asset redeployment strategies
Program production models, flexibility to phase-in (enhanced sal_vage vall_Je for failed
additional units for future growth; material projects); designed to increase
testing to drive-down production costs project financeability

. Commercially .
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

- Commercially
- Capability Gap (CG) - Unavailable Technology (CUT) - New R&D Program (NRD)
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CHP asset redeployment strategies (enhanced salvage value for failed Pre-package systems to limit engineering costs; standardize small units as
projects); designed to increase project financeability. normal production models, flexibility to phase-in additional units for future growth;

material testing to drive-down production costs.
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Renewable power
Environ_mental impact _of c_entralized power generation creates Availability of new
oriver generation and transmission income stream to support technologies
management of waste
streams

Unproven technologies; need fuel analysis, data,

Need U.S. EPA air quality type certification of and independent verification

biogas generator set equipment

Capability
GAP
T L T e L L e T L
1
P dent d ResConverting stack and waste heat to 1
Independent verification by an Moreindependent :cqzﬁ:ir:ioenn;ngt:nalysis of power is needed to make industrial and :
i hird-| ith ificati ) < home applications more efficient while
.ﬂggﬁfﬁ.; ;rga’?filtr:%;:uconmop;ﬁfltg? ;gg:ceilrtllolr;a?rfl IR real-time electricity and heat power rlt)egovery from “dirty” fuel sources :
air pollution and greenhouse gas CHpiJ s?emsy demand at industrial would provide for combustion with little fuel I
emissions measured in real time Y ' facn|t|_es, K2 W03 H_EEd @ cleanup. TAPEC and nano-scale heat to :
under cycling conditions Sl dus bﬁsellne light surfaces are several technology paths :
for CHP.
1
[}

Technology | e eeb e dbaameenbtennnnenn e i s s e e e e s R s e

Nano technology is being explored for heat-to-
power from biogas. See work of Grant Norton,
Chemical Engineer, Washington State

University (http://www.mme.wsu.edu/~norton/)

Identify emerging
technology options for
industry as a program
area

Independent data acquisition and analysis of
heat demand, electricity demand, and the
temperature of heat demand in real-time at
one-second time intervals in industrial
facilities

Converting waste heat to electricity in an efficient,
simple way by using sound. Industrial settings such
as stack heat using thermo acoustic piezo energy

Real-time data acquisition and data monitoring by an

—@
independent third party to analyze engineering, economic, Quantify heat and

. ) electricity demand
R&D and environmental performance of CHP and combined and temgerature of | | [conversion (TAPEC) but also in home. (see work of
Program cooling, heating, and electric power (CCHP) distributed demand at Orest Symko U. of Utah

generators at industrial facilities; emissions and solid
waste should be monitored

(http://www.physics.utah.edu/people/faculty/symko.ht
ml), and Kelvin Lynn, WSU on piezo electric crystals
http://www.cmr.wsu.edu/center_director)

. Commercially —
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

industrial facilities
(in real time)

. Commercially
- Capability Gap (CG) - Unavailable Technology (CUT) - New R&D Program (NRD)
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Converting waste heat to electricity in an efficient, simple way by Identify emerging technology options for industry as a program
using sound. Industrial settings such as stack heat using thermo acoustic piezo area.

energy conversion (TAPEC) but also in home. (see work of Orest Symko U. of Utah
(http://www.physics.utah.edu/people/faculty/symko.html), and Kelvin Lynn, WSU on piezo
electric crystals http://www.cmr.wsu.edu/center_director).

Independent data acquisition and analysis of heat demand, electricity

demand, and the temperature of heat demand in real-time at one-second time
intervals in industrial facilities.

Nano technology is being explored for heat-to-power from

biogas. See work of Grant Norton, Chemical Engineer, Washington State
University (http://www.mme.wsu.edu/~norton/).

Real-time data acquisition and data monitoring by an independent
third party to analyze engineering, economic, and environmental performance of CHP
and combined cooling, heating, and electric power (CCHP) distributed generators at
industrial facilities; emissions and solid waste should be monitored.

Quantify heat and electricity demand and temperature of
demand at industrial facilities (in real time).
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= el el i Grid quality and consistency can
Driver inancial vaiue o be negatively impacted by
stqrage S GrpEsiE alternative power system
D INETEESE interconnection
Cost-effective storage for CHP-generated Need plug-and-play interconnection
power; dispatchable power system and standards (see Interstate
- Renewable Energy Council (IREC))
Capability A

GAP

Computer simulation tools for Waste heat expansion of Recovering waste heat of

determining the optimal pressurized gas and air compression (for use and / or

combinations of CHP generators, storage)

combined cooling, heating, and

electric power (CCHP) generators, ®

thermal storage, cooling storage, Standardized power conversion

and electrical storage modules with input from electrical
Technology — generation device, with output to

Reverse fuel switching facility power bus

(gas to power)

Industrial energy
storage and

- - shaping

Develop phase 1 computer simulation tools for technologies
optimizing combined cooling, heating, and electric
power (CCHP) generation and storage at industrial
facilities; tools can identify optimal installed
capacities, control strategies, and deployment and
installation approaches; phase Ill models could be
ultimately used by industry directly

Development of design tools
ultimately to be used by industry to
select the optimal installed capacity
of a CHP or combined cooling,

R&D heating, and electric power (CCHP)
Program gen_erator for a_facility as well as

optimal operating and control

strategies

Create standardized power
conversion modules for
interconnecting site's generator
power with site's power bus

: Commercially -
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

L Commercially
- Capability Gap (CG) - Unavailable Technology (CUT) - New R&D Program (NRD)
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Create standardized power conversion modules for interconnecting Development of design tools ultimately to be used by industry to select the
site's generator power with site's power bus. optimal installed capacity of a CHP or combined cooling, heating, and electric power
(CCHP) generator for a facility as well as optimal operating and control strategies.

Develop phase 1 computer simulation tools for optimizing combined
cooling, heating, and electric power (CCHP) generation and storage at industrial Industrial energy storage and shaping technologies.
facilities; tools can identify optimal installed capacities, control strategies, and
deployment and installation approaches; phase lll models could be ultimately used by
industry directly.

Reverse fuel switching (gas to power).
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Increasing cost and Public perception — CHP ;
Driver decreasing availability can heal an environmental ﬁg;zgdwvsglffk?;iéla(:k of
of raw materials black eye

- Supply chain for
Decrease the transportation competent CHP

Capability costs to transport the fuel e ) eyl

GAP ESLIEES right solution for specific
application training gap

No directory or database of engineering /
construction firms with expertise in CHP & its
applications in various industries. Interested
facilities don't know who to go to

Multiple transportation strategies CHP
exist, but they need to be
optimized for the particular
application or location

Technology A

Barrier: Other - Engineering
training

Development of a user-
friendly tool for industrial

facilities to conduct a pinch - -
point analysis to optimal E)rgamze wolrkshops with
Transportation opgmization is an tsr:?ég]n?ls ifr:toegr?:tli_'o;vaftﬁeat ezfavgﬂsshuzpng\;otri and test
R&D NAD Il across a Tl 2C G different quantities and for competency
Program SSEDNS (ol 100 S PEtilieally temperatures of heat
addressing the issue @ DOE / OTT / -
e demanded at facility

. Commercially .
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

- Commercially
- Capability Gap (CG) - Unavailable Technology (CUT) - New R&D Program (NRD)
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Transportation optimization is an R&D program across a number of sectors Development of a user-friendly tool for industrial facilities to
but not specifically addressing the issue. Stakeholders indicated ongoing research at conduct a pinch point analysis to optimal thermal integration of heat streams from
the U.S. Department of Energy (DOE) and the DOE’s Office of Transportation CHP with different quantities and temperatures of heat demanded at facility.
Technologies (OTT) within the Energy Efficiency and Renewable Energy (EERE), as well as at
universities.
= DOE’s Office of Transportation Technologies (OTT):
http://www1.eere.energy.gov/vehiclesandfuels/ Organize workshops with known suppliers to establish a network and

test for competency.
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: Public perception — CHP Aging workforce, lack of
Driver can heal an environmental

trained workforce

black eye
Need better biomass waste
drying and improved CHP
systems than rotary drum
or hot air
L Supply chain for A
Capablllty competent CHP
GAP engineering and
analysis; right solution
for specific application
training gap Pre-drying pre-treatment for slow
Micro wave drying of wet biomass and fast pyrolysis, primarily wood
and higher temperature gasifier materials
{k

Industrialization of non-conductor /
convection energy materials for drying
- IR-RF -MW (infrared - radio frequency

Develop training program for

Technolo system suppliers of CHP '
9y Y pp - micro wave)
A
Commercialize microwave wet @
biomass drying systems (contact Thermochemical pyrolysis program
Rotawave Ltd. out of the U.K.) optimized moisture for fuel energy,
biochemical (Contact Manuel Garcia
Perez, WSU)
Support and expand current
R&D programs to train graduates and [ )
post doctors for renewable industry Commercialize high temperature brick kiln wood gasifier - Need

Program with emphasis on new technology
and ability to communicate complex
ideas with the public.

performance data R&D - OctaFlame model 001 under construction
- Springdale Lumber (http://www.borgfordbioenergy.net/index.htm)

. Commercially .
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

- Commercially
- Capability Gap (CG) - Unavailable Technology (CUT) - New R&D Program (NRD)
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Commercialize high temperature brick Kiln wood gasifier. Need Commercialize microwave wet biomass drying systems (contact
performance data R&D on brick kiln wood gasifier system now being evaluated at Rotawave Ltd. out of the U.K., rotawave.com).

Springdale Lumber in Spokane, Washington.

= Borgford BioEnergy LLC’s OctaFlame model 001 is under construction at
Springdale Lumber; see http://www.borgfordbioenergy.net/index.htm.

Thermochemical pyrolysis program optimized moisture for fuel

energy, biochemical (Contact Manuel Garcia Perez at Washington State University,
www.bsyse.wsu.edu/garcia-perez).

Support and expand current programs to train graduates and post
doctors for renewable industry with emphasis on new technology and ability to

communicate complex ideas with the public.
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Driver Renewable power generation
creates income stream to
support management of waste
streams

Capability

GAP Need CHP system that handles dirty
biogas or cheap biogas scrubbing
from waste water treatment

B‘iogas cIe_an—up technol(_)gies for meetipg the Biological gas treatment system self
Technology mgcs:spumy letie s TEEIGE oy CA= e regenerating carbon media
R&D - -
P Self regenerating carbon media Develop new gas treatment
rogram material technologies

. Commercially .
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

- Commercially o
- Capability Gap (CG) - Unavailable Technology (CUT) - New R&D Program (NRD)
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Self regenerating carbon media material. Develop new gas treatment technologies.
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Renewable power generation creates income Greater energy efficiency

Driver stream to support management of waste streams to reduce cost

Customer demand for sustainability and “green”

Capability

GAP
Absorption chillers cold
enough for freezing and
higher efficiency

1
| |[High efficiency, low cost absorption chillers for chilled | [Cost effective, efficient Optimally thermally integrating - - i
: - b . : o ) h ) Inexpensive absorption 1
| |[water or freezing commercial chillers are typically absorptions chilling (or other absorption chillers with the alhillers wiiin & eestiaie of B
Technology ! [single effect with a coefficient of performance (COP) <=( |process) to convert heat to heat supply from distributed erformance >= 0.7 i
1)o7 freezing CHP generators p —— ;
1

Research and development of cost
effective, higher efficiency Optimal integration of CHP generators and
R&D absorption chillers to achieve absorption chillers
Program freezing temperatures

; Commercially o
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

L Commercially
- Capability Gap (CG) - Unavailable Technology (CUT) - New R&D Program (NRD)
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Research and development of cost effective, higher efficiency Optimal integration of CHP generators and absorption chillers.
absorption chillers to achieve freezing temperatures.
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Capability
GAP

Technology

R&D
Program

Studies of
thermochemical
processes to
produce methane

A

Technology development to design torrefaction
reactors and proof of concept of new approaches
to utilize the volatile compounds generated

during biomass torrefaction

Studies to better understand bio-oil
spray and droplet vaporization and
oxidation behavior. Design of bio-
oil gasification and combustion
chambers

Biomass
gasifiers with
methanation
reactors. The
concept has to
be demonstrated
at lab and bench
scale

Cost-effective
thermochemical
processes to
produce methane
from lignocellulosic
materials (Manuel
Garcia-Perez WSU
Pullman)

Bio-oil
standardization
and development
of systems to
gasify and
combust these
liquids

Increasing cost and decreasing
availability of raw materials

Study of biochar formation

A Better control of pyrolysis

Design apgroaches
for torrefaction
reactor and new
uses for the
resulting solid and
volatile products

conditions to produce less
complex bio-oils

conditions and its relation with
contaminants (PHAs and
dioxins) formation

A

Biomass gasifiers
with methanation
reactors. Poor
understanding of
pyrolysis reactions
and the effect of
additives to control
thesereactions

Cost-effective
technology to
gasify pyrolysis
oils and its
slurries for heat
and power
production. (WSU
Pullman)

- Driver

Capability Gap (CG)

Cost-effective and
environmentally
sustainable
technologies for
production of
torrefied biomass to
be co-fired in coal
power plants. (WSU
Pullman)

—@
Identification of
technologies and
conditions to produce
bio-chars with low
contents of
contaminants (PHAs
and dioxins)

High costs of collecting forest-derived biomass

at source. Need portable pre-treatment

equipment, designed considering difficult truck

maneuverability and access

Solid biomass depends on
trucking for delivery,
increasing cost

Increase energy density of biomass
energy sources to decrease
transportation costs

1
1
1
! |Solid biomass densification, such
1 . .

1 |as pellet mills, briquetters, balers,
| |grinders, presses, chippers.

1 |Pyrolyisis also densifies biomass.
1 |Challengeis portability and

! design for sites with difficult

1 |access

1 |http:/www.omafra.gov.on.ca/engli
sh/engineer/facts/11-035.pdf

Portable, biomass
densification
equipment
designed for in-
woods use

Selective Biomass
pyrolysis
processes to
produce less
complex bio-oils
(WSU Pullman)

Commercially

Available Technology (CAT)

- Commercially
Unavailable Technolog

Cost-effective
thermochemical
technologies
(pyrolysis,
gasification or
combustion) to
produce bio-char
and power. (WSU
Pullman)

Solid biomass densification

- Existing R&D Program (ERD)

New R&D Program (NRD)
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Cost-effective and environmentally sustainable technologies for

production of torrefied biomass to be co-fired in coal power plants. R&D

ongoing at Washington State University (WSU) Center for Sustaining Agriculture and Natural

Resources (CSANR).

= Researchers at WSU’s CSANR are conducting R&D about producing torrefied
biomass; see http://csanr.wsu.edu/.

Cost-effective ~ thermochemical  technologies  (pyrolysis,

Cost-effective technology to gasify pyrolysis oils and its slurries
for heat and power production. R&D ongoing at Washington State University (WSU)
Center for Sustaining Agriculture and Natural Resources (CSANR).
= Researchers at WSU’s CSANR are conducting R&D about gasifying pyrolysis oils
and its slurries; see http://csanr.wsu.edu/.

gasification or combustion) to produce bio-char and power. R&D
ongoing at Washington State University (WSU) Center for Sustaining Agriculture and Natural
Resources (CSANR).

= Researchers at WSU’s CSANR are conducting R&D about producing bio-char and
power using Cost-effective thermochemical technologies; see
http://csanr.wsu.edu/.

Selective biomass pyrolysis processes to produce less complex
bio-oils. R&D ongoing at Washington State University (WSU) Center for Sustaining

Cost-effective thermochemical processes to produce methane

from lignocellulosic materials. (Contact Manuel Garcia Perez at Washington
State University, www.bsyse.wsu.edu/garcia-perez).

[BACK TO TOP]

Agriculture and Natural Resources (CSANR).

= Researchers at WSU’s CSANR are conducting R&D about producing less complex
bio-oils from the pyrolysis processes; see http://csanr.wsu.edu/.

Solid biomass densification.
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Driver | e e e e e T

Wet biomass is generally not Most high solids anaerobic digester
cost effective or suitable as designs suffer from high water usage,
feedstocks for thermochemical complexity, high cost and/or poor
processes such as gasification performance. WSU's UASB design is I :
and combustion addressing these issues. Syl dlg_est_ers withoutcos
- products or tipping fees from co-
Capability A |vethane production is inhibited with | |Anaerobic digestion of wet diested wastes are often not cost
GAP feedstocks that have a low pH, or a medium and high solids effective, except on large facilities
nutrient or mineral deficiency or content (SC>10%) biomass is or if environmental costs might be
which contain chemicals such as not well developed. incurred that AD averts
sanitizers

Co-products such as nutrients (N,

Several designs of high solids digesters K, P), artificial peat product, animal
arein research phase. An example is bedding, topsoil bedding, nursery

! ! WSU's UASB design. Refer to greenhouse bulk soil, turf top-

] ” e i ! http://www.ecy.wa.gov/pubs/0907064.pdf dressing, and transportation

! n_zt_ero i€ _|gesd efr_s‘ or Anaerobic digesters ! A erosion controlbiochar

Technology R acidic, nutrient deficient | 1. ' i o0 high ! |Commercially available
! |or other problematic salfls (erainas. ' |digesters for low solids
1 [feedstocks ! |biomass, such as complete B R g R G e

boooooooooor BooooooooDoonoooooDoooDsooDood mix and plug flow digesters.
Challenge is medium and high
solids content feedstocks

Demonstration and economic
evaluation of anaerobic digesters
on commercial farms having
several co-products

Develop co-products from anaerobic

A bic digesti - 7 digestion solids and liquids, such as
R&D fer:a?jesrtgcllfs Isguecshlgg ;gs:?cgunl:rsale A nutrients (N, K, P), artificial peat, animal
Program municipal inudstrial, commercial Develop high solids (solids bedding, topsoil bedding, nursery
’ ! content >15%) anaerobic greenhouse bulk soil, turf top-dressing,
and green wastes. 0 - . h
Craig Frear WSU Pullman) digesters and erosion control-biochar, (Craig
( 9 Frear, WSU Pullman)

; Commercially o
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

L Commercially o
- Capability Gap (CG) - Unavailable Technology (CUT) - New R&D Program (NRD)
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Anaerobic digestion using waste feedstocks, such as agricultural, Develop co-products from anaerobic digestion solids and liquids,

municipal, inudstrial, commercial and green wastes. such as nutrients (N, K, P), artificial peat, animal bedding, topsoil bedding, nursery

(Contact Craig Frear, Washington State University, greenhouse bulk soil, turf top-dressing, and erosion control-biochar.
http://www.bsyse.wsu.edu/core/directory/faculty/cfrear.html). (Contact Craig Frear, Washington State University,

http://www.bsyse.wsu.edu/core/directory/faculty/cfrear.html).

Demonstration and economic evaluation of anaerobic digesters ) ) ) o
on commercial farms having several co-products. Develop high solids (solids content >15%) anaerobic digesters.
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_ Peak power generation (eg. CHP systems require on-site Availability and use of Grid quality and consistency can be
Driver Combined power and thermal energy storage when | |waste products as fuel for negatively impacted by alternative power
hydrogen: CHHP) exporting power to grid CHP production system interconnectiol
Need i inthei £ Hybrid CHP systems for industrial
eed improvements in the interface Grid voltage, quality, k Var applications (e.g., solar & fuel cell or

Capability technologies between CHP variability drives fuel cell system biomass & fuel cell) need one

ey \= generation andeftofla_ge inverter to shut down common inverter that’s insensitive
opportunities of fuel input resources to grid variations

Wide variety of commercial inverters
Interfaces currently exist with other are available; however, are they are
technology, adapt to CHP sufficiently flexible to tolerate grid
Barrier: Technical voltage variability and quality?
Technology Other: Cost Barrier: Technical
A Other: Cost

R&D ®
Program Interface between CHP generation
and resource storage

L
Flexible inverter technology to
accommodate grid voltage
variability and quality

. Commercially o
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

- Commercially
- Capability Gap (CG) - Unavailable Technology (CUT) - L P )
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Interface between CHP generation and resource storage. Flexible inverter technology to accommodate grid voltage
variability and quality.
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Availability of cross-
Driver el iy G~ Major advances in Industrial self cuiting, law-cast
;W‘ﬁost tec _’:OIOQV :jtlr ing et [P reliance: run a technology building
coon? Zc(i.ﬁé\;vtl :xec8r1$;nuer2 technology plant without blocks (i.e. wireless, ultra
d p | I AgD ' outside power compact heat
advanced controls, ASDs) exchangers, advanced

controls, ASDs)

Capability

GAP How to use 140°F and lower
hot waste 1) between
electricity 2) in processes

Optimal use of low-grade
waste heat

Appropriately apply absorption Re-invigorate and make Micro-technology and heat pump

chiller with CHP heat to provide low economically available pinch technology exists but needs to be
Technology temperature (i.e. freezing is best to analysis on equivalence refined, optimized and applied

food processing?) Barrier: Technical Barrier: Technical

Barrier: Technical

Demonstrate absorption
chillers coupled with CHP
R&D systems for providing chilling
Program and/or freezing and power to
industry

Find analysts capable of perform full analysis of an operating plant
for optimum effective energy use: integrate CHP, maximize other
process heat recovery, utilize low temperature heat by new
technologies, to enable CHP by improving economics and to avoid
electricity use by direct thermal drive from waste heat

; Commercially o
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

L Commercially
- Capability Gap (CG) - Unavailable Technology (CUT) - New R&D Program (NRD)
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Demonstrate absorption chillers coupled with CHP systems for Find analysts capable of perform full analysis of an operating
providing chilling and/or freezing and power to industry plant for optimum effective energy use: integrate CHP, maximize other

process heat recovery, utilize low temperature heat by new technologies, to enable CHP by
improving economics and to avoid electricity use by direct thermal drive from waste heat
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: Availability of cross-
Shlfts.the control of Availability of BT (R
electricity produced, Financial new ! g
Lack of distribution, use to vellie af technologi technology building
competitive it (e inclusinet SteElE SIS blocks (i.e. wireless, ultra
CHP aintain] facility i 1 compact heat exchangers,
i i EllnEtn N advanced controls, ASDs
engineering improve increase )
competitive
advantage - Major advances in
Smart grid heat pump
technologies technology
o across all sectors
Capability
GAP
Bring together the disparate
: How to store electricity: batteries, manufacturers and vendors (e.g.
UIEETTEN (EESIREmETS ) (2 e pumped storage hydro, flywheels heat exchange industry) to apply
expertise to the CHP industry
The individual technologies exist but
There are technologies that need to Battery technology, or flywheel or there need to be increased
Technology be applied, including technology in other storage, has simply not yet collaboration and good engineering to
other industries and found been applied to CHP apply theses technologies effectively
internationally (i.e., Europe) Barrier: Technical Barrier: Technical
Barrier: Technical
New CHP technologies: U.S. DOE and
- - every major technology manufacturer
Eatter)f/gechnologﬁaplplled;;gHbP. is working on new technologies to fill
Develop lower-cost equipment for it?ésh%s r?t;ttelgiéicdirr‘gc?gg at CHP ut this gap; the challenge is to bring
obtaining measurements of applications (at least wide-spread) _these technologles to the CHP
R&D temperature, heat, and mass flow pp P industry @ equipment manufacturers,
@ DOE, battery manufacturers, and National labs (e.g. PNNL), and
Program auto manufacturers araiti s
universities (WSU-micro technology
center)

. Commercially L
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

- Commercially
- Capability Gap (CG) Unavailable Technology (CUT) - New R&D Program (NRD)
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Battery technology applied to CHP: Lots of battery technology R&D, but it Develop lower-cost equipment for obtaining measurements of
is has not been directed at CHP applications (at least wide-spread) @ DOE, battery temperature, heat, and mass flow.

manufacturers, and auto manufacturers.

New CHP technologies: U.S. DOE and every major technology manufacturer is
working on new technologies to fill this gap; the challenge is to bring these

technologies to the CHP industry @ equipment manufacturers, National labs (e.g.
PNNL), and universities (WSU-micro technology center).
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- Maintain / Availability of Industrial self Availability of CHP systems require on-
Shifts the control of improve cross-cutting, low- reliance: run a cross-cutting, low- site thermal energy
. electricity produced,|  |competitive cost technology plant without cost technology storage when exporting
Driver distribution, use to advantage building blocks (i.e. outside power building blocks (i.e power to grid
witr_1i_n the industrial wireless, ultra wireless, ultra -
facility compact heat compact’ heat

exchangers, Major advances in exchangers, SEtant

Recover and 2%‘?”03(1 controls, heat pump advanced controls, technologies
::ili]se?al N 2l technology ASDs) across all sectors

Lack of

competitive

o CHP
Capability engineering Technical knowledge to Optimal use of low- How to use 140°F and lower Smart controls to adjust inputs (fuel)
GAP apply recovered heat grade waste heat. hot waste 1) between and outputs (heat & electricity) to

electricity 2) in processes meet resource (fuel) demand in an

optimal strategy

from CHP

Thermal Thermal driven (low temperature) Smart grid technology is in infancy with
MERSLTEERS heat pump to raise lower most technologies still customized and
in plants Low grade heat S - .

P temperature water to usable not commercialized for industrial

utilization, 140-200F
gas from boiler, or
water from cooling
tower to make
electricity

applications; need software to tie smart
grid technologies together

temperature (see May-Ruben
Technologies as a example)

A

Complete analysis to integrate
CHP, process, and low heat
temperature recovery

Technology Low temperature absorption (or other)

chiller vapor lowest possible
temperature (<140°F) heat source

Develop commercially viable
thermal-driven heat pump to
lift low temperature (100°-

Thermal measurements / data

collection system Improve absorption chillers to

operate more efficiently on lower
140°F) heat to higher temperature driven heat and still
temperature (160°-200°F) so it achieve cooling, on better freezing
can be utilized in process ®
(reference: May-Ruben Develop new interface and software for existing smart
Technologies) technologies; this could include smart technology for
individual industrial equipment inside the plant linked
to CHP system to give comprehensive ability to
manage load and supply to meet price signals

Study if Organic Rankine Cycle is
cost effective in a system: input =
R&D 140°F H20 or 170°F boiler exhaust
Program gas, output = 50°F H20 or cool
exhaust gas, and heat pump
process producing electricity

- Existing R&D Program (ERD)

- Driver

- Commercially
Available Technology (CAT)

- Commercially
Capability Gap (CG) - Urevellee Teeneden New R&D Program (NRD)
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Thermal measurements / data collection system. Improve absorption chillers to operate more efficiently on lower
temperature driven heat and still achieve cooling, on better freezing.

Develop commercially viable thermal-driven heat pump to lift low ) _ ) ) o
temperature (100°-140°F) heat to higher temperature (160°-200°F) so it can be Study if Organic Rankine Cycle is cost effective in a system: input

utilized in process (reference: May-Ruben Technologies). = 140°F H20 or 170°F boiler exhaust gas, output = 50°F H20 or cool exhaust gas,
and heat pump process producing electricity.

Develop new interface and software for existing smart
technologies; this could include smart technology for individual industrial

equipment inside the plant linked to CHP system to give comprehensive ability to
manage load and supply to meet price signals.
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Driver

Capability
GAP

Availability of new
technologies

Smart grid
technologies
across all sectors

Demonstration of fuel cell CHP
at industrial sites

Shifts the control of
electricity produced,
distribution, use to
within the industrial
facility

How to store electricity:
batteries, pumped storage
hydro, flywheels

Financial value of
storage is expected
to increase

Grid voltage, quality, kVAR

variability drives fuel cell system

inverter to shut down

Grid quality and
consistency can be
negatively impacted by
alternative power system
interconnection

Hybrid CHP systems for
industrial applications (e.g.,
solar & fuel cell or biomass &
fuel cell) need one common
inverter that’s insensitive to
grid var.

Technology

Electrical energy storage for peak

Need to develop new, improved

- - Molten carbonate fuel
Solid oxide fuel cell ] . -
cells are usage cost effective method to store | |inverter technology to operate within
systems are under . . )
commercially 20 MWh of electrical energy and awide range of voltage, kVAR
development .
available cover 90% for later use tolerances

R&D

Demonstrate commercially-available
fuel cell CHP at industrial sites

Program

- Driver

Capability Gap (CG)

Integrate CHP generators with
electrical, thermal, and cooling
storage systems

Commercially

Available Technology (CAT)

Commercially

Unavailable Technology (CUT)

plants. (Can a programmable

inverter serve both?)

New inverter / smart inverter needed
specifically for MW-scale fuel cell
systems. R&D underway for PV
systems but not for fuel cell power

- Existing R&D Program (ERD)

New R&D Program (NRD)
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New inverter / smart inverter needed specifically for MW-scale
fuel cell systems. R&D underway for PV systems but not for fuel cell power
plants. (Can a programmable inverter serve both?).

Demonstrate commercially-available fuel cell CHP at industrial
sites.

Integrate CHP generators with electrical, thermal, and cooling
storage systems.
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Driver Future reduction of Kyoto, global Shorter product cycles Water scarcity and
carbon footprint policies concerning (less certain thermal hosts cost, related health
energy for CHP) concerns

Fuel cell systems serving industrial
applications must operate 24/7 to
maximize system efficiency; some
applications use power 24/7 but heat
less than 24/7; gap is how to store
heat until required by application

Heat storage capacity: What
happens when facilities reach
capacity to utilize heat / steam /
other electricity?

o Modular / portable CHP for
Capability multiple or changing "host"
GAP requirements

CHP systems generally engineered Phase change materials exist for

for a specific application or industry, thermal storage, however, they need

not flexible or portable for quickly to be significantly tailored or

adapting to new or changing developed for fuel cell applications
Technology applications Barrier: Technical

Engineer fuel cell
systems to run 24/7 (to Engineer existing
Engineering needed to maximize efficiency), phase change
match fuel cell thermal but store electricity materials (e.g. molten
Modular / portable CHP output to absorption and heat as needed salts, etc.) to match
R&D microturbine fuel cell on wheels chiller input require when on-site fuel cell thermal
Program methods appli_cations t_jo_ not production at MW-scale
require electricity or level
heat or both

. Commercially -
- Driver Available Technology (CAT) - Existing R&D Program (ERD)

- Commercially
- Capability Gap (CG) Unavailable Technology (CUT) - New R&D Program (NRD)
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Engineer existing phase change materials (e.g. molten salts, Engineering needed to match fuel cell thermal output to
etc.) to match fuel cell thermal production at MW-scale level. absorption chiller input require methods.
Engineer fuel cell systems to run 24/7 (to maximize efficiency), Modular / portable CHP microturbine fuel cell on wheels.

but store electricity and heat as needed when on-site applications do
not require electricity or heat or both.
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Availability of cross-cutting,

Driver - CHP systems require low-cost technology Availability of new
Smartgrid on-site thermal ener building blocks (i.e. technologies
technologies 2 wireless, ultra compact heat
across all sectors storagewhgg exporting exchang'ers advanced
2 e controls, ASDs) Major
advances in Smart grid
heat pump technologies
technology across all sectors
Capability
GAP
Smart controls to adjust inputs (fuel) Bring together the disparate
and outputs (heat & electricy) to manufacturers and vendors (e.g.
meet resource (fuel) demand in an heat exchange industry) to apply
optimal strategy expertise to the CHP industry

Advanced sensors and controls including wireless technology are being developed and
applied for complex building HVAC systems that can also be applied to CHP
technology. Smart grid enabled equipment is only now emerging in the commercial
and industrial sector and will need to be integrated with advanced controls and sensors
for an integrated package

Technology

Develop software and hardware for smart grid-enabled CHP
R&D i X

that also integrates and adapts the new and emerging
Program advanced sensors, diagnostics and controls currently found in

the HVAC industry for fans, pumps, motors, valves, etc.

. Commercially -
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

- Commercially
- Capability Gap (CG) - VrevelEsETees - New R&D Program (NRD)
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Develop software and hardware for smart grid-enabled CHP that
also integrates and adapts the new and emerging advanced sensors, diagnostics
and controls currently found in the HVAC industry for fans, pumps, motors, valves,

etc.
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Driver

Capability
GAP

Technology

R&D
Program

Water scarcity and
cost, related health
concerns

High rates of water usage with
current centralized power generation
plants for cooling these plants

Low cost condensing heat T o A :
exchangers for condensing water in GLY s ElIT ERelle) ) [AEIED © Low cost generator cooling with
exhaust gases water cooling for the generators closed loop water cooling

CHP systems that efficiently use

water Lower cost gas-to-liquid and

liquid to liquid heat exchangers

. Commercially o
- Driver - Available Technology (CAT) - Existing R&D Program (ERD)

Capability Gap (CG) - commercially - New R&D Program (NRD)
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CHP systems that efficiently use water. Lower cost gas-to-liquid and liquid to liquid heat exchangers.
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AC....... Alternating Current LED...... Light-emitting Diode

AC....... Air Conditioning Im....... lumen

BECC..... Behavior, Energy and Climate Change M&V..... Monitoring and Verification
CCT...... Correlated Color Temperature (in K) MTBF.... Mean Time Between Failures

CFL ...... Compact Fluorescent Light NBI...... New Buildings Institute

CLTC..... California Lighting Technology Center NC....... New Construction

CRI ...... Color Rendering Index NETC..... National Energy Trade Commission
DC....... Direct Current NIST ..... National Institute of Science and Technology
DHW..... Domestic Hot Water PC....... Personal Computer

ECM ..... Electronically Commutated Motor PCM..... Phase Change Material

EMS ..... Energy Management System QC....... Quality Control

ETO...... Energy Trust of Oregon RFID..... Radio-Frequency Identification
EV....... Electric Vehicle RTU ..... Roof Top Unit

FCL...... Fault Current Limiter SHGC.... Solar Heat Gain Coefficient
GHG..... Greenhouse Gas SSL...... Solid State Lighting

HPWH ... Heat Pump Water Heater UBC..... University of British Columbia

HRV ..... Heat Recovery Ventilator UPS ..... Uninterruptible Power Supply
IES....... Illuminating Engineering Society VRF...... Variable Refrigerant Flow

P ....... Internet Protocol WCEC.... Western Cooling Efficiency Center
IPMVP International Performance Measurement and ZNE...... Zero Net Energy

Verification Protocol
IR....... Infrared
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