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About NEEP and the Regional EM&V Forum

@ ]| REGIONAL EVALUATION,
MEASUREMENT & VERIFICATION FORUM

NEEP was founded in 1996 as a nonprofit whose mission is to serve the Northeast and
Mid -Atlantic to accelerate energy efficiency in the building sector through public policy,
program strategies, and education. Our vision is that the region will fully embrace

energy efficiency as a cornerstone of sustainable energy policy to help achieve a cleaner
environment and a more reliable and affordable energy system.

The Regional Evaluation, Measurement and Verification Forum (EM&V Forum or Forum)

is a project facilitated by Northeast Energy Efficiency Partnerships, Inc. (NEEP). The

%OUUOZzZ UwxUUxOUIl whbUwUOwxUOYPEI wEwi UEOQTI POUOQwI OUwOT
and/or consistent protocols to measure, verify, track, and report energy efficiency and

other demand resource savings, costs, and emission impacts to support the role and

credibility of these resources in current and emerging energy and environmental policies

and markets in the Northeast, New York, and the Mid -Atlantic region.

Energy & Resource Solutions (ERS)

energy<s
r resouice
solutions

ERS was founded in 1995 to provide energy efficiency services and over the past 19
years has developed a consulting practice focused on energy efficiency,renewable
energy, and emerging technologies. With offices in Massachusetts, Maine, Connecticut,
New York, Texas, California, and Oregon, our staff of more than ninety professionals
includes professional engineers, certified energy managers, and LEEDaccredted
professionals. ERS is involved in many diverse activities, including engineering analysis
and modeling of energy efficiency measures, program process and impact evaluation,
and program planning and delivery.

NEEP EM&V Forum ere v



Emerging Technology Incremental Cost Study Final Report

Final Report Emerging Technologies Incremental Cost Study

Acknowledgments

This study was conducted by ERS under contract with the NEEP EM&V Forum. ERS
Vice President Brian McCowan managed the project with assistance from Staff Engineer
Valerie Eacret. Technology research was conducted by EREngineers Betsy Ricker,
Cameron Kinney, Bryan Kilgore, Jesse Remillard, and Valerie Eacret.ERS Editor Lisa
Markowski performed the final editing and formatting. NEEP Senior Manager Elizabeth
Titus and Denise Rouleau of Tetra Tech coordinated the project with technical assistance
from David Jacobson of Jacobson Energy Research. Dave Lis, Claire Miziolek, and Gabe
Arnold of NEEP provided valuable insight for several of the researched technologies.

The project team also wishes to acknowledge the EM&V Forum pr oject subcommittee,
which provided valuable input and content review .

Vi er¢ NEEP EM&V Forum



Final Report Emerging Technologies Incremental
Cost Study erS

1 EXECUTIVE SUMMARY

This report presents the results of research and analysis of estimated incremental costs,
including labor costs where appropriate, of several emerging technology categories.
Efficiency program administrators rely on estimated and reported incremental costs for
efficient technologies, compared with appropriate baselines, to assure that costeffective
technologies are supported. This provides value for the ratepayers as well as program
participant s.

1.1 Introduction

Northeast Energy Efficiency Partnerships (NEEP), and in particular the Evaluation,
Measurement and Verification Forum (EM&V Forum or the Forum) , has in the past
produced several incremental cost reports for efficiency measures that are typically
supported with efficiency program incentives. This report differs significantly in that it
focusesprimarily on technologies that have been identified as potential efficiency
measures and have not yet been adopted as programsupported measures. Someof the
technologies have been introduced to the marketplace recently, while others are still in
pilot or research and development phases.

The Forumgz tember organizations have long offered residential and commercial sector
energy efficiency programs. Many O1 wUOT 1 Ul wx UOT UEQUWEUIT wUl EOT OPal E
programs that are transforming markets and significantly reducing energy demand and
consumption. However, the program administrators are fully aware that efficiency

efforts cannot be stagnant. As marketsare transformed, best practice becomes standard
practice and new technology and programmatic developments offer new opportunities.
This study provides solid incremental cost data for the studied technologies that can be
used to support the introduction of innovative measuresthat are anticipated to be
included as standard program offerings in the near future. It also demonstrates
approaches that are useful for predictive estimations of incremental costs for
technologies that have not yet reached full market status.

regarding technical aspects of the researched technologiesand that information is
included in this report in order to assist in decision making regarding th e inclusion of
emerging technologies in efficiency program offerings.
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Summary data is presented in this document. In addition, a set of worksheets
accompanies this study and presents the data collected, the time frames, and the
analysis details.

1.1.1 Study Methodology

The study team adopted a diverse set of strategies for estimating incremental costs that
would likely be encountered as the technologies became more widely available. The
strategies varied with the market status of each category, the willingness of market
actors to share data, and the complexity and variability of installations. Recognizing
these challenges, subject matter experts were engaged to perform the research, rather
than utilizing general research staff. The researchers were all degreed engneers with
expertise in the particular end -use category and exceptional industry contacts. In
addition , the NEEP staff engaged subject matter experts from the study sponsor
efficiency programs who were best able to provide data and industry contacts.

In addition to gathering hard data, the study team used professional judgment to
interpret cost estimates gathered from market actor interviews. As many of the
technologies covered have not yet come to market, or are in early market stages,
interviewees were at times reluctant to provide cost information for competitive reasons,
and/or were unable to predict the final cost to the end user once the products were
introduced through distribution chains.

1.1.2 Regional Approach

The sponsor organizations for this study implement efficiency programs throughout the
Northeast and Mid -Atlantic states. A regional approach is economical for the sponsors
and also facilitates a wide range of input from program implementers and evaluators.
The technologies selected represent tkeir interest and intentions regarding future
program prescriptive and custom measures. However, most if not all of the technologies
covered are appropriate for gas and electric efficiency programs throughout the US and
elsewhere. Other regional efficiency organizations are encouraged to work with NEEP to
help keep this information current, and/or to broaden the technology coverage.

1.1.3 Use of this Study

This study is intended to be useful for many purposes, including program planning;
cost-effectiveness testing program evaluation; technology research;technical resource
manual development; customer and market actor outreach; etc. Thestudy strived for
cost accuracyat the time of publication . However, some costs were changing even as
final edits were being made. Given the nature of emerging technologies, costs should be

2 er¢ NEEP EM&V Forum
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updated frequently. It is also recognized that there will often be regional differences in
project costs due to various market forces, including differences between rural and
urban markets, and the experience of market actors, especially installers, with similar
emerging technologies. Costing services such as RSMeanshtps://www.rsmeans.com/ )
can be helpful in identifying regional differences in project co sts.

1.2 Researched Technologies

NEEP assembled a project advisorycommittee with representatives from the sponsoring
electric and gas efficiency programs that serve the majority of territories throughout the
Northeast and Mid -Atlantic regions. ERS consulted with the advisory committee and
NEEP staff to select technology categories that were identified as fitting into one or more
of the following categories:

C Technologies approved for pilot programs

C Technologies considered for custom incentives

C Replacement techrologies for measures transitioning to standard practice
C Technologies that promise wide market appeal

C Measures that may assist in reaching underserved markets

The selected technologies were then prioritized into two groups of five technology
categories through a consensusprocess conducted with the advisory committee. The
decision was made to research and report on the five priority technologies prior to
making a final decision on the level of effort to place on lower -priority technologies. The
final ten selected technologies are presented in Table 11, with brief descriptions
following the table.

NEEP EM&V Forum ere 3
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Table 1-1. Researched Technology Categories with Summary Incremental Cost Information

Sector Application* .
Approximate Incremental| Report
Technology RES [ C&l |Category Range NC R Cost Section _|Notes

la |[VRF heat pump X JA K C|Multi-split and VRF X Variable from approximately 3.1 Single zone mini-split

1b |Multiple-zone variable X X |systems i Si x $1,500 to $6,000 per ton - 3.1 systems are cowered in
capacity HP residential, multifamily, plus an additional 17% for earlier NEEP incremental
compressors and small commercial cold climate performance cost studies

units O 16

2 |Advanced LED lighting X [Fixtures with integral X X Highly variable 3.2 Typically priced on a building
controls controls and control area basis

systems designed for
LED
3a |Home energy X “"Smart" hubs and X X Highly variable cost, from 3.3 Often referred to as "smart"
management products dedicated energy- $9 for "smart" lamps to products, the home energy

impacting devices; $200+ for major appliances management products
appliances with category focuses on products

3b |Tier 2 power strips X communication capability X X $30-$70 depending on # of 3.3 with energy saving or load-
for energy savings; power outlets and control features shifting capabilities.
strips with logic beyond
master/controlled
operation

4 |Advanced/ultra-high X |ICEE size catf x $36071 $560/ t on| c & a c|Limited reseach as deemed
efficiency rooftop 65,000 Btu/hr and 65,000 not cost-effective in the study
packaged A/C (SEER to 135,000 Btu/hr include region
>18) current packaged high

efficiency U
SEER)

5 |Integrated heat pump X X [Controls that are capable X X $3651 %660 per| c @Bt r|Bdctless mini-splits are now
multi-system thermostatic of controlling hp and controlled seperately from
controls additional heating other heating systems,

system(s) typically via an preventing automatic
interface with "smart" sequencing.
thermostats

6 |Advanced compressors X |Supermarket refrigeration X Highly variable from 0-55% 3.6 Current retrofit market
for commercial systems for new dominated by compressor
refrigeration construction of rebuilding and the retrofit of

reconfiguration of existing controls
systems

7 |Automatic compressed air X |Focus on systems X X Fullly installed cost; typical 3.7 Industrial me 3
system diagnostic communicating with systems average savings potential
monitoring dashboard $7,50071%$17,50

8 |Improved HP water X Residential systems X X $1, 00071%$2, 100 3.8 Many heat pump water
heaters offering higher-than- with electric storage water heaters as currently

typical COPs at ambient heaters configured do not perform
temperatures below 68°F well in cool basements

9 |Natural gas heat pump X |Large-capacity X X $176.50/MBtu/hr and 3.9 Limited market activity;
water heaters commercial industrial $276.50/MBtu/hr commercial, municipal, and

systems multifamily, large DHW loads

10 |Q-Sync motors for X X |Limited sizes and X Esti mated at 3.10 Proprietary - one supplier to
evaporator fans applications, further typical installed project cost date; currently available on a
(proprietary QM Power products under pilot basis - UL approved for
product) development; current some sizes

market focus is small
refrigeration fan motors
* Application: NC = New construction and end-of-life replacement; R = Retrofit applications

NEEP EM&V Forum
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1.3 Technologies 1a and 1b Residential and Commercial Variable
Capacity and Variable Refrigerant Flow Air Source Heat Pumps and A/C

Inverter -driven air source heat pumps and air conditioning (A/C) systems utilize a

variable frequency drive (VFD) to modulate the compressor output to match changing

demand. Variable refrigerant flow (VRF) systems also utilize an inverter -driven

compressor, but additionally have the capability to m odulate the flow of refrigerant to

each individual fan coil within the building. Some VRF systems also have the ability to

provide simultaneous heating and cooling across zones through heat recovery at a

central distribution point. This study covers invert er-driven multiple -zone systems for

residential and small commercial applications, as well as VRF systemsthat have the

capability of simultaneous heating and cooling. Single-4 O 01 wAGD®W > wi 1 E0wx UOx Uw
were included in earlier NEEP studies.

1.4 Technology Category 2 Advanced LED Lighting Controls

Advanced LED lighting controls have the capability of responding to multiple signals in

order to turn lighting off, and/or to dim lighting.  Although there is no established

industry definition, this study defines EOQW? EEYEOEI E» w+$#wWEOOUUOOwWUaUUI
allows the use of a minimum of three of the following control strategies: occupancy

sensing, daylight harvesting , task tuning, networking , and individual addressability (the

ability to control single lights i ndependently of the other lights in the zone s).

1.5 Technology Category 3a & 3b Home Energy Management Products
and Smart Thermostats

Originally proposed as two categories, home energy management products, such as
hubs that control lighting and other devices and smart thermostats, have been combined
into one category, asthey share many features. Furthermore, smart thermostats are
beginning to be marketed as devices with the ability to control more than HVAC
systems.In addition to thermostats and lighting products, tier -2 advanced power strips
for plug load control and remote -controllable major household appl iances are included.

1.6 Technology Category 4 Advanced Rooftop Air Conditioning Units
with SEER Ratings of 18 and Above

Rooftop air conditioning units (RTUs) are the most common systems for the
conditioning of commercial buildings. Improved compressor, fan motor, evaporative
coils, and control strategies have allowed the efficiency of these units to improve
significantly over the last several years. Major manufacturers are now
developing/introducing RTUs that represent the next step up in efficiency.

NEEP EM&V Forum ere 5
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1.7 Technology Category 5 Integrated Residential Multi-System Heat
Pump Controls

This category includes controls that can be utilized to thermostatically control two

heating systems+t atheat pump and a furnace, boiler, or electric resistancet ituorder to
maximize overall performance. Although heat pump manufacturers have been working
on thermostats with this capability, their focus has now shifted to interfaces that allow

sources.

1.8 Technology Category 6 Advanced Compressors for Commercial
Refrigeration

This category addresses improvements and alternatives to the centralized direct
expansion (DX) systems that are used to provide cooling for nearly all grocery stores,
supermarkets, and other commercial refrigeration applications in the United States. DX
systems use a refrigerant vapor expansion/compression (RVEC) cycle to directly cool the
supply air to the space. It is the same basic technology as that used for standard air
conditioning systems.Advanced refrigeration compressor solutions are now available
that offer efficiency improvements , reduced refrigerant leakage, and alternative
refrigerants with lower greenhouse gas (GHG) impacts compared with standard practice
equipment.

1.9 Technology Category 71 Advanced Compressed Air Diaghostic
Monitoring

Advanced compressed air system diagnostic monitoring is an industrial measure with
large savings potential. While there are multiple compressed air diagnostic monitoring
solutions available, the emerging technology option that this study focused on
includes systems that communicate with a dashboard visible by either the company
providing the service, the client, or both. These systems can automatically determine
and adjust the number of compressors and storage tanks (receivers) in a plantthat are
operating, detect leaks, and improve pressure control through increasing the accuracy
of the system pressure.

1.10 Technology 81 Improved Efficiency Electric Heat Pump Water Heaters
This technology category is focused on residential and small commercial electric heat
pump water heaters (HPWHS) that offer improved performance in installation
environments that experience ambient temperatures below the standard testing/rating
ambient temperature. The manufacturer published efficiency ratings for HPWHSs are

6 er¢ NEEP EM&V Forum
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calculated at an industry standard ambient temperature of 68°F. Below that temperature,
the performance deteriorates rapidly for most HPWHSs. In the Northeast, most
residential water heaters are installed in unheated or semi-heated basements with
average temperaturesbelow 68°F.

1.11 Technology 917 Commercial Natural Gas Engine Powered Heat Pump
Water Heaters

Natural gas engine powered heat pump water heaters (GHPWH) are heat pump water
heatersthat utilize an integral engine to power the system and typically recover heat
from engine exhaust to increase operating efficiency. There are a number of different
types of systems including air to air, air to water, water to water, and variable
refrigerant flow (VRF) type systems. This study focuses on systems designed to heat
large quantities of water for large commercial, industrial , or institutional applications.

1.12 Technology Category 10 'EQ-Sync Motors

Q-Sync motors are proprietary synchronous motor s manufactured by QM Power. They
are permanent magnet synchronous motors that directly utilize utility -supplied ac
current. By contrast, synchronous electronically commutated ( EC) motors require that
the accurrent be rectified to dc before it is applied to the motor windings , and rectifying
electrical current produces some parasitic losses.

1.13 Summary of Incremental Cost Findings

Emerging technology, baseline, and resulting incremental cost estimates were developed
for all of the selected technology categories There are levels of variability in the
estimates dependent upon several factors, including: current market status; market
channels; measure complexity; market actor cooperation regarding providing cost
information ; etc. Table 1-1 above includes an abbreviated summary of the estimated
incremental costs. Further incremental cost information is presented in the individual
technology sections in this report. Excel workbooks with the data collected for this study
are available at http://www.neep.org/initiatives/emv__-forum/forum -products.

1.14 Research Challenges

Eachtechnology presented particular challenges described below in summary and
detailed within each technology section:

C Variable capacity multi -split and VRF heat pumps ¢ According to our research,
this is the fastestgrowing area of the HVAC market, both in sales growth and
competitive options. One manufacturer interviewed said that the market was

NEEP EM&V Forum ere 7
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?2ET EOT bOI &Edpdciblipiflarger simes, installed cost is highly variable and
is highly dependent upon building and project configurations.

Advanced LED lighting control systems ¢ Many different systems with various
pricing strategies are entering the market, making it difficult to predict future
market directions.

Home energy management products ¢+ Thermostats and lighting are now well

Il UUEEODPUIT 1 EwPBDUT WEOOUDPUUI OUwxUPEDOT 6w ObPI YI Uw
unstable with products being introduced and then discontinued o n a regular basis.

Advanced ultra -high efficiency RTUs ¢ After initial research the advisory

committee determined that, for the Northeast, these systems cannot meet program
cost-effectiveness requirements As a result, further research was restricted.

Inte grated multi -system heat pump thermostats ¢ Initial research determined that
the market direction was trending toward heat pump interfaces that are designed

and an additional heating system.

Advanced refrigeration compressors ¢ This is a complex category with several
different control strategies. The study focused on projects that represent alternative
system configurations and refrigerant specifications, rather than the simpl e retrofit
of compressor controls.

Automatic compressed air diagnostic systems ¢ With limited and competitive
systems, market actors were reluctant to share pricing strategies.

Improved heat pump water heaters t Our research identified a cold climate
specification under development by the Northwest Energy Efficiency Alliance that
has potential for improving performance in the sponsor territories. Much of the
improvement involves control strategies rather than eq uipment component
upgrades.

Natural gas heat pump water heaters t+ These systems are very rare in the United
States andrequire highly custom installation. Incremental cost needs to be
determined on an individual project basis. Since the existenceof these systemsis
relatively unknown by the sponsor organizations, the study focused on technology
researchwhile presenting limited cost information .

Q-sync motors ¢ This is a patent-protected proprietary product that is just
beginning to be piloted in refrigeration applications. However , preliminary pricing
information was provided , as was the pricing strategy of the manufacturer.

ere NEEP EM&V Forum
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2 RESEARCH METHODOLOGY

Emerging technologies require different approaches in order to estimate incremental
costs. For maturetechnologies, research focuses primarily on actual invoices submitted

to document successful installation. With truly emerging technologies, th ese data sets
are not available, and therefore other approaches must be adopted. For this study ERS
adopted a diverse set of strategies for predicting estimated incremental costs that would

likely be encountered as the technologies became more widely available and accepted.

The strategies include:

¢

Pilot project research + Some of the technologies are being piloted ty efficiency
programs, but limited cost data was available.

Web researcht Some products such as residential smat hubs and lamps have

readily researchable pricing obtainable on the web. However, as is typical of many

emerging technologies, the availabilit y of products and the costs are both very

volatile. Using multiple online retailers as well as brick -and-mortar retailers with

websites, weidentified Ul EQwUI OOPOT wxUPEDOT wUEUT I UwUT EOQwWUE
suggested retail pricing.

Cost service researcht Services such as RSMeans maintain databases of

equipment and installation costs. RSMeans proved usable mostly for baseline

pricing .

Vendor and customer interviews ¢ Vendor and customer interviews were used to
identify real -world installed costs, as well as projected costs for products still in
R&D phases.

Overseas market investigation ¢+ For products emerging first and/or gaining faster
acceptanceoverseas markets outside the U.S.were consulted for comparative
pricing.

Application of product pricing stra tegies t+ When little or conflicting cost data was
available we applied market pricing strategies to cross-reference pricing. This
included comparing pricing in similar  product categories as well as consulting
market pricing strategies published by 360pi, a market channel research service.

Product cost-effectiveness strategies ¢+ When very little cost data was available we
utilized assumptions regarding energy savings to estimate cost-effectiveness in
order to generate reasonablecost predictions based on marketability within the
efficiency program space. Historically, emerging technologies in the efficiency and
renewable energy fields are often introduced at pricing that is somewhat above a

NEEP EM&V Forum ere 9
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cost-effective basis and as the early adopter phase fades, those tehnologies
conform to cost-effectiveness standards to survive. Accepting a loss on these
products during the emerging phaseis often deemed acceptable. This
methodology played a role in estimating costs for Qsync motors as well as heat
pump multiple system controls as the market actors reported pricing their
products to meet cost-effectiveness and competitiveness requirementsduring this
emerging stage, at times subsidizing their introduction.

Research strategies varied by technology category depending uponmarket status and
the cost data available through conventional research techniques. The strategies
employed for each technology category are detailed in Table 2-1.

10
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Table 2-1. Cost Research Strategies by Technology Category

Overseas Market Cost-
Program Web Based |Cost Service | Market Actor Market Pricing Effectiveness
Technology Category Project Data | Research Research Interviews Research Strategies Model
1a [VRF heat pump ¥ A/lc K K K
Multiple-zone variable
b [capacity HP 'K K K K
modulating compressors
Advanced LED lighting
2
controls K K K
Home energy
3
2 management products K K
3b | Tier 2 power strips K K K
Advanced/ultra-high
efficiency rooftop
4
packaged A/C (SEER K K K K
>18)
Integrated heat pump
5 |multi-system K K K
thermostatic controls
Advanced compressors
6 |for commercial K K K K
refrigeration
Automatic compressed
7 |air system diagnostic K K K
monitoring
Improved HP water
8
heaters K K K K
Natural gas heat pump
9
water heaters K K K K
Q-Sync motors for
evaporator fans
10 [P K K K K

(proprietary QM Power
product)

NEEP EM&V Forum
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3 TECHNOLOGY-SPECIFIC ESTIMATED COSTS AND MARKET INFORMATION

3T 1T wi OOOO6PPOT WUT EUPOOUWET UEPOwWUT PUwWUUUEazUwi POEE
categories. This includes baseline identification and costs, emerging technology costs,

and the resulting incremental costs. Except for products that are typically end -user

installed, the costs include installation costs broken out as appropriate. In addition, we

have included the results of limited market research regarding the current market status

for each, and have reported on technology costtrends.

regarding technical aspects of the researched technologiesand that information is
included in this report in order to assist in decision making regarding the inclusion of
emerging technologies in efficiency program offerings.

3.1 Technology Categories 1a and 1b Residential and Commercial
Variable Capacity and Variable Refrigerant Flow Air Source Heat
Pumps and A/C

Inverter -driven air source heat pumps (ASHPs) and air conditioning (A/C) systems
utilize an inverter and variable frequency drive (VFD) to modulate the compressor
output to match changing demand. Variable refrigerant flow (VRF) systems also utilize
an inverter and VFD -driven compressor, but additionally have the capability to
modulate the flow of refrigerant to each individual fan coil, or indoor unit, within the
building. Depending on manufacturer and model, some VRF systems over 10 tons that
are designed for commercial buildings with variable conditioni ng loads offer
simultaneous heating and cooling depending on the conditioning demands of the
individual zones. Simultaneous heating and cooling is provided through heat recovery
(HR) at a refrigerant distribution point, which improves the efficiency of the se systems.

The HVAC industry categorizes the different types of HP systems as mini -split, multi -
split, or VRF, the differences between which are illustrated and described in Figure 3-
1. This study covers multiple zone (multi -split and VRF) HP systems for residential
and small commercial applications, as well as VRF systemsthat have HR capability.

12 er¢ NEEP EM&V Forum
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Single-zone mini-split HPs were included in earlier NEEP studies and are not covered
in this study 1.

Multiple -zone inverter-driven and VRF systems offer several advantages over standard
ASHPs and A/C systems, including the following attributes:

C High efficiency, inverter -controlled compressors
Individual zone comfort controls
Potential for HR in buildings requiring simultaneous heating and cooling

Appropriate for r etrofits in buildings without existing ductwork

O O O O

Require no ducting in new construction , thus increasing the useable square footage
and reducing total installed cost

12009 KEMA Ductless Mini Pilot Studly:
http://www.energizect.com/sites/default/files/Final%20DSHP%20Evaluation%20Report%20ver3
%20(2).doc

2012 Northwest Ductless Heat Pump Initiative: http://neea.org/docs/reports/northwest -ductless-
heat-pump -initiative -market-progress-evaluation -report -2.pdf?sfvrsn=6

2014 Northeast/Mid -Atlantic Air -Source Heat Pump Market Strategies Report:
http://www.neep.org/sites/default/files/resources/NortheastMid _-Atlantic%20Air -
Source%20Heat%20Pump%20Market%20Strategies%20Report_0.pdf
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Figure 3-1. Schematic of Split, Multi-Split, and VRF Systems?
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Definitions:

Split system i Single-zone
residential-sized split systems
served by a single outdoor
unit. These systems may use
ducts to distribute conditioned
air to multiple zones. Or they
may be ductless, in which
case they are commonly
referred -4l iatso
systems,

Multi-split i Multiple-zone
split (sometimes referred to as
multi-head) systems for
residential and small
commercial applications
served by a single outdoor
unit. Each indoor unit is
connected directly to the
outdoor unit via refrigerant
lines.

VRF i Commercial multiple-
zone systems with or without
the capability of simultaneous
heating and cooling. Each
indoor unit is connected to a
central refrigerant distribution
point that allows variable
refrigerant flow to each
individual zone.

2 ACEEE 2008 proceedingst Variable Refrigerant Flow: An Emerging Air Conditioner and Heat
Pump Technology by Amarnath: http://aceee.org/files/proceedings/2008/data/papers/3_228.pdf
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Manufacturers we interviewed report that these types of systems are not well suited to
large open spaces or big boxtype stores. VRF and multi-split HP systems are most
effective when installed in buildings with multiple zones with divergent conditioning
needs and are specially cost-effective when HR is possible. In buildings with open floor
plans and homogeneous heating and cooling demands, there is little opportunity to
exchange energy between zones, limiting the HR potential of VRF systems.

3.1.1 Baseline Description

Because multi-split and VRF systems are so versatile, there is a broad range of baseline
technologies these systems can replace. Potential baseline systems for muksplit and
VRF systems are:

C Packaged, codecompliant ASHP, or AC systems
C Rooftop units (RTUs) with multi -zone VAV and hot water reheat
C Hot water baseboard systems with window A /C units

As a general guideline, the baseline is considered the system that most likely would
have been installed without the influence of the incentive program. Following
discussions with market actors and efficiency program representatives sponsoring the
study, the decision was made to adopt non-modulating code -compliant ASHP systems
as the baseline. However, for larger and more complex buildings and systems, both the
proposed and baseline systems will be specific to the installation. Incremental cost
studies previously completed by NEEP also identified ASHPs as the baseline and
provided useful baseline data that helped inform the study.

Although there are practical overla ps, our research confirms that residential system
capacities are typically identified as 65,000 Bu/hr (5.4 tons) or less, while multifamily

and small commercial systems are rated from 65,000 to 135,000 BTU/hr (11.25 tons), and
larger commercial VRF systems are typically rated at up to 192,000 Bu/hr (16 tons). US
Department of Energy (DOE) equipment standards and international energy code

(IECC) provisions assist in characterizing baseline equipment efficiency. Current
standards and minimum efficiency requ irements for ASHPs and VRF HPs are presented
in Table 3-1.
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Table 3-1. Standards and Certifications for HPs and VRF HPs?

Split System and VRF HPs
Standard or Residential Small Commercial Commercial
Certification (<5.4 tons) (5.4 to 11.25 tons) (11.25 to 20 tons)
DOE SEER =13 EER = 10.8 EER =10.4
equipment HSPF = 7.7 COP =33 COP =32
standard
IECC 2012 SEER =13 EER =10.8 EER =10.4
HSPF = 7.7 IEER =11 IEER = 10.5
COP =33 at47°F COP =3.2 at 47°F
COP=225at 17°F COP =2.05at 17°F

3.1.2 Market Status as of April 2016

Manufacturers and contractors interviewed for this study report that VRF and multi -
split technologies represent the fastestgrowing segment of the commercial HYAC
market. A recent study by Transparency Market Research found that VRF technology is
expected to grow at a compound annual growth rate of 5.2% through 2019*.

VRF and split system HP technologies were first developed and marketed in Asia, and
the market is still dominated by Asian companies, such as Mitsubishi, Daikin, Fujits u,
LG, Panasonic, Samsung, and Sanyo, although several domestic manufacturers,
including Lennox, Trane, Carrier, and York , have begun to offer similar systems. Indian
and Chinese manufacturers also list website availability of these systems, although these
are not included in our study because they do not typically meet performance standards
established by the DOE, Consortium for Energy Efficiency (CEE), and efficiency
program implementers. Research also indicatesthat they have not gained significant US
market share and are not offered by professional HVAC installers.

The major manufacturers have all introduced systems for the residential, multifamily,
and small commercial markets, and many anticipate taking advantage of the modular
nature of VRF systems toexpand into the medium and large commercial markets, where

3 https://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/77
http://publicecodes.cyberregs.com/icod/iecc/2012/icod_iecc_2012 ce4 sec003.htm

4 The study is discussed here:http://www.prnewswire.com/news -releases/uscommercial-air -
conditioning -systems-vrf -market-to-reach-usd-102513million -by-2019transparency-market-
research-265514851.htm| but the actual study can be purchased here:
http://www.transparencymarketresearch.com/commercial -air-conditioning -systems-market.htmi
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it is anticipated that VRF systems will progressively compete with RTUs in some
commercial markets.

The 2014 NEEP Market Strategies Repoftand interviews indicate that the largest share
of the US market is represented by Mitsubishi, Daikin, Fujitsu, LG, Lennox, and Catrrier.
ERS was able to obtain interviews with four of these manufacturers for this study. There
is some understandable reluctance to share performance and market information that
might be viewed as challenging to market competitiveness, but in general, market actors
provided valuable assistance.

3.1.3 Market Chains Identified

The market chains for advanced heat pumps vary by manufactu rer. Mitsubishi does not
utilize independent manufacturer representatives in the Northeast, instead relying on
staff sales representatives to specify projects with design teams and sell products to
stocking distributors. This is in contrast to other manufa cturers, such as Fuijitsu, that
utilize independent manufacturer representatives to market their products to
distributors. In either case, contractors purchase equipment from distributors, or for
large projects, directly from factory representatives who exe cute the transaction through
distributors. A schematic of the market chains identified is shown in Figure 3-2.

Figure 3-2. Market Chains Identified

.
Staff sales rep

v

Manufacturer - Distributors Contractors ]
Independent

manuf act
rep

J

3.1.4 Sources of Data

Early data on VRF incremental costs was presented in a 2002 Department of Energy
(DOE) publication on emerging HVAC technologies ¢, which reported an incremental
cost of 5% to 20% compared to chilled water systems with equivalent capacity. This

5 http://www.neep.org/northeastmid _-atlantic -air-source-heat-pump -market-strategies-report

6http://appsl.eere.energy.gov/buildings/publications/pdfs/commercial initiative/hvac_volume3_fin
al_report.pdf
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study was later referenced by several other key studies we reviewed, including a 2007
ASHRAE Journal article by Goetzler, and a 2008 ACEEE article by Amarnatty.
Additional cost and market data was gathered from a 2012 General Services
Administration ( GSA) report by Pacific Northwest National Laboratory (PNNL) ®and a
2011 study for the Bonneville Power Administration prepared by EES Consulting °.

Other studies contributing data for this report are the NEEP Incremental Cost Study
Phase 3 Report’, the Northeast Mid -Atlantic Air -Source Heat Pump Market Strategies
Report!* NEEP Ductless Heat Pump (DHP) Meta-Study??, the Efficiency Maine Technical
Reference Manual’s, case studies gathered by Energy Management Solutions (EMSY,
and the California DEER database with associated Southern California Edison Company
Work Paper SCE13HC036°.

Market Actor Installed Cost Data

In addition to secondary research and market actor interviews, we sought and received
cooperation from manufacturers, distributors, and contractors in developing
incremental installed costs. Four manufacturers and a Massachusetts HVAC contractor
provided installed project cost data and participated in follow -up interviews to develop
a full understanding of the pricing strategies for purposes of consistency and accuracy.
All market actors stress, however, that as the size of the installed systems increass, the
installations become more complex and highly custom ized to the application.

Two of the manufacture rs were able to provide installed costs for a set of prototypical
scenariosthat represent commonly installed zone configurations for the size units. Two
other manufacturers provided data in the form of verbal responses on a per-ton basis. A

7 http://aceee.arg/files/proceedings/2008/data/papers/3_228.pdf

8 http://www.gsa.gov/portal/mediald/197399/fileName/GPG_Variable Refrigerant_Flow 12 -
2012.action

9 http://rtf.nwcouncil.org/subcommittees/vchp/BPA_VRF_Measure_Report_Final_R1.pdf

10 http://www.neep.org/incremental -cost-study-phase-3-report

11 http://www.neep.org/northeastmid _-atlantic -air-source-heat-pump -market-strategies-report
12 http:/iwww.neep.org/ductless -heat-pump -meta-study-2014

13 http://iwww. efficiencymaine.com/docs/EMT -TRM_Commercial_v2016_2.pdf

14 http://www.emsenergy.com/uploads/pdfs/West -Energy-Management-CongressVFD-Can-
Save30-of-Your-HVAC -Cost-June-2013.pdf

15 http://www.deeresources.com/index.php/deer -versions/deer-2016/deer2016technology-costs
(login information is required for acc ess)
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summary of the se costsis provided in Table 3-2. It is notable that the data gathered
independently from the manufacturers was surprisingly consistent, particularly for
multi -split systems, which helps to validate the data collected.

Table 3-2. Summary of Installed Costs Provided by Manufacturers

Manufacturer | Multi-Split ($/ton) VREF ($/ton) VRF w/HR ($/ton)
1 $3,330 $8,800 $10,600
2 $4,000 $5,000 $7,000
3 $3,780 $5,480 $10,330
4 $3,800 $6,120 $8,860

The prototypical costs for Manufacturer 1 are shown in Table 3-3 and give additional

detail to the costs shown in Table 3-2.

Table 3-3. Manufacturer 1 Installed Costs

Size Installed Cost

System Type (Tons) Zones ($/ton)
Multi-split 1.7 2 $3,750
Multi-split 4.0 3 $2,900
Multi-split w/ cold 1.7 2 $4,560
weather capability

Multi-split w/ cold 4.0 3 $3,290
weather capability

VRF N.D. N.D. $8,800
VRF with HR N.D. N.D. $10,600

Manufacturer 3 was able to provide costsfurther broken down by labor and equipment
costs, which are shown in Table 3-4.

Table 3-4. Manufacturer 3 Installed Costs

Equipment Labor cost Installed Cost
System Type Tonnage Zones Cost ($/ton) ($/ton) ($/ton)
Multi-split 3 3 $1,751 $2,028 $3,780
VRF 4 4 $2,811 $2,064 $4,875
VRF 10 6 $2,612 $3,462 $6,075
VRF with HR 16 14 $3,717 $6,612 $10,330

NEEP EM&V Forum
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3.1.5 Incremental Costs

End-user installed costs were tabulated from eleven studies and interviews for this
study, including the data from the four manufacturers listed above. Several of these
sources represent a calculation of VRF and baseline systentosts based on other studies
and/or summaries of collected case study data. Some of these studies varied greatly in
their costs. For example, the CA SCE13HCO036 work paper reported installed costs as
$2,100/ton, for VRF systems, which is significantly lower than the manufacturer -
reported costs, which averaged $6,350/ton.Four outlier data points were excluded from
the analysis asthey were not consistent with the majority of verifiable data.

In addition, some of the costs were reported on a $/5qft basis rather than on a $/ton of
cooling basis. In these cases, the costs were converted to a $/ton basis by applying a
typical industry assumption of 400 sq ft/ton 6. Sources report that older existing
buildings require somewhat more capacity per area, and that recent improvements in
higher performance building construction require less capacity per building area. But,

all are in agreement that 400sq ft/ton is the appropriate average for the Northeast
climate. The incremental costs were calculated by first summarizing the costs from each
source. In some cases, this meant averaging costs among case studies, or several
referenced publications, and then averaging the summarized costs togetherto obtain an
overall average per ton. We further investigated referenced studi es embedded in specific
sources to ensure that an individual data point was not being counted multiple times
thereby skewing the results.

The results of this analysis are shown in Table 3-5.

16 Interview with Greg Hasselback of Mitsubishi, and data sourced from:
http://www.greenbuildingadvisor.com/blogs/dept/musings/calculating  -cooling-loads,
http://www.sawnee.com/content/hvac , http://www.achrnews.com/articles/86221 -rules-of-thumb -
for-troubleshooting
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Table 3-5. Summary of Installed Costs by Technology

Average Costs
System Type per Ton Notes
Baseline $2,270 Average from case study and published data
Multi-split $3,830 Average from manufacturer data
VRF $6,640 Average from manufacturer, and secondary

data

VRF with heat $8,600 Average from manufacturer data, and case
recovery studies

The resulting estimated incremental costs are presented in Table3-6. Note that adding
HR to a VRF system represents a cost increase of approximately 30%As presented in
Table 3-3, adding cold weather (typically descri bed as full capacity heating below 17°F)
capability was found to represent an addition al costof approximately 17%?17 for
manufacturers offering this capability. Since not all manufacturers offer this capability,
the associated added cost is not included inthe overall average or incremental costs.
These incremental costs are inclusive of both labor and equipment costs for both the
baseline and split/VRF HP technologies.

Table 3-6. Summary of Incremental Equipment and Labor Cost by Technology

Incremental Cold Weather
System Type Costs per Ton Performance
Multi-split $1,460 $2,090
VRF $4,370 $5,500
VRF with heat $6,330 $7,790
recovery

Labor costs were not separately identified for all sources, but the average of two key
sources indicated that the installation cost for VRF systems is $2,160/ton. Interviews and
literature indicated that labor costs will be highly dependent both on geographic

location and building type.

Market actor interviews indicate that the biggest factors affecting installation ¢ osts are:

17 The 17% cold weather adder was calculated from the difference in manufacturer quotes for
identical systems with and without cold weather capabilities.
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C The familiarity/experience of the contractor with the installation of multi -zone
ductless heat pump systems. It is reported that installation labor time is reduced
significantly with system experience. Efficiency Maine reported that installation
times have been reduced significantly in their multifamily DHP program as the
result of a limited number of contractors installing multiple systems.

C The number of zones per ton of the system being installed increases the labor and
miscellaneous materials @sts.

C The type of indoor fan coil units installed. It was reported that surface -mounted
wall fan units (cassettes) are easier to installthan ceiling or floor units and result in
less disruption that might require carpentry skills to complete a successful
install ation.

3.1.6 Cost Trends

All manufacturers interviewed reported that over the past year, prices for all larger

multi -zone DHPs have been coming down due to increased competition. They predict
that this trend will continue, with 5% to 15% further reductio n predicted over the next 1
to 2 years before stabilizing. It was noted that to remain competitive in a market with

low gas prices, system costs must remain reasonable and the advantages of cooling and
heating with a single system need to be emphasized. Additional factors that were cited
as contributing to recent and current cost reductions include:

C Contractorszincreasing familiarity with the installation of heat pump systems.
C Heat pump manufacturing transitioning from overseas to domestic production.

C Advancements in the combination of ducted and ductless heat pump systems.

3.1.7 Additional Market Insights

Although the study focus was on incremental costs, the interviews gathered additional
market insights that are potentially helpful to program planners, as foll ows:

C DHPs including VRF systems represent the fastestgrowing segment of the HVAC
industry but currently are only a very small portion of the total industry
(approximately 3% based on a 2014 |HS studys).

18 hitps://technology.ihs.com/527236/doesthe-vrf -market-in -the-united -states-deserve-the-buzz
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C The largest potential market for VRF systems is seento be colder climate zones
where increasing cold weather capabilities will enable market penetration.

C The high cost of electricity versus the low cost of natural gas has depressed heat
pump sales in recent months.

C Multi -zone DHPs and the soon-to-be-introd U E | #iar®5 1 %~ w U 3°%a@rd $eénU
as growth areas.

C One of the incremental cost drivers identified was the use of flared connections in
multi -split systems versus brazed connections for VRF systems. Brazed
connections are more expensive due mostly to laborcosts, but are more durable
than flared connections. This is seen as an important consideration as properly
brazed connections will prevent inadvertent refrigerant leakage that mechanical
flared connections are prone to.

The most significant barriers currently preventing larger DHP systems from becoming
more widespread were identified as:

C The cost premium of these systems and the need for incentives.

C Lack of public and contractor knowledge of how heat pump systems operate and
the benefits they provide.

C The US legacy of ducted systems which is ingrained through manufacturers and
their support of traditional HVAC approaches.

3.2 Technology Category 2 Advanced LED Lighting Controls

Advanced LED lighting controls have the capability of responding to multiple signals in

order to turn lighting off and/or to dim lighting.  Based ondiscussions with Gabe Arnold

(Manager of the NEEP/DesignLights Consortium [DLC] Lighting Controls Project), ERS
DUWEOOUPEI UPOT WEOQW?PEEYEOQEI E> w+$#wWEOOUUOOwWUaUUI OL
overlapping control strategies + atia minimum occupancy sensing, daylight harvesting,

and task tuning t along with networking and individual addressability  (the ability to

control single lights independently of the other lights in the zone) . Many advanced LED

controls come with more features than just the minimum features described. Multiple

sources showed a wide array of different advanced LED control features available in

19 Residential multi -zone DHPs that include the heat recovery functionality of larger VRF
systems.

NEEP EM&V Forum ere 23

\



Emerging Technology Incremental Cost Study Final Report

UOEEazUwOEUOI Ux OEET 6 w33F7iwend fourdbyreskeddchityine DUCE wb O w3 E E (
and MassSave Networked Lighting Controls qualified products lists, Internet research,

and conversations with key market actors. This is not an exhaustive list, but it contains

features that are found in multiple product lines.

Table 3-7. Identified Advanced LED Control Features Available on the Market

Advanced LED Control Features Available on the Market

Zoning reconfigurable with layering
Occupancy sensing

Daylight harvesting

Task tuning

Continuous dimming
Autonomous/distributed processing scheduling
Luminaire integration

Scheduling

Personal control

Load shedding/demand response

Plug load control

EMS/BMS integration

Energy performance monitoring
Device monitoring/remote diagnostics
Operational and standby power

More than 150 fixtures controlled
Automatic demand response capability

Ability to modify operating schedules for fixtures within each zone via internal and external means
(software interface, web, smartphone, etc.)

Ability to modify time delays and operating schedules for occupancy sensors within each zone via the
software interface

Display near real-time status of the lighting fixtures (i.e., on, off, dimmed mode) on a floor plan

3.2.1 Baseline Description

371 wUl Ol YEOQOUWUUEUT zUwl Ol UT awEOET wi OUWEOOOI UEPEOL
applicable baseline for projects that would trigger code, as is the case in new
construction and some renovation projects. NEEP keeps an updated listing of applicable

lighting codes in each Northeastern state on their website2?. For most code jurisdictions,

20 http://www.neep.org/initiatives/energy _-efficient-buildings/codes -tracker
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occupancy/vacancy sensors or schedulhg controls are required for most office and
educational type spaces, with automatic daylight sensors required for some specific
daylit zones.

For the incremental costs calculated in this section, baselines were often already
included in the project docum entation and thus baseline values were not determined
separately in order to find the incremental cost. For example, a number of projects
reviewed retrofit advanced controls onto existing lighting fixtures. In this case, the
baseline is considered the pre«isting condition. Another scenario showed the cost of an
adequate but less advanced system on the invoice for the advanced LED controls. In this
case, the less advanced, projecspecific alternative that was considered on the invoice
was used as the basehe costfrom which incremental cost was calculated. On a per-
fixture basis, the baseline would be the same light fixture that is used in combination

with the advanced LED controls, without the controls.

3.2.2 Sources of Data

We conducted Internet research looked at advanced LED controls projects previously
reviewed by ERS, communicated with other ERS staff who have recently attended
related conferences or who have been involved with advanced LED control projects in
the recent past, and completed five interviews with key market actors and
manufacturers about their product offerings and general sense of the advanced LED
marketplace. Unfortunately, none of the manufacturers provided equipment and
installation invoices for past projects. We collected rough estimates of cost from these
interviews and project-specific cost information from already installed projects in order
to validate the cost estimates provided by the manufacturers and ensure accurate cost
reporting. Manufacturers generally reported that they initially estimate control system
costs on a persquare-foot basis. The cost information that manufacturers provided
includes cost per square foot, percentages of total project cost for commissioning, cost of
integration with other systems, and material co st, along with the total cost of a system.

Additionally, ERS reviewed one study 2! that focused on the costeffectiveness of a
variety of lighting control strategies over a 10-year period, and another?2? that discussed

2ZI2 EQET UUOWH#ED]I wEOE W" 1
Ol w, UOUDLxOl w+bPTTUDPOT w"
Networks.
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OdU0L
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advanced LED control cost trends. ERSalso reviewed U1 | w# +" z UWEUETI Ow@UEODI DI
list requirements for advanced LED control features, the qualified products list for the

Advanced Lighting Controls (ALC) pr ogram requirements for features that are required

by these programs in order to be considered a qualified product.

3.2.3 Market Status as of April 2016

Advanced LED controls are readily available and have penetrated roughly 2% of the
market, according to L.J. Hdredge, an advanced LED control subject matter expert at
ERS ERS has revieweda number of projects with advanced LEDs controls installed. As
shown below, these products were available on the market 3 or more years ago.

3.2.4 Product Lines

We investigated twenty-one different product lines from twenty different manufacturers

UOWET U1 UODLOT whT 1 UT 1 Uwl E Hialifies dafvdriedd godtroETae0 UO O wU a U (
3-8 includes a number of leading products on the market, although it is not meant to be

a complete list of all advanced LED control products available at the time of this writing .

221 UEPOUUI POOWHUEOEDUGS w? 6 H UG wLU u UEOYM BpAad #8 vd+ORd Ul DUEEQLT Budy OB
for the General Services Administration by the Lawrence Berkeley National Laboratory.
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Table 3-8. Advanced LED Control Products

Manufacturer Product Name
Cree Smartcast
Plimoth Bay Controls, LLC SunSense
Lutron Quantum
Osram Sylvania Encelium
Enlighted Enlighted Room
Control
Philips Dynalite
Cooper Controls Fifth Light
Autani, LLC LightCenter
Acuity nLight
legrand WattStopper
Digital Lumens LightRules
Daintree ControlScope
DimonoffInc Lite node
Delta Controls DDM-880, DLC-
G1212, DLC-Px0x
Exergy Controls XRG-1000
Fulham Controls ROOM SOLUTION
Eaton Cooper Industries Metalux Encounter
Eaton Cooper Industries Sky Ridge LEDs
Dialight SafeSite
Philips Spacewise
Crestron Crestron Lighting
Control & Fusion

3.2.5 Market Chains ldentified

ERSPEI OUDPI Pl EwUPOwWx UOEUEUWEEUI T OUPI UWEYEDPOEEOI wb(
LED controls: fixtures marketed to end users with integrated controls, and networked

lighting control systems that are marketed for their features and which can be installed

with a variety of fixture types. The fixtures with integrated controls are typically

marketed through nor mal lighting distribution chains, while networked lighting control

systems are more often specified by factory representatives and are incorporated into

project designs by lighting designers and/or electrical engineers.
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3.2.6

Incremental Cost

As mentioned, the interviews provided a variety of different presentations of cost
information , which included percentages, price ranges, and general prices per square

foot. Applying a degree of professional judgment, we used only invoiced or quoted costs
of actual installed projects for calculating incremental costs. See Table3-9 for the pricing

information collected through manufacturer interviews and project document reviews
Manufacturers were understandably reluctant to release individual project information.

Table 3-9. Cost Information from Manufacturer Interviews

Cost Amount Description Notes Source Date
Incremental | $15-20 | Incremental cost/fixture for High estimate. Likely to decrease w/ | Interview with Nov 2015
manufacturer to add adv. LED volume increase. Value confirmed Manufacturer A
ctrls below.
Incremental | $50-75 | Incremental cost to add a3x the cost to integrate controls into | Interview with Nov 2015
advanced LED controls to fixtures | the fixture at the manufacturer Manufacturer A
in the field
Incremental 65% Estimated incremental cost of an | 50% material cost, 10-15% labor Interview with Nov 2015
advanced LED control solution cost Manufacturer A
Full $250 Full cost of installing adv LED ctrl | Likely around 200 sq ft Interview with Nov 2015
solution in private office Manufacturer B
Full $50,000 | Cost of installing adv LED ctrls in | Varies based on finished desired and | Interview with Nov 2015
$200,000 | typical commercial office space many other factors Manufacturer B
Full $500,000 | Price of an adv LED ctrl solution Estimated, not based on specific Interview with Nov 2015
for 10 story commercial office project data Manufacturer C
building
Full $5,000 | Price/froom of installing adv LED Commissioning is simpler when all Interview with Nov 2015
ctrls in 80 rooms in healthcare rooms operate identically. Manufacturer C
facility, with identical operation in
each room
Full $6,000 Price/room of installing adv LED Incremental price/room of individual Interview with Nov 2015
6,500 ctrls in 80 rooms in a healthcare operation is 4$1,250 per room Manufacturer C
facility, treating each room compared to identical operation of all
individually. rooms.
Full 10% Percent of project cost that Commissioning will be required with | Interview with Nov 2015
typically goes to commissioning any adv LED ctrl solution Manufacturer C
and setup
Full 25-35% | Percent of project cost that for For retrofit or new construction Interview with Nov 2015
integration with other systems scenarios with different brands of Manufacturer C
equipment
Full $1.50/sq | High bound of advanced LED Includes 1 day of commissioning and | Interview with Nov 2015
ft control solution 1 day of end user training. Manufacturer C
Full $1.10- | Average cost per square foot of Includes 1 day of commissioning and | Interview with Dec 2015
$1.20 advanced LED control solution 1 day of end user training. Manufacturer D
Baseline $0.90 Cost of a minimally code Estimated, not based on specific Interview with Dec 2015
compliant solution supplied by project data Manufacturer D
Manufacturer D
Incremental | $16.88 | Cost/fixture to add adv LED ctrls Installation was in a conference Invoice for 535 Oct 2015
to LED troffer at the time of room in an office building in sq ft room w/ 8
manufacture California fixtures.
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Cost Amount Description Notes Source Date
Full $257.63 | Costffixture of LED troffer with an | Total fixture cost including control. Invoice for 535 Oct 2015
integrated adv ctrl solution Installation was in a conference sq ft room w/ 8
room in an office building in fixtures.
California
Incremental $0.25 Cost per square foot of advanced | Installation was in a conference Invoice for 535 Oct 2015
LED control solution room in an office building in sq ft room w/ 8
California fixtures
Incremental $1.36/ LEDs with advanced controls Part office space, part Project 2013
sq ft compared to T5HO baseline manufacturing. Baseline used was documents from
alternative proposal study sponsor
Incremental $2.34/ Incremental cost of adding This is for a large office building. Eversource Oct 2015
sq ft advanced LED ctrls to current Baseline is current system.
system
Incremental $3.55/ Cost to add advanced LED Large office building in NYC. ERS project 2015
sq ft controls to existing fixtures Baseline is current system. document review
Incremental $2.89/ Cost to add advanced LED Large office building in NYC. ERS project 2015
sq ft controls to existing fixtures Baseline is current system. document review
Incremental $2.36/ Cost estimate to add advanced Lab space in NYC. Baseline is ERS project 2016
sq ft LED controls to existing fixtures current system. document review
Incremental $2.78/ Cost estimate to add advanced Lab space in NYC. Baseline is ERS project 2016
sq ft LED controls to existing fixtures current system. document review
Full $6.69/ Retrofit existing fixtures to LEDs Average cost of 25 projects at 25 ERS project 2016
sq ft with advanced ctrls stores in a Northeastern grocery document review
store chain
Table 3-10isolates the incremental costs of installed or quoted project documentation
and excludes ballpark figures that were self-reported by manufacturers, which is the
most accurate information available. Averaging these incremental costs shows an overall
incremental cost of $2.22/f¢ for advanced LED control solutions.
Table 3-10. Incremental Advanced LED Control Costs from Reviewed Project
Documentation
Incremental
Cost/sq ft Description Notes Source Date of Data
$0.25 Cost per square foot of advanced LED [Installation was in a conference room in an |Invoice for a 535 square footroom | October 2015
control solution office building in California with 8 integrated fixtures installed
$1.36 Incremental cost of LEDs with advanced [Part office space, part manufacturing space. [Projectdocumentation from study 2013
controls compared to TSHO as baseline |Baseline used was alternative proposal sponsor
$2.34 Costto add advanced LED controls to  |Large office building Project documentation from study | October 2015
existing fixtures sponsor
$3.55 Costto add advanced LED controls to  [Large office building in NYC ERS project document review 2015
existing fixtures
$2.89 Costto add advanced LED controls to Large office building in NYC ERS project document review 2015
existing fixtures
$2.36 Cost estimate to add advanced LED Lab space in NYC ERS project document review 2016
controls to existing fixtures
$2.78 Costestimate to add advanced LED Lab space in NYC ERS project document review 2016
controls to existing fixtures
$2.22 Average incremental cost per square foot

NEEP EM&V Forum

29




Emerging Technology Incremental Cost Study Final Report

While this information indicates that there is still a premium cost associated with

advanced LED controls, PUz UwbP OUUT wOOUDPOT wlUOT EVUwWOOT wUUUEaAOQuwPT E
cycle cost of a variety of lighting control systems over 10years's, found that wireless

advanced controls provide the lowest life cycle cost of any control strategy available

today, due to the reduced energy costs and labor costs, as installation of wireless

systems is reported to be less laborintensive than that of wired systems.

3.2.7 Cost Trends

Two of the interviewees mentioned that they predicted the cost of their product would

either remain the same while the number of features increased, or go up slightly. One

cited that raw material costs could easily rise, and that is not something that

manufacturers have control over. The other three interviewees predicted that costs

would decrease over time as volume and innovation increase. This downward trend is

EOOUPUUI OUwPPUT wUOT E0QwOI OUPOOI EwPOWNUEOEPUWLI UEDOL
technology maturation, increased sales volume, and the embedding of sensors and
EOOUUOOUWEDUI EQDauwpBo0aupdUluudeep Ol wll EQwUT 1T woE
moving towards controls integrated into fixtures, as their ease of installation reduces

both headaches andlabor costs. They can reduce the price of labor enough that that cost

benefit can outweigh the increased equipment and commissioning costs.18

Additional Market Insights

31T WEUUUOOT UzZUWUOGET UUUEOGEDPOT woOi wiUi 1 wOUOUEOWYEOUI
systems came up repeatedly as a barrier to market adoption in the manufacturer and
key market actor interviews conducted. One advanced LED control subject matter
expert had visited multiple sites that had installed advanced LED controls where the
facility managers in charge of operating the lights did not know how to adjust the task
tuning and had not bothered to take advantage of that feature. Additionally, Gabe

Arnold men tioned that the complexity of these systems leads to the lack of
standardization, which can lead to high costs and thus uncertainty of savings and value.
If a potential customer is not confident in the achievable energy and cost savings and
other less tangble benefits, his or her uncertainty can easily make the customer unlikely
to decide to install the controls. Gabe also mentioned that in general, utility program
design has not done well to support this technology, and improving the process of
and/or the money available for these products is likely to increase market adoption of
advanced LED controls. A prescriptive approach may be one solution to increase market
friendliness of these utility programs.
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3.3 Technology Category 3a and 3b Home Energy Management
Products, Smart Thermostats, and Advanced Power Strips

Originally proposed as two separate measure categories, this section includes residential
appliances that offer controllability features beyond those of standard products, and Tier
2 advanced power strips that offer multiple automatic control functions for the control

of plug loads for home entertainment systems or office equipment.

Smart phone controllable outlet

3.3.1 3a: Home Energy Management Products

" OO01 wi O1 UT awOEOGET T Ol OUwxUOEUEUUWEUIT woOi U1 Owul il ut
purposes of this study, the category includes products that facilitate the enhanced

control of energy usage either through automatic means based on a set of programmable

protocols responsive to user behavior patterns or through connectivity with

communication devices such as smartphones, tablets, or personal computers. Products

that focus specifically on security, user convenience, or other non-energy related benefits

have been intentionally excluded from this research, as have products that simply

OO0O0PUOUWxOPT UWEOEWxUOYPET wi il EEEEOWOOWEwWUUT Uz Uwl
Technology Overview

This category covers a broad range of product lines from a variety of manufacturers and
is rapidly expanding as more products are introduced on a continual basis. While many
products have the potential to offer considerable energy savings to end users as control
interfaces and protocols are developed, there are a limited number of devices that offer
immediate energy savings opportunities ascurrently configured. A major challenge
associated with this category has beencontaining the research toa scope thatis
representative of current markets, as well aspredictive of what product types and/or
lines are likely to achieve market success As previously agreed, the research in this
section will focus on p roducts that demonstrate the ability to achieve cost-effective
energy savings. This includes:
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1. Smart hubs/gateways that connect enabled devices such as lamps and electrical
outlets

2. Smart lighting (mainly LED lamps) that can connect to hubs or include integral
controllability

3. Smart thermostats that adapt to occupant behavior patterns, and/or are
controllable fr om smartphones/tablets/PCs

4. Major household appliances with integral communication chips for demand
responseor other energy related controllability

Communication Protocols

Before discussing the specific technologies, this section provides an overview of the
means by which devices communicate with each other and respond to user input. There
are multiple communication protocols that facilitate wireless communication. The radio
frequency transceiver chips embedded within smart devices are configured to use one or
more of these protocols. Some are proprietary to the device manufacturer, and others are
open sourceand available to all manufacturers. Z-Wave and ZigBee are the two most
EOOOOOWEOOOUOPEEUDPOOWXx UOUOEOOUG w3l 1 a,whicd] weOUT wll
allow each device to act as a node playing the role of both a wireless data source and a
repeater. This feature allows the devices to communicate in lieu of a Wi-Fi network . The
Bluetooth communication protocol is a mesh type network that has been in use for
several years and is capable of connecting a variety of devices

Z-Wave and Zigbee are two leading standards for household applications and facilitate
interoperability among products from many different manufacturers. Z -wave is
frequently used for security systems as well as energy management products, and there
is a consortium of over 300 companies called the ZWave Alliance, which includes LG,
D-Link, ADT, Bosch, Samsung and many others. ZigBee is similar to Z-Wave, but is
used less in security systems and is often adopted for larger commercial applications in
addition to household consumer products.

Thread is the communication protocol for Gool Ol z Uw? 6 OUOUwkPHPUT w-1 UU2 wOT E
introduced after the kick -off of this study as a system approach for communicating with

Nest thermostats. Google is actively soliciting manufacturers to produce or adapt

products to use their communication protocol, and has branded the name Nest Weave

as a software platform for interconnectivity across brands.

At the time of this writing it was not clear if the industry will standardize on one
communication protocol. However, as more products are introduced there is a clear
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with multiple communication protocols.

Smart Hub Systems

Smart hub systems have been entering the marketplace rapidy, and our research has
identified several market ed systems.These products do not directly reduce a

I OUUIT OOEZz Uwl Ol UT a

control multiple smart devices. For example, smart hubs have the capability of

controlling multiple lighting fixtures

and plug loads through a single

interface/application thus providing the control to reduce consumption .

WEOOUUOXxUDPOOOWUT 1 awEEUVUWEUWE wl E

Smart hub systems are being actively marketed through existing online and brick -and-
mortar retail market chains. To date, they have not been marketed by dedicated online

energy efficiency retailers such as Energy Federation Inc. (EFI).

Product Lines

The following product lines and associated market actors have been identified as having

significant current or potential market activity. Table 3-11 summarizes the product lines

that market research identified as being currently and widely available. Additional

descriptive information follows the table.

Table 3-11. Smart Hubs

Average
Product Base Hub | Controlled Open
Manufacturer Name Cost* Outlet Cost | Compatibility | Notes Cost Source
Samsung Smart $99 $50 Yes Comprehensive Multiple
Things product line with broad | retailers (Home

compatibility. Currently | Depot, Best
marketed primarily as a | Buy, Sears,
security product with etc.)
energy savings as a
secondary goal.

Wink Wink $70 $35 Yes Wide product Home Depot
compatibility

D-Link/Staples Connect Hub $60 $35 Yes Marketed primarily as Amazon
computer device
networking

Lutron Smart Bridge $80 NA Limited Primarily a lighting Best Buy
controller

Belkin WeMo $80 $40 Yes Virtual rather than Multiple

Maker physical hub. Unique retailers (Home

product list: includes Depot, Best
small appliances such Buy, etc.)
a crock pots, coffee
makers, etc.

* Reported costs are fistr eet Ampzon, HomeDepot, Best Buyaetcy. nvearnkue ta crt euteeeirlsedr ssuggest

retail prices are typically higher in most cases.
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https://www.google.com/shopping/product/15900324256337335622?q=samsung+smart+things+hub&oq=samsung+smart+things+hub&ie=UTF-8&aqs=chrome..69i57j69i60j0l4.5015j0j4&sourceid=chrome-instant&ion=1&espv=2&bav=on.2,or.r_cp.&bvm=bv.116954456,d.dmo&biw=1600&bih=815&dpr=1&tch=1&ech=1&psi=kFrpVoiYH4XXeJbHkYgI.1458133649425.3&prds=hsec:online&sa=X&ved=0ahUKEwizr7WTo8XLAhVCVD4KHUynA_kQviQIogE
https://www.google.com/shopping/product/15900324256337335622?q=samsung+smart+things+hub&oq=samsung+smart+things+hub&ie=UTF-8&aqs=chrome..69i57j69i60j0l4.5015j0j4&sourceid=chrome-instant&ion=1&espv=2&bav=on.2,or.r_cp.&bvm=bv.116954456,d.dmo&biw=1600&bih=815&dpr=1&tch=1&ech=1&psi=kFrpVoiYH4XXeJbHkYgI.1458133649425.3&prds=hsec:online&sa=X&ved=0ahUKEwizr7WTo8XLAhVCVD4KHUynA_kQviQIogE
http://www.homedepot.com/p/Wink-Smart-Home-HUB-PWHUB-WH18/206582561
http://www.amazon.com/D-Link-Staples-Connect-Hub-Powered/dp/B0156YFPH2/ref=sr_1_1?ie=UTF8&qid=1456938121&sr=8-1&keywords=d+link+staples+connect+hub
http://www.bestbuy.com/site/lutron-caseta-wireless-smart-bridge-white/4674500.p?id=1219795138560&skuId=4674500&ref=212&loc=1&ksid=308b118f-3aae-4f12-9f6d-73593b143adc&ksprof_id=401&ksaffcode=pg47349&ksdevice=c&gclid=CJrwp8-ixcsCFdgQgQod1sYNCQ
https://www.google.com/shopping/product/8416862352175551865?q=belkin+wemo+maker&oq=belkin+wemo+maker&ie=UTF-8&aqs=chrome..69i57j0l5.3591j0j4&sourceid=chrome-instant&ion=1&espv=2&bav=on.2,or.r_cp.&bvm=bv.116954456,d.dmo&biw=1600&bih=815&dpr=1&tch=1&ech=1&psi=SlrpVp6EDMLqe7vohjA.1458133579367.3&prds=hsec:online&sa=X&ved=0ahUKEwiSiarxosXLAhWCOT4KHbxKCvYQviQIfg
https://www.google.com/shopping/product/8416862352175551865?q=belkin+wemo+maker&oq=belkin+wemo+maker&ie=UTF-8&aqs=chrome..69i57j0l5.3591j0j4&sourceid=chrome-instant&ion=1&espv=2&bav=on.2,or.r_cp.&bvm=bv.116954456,d.dmo&biw=1600&bih=815&dpr=1&tch=1&ech=1&psi=SlrpVp6EDMLqe7vohjA.1458133579367.3&prds=hsec:online&sa=X&ved=0ahUKEwiSiarxosXLAhWCOT4KHbxKCvYQviQIfg
https://www.google.com/shopping/product/8416862352175551865?q=belkin+wemo+maker&oq=belkin+wemo+maker&ie=UTF-8&aqs=chrome..69i57j0l5.3591j0j4&sourceid=chrome-instant&ion=1&espv=2&bav=on.2,or.r_cp.&bvm=bv.116954456,d.dmo&biw=1600&bih=815&dpr=1&tch=1&ech=1&psi=SlrpVp6EDMLqe7vohjA.1458133579367.3&prds=hsec:online&sa=X&ved=0ahUKEwiSiarxosXLAhWCOT4KHbxKCvYQviQIfg
https://www.google.com/shopping/product/8416862352175551865?q=belkin+wemo+maker&oq=belkin+wemo+maker&ie=UTF-8&aqs=chrome..69i57j0l5.3591j0j4&sourceid=chrome-instant&ion=1&espv=2&bav=on.2,or.r_cp.&bvm=bv.116954456,d.dmo&biw=1600&bih=815&dpr=1&tch=1&ech=1&psi=SlrpVp6EDMLqe7vohjA.1458133579367.3&prds=hsec:online&sa=X&ved=0ahUKEwiSiarxosXLAhWCOT4KHbxKCvYQviQIfg
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C Samsung SmartThings Hub & Devices (product web site)t This comprehensive
product line offers a variety of monitoring and contr ol devices. The main features
includle EOOXxEUPEPOPUaAwWwPPUT w2EOUUOT zUw2OEUUwW3T OT UL
lighting, motion sensors, controllable outlets, and security products. The system
supports Z-Wave, ZigBee, and Wi-Fi wireless communications along wi th If This

Then That (IFTTT) programming protocols promoting open compatibility with
Osram/Sylvania, CREE, Honeywell, Ecobee and Belkin. The Smart Things hub
works with application software to control devices based on certain events
including sunrise, motion triggers, time of day, etc.

C Wink Connected Home Hub (product website) + Rather than offering a
comprehensive list of products, Wink produces and markets a hub that is
EOOXxEUDPEOI whbPUT wOEOawOEOUI EEUUUI UUz WEOOUUOOOE
with these manufacturers of the controllable products in offering starter kits and

packages.The Wink Hubs are compatible with a large variety of controllable
devices, including:

U G.E, Cree, Osram/ Sylvania, Phillips, and TCP controllable LED lamps
U Leviton and Lutron controllable dimming and on/off light switches

U Leviton and iHome controllable 120 V plug outlets for lamps and light
appliances

U Rheem Econet water heaters
U Nest, Honeywell, Emerson, Carrier, and Ecobee thermostats

The system supports Bluetooth, Wi-Fi, Z-Wave, ZigBee, and Lutron Clear Connect

communication platforms and can be controlled via a smartphone application or a

home control panel. In September 2015, Wink was sold by its parent company,

Quirky, to Flextronics International. The product is not available through the Wink
website at the time of thisrex OU Uz Uwx UEODPEEUDOOOWEOUT OUT T wUT 1 U
party retailers that offer the product, and it can be assumed that Flextronics will

offer hubs similar to the Wink products.

C Staples Connect D-Link Hub D-Link (product website)' This product line,
offered through office supply retailer Staples, is associated with the D -Link
networking protocol. It features a hub that connects to controllable devices
through Wi-Fi networks and Bluetooth. It is compatible with fewer total devices
than either the Samsung or Wink hubs, but offers similar energy saving
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capabilities. Aside from working with Z-6 EYT Ow9 BT ' 1 1 OWEOEwW+U0UOOz Uw
Connect protocols, D-Link uses Wi-Fi or power -line carriers for networking

devices through existing electrical cir cuits. Bluetooth compatibility allows for

communication through Staples zsmartphone application and offers control over a

variety of products.

C Lutron Smart Bridge (product website)t UwUOT 1 wUDOT wOi wlUi pUwWUI xOUUzZ
this is a lighting -and-window -shades-only hub that allows control of Lutron
products through a dedicated , hand-held controller and/or a smartphone. The hub
works with multiple Lutron devices that provide on/off and dimming control
There is limited compatibility with non -Lutron product lines, although Lutron
controllable devices are compatible with Samsung hubs. Lutron Clear Connectis a
proprietary communication platform that works with Lutron Smart Bridge and a
limited number of Lutron products.

C Belkin WeMo (product website ) + Rather than utilize a central physical hub,

WeMo is a collection of networka ble devices controllable with a smartphone
application termed IFTTT , which uses Wi-Fi for connectivity. In effect, the
smartphone application serves as the hub. Many WeMo products are presently in
pre-production and not yet available. Promoted features inc lude:

U WeMo Lighting Link , which can control up to fifty WeMo-compatible lamps
U Controllable outlet plugs

U Motion sensors capable of controlling WeMo plug controls

U Controllable small home appliances, such as crock pots and coffee makers
U Portable space heaers with WeMo controllability

0 WeMo is a proprietary brand of Belkin that utilizes Wi-Fi and smartphone
applications called IFTTT that are available for iPhone and Android phones.

C Control4 Home Automation System + At the request of NEEP staff, ERS also
researched the Control4 home automation system that was featured in a New York
Times article. Although it may offer some limited energy savings opportunities, it
does not fit within this category , as it is marketed as a luxury convenience product
offering the combined controllability of entertainment and security systems. Hub
prices start at $50Q with integrated packages priced over $1,000.
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Residential Smart LED Lighting Products

Although some smart lamps can be controlled directly from softw are applications, many
require the use of a hub or gateway to be controlled via a smartphone application . Both
individual lamps and kits including hubs and lamps are available. Lamps and lighting
systems researched allow for both dimming and on/off controllability. Table 3-12
summarizesinformation on eight products from six currently available product lines. It
should be noted that available products and pricing are changing continuously. It is also
observed that pricing for baseline LED lamps at Amazon is consistently lower than the

pricing at Massachusetts Home Depot and Lowes stores despite the productszreceiving

upstream incentives at those retailers.

Table 3-12. Residential Smart Lighting Products?

Average
Product Product Unit Baseline? | Incremental
Manufacturer Name Description Cost Cost Cost Notes
Philips A19 LED Dimmable $23 $6 $15 10 W LED
LED
Philips BR30 LED Dimmable $58 $7 $51 7W LED
LED
Belkin WeMo LED Dimmable $25 $6 $19 10 W LED
LED
GE Link LED Dimmable $15 $6 $9 10 W LED
LED
CREE Cree Dimmable $15 $6 $9 11 W LED
Connected LED
Osram Lightify Dimmable $25 $6 $19 10 W LED
LED
LIFX LIFX Smart Dimmable $48 $6 $42 No hub/bridge
LED LED required
Philips Philips Hue Kit 2 $80 $14 $66 2 10 W LEDs
kit dimmable and hub
LEDs & hub
Belkin WeMo LED Kit 2 $49 $14 $35 210 W LEDs
kit dimmable and multi-lamp
LEDs link
GE Link LED kit Kiti 2 $45 $14 $31 210 W LEDs
dimmable & hub
LEDs & hub

! See study worksheet for prices of all researched A19 and BR30 style lamps researched.

2Baseline assumption is non-controllable, dimmable LED for similar application.

Product Lines

With a few exceptions, most of the above lighting products are designed to work with a
lighting hub. Although lamp features vary, in that some offer color shifting, all listed
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offer remote-controlled dimming as well as on/off controllability. The established
baseline for this study is a dimmable LED bulb that does not have the connective
functionality that a smart light would have. This means that the additional cost a
consumer sees would be strictly for the capability to control the lamp through a wireless
device or application. Each product is discussed briefly below.

C Philips Lighting ¢ Philips offers a comprehensive line of residential smart lighting
products. A principal marketing focu s is the promotion of expandable lighting kits.
Both A-19 type bulbs and reflector-style lamps are available. The lighting system is
now promoted as compatible with Nest using the Thread protocol.

C Belkin WeMo ¢ Belkinz Uw6 1 , Oamp lhet aurrently consist s of Osram lamps
and private label lamps that are manufactured by Osram. Functionally the line is
similar to the Philips line, with starter sets and individual lamps offered.

C GE Link t GE offers a line of residential smart lighting products that can be
controlled via a mobile device application. Products have the capability to be
synced with other smart devices.

C CREE Connectedt Cree marketscontrollable lamps marketed as compatible with
Wink hubs and Zigbee wireless communication protocols.

C Osram/Sylvania Lightify ¢+. UUE O 2 a Coltisl@teHagnpsuake marketed as
compatible with Wink and Samsung hubs , and Nest.

C LIFX ¢ Unlike the above product lines, LIFX lamps are standalone products that
are controlled directly from an included smartphone Wi-Fi application.

Market and Cost Trends for Lighting Hubs and Controllable LED Lamps

The market is expanding in several directions for these products. Trends include

systems that are integral with security systems and hybrid systems that offer voice

recognitionanE w? PO OB EBMAE!T QE U w0 1 wU$1EOAMaZe0 BEaduD OUUOEUET Eu
system, which can control lighting and plug loads as well as stream music and

information from the Internet.

The products in this category are all electronic devices. The market experiencewith

over time. However , during the course of this study, we have observed some price

volatility but not a consisten t price reduction pattern. T hese products are still

emerging, and have not yet reached widespread market acceptance. Some argue that

homeowners will never adopt widespread usage of these products, while others

xUl EPEVwWEwWUDT OPI PEEOUWOEUOI UwUT i Uacigkédip EUEw? UOE U
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with the Internet of Things (IoT). If the market for such products expands, production
will shift toward a commodity product, which would absorb much of the R&D costs
and allow pricing to be reduced.

fASmarto Adaptive and/or Application Controllable Thermostats

Smart thermostats are readily available on the market and offer energy savings
potential compared with typical programmable 23 and manual thermostats through
adaptive memory that learns userszhabits over time, and/or through controllability
on-site or remotely via smartphones, tablets, or personal computers. Many efficiency
programs currently offer incentives for these products. For example, many programs
in the Northeast offer a $100 incentive for the Nest learning thermostat. Some but not
all smart thermostats also offer the capability to be used for utility demand response
(DR) programs.

Market Status as of April 2016

Three manufacturers of smart thermostats dominate the consumer market and are
available through multiple online and brick -and-mortar retailers : Nest, which is now
produced by a Google subsidiary; Ecobee; and Honeywell. Additional smart thermostats
are available and havelesspresence in the marketplace. Models that fit the definition of
smart thermostats and were found to be available are included in the following sections,
although the top three products are so dominant that the ir pricing is being used to
establish the incremental cost data.

Smart thermostats are readily available and are still evolving. Nest and Ecobee are

currently on their third generations of the product line, while Honeywell has recently

introduced its second-generation product. The HVAC features of the available units are
UDOPOEUOWEOUT OUTT w-1TUU0wWl EVUwWUIT ET OU0a wEOOOUOET Ew?e
third -generation thermostat, incorporating many of the connectivity features of smart

hubs. Table 3-13 illustrates product costs and associated baseline costs for the three

market-leading thermostats. Pricing from multiple sources was recorded and the links in

the table connect with sample typical pricing.

23 According to several studies, programmable thermostats are not producing significant savings,
and as a result, the ENERGY STAR progam no longer lists them as qualified products.
https://www.energystar.gov/index.cim?c=archives.thermostats_spec
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Table 3-13. Thermostat Product Costs

Product Baseline Baseline | Incrementa | Sample Cost

Manufacturer Name Unit! Cost | Product Cost? | Cost?® Source

Nest Nest $249 Programmable $54 $195 Amazon
thermostat -

Ecobee Ecobee3 $249 Programmable $54 $195 Multiole retailers
thermostat PRLpe feaies

Honeywell Lyric $134 Programmable $54 $80 Amazon
thermostat -

Allure EverSense $210 Programmable $54 $156 Amazon
thermostat -

Schneider WiserAir $230 Programmable $54 $176 Amazon

Electric thermostat E—

INest thermostats are rarely discounted, except through efficiency programs; the MSRP is listed. Ecobee and Honeywell thermostats are
listed with average selling prices.

2Baseline product is a full-featured, electronic, high quality, programmable thermostat. Less expensive programmable thermostats are
available.

SInstallation costs will vary as the thermostats are capable of being installed by the homeowner while a less handy person may require an
houros worth of time f&%208. a contractor (valued at

Product Lines

C Nest t+ The Nestthird -generation thermostat (product page) has an adaptive
Ol OOUawi 1l EVUUUTI wUOT ECwOl EUOUWUUT UUz wi EEPUUWOYI L
a smartphone, tablet, or computer and is currently the market leader in the sma rt
Weave software platform have been introduced, both of which promote
interoperability among compatible products produced by multiple
manufacturers.

C Ecobeet The Ecobee3second-generation thermostat (product page) includes the
temperature control features of the Nest thermostat, including adaptive learning
capabilities, and also includes a weather forecast data module for user
convenience. The product also includes a single remote sensor (users can buy
additional sensors individually) that is stated to improve motion recognition
throughout the home, giving the thermostat the ability to track separate 7?zones:?

C Honeywell + HO O1 a b LyGcQgradluct page) is available at various discounted
prices and is similar to the Nest and Ecobee in terms of connectivity features.
Instead of boasting a ?learning ? feature, the highlight of the Lyric is occupancy
adaptation (known as geofencing), which can detect when a user is within a certain
distance of the home and set the temperature accordingly. The product also
features voice activated controls.

C Allure 1 Ailure EverSense (product page) is another thermostat that uses
geofencing to adapt to a daily occupancy schedule. This device is not seen
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primarily as an energy saver as it boasts infotainment features, including music
streaming and weather forecasts. User reviewsup to this point have indicated
erratic operation that allows the system to run at full load regardless of
conditioning demands.

C Schneider + Sehneider$ O1 E WMs$& Big thewmostat (product page) includes
adaptiv e learning features similar to the Nest and Ecobee3. What sets this unit
apart is its ability to connect directly with utility advanced metering infrastructure
(AMI) for DR capability.

distributors and the price is dependent upon the wireless protocol and system
configuration for which it is designed. While it does not offer adaptive learning
features it does offer programmability with override controls through an
application.

C RCS Technology t+ The RCSthermostat (product page) is offered at a discounted
price of $145 on Amazon and has models available for Z-Wave, ZigBee, and Wi -Fi
compatibility . The product has no automated/learning functionality , although it
does offer remote control of the basic thermostat functions.

Smart Thermostat Demand Response Capability

Some smart thermodats are capable of being used for participation in electric utility DR
programs. This category includes consumer marketed thermostats, as well as products
that are marketed exclusively through utility programs. An organization called the

Open ADR Alliance has developed and maintained a product specification and
communication protocol termed ADR 2.0. Products compliant with ADR 2.0b are
capable of communicating directly with utilities for control associated with DR.

Consumer market thermostats discussed in the previous section that are listed as ADR

2.0b compatible include Ecobee, Honeywell, and Schneider. Although Nestis not listed

as ADR compatible, itoffers DREEx EEDPOPUa wUT UOUT T wh pragram.1 UUT w' OUU
An interview with Consolidated Edison confirmed that they use the Nestthermostat in

their DR program. Other thermostats are marketed through utility programs primarily

for DR programs, including products from Carrier (in collaboration with EnergyHub)

Cooper, Pelican Controls, American Standard, and Lux Geo.

For consumer products, the total and incremental costs are the same whether or not they
are capable of DR communication. For exclusively utility distributed thermostats , the
total costs are notavailable as it is a function of the program model, and the program
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administrators we interviewed maintain non -disclosure agreements with thermostat
providers .

Cost Trends for Smart Thermostats

Since the introduction of smart thermostats, the retail pricing h as remained remarkably

stable. Our discussions with market actors reveal that firms such as Nest performed

extensive market research before introducing products. As such, the thermostats are

EIl POT wUI UEDPOI EWEUwW? T ECwOT I whdket@ehddnlitiszi®ad WE T E UG 2 we
that similar producers are matching their prices as a competitive stance. Lower-priced

communication -capable thermostats lack some, or all, or the adaptive operation featured

with Nest and its direct competitors. With the strong b rand recognition involved, it is

anticipated that pricing will remain relatively stable for the foreseeable future.

Controllable Major Household Appliances

Controllable appliances are often discussed in association with the Internet of Things
(IoT). Applia nce manufacturers are now beginning to incorporat e communication chips
into appliances that allow communication and in some cases, controllability using
smartphone, tablets, and PCs.Refrigerators, washing machines, clothes dryers, oven
ranges, and hot water heatersare among the major appliance categories to date that
manufacturers are focusing on for wireless controllability. However, this is still very
much an emerging market and our research has found that many controllable
appliances introduced during the last few years have been quickly discontinued.
Interviews with market actors have revealed low consumer demand for such products
due mostly to a lack of confidence that the communication capabilities offer any real
savings or convenience advantages.

Al though controllable appliances may offer energy and peak demand savings, to date,
controllable features integral to appliances are marketed primarily as convenience
features. These features may include weather forecast displays on refrigerators, display
of electronic photographs, electronic shopping lists, etc. It is clear from marketing
materials and product specifications that the focus has beenon theseconvenience and
infotainment features rather than energy savings or load shifting/ DR. Limited energy
savings and load shifting could be obtained by remotely turning off ice makers and
defrost cycles in Wi-Fi Connect refrigerators. Olav Hegland, VP of Analytics at
OutSmart (a firm specializing in advanced monitoring ), explained in an inter view that
the ice-making cycle is by far the largest electrical demand related to refrigerators.
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An additional market barrier is that manufacturers have tended to add communication
features to only the high ends of their product lines. For example, communi cation-
capable refrigerators that have been marketed typically retail in the range of $3,000 to
$4,500, and to date, manufactures are not offering communication capability as an
option for moderately priced refrigerators.

Product Lines

Manufacturers in the US market that are currently or were recently offering at least one
type of controllable appliance include General Electric (GE), Whirlpool, LG, Samsung,
Viking , and Wolf. As of March 2016, GE is the only manufacturer offering a complete
line of controllable appliances. These appliances are available withWi-Fi Connect, which
allows communication with a smartphone. The focus is on convenience, such as
communicating a scheduled time to replace filters, or notifying if clothes have been left
in the dryer. Samsung currently offers a diagnostic service that allows users to
troubleshoot their appliances via a smartphone, but does not offer additional control
features. LG and Whirlpool have both discontinued their product lines with demand
shifting capabilitie s. Although + & zzdihununication -capable appliances have been
reintroduced multiple times , multiple discussions with LG marketing staff did not
disclose future marketing plans.

Premium brands Sub-Zero/Wolf and Viking offer smartphone connectivity through an
application, but the features focus on monitoring cooking and refrigeration
temperatures. These appliances are very expensive. As anexample, one of the SubZero
refrigerators we researched retails for over $16,000. This makest difficult to compare
when investigating incremental cost.

There is some activity in Europe supporting communication capable appliances. Bosch
OE U OI U Hame Cdnna@> application currently in Germany and Austria . It was
launched with the goal of being an open platform facilitating the control of appliances
from different manufacturers . To date, it is only offered within its own European
appliance lines.

Appliance Load Shift Studies

Numerous studies have been done in the past to test the energy saving capabilities of
DR appliances in energy markets where time-of-use pricing is implemented. Pilot
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studies conducted by GE?4found that energy savings varied widely from customer to
customer, as many found the need to override automatic features to avoid major lifestyle
interru ptions. The National Renewable Energy Laboratory (NREL) concluded from its
own research?® that many appliances are not suited for DR controls, as their operation is
difficult to shift to non -peak hours. NREL also concluded that in order for
manufacturers to invest in DR capable appliances, utility time -of-use rates would need
to be widely available.

Because the variety of features offered by controllable and non-controllable appliances
varies greatly, our research is focused on the additional cost for the inclusion of the

communication device within a similar non-communicating product.

Table 3-14 presents a summary of collected product and price ranges.

Table 3-14. Controllable Major Appliances

Average Average
Product Unit Baseline Incremental
Manufacturer Name Cost! Cost? Cost Notes
GE Gas range $2,070 $1,899 $171 Equipped w/ Wi-Fi Connect
oven
GE Refrigerator $2,970 $2,159 $811 Equipped w/ Wi-Fi Connect
GE Washer $1,080 $809 $271 Equipped w/ Wi-Fi Connect
GE Dryer $1,170 $899 $271 Equipped w/ Wi-Fi Connect
GE Dishwasher $1,350 $1,079 $271 Equipped w/ Wi-Fi Connect
Whirlpool® Smart washer $1,600 $1,400 $200 Front load washer
Whirlpool® Smart dryer $1,500 $1,350 $150 Front load dryer
LG3 Smart ThinQ $1,400 $1,200 $200 Top load washer
LG3 Smart ThinQ $1,400 $1,200 $200 Front load dryer

IAverage costs are the average selling price at mass market retailers and national appliance dealers: Home Depot;

Lowes;

Best

Buy;

A.J.

Madi son;

Spencer 6s;

et c.

2Reported baseline costs are for appliances produced by the same manufacturer that are identical in capacity and

incorporate similar features, without the communication capabilities.

SWhirlpool and LG models were discontinued while we were preparing this report. Prices are the latest available and links
(which may have expired) can be found in the data worksheet that accompanies this report.

Product Lines

C GE Wi-Fi Connect (product page)t GE offers two different lines of products
capable of wireless communication. One line offers products with already built -in

24 http://www.reuters.com/article/idUS159492+26 -May-2010+BW200D0526
25 http://www.nrel.gov/docs/fy140sti/60383.pdf
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wireless connectivity while the other line features products that can be equipped

with the ConnectPlus module (sold separately) , which enables select appliances for

wireless monitoring, control , and notifications. The ConnectPlus module currently

Ul UEPOUwWOOwW&S$ z UWE x x O &andik donupatible with somé GEUD U1 wi OU w3
refrigerators, ovens, water heaters, and laundry appliances. The module is
available; however, EEEOUEDOT wOOw&$zUwx UOEUVUEUwWPI EUDUI OQwU
and compatibility issues. The main functionality of ConnectPlus is user remote

control of water heater temperature, cooking times and temperature, and remote

laundry controls. No utility DR functionality is currently offered.

C Whirlpool Smart Appliances (discontinued + aurrently unavailable) + The Smart
Front Load Washer with 6" Sense Live technology(product page) is capable of DR
control through asmart delay feature that shifts the run cycle to off -peak hours.
Other features include an energy advisor and rate revealer. This product has since
been discontinued.

The Smart Front Load Electric Dryer with 6" SenseLive technology (product page)
uses a similar smart delay feature that can shifts run cycles to off-peak hours. It has
also been discontinued.

C LG Smart ThinQ (currently unavailable) 1+ The Smart ThinQ Top Load Smart
Washer (product page) offers the ability to communicate with the utility and
operate when electric rates are lowest This product has been discontinued and
reintroduced multiple times.

The Smart ThinQ Front Load Dryer (product page) offers the same features as its
washer counterpart and has also been disontinued and reintroduced multiple
times.

Cost Trends for Smart Major Appliances

It is clear that this market is very volatile, with manufacture rs introducing and
discontinuing product lines frequently. Current incremental costs are now quite high,

but this is related to the communication capability only being offered on high-end
product lines, rather than more standard models that experience larger production runs.
It is also difficult to segregate the costs associated with convenience features from
energy related features. If and when communication chips become commonplace in
household appliances, it is expected that the incremental cost will be reduced to the $5¢
$100 price range from the typically $200 plus costs now in place.
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3.3.2 3b: Tier 2 Advanced Power Strips

Embertec Tier 2 APS

Advanced power strips (APS) reduce energy consumption by turning electronics fully

off, eliminating standby energy consumption. Tier 1 strips control outlets based on the
current draw status of a master outlet. Tier 2 strips have added more advanced features,
including infrared and/or radio frequency sensors to detect when controlled products
have not been manually adjusted by occupants (channel changed, volume adjusted, etc.)
and/or when the space is unoccupied. These products are primarily used for the control
of entertainment centers with multiple plug loads , including television, cable box, DVD
player, gaming console, etc. They can also be used forthe control of home office
equipment, but several studies have concluded that the most significant energy savings
potential is associated with the standby energy of gaming consoles.

Market Status as of April 2016

Tricklestar and Embertec arethe two manufacturers with Tier 2 products currently
available on the market. Tricklestar also offers Tier 1 strips, while Embertec exclusively
produces Tier 2 products. Many efficiency programs offer incentives, or include Tier 1
strips in home direct -install programs, and Tier 2 strips are now entering the efficiency
program market , following multiple pilot studies.

Table 3-15 lists the key market actors and product lines.
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Table 3-15. Key Market Actors and Tier 2 Product Lines

Unit Baseline? Baseline | Incremental
Manufacturer | Product Cost? Product Cost Cost Notes
TrickleStar 7-outlet $40 Power strip $10 $30 Online retailers and
APS+ direct discounted
efficiency program
purchase available in
some service territories
Embertec 4-outlet $48 Power strip $10 $38 As above
EmberPlug
Embertec 8-outlet $80 Power strip $10 $70 As above
EmberPlug

1The listed cost is an average from online retailers. However, the selling prices vary widely, and the vast majority of these
products are sold directly through efficiency programs with an upstream incentive.

2Although technically no baseline product is necessary in some cases, in most cases a simple power strip would be needed to
power multiple devices.

Product Lines

C 3UDPEOOI 2 Uddgctd are off@deiby many efficiency programs at
discounted rates, although our research has found that they are available on
Amazon for prices competitive with these discounted rates. The power strips boast

current, infrared , and occupant motion sensing. IR multi -sensors detect both

device remote control signals and movement and include a delayed shutoff of

devices after no activity is detected after a specified period of time.

C $0EI UUI Es Uusafs&difered Galdfficiency programs at discounted rates;
however, the four-outlet version is available at a comparable price through
Amazon. Current and infrared sensors detect when the master control outlet enters
standby and when no television or other remote control activity has been detected

for an adjustable time period.

Cost Trends for Tier 2 APS

The cost of Tier 2 APS is closely associated with the scale of production. Neither Tier 1
nor Tier 2 products have received wide market acceptance within the standard retail
environment. However, within the last year, the manufacturers have made significant
progress introducing the products through ratepayer funded efficiency programs,
including residential audit and direct install programs. This has a llowed production to
increase and prices to decrease to well below their original suggested retail list prices.
Interviews with the manufacturers informed ERS that prices are not likely to drop below
current levels, as the focus is now on introducing furth er product enhancement rather
than price reductions. Further, if efficiency programs do not experience success with the
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products, it can be anticipated that production numbers will be reduced with pricing
likely to increase with production and marketing co sts.

3.4 Technology Category 4 Advanced Rooftop Air Conditioning Units
with SEER Ratings of 18 and Above

Note: Following initial research, a decision was made to limit further investigation of this
technologyas sponsor efficiency program administratorgehbeen unable to provide incentives
for high efficiency RTUs due to ceffectiveness constraints.

Rooftop A/C units (RTUSs) are the most common systems for the conditioning of
commercial buildings. Improved compressor, fan motor, evaporative coils, and c ontrol
strategies have allowed the efficiency of these units to improve significantly over the last
several years. Major manufacturers are now developing and introducing RTUs that
represent the next step up in efficiency.

The project goal for this measureis to develop an incremental cost for ultra-high
efficiency rooftop units (RTUs) in commercial applications. This research initially
targeted units with a SEER of 2Q but after reviewing the AHRI -rated efficiencies of
currently available RTUs and packaged heat pumps, we expanded the scopeof this
researchto include units with a SEER of 18 and higher.26

As of March 2016, only one manufacturer (Tra ne/American Standard) offered a

packaged unit with an AHRI rated SEER>20. However, we identified six manufacturers

who sell units with SEERs between 18 and 19 (Lennox, Daikin, Trane/American

Standard, Unitary Products Group, Aaon). The sections below summarize the outcome

of the market status and cost research on this techndogy.

371 WUEOxT woOil wUOl PUWUUUEaAawPUwUI UOUPEUT EwOO W1 34 UwE/(
135,000 Btu/hr, as he efficiency levels of larger units currently available are significantly

lower than those of smaller sizes. As of March 2016, all of the commercial RTUs with

AHRI-UE U1 E w 28%fk 6408®tu/hr or smaller.

3.4.1 Baseline Description

The baseline for this measure is a standard efficiency packaged unit that meets the
minimum EER and SEER/IEER values required by the applicable state energy code.
Only new construction/end -of-life installations are considered in this research. Retrofits

26 This revision in scope was approved by the project sponsors on December 2, 2015.
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are not included because working HVAC systems are rarely replaced prior to end -of life
for energy savings alone.

Tables3-16 and 3-17 summarize the 2012 IECC codecompliant efficiency ratings as well

as the 2016 CEE efficiency rating®’ The 2012 code minimum requirements represent the

baseline for this incremental cost study while the CEE Tier 1 and 2 efficiencies are

similar to those of the I R B U bighCffiacieRca products that are the basis for most of

the existing incremental cost studies for packaged A/C and heat pump units. The

Advanced Tier RTU efficiency was introduced by CEE in 2016, and reflects the advanced

111 PEPI OEawl134UV0wU0l ECWEU] wOT 1T wi OEVUVwWOT w$12zUwUI UI

Table 3-16. IECC 2012 and 2016 CEE Efficiency Requirements for Packaged AC Units?8:2°

2016 CEE Tier 2016 CEE 2016 CEE
2012 IECC Baseline 1 Unit Tier 2 Unit Advanced Tier Unit
Size Range Unit Efficiency Efficiency Efficiency Efficiency
065, 000 SEERO 13 15.0 SEER 16.0 SEER 17 SEER
12.0 EER 12.0 EER 12.5 EER

> 65,000 11.0 EER* 11.2 11.5 EER* 12.0 EER* 12.4 EER*
BTU/ hr 4 IEER* 12.7 IEER* 13.8 IEER* 17.8 IEER*
135,000 Btu/hr

*Add 0.2 to the EER and IEER for units if they have electric resistance heat options.

Table 3-17. IECC 2012 and 2016 CEE Efficiency Requirements for Packaged HP Units

2016 CEE
2012 |[ECC Baseline 2016 CEE Tier 1 2016 CEE Tier 2 Advanced Tier

Size Range Unit Efficiency Unit Efficiency Unit Efficiency Unit Efficiency
065, BTwer | SEER O 13 SEER O 15. (SEER O 1| Noadvanced tier

7.7 HSPF 8.2 HSPF 8.2 HSPF for packaged heat

pumps

> 65,000 11.0 EER 11.1 EER 11.6 EER No advanced tier
BTU/ hr al112IEER 12 IEER 13.4 IEER for packaged heat
e 3.4/2.4 COP No data for B

(medium/low (medium/low COP

temperature rating) temperature rating)

*Add 0.2 to the EER and IEER for units if they have electric resistance heat options.

272016 CEE Commercial HVAC Specification, released Jan 122016:
http://library.ceel.org/sites/default/files/library/5347/CEE_2016 HECAC Initiative Description_a

nd_Specification.pdf

282012 IECC code mandated efficiency levels
29 CEE Tier Definitions from the 2016 CEE report:
http://library.ceel.org/sites/default/files/library/534 7/CEE_CommHVAC_HECAC_InitDescip.pdf
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3.4.2 Sources of Data

Research included the NEEP Phase | incrementakost study, reviewed DEER 2016
incremental costs, and interviewed manufacturers and distributors to determine
incremental costs for this measure.

C NEEP Phase | Incremental Cost Study 2°+ lauthis NEEP study, incremental costs
were calculated between standard efficiency units and CEE Tier | and Tier Il units.
In the time since the 2011 NEEP study was published, the baseline unit efficiency
hasincreased. Despite these changing standards, the NEEP Phase | incremental
cost study provides a meaningful estimate of the minimum incremental cost
between a standard efficiency and advanced RTU, as itislikely that advanced
RTUs will cost the same or more thanexisting high efficiency RTUs. The NEEP
study assumed that the incremental labor and installation cost between high
efficiency and standard efficiency rooftop units is $0. ERS believes this may not be
the case for advanced RTUs. Contractor interviews and advanced RTU cut sheets
indicate that advanced RTUs can weigh at least 30% more than a standard
efficiency RTU. This can lead to increased costs due to the need to reinforce the
structure supporting the RTUs or additional lifting and installation costs associated
with these units.

C DEER 2016 Incremental Costst+ The CPUC released revised DEER incremental
cost valuesin August 2015. This release included updated equipment costs for
packaged RTUs and heat pumps and was based on the201G 2012 WOO017 Ex Ante
Measure Cost Study Final Report2, which was released inMay 2014. This study
included incremental costs for RTUs and heat pumps with SEER values up to 18

representatives and received cost estimates for standard vs. high efficiency RTUs

30 NEEP Phase | Incremental Cost Study,http://www.neep.org/incremental -cost-study-phase-1
312016 DEER update, draft revisions, downloaded in November 2015:
http://www.deeresources.com/files/DEER2016/download/DEER2016-Costs_PkgHVAC-Boilers_&
31-2015DRAFT.xls
3220102012 WO017 Ex AntéMeasure Cost Study Final Repppublished by Itron in May 2014:
http://www.calmac.org/publications/2010 -2012_WOO017_Ex_Ante Measure Cost_Study

Final Report.pdf
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i UOOWOO!I wOEOUI EEUUUI Uz UwUIl xUI Ul OUEUDYI U w, OUU
ultra -high efficiency RTUs, but were not able to provide cost estimates for these
units.

C Comparing the incremental cost data from the above resources indicatessimilar
ranges of incremental costsfor RTUs with CEER Tier 1 and 2 efficiencies This
gives some confidence that the incremental costs for higher SEER and EER units
from the 2016 DEER data is a reasonable estimate of the incremental cost of
advanced efficiency RTUs. Should the market adoption of ultra -high efficiency
RTUs and packaged heat pumps increase, this cost should be revisitedas the
market is rapidly changing and costs will likely change as installation rates
increase.

3.4.3 Market Status as of April 2016

ERSinterviewed two HVAC contractors for this study. Neither of them had installed
more than a handful of ultra -high efficiency RTUs and they could not provide
incremental cost estimates for these units. However, these interviews did reveal the
other insightful information about the ultra -high efficiency RTU market and some of the
factors impacting their adoption , as follows:

C Egquipment availability and lead time ¢ Both contractors indicated that many
customers elect to go with the equipment that is most readily available, especially
in end-of-life installations. Currently, this means that standard efficiency
equipment is most often selected for installation.

C Return oninvestment ¢ One of the contractors interviewed indicated that they
often struggle to justify the added cost of higher efficiency RTUs against the
marginal improvements in energy efficiency and energy cost savings, especially in
the Northeastern climate, where there are relatively few cooling hours compared
to other regions of the US.

C Installation costs ¢ Ultra -high efficiency RTUs often weigh significantly more than
standard efficiency units, which may require additional labor hours and materials,
partic ularly for end of life equipment upgrades. In addition, d epending upon the
specific nature of the site, structural support modifications may be required. A
typical example of the difference in weight between a standard efficiency and
ultra -high efficiency RTU is shown in Table 3-18.
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Table 3-18. Weight Penalty for Lennox Ultra-high Efficiency RTU

Weight
Difference (Ib.)

Percent
Increase

Model number
Type
Tons

Manuf aclEEBR er {

Model weight (Ib)

Lennox Raider Lennox Energence
ZGA092S LGH094U4M
Code-compliant Ultra-high efficiency
7.5 7.5
11.8 20.7
902 1260

358

40%

344

Incremental Cost

Data from the 2016 DEER cost database indicatean incremental cost of $362/ton for
ultra-high efficiency (SEERa hu ®PU&! This data was validated by comparing similar

unit sizes and efficiencies between the2015 DEER update- $ $/ z Uwl Yhhw/ T EUT w( w

Incremental Cost Study, and market actor interviews. Tables 3-19and 3-20 summari ze
the incremental cost data collected by ERS for RTUs with direct expansion (DX)

cooling/fossil fuel heating and heat pumps.

Table 3-19. Incremental Cost Data for Advanced Packaged Units

CEE Efficiency Tier
: : Advanced
Capacity Reference Tier 1 Tier 2 | Tier 2+ Tier
065, Bt@h 2011 NEEP Phase | $123/ton | $174/ton N.D. N.D.
Study
2016 DEER Cost Data $90 $181 $271 $362
$75 N.D. N.D. N.D.
Manufacturer data $100
>65,000 Btu/h and | 2011 NEEP Phase | $184/ton | $235/ton N.D. N.D.
0135 ,Butho Study
$139 $277 $416 $555
2016 DEER Cost Data
N.D. = No data
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Table 3-20. Incremental Cost Data for Advanced Packaged Heat Pumps

CEE Efficiency Tier
Advanced
Capacity Tier 1 Tier 2 | Tier 2+ Tier
065, Bt@D $142 $284 $426 N/A
>65,000Btw/ h and Guh5, ( N.D. N.D. N.D. N.D.

ND = No data

3.4.5 Cost Trends

The CPUC (Itron) 201G 2012 Ex Ante Incremental Cost research on which the 2015/2016
#$$1wWUXxEEUI UWEUT wEEUT EwUUTTT U0UWUT EVOwWDT wOT 1 wbOF
111 PEPI OEa2 wl134UVwEUI wET EOT POT OwlT T AawEUT WwEODPOT wU(
uncertainty of the availab le incremental cost data. Additionally, changing efficiency

standards (i.e., 2016 CEE standards) are likely to drive the market toward higher

efficiency equipment. With this shift and the subsequent increase in market adoption of

higher efficiency RTUs, it is likely that the cost for ultra -high efficiency equipment will

come down to some degree. However, there is little consensus regarding cost trends as

some market actors interviewed do not expect product prices to be reduced in the near

future.

3.5 Technology Category 5 Integrated Residential Multi-System Heat
Pump Controls

Air -source heat pump systems are becoming increasingly common in homes in the
Northeast and Mid -Atlantic States, driven in part by the improved efficiency and
installation flexibility aff orded by modulating ductless heat pumps (DHP). Until
recently, most of the air source heat pumps on the market have been extremely efficient
at mild temperatures, but delivered low efficiency and capacity restrictions when lower
outdoor air temperatures we re encountered. This historically meant that air -source heat
pumps were installed along with back -up fossil fuel or electric resistance heating
systems.Recent advances have brought to marketair-source heat pumps that perform
well at colder temperatures, but many homeowners still have them installed co -existent
with another heating system.

Recent studies, including those sponsored by NEEP, have revealed that homeowners do

not necessarily understand how best to control two heating systems with differing

operating characteristics. In addition, proper control of the two systems requires active

homeowner adjustment of thermostats, whereas they have come to expect thermostats

UOwOi i1 Uw?Ul DwEOE wi O this $itliatiom Badd ttdoth &y9edd w3 a x PEE OO A
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running simultaneously when only one is needed or the heat pump system being
underutilized.

Integrating the heating system controls into a single thermostat or controller would

allow for optimized system operation via integrated algorithms that respond to in  put
from exterior and interior temperature sensors. The project team is aware of the
development of thermostats that are designed to control both an air-source heat pump(s)
and an additional heating system. Originally scheduled for market introduction this past
spring, the products are still under development, but market pricing projections are
available, and predictive extrapolations can be made from related product lines. In
addition, we have learned that the approach currently being developed by DHP

manuil EEV0UI UUwl EVwI YOOYI ESwi1l EOT 6papOl wUT 1 wOEUOI U
such as those covered elsewhere in this report, interfaces are being developed that allow
DHPs and an additional system to be controlled by one smart thermostat.

3.5.1 Market Chains Identified

ERS interviewed three heat pump manufacturers and one thermostat manufacturer to

determine the future of multi -system thermostats. Through these interviews, we found

that, in general, heat pump manufacturers are reluctant to provide third -party

thermostat producers with access to their proprietary control protocols that typically

rely on thermistors (electronic devices that correlate temperature with electrical

resistance) installed in air streams rather than utilizing 24 V thermostat connections.

This limits the number of options available to control multiple heating systems through

a single interface to primarily those being offered by heat pump manufacturers rather

than third -party thermostat manufacturers. However, there are some heat pump

manUi EEOUU]l UUOWUUET wEUw, PUUUEDPUT PWEBEWHUNDPUUUOWUI

third -party smart thermostats the ability to control their DHP systems.

G Mitsubishi 1 Am interview with Mitsubishi research and development staff

indicated that the development of an integrated multi -system heat pump
thermostat is a possibility, but not a priority . Such a product would only target a
UBGEOOwWxOUUDOOWOI w, b Ual tilHed dinddezzthasirequir&daiauOE UO1 U
heat pump for space heating. In lieu of an integrated multi -system heat pump
thermostat, Mitsubishi offers two solutions for integrating heating system controls
through a single interface:
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Thermostat interface33 (current retail price; $235)344 This interface enables
Mitsubishi heat pumps to be controlled by third -party thermostats. For full
functionality, the third -party thermostat must be capable of controlling at
least two stages of heating and two stages of cooling, and several smart
thermostats include this capability. In order to intelligently select the heating
mode, the third -party thermostat must be able to access outdoor air
temperature data either via an Internet connection (l,e, EEET UU w0 Ow- . z Uuw
local weather station) or an outdoor temperature sensor external to the
thermostat. To date, Mitsubishi has successfully tested their interface with
thermostats from Nest, Energy Hub, Ecobee, Lutron, Wi-Fi 9000, Honeywell
Lyric, Prol, and Converge, although a single packaged interface and
thermostat solution has not yet been brought to market.

Kumo Cloud 35 heat pump interface (current retail price; $195)36is capable of
controlling select Mitsubishi heat pumps37 and other heating systems via a
Wi-Fi-connected webinterface. This interface enables the heat pump user to
wirelessly control their heat pump via their smartphone, but does not
automate the control of the heat pump with other heating systems in the
home. With the heat pump and an additional heating source addressable

UT UOUT T wGrhartphdhd, irebhgtdJdecisions could be made regarding
which heating system to operate. Software applications could help to
automate this approach.

The Mitsubishi representatives interviewed believe that, rather than introduc ing
their own thermostats, Mitsubi shi will likely invest in developing additional
software-based solutions that will allow homeowners to control multiple heating
systems remotely via a smartphone or computer interface in conjunction with
third -party smart thermostats.

33 http://www.mitsubishicomfort.com/sites/default/files/thermostat_interface_pr.pdf

34 https://www.goductless.com/Mitsubishi _-Air -Conditioners/PAC -US444CN-1-Mitsubishi -
Thermostat-Interface/54596.ac?gclid=CNrYv42U8BMkCFc6RHwodXvoEhw

35 Mitsubi shi Kumo Cloud product description: ~http://www.mitsubishicomfort.com/kumocloud
36 Estimated cost for Mitsubishi Kumo Cloud: https://www.goductless.com/Mitsubishi -Air -
Conditioners/PAC -WHS01WF-E-Ductless-Wi-Fi-Interface-Adapter -for-Kumo -
Cloud/61592.ac?gclid=CL CUtO6 TSMkCFQokHwodKwg IYA

37 Mitsubishi Kumo Cloud compatibility chart:
http://www.mitsubishicomfort.com/kumocloud/compatibility
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C Fujitsu t Fujitsu also offers a Wi-Fi-enabled interface38 that retails for
approximately $1953°E OE wub U wUD ODPOE U w0 O w, ThdiritEae) T Dz Uw* UO O
operates within the Intensis 49 home communication network and allows limited
EOOUUOOWOI wwU N B Uhird -pdysmhrEheumestatd suthuay tBoEew
offered by Nest and Honeywell . In addition, Fujitsu is currently developing
embedded Wi-Fi controls for their heat pumps that will integrate with Intensis and
are expected to be rolled out later in 2016. These controls wil integrate Fujitsu heat
pump control with other Wi-Fi-enabled controls and equipment, and will enable
control via a smartphone or other web-connected device.

integrating heat pum p control with a single back -up heating source. The Envi
thermostat is manufactured for Daikin by Ecobee and can control up to two stages
of heating: one heat pump heating stage and one auxiliary heating stage. The
operation of the auxiliary heating contro | is enabled by the thermostat user based
on outdoor air temperature. The Envi must be wired into each heat pump head
that it controls and must also be wired to the auxiliary heating system. In addition,
the Envi can be programmed by the user, although it is anticipated that initial
programming will be completed by the installer. Our research indicates a cost of
approximately $350 for an Envi thermostat. 41 Representatives from Daikin also
indicated that they will be releasing a Wi-Fi-interface that enables heat pump
control directly from smartphones, tablets, etc., without the need for a traditional
thermostat interface. However, this Wi-Fi-interface will not be capable of
controlling multiple heating systems.

3.5.2 Summary of Integrated Thermostat Interface Offerings

Table 3-21 summarizes the currently available and forthcoming heat pump thermostat
offerings from the three manufacturers that are most active in the NEEP market.

38 Fujitsu wireless technology information: http://www.fujitsugeneral.com/Wi -Fi.htm

39 Fujitsu wireless interface cost: https://www.younits.com/fj _-ir -Wi-Fi-1na-Wi -Fi-
mdl.htmI?gclid=CN3h5uCY8MkCFYQXHwodTIINWg

40 Information on Intesis, which is the system that enables Fujitsu heat pumps to integrate with
smart home thermostats: https://www.intesishome.com/ifttt/

41 Product number DACA-TS1-1 at www.ecomfort.com
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Table 3-21. Summary of Integrated Thermostat Offerings

Method of HVAC

Temperature

Able to Control
More Than One

Manufacturer System Control | Sensor Locations System? Equipment Cost
Mitsubishi HP Thermostat Interior T third-party | Yes (with third- $235 + cost of
interface thermostat party thermostat) | third part
Exterior i third-party thermostat
thermostat (web
connection)
Mitsubishi Kumo Smartphone Interior T heat pump | No $195
Cloud head
Exterior i web
connection weather
data
Fujitsu FJ-IR-WI-FI- Smartphone Interior T third-party | Yes (with third- $195 to $250 +
INA & FJ-RC-WI-FI- thermostat party thermostat) | cost of third-party
INA Exterior i third-party thermostat
thermostat (web
connection)
Daikin Envi Thermostat & Interior T thermostat | Yes $350
Smartphone Exterior i outdoor
heat pump unit
Daikin web-based Smartphone Interior ' heat pump | No Data not yet

control (soon to be
available in US)

head
Exterior i TBD

available

3.5.3 Compatible Smart Thermostats

Both Mitsubishi and Daikin currently offer heat pump interfaces that enable control by
third -party thermostats, such as the Nest 2.0 and 3.0 smart thermostats. According to
Nest, their thermostats are capable of controlling up to three stages of heating and two

stages of cooling*2. Nest thermostats rely on integrated indoor temperature sensors and
pull data from the Internet for outdoor temperatures. The primary heating source, which

is often a heat pump, operates until the outdoor air temperature drops below a user -

defined outdoor air temperature 43. Below this temperature, the auxiliary heating source
(electric resistance heat, furnace, bhoiler, etc.) takes over to meet the heating demands of

OT 1 wi 601 8

w UwbbDUT w#EPOPOzUwsOYPwWUAUUI OOwUT T w-1 UL

adjust the outdoor air temperature at which the auxiliary heating system is enabled.

42 https://nest.com/support/article/How -does-Nest-manage-different -stagesof-heating-and-

cooling

43 By default, the outdoor air temperature at which the auxiliary heating system turns on is 35 °F,
as per:https://nest.com/support/article/ls -Nest-compatible-with -dual-fuel-hybrid -heating-and-

cooling-systems
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In order for Nest thermostats to interface with multiple heating systems, wired control
connections must be available from all heating sources orWi-Fi-based control systems
such as the Intensis system utilized by Fuijitsu, must be in place. For ductless teat
pumps, this typical ly means that some kind of interface (such as the one offered by
Mitsubishi) must be available to enable the Nest thermostat to control the heat pump.
For more conventional heating systems, such as furnaces, boilers, and electric restance
heat, the Nest thermostat is able to connect to and control the systems directly.
$12wbOUI UYDPI Pl EwOOI! wOi w-1 UUzUw/ UOEUEUwW, EQGET 1 UUOL
globally, the majority of multi -system configurations controlled by Nest thermosta ts are
heat pumps with electric resistance heat, with a much smaller portion of their heat

pump customer base relying on fossil-fuel fired heat sources for backup. This interview
also revealed that Nest is in the process of integrating their thermostats into the
OpenTherm#4 communication system in Europe. This system enables integration of
HVAC equipment and thermostats. A ccording to Nest, it is also quickly gaining traction
in Europe as a means of more efficiently integrating home HVAC systems, as
OpenTherm allows for modulating control of home HVAC equipment.

3.5.4 Third-Party Wi-Fi Interfaces

In addition , we investigated third -party controllers, such as the PebbleWi-Fi controller,
which is capable of wirelessly controlling a heat pump via a smartphone or tablet. The
controller retails for $ 220*> and is able to control multiple systems of differing
configurations if they are made by the same manufacturer#® These units are similar to
the Wi-Fi controllers manufactured by Intensis for Fujitsu.

3.5.5 Incremental Costs

The baseline for this measure is separate control of DHPs and secondary heating
systems. We estimate the laseline equipment costfor new construction projects to be
$90* for a standard programmable thermostat to control the secondary heating system

44 Open Therm protocol in formation: http://www.opentherm.eu/

45 Estimated cost of the Pebble WiFi controller:
http://www.mcssl.com/store/davidkentagentofpebbleairusa

46 Information on the Pebble Wi -Fi controller: http:/pebbleair.com/fags.html#fags

source of this baseline hermostat cost estimate.
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and zero for retrofit projects as DHPs are delivered standard with a remote control and
fan unit integral thermistor , which together act as a thermostat.

Our research indicated two options for controlling both a heat pump and auxiliary
heating system:

C Wired or wire less heat pump interface with a third -party thermostat, equipment
costt $450 $500.ERS tésearchindicated that at least one heat pump
manufacturer, Mitsubishi, offers an interface that enables their heat pump to be
directly controlled by third -party thermostats via a wired 24 volt connection.
Controlling a heat pump and a second heating system would require both an
interface ($235) and a smart thermostat ($250), with a combined cost for avired
integrated heating system controller in the range of $450t $500.Wireless interfaces,
like the one offered by Fujitsu ($195), enable lower equipment costs compared to
their wired counterparts, and may also reduce installation costs due to the need for
less wiring.

C Integrated heat pump and auxiliary heating thermostat, equipment cost  + $850.
$12zU0wUIl Ul EUET wbOEPEEUI EwlUT E0w# ERQRGWOI | 1 UUWE
heating thermostat at a cost of $350.
Thesecosts arefor single-zone new construction applications and do not include labor
costsor additional sensor costs. According to the manufacturers that were interviewed,
only one zone can be controlled by the existing multi -system controls setups; additional

thermostats with related interfaces would be required to control multiple heating zones
within a home.

Additional costs may also be incurred should it be necessary to install an outdoor air
temperatur e sensor and/or an interior temperature sensor to optimize the control of the
two heating systems. Either of these options is approximately $100.

For new construction installations, we estimate the labor cost to be approximately $70
for a baseline thermostat and $175 for an integrated heat pump thermostat. ERS
estimates the labor cost for a retrofit to be $0 for existing equipment and $175 for an
integrated heat pump thermostat. However, the retrofit cost could escalate quickly if
additional wiring must be run to integrate the heat pump and secondary system control.
In general, professional installation is recommended for the integrated heat pump
controls. Although the third -party and manufacturer -specific heat pump thermostats
can be programmed by homeowners, most manufacturers recommended having
installers perform the initial setup to ensure proper control and sequencing of the heat
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pump and auxiliary heating systems. Table 3-22 presents a summary of estimated
incremental costs.

Table 3-22. Multi-System Thermostat/Control Incremental Cost

Material Cost Labor Cost
Measure Total

Multi-System Base Thermo- | Heat Pump Base Incremental
Control Solution Baseline Case stat Interface Case Measure Cost
Heat pump New
interface + third- construction $90 $250 $195 $235 $70 $175 $460-$500
party thermostat Retrofit $0 $250 $195 $235 $0 $175 $620-$660

New
Integrated construction $90 $350 N/A $70 $175 $365
thermostat ]

Retrofit $0 $350 N/A $0 $175 $525

3.5.6 Cost Trends

Our interviews indicate that the total incremental costs shown in Table 6-2 represent the
upper end of what the market will bear for integrated heating system control, especially
given the rapidly developing capabilities of smart thermostat and Wi-Fi-based heating
system control solutions. Market actors interviewed anticipate that the incremental cost
of integrating heating system control will decreaseas software solutions are developed
that enable control of multiple heating systems via smart thermostat interface s. These
market actors also expect that the number of homes requiring multi -system control will
decrease as consumer confidence in DHP technology increases, heating performance at
colder temperatures further improves, and new homes become more energy efficient.

3.6 Technology Category 6 Advanced Compressors for Commercial
Refrigeration

This category addresses improvements and alternatives to the centralized direct
expansion (DX) systems that are used to provide cooling for nearly all food stores and
other commercial refrigeration applications in the United States. DX systems use a
refrigerant vapor expansion/compression (RVEC) cycle to directly cool the supply air to
the space. It is the same basic technology as that used for standard air conditioning
systems. Advan ced refrigeration compressor solutions are now available that offer
efficiency improvements , reduced refrigerant leakage, and alternative refrigerants with
lower greenhouse gas (GHG) impactscompared with standard-practice equipment. This
is typically a new construction measure covering a variety of possible solutions.
Research identifies that COPs of approximately 10% higher than standard-practice
equipment are possible. Many energy efficiency refrigeration solutions that involve
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incremental enhancements © standard systems are available on the market; however,
ERS focu®d on emerging solutions that include compressor reconfiguration . The four
technologies that ERS focused on for this reportinclud e:

¢
¢
¢
¢

Distributed DX systems
Secondary loop systems
CO: cascadesystems

CO: transcritical booster systems

Each of these technologies is described below, with a description of the system and the
source of energy savings compared to the baseline of centralized direct expansion
systems. All of these systems are appropride alternatives for supermarket applications
that involve multiple refrigerated units throughout the facility. However, CO :
transcritical booster systems generally perform better in colder climates, and there will
be facility -specific situations that may favor one system type over another.

¢

Distributed DX systems t Compared to central DX systems, the refrigerant charge
(amount of refrigerant) is reduced. Multiple parallel compressors installed in
cabinets with small compressors are located in close proximity to the refrigerated
loads than the compressors would be in a centralized DX system. Each @binet is
dedicated to a single load. Heat rejection is performed with an air -cooled
condenser located on theroof or with a glycol loop and fluid cooler. Sc roll
compressors are typically used for this system type. Distributed DX systems save
energy because they are dedicated to a single load and are located near it, which
reduces thermal distribution losses and those due to friction. Becauseof these
minimize d losses the pressure drop is reduced. This allows the suction
temperatures to closely match the evaporator temperature. High efficiency scroll
compressors typically installed with these systems allow for low condensing
pressures. Figure 3-3 presents a graphic of a distributed direct expansion system.
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Figure 3-3. Example of a Distributed Direct Expansion System48
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C Secondary loop systems t+ Two fluids are used in a secondary loop system; the
primary fluid, typically a traditional HFC refrigerant, is used to  cool the secondary
fluid (via a heat exchanger) that is pumped to the loads to remove heat. Figure 3-4
depicts a secondary loop system. The use of multiple fluids allows for more
appropriate matching of refrigerant with the temperature range at which it wi |l be
operating and can lead to energy savings. An ideal match would be a fluid that
will remain a liquid at the target temperature and which has low viscosity at that
temperature. However, the fluids often need to be pumped at high flow rates in
these sygems, which can minimize energy savings or generate an energy penalty.

48 International Energy Agency (IEA). 2003. "IEA Annex 26: Advanced Supermarket
Refrigeration/Heat Recovery Systems, Final Report Volume 1-Executive Summary."
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CO:z secondary fluid loops offer significantly lower pumping demand compared to
glycol and water mixtures.

Figure 3-4. Example of a Secondary Loop System#®
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C CO:zcascade systemst A CO:z cascade system consists ofwo refrigeration systems
with a heat exchanger serving as an evaporator for the top system and condenser
for the lower system. R-744 (CQ) is used in the lower system asa DX refrigerant
serving low temperature loads . This means that the CQz in the heat exchanger that
rejects heat to the upper cycle will always operate below its critical temperature
and pressure, which leads to several energy savings advantagesCOQO: is also more
effective as a heat transfer fluid than some more commonly used refrigerants.

49nternational Energy Agency (IEA). 2003. "IEA Annex 26: Advanced Supermarket
Refrigeration/Heat Recovery Systems, Final Report Volume 1-Executive Summary."
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C CO:transcritical booster systems + These ystems use R744 (CQ) directly as a
refrigerant, often have multiple stages, and operate at high pressures. These
systems require specialized equipment and high -grade materials rated for the high
pressures involved. This reduces the operations and maintenance costs involved
with decreased component failures due to high quality components. Heat rejection
occurs above the CQ critical pressure with a gas cooler instead of a condenser.
Cooling occurs below the critical pressure of CO2. The naturally high discharge
pressures allow for greater heat recovery options for space heat than standard
centralized DX systems. As mentioned with CO 2 cascade systems, C@has high
heat transfer capabilities due to the high pressure and density involved. This can
lead to lower temperature differences in evaporators, which is one source of
energy savings. The discharge pressures are high in these systems, but allow for
great heat recovery for space heatingoff of the discharge temperature, which can
be another source of energy savings. Low ambient temperatures allow the system
discharge to operate below the critical temperature and pressure of CO2, also
called subcritical operation. During subcritical operat ion, the CO2 compression
ratio is less than other refrigerants, which leads to higher compressor isentropic
efficiency.

3.6.1 Baseline Description

Our research identified two possible baseline refrigeration systems: stand-alone systems
and centralized DX systems. Stand-alone systems include a single compressor with an
attached air-cooled condenser mounted on a skid. These are found in small stores or
stores that are over 20 years old. Centralized DX systems include groups of compressors
piped in parallel to a com mon discharge and suction mounted on a skid or rack. The
condenser is remotely located, typically on the roof. Several compressor racks are
installed to serve most or all refrigeration loads at a supermarket. Figure 3-5 illustrates a
typical centralized DX system.
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Figure 3-5. Typical Direct Expansion System?>°
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A centralized DX system is identified as the appropriate baseline for theseadvanced
systems. Our research confirmed that centralized DX is the predominant system in
supermarkets within the United S tates and is considered the baseline scenario for the
advanced systems reviewed. A review of commercial refrigeration projects , summarized
in Table 3-23, reveals that centralized DX system cost ranges from $3,877 to $8,944 per
ton. The full cost and cost per ton in Table 3-23include the installation labor costs.
Research did not show a pattern in labor costs being higher or lower for the emerging
technologies compared to the baseline technologies. Interviewees indicatedthat
installation costs varied widel y from project to project.

50 International Energy Agency (IEA). 2003. "IEA Annex 26: Advanced Supermarket
Refrigeration/Heat Recovery Systems, Final Report Volume 1-Executive Summary."
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The average baseline cost per ton of was $5,103. This was not used as the cost of the
baseline system when calculating incremental cost for each of the four emerging
technologies studied, as each emerging technology project document reviewed included
its own estimated baseline cost; however, the baseline costs in these documents matched
well with this calculated value.

Table 3-23. Centralized DX System Costs

System
Size Full Cost Cost per
(Tons)?! (%) Size ($/Ton) | Source

a7 $183,195 $3,877 Efficiency Maine grocery store project report, Fort Kent,
ME, 2012

16 $93,578 $5,971 Efficiency Maine grocery store project report, Oakland, ME,
2011

27 $156,000 $5,688 Efficiency Maine grocery store project report, Guilford, ME,
2010

25 $107,957 $4,379 Efficiency Maine grocery store project report, Cornish, ME,
2010

40 $157,600 $3,955 Efficiency Maine grocery store project report, Columbia,
ME, 2010

36 $160,000 $4,388 Efficiency Maine grocery store project report, Patten, ME,
2009

10 $92,722 $8,944 Efficiency Maine Ice manufacturing project report, Brewer,
ME, 2009

94 $420,000? $4,468 Estimated from Dev. And Demo. Of an Advanced
Supermarket Refrigeration HVAC System Report

94 $400,0002 $4,255 Estimated from Dev. And Demo. Of an Advanced
Supermarket Refrigeration HVAC System Report

1 Tons = Tons of refrigeration
2 Estimated based on incremental cost percentage provided in study review

3.6.2 Sources of Data

ERS identified published resources, key market actors, and manufacturers in our
research effort for this measure. A review of two grocery store energy programs from
National Grid and PG&E appears to show that upgraded controls such as floating head
pressure, floating suction pressure, and variable speed fan controls are already well
established. Such controls are typically retrofitted to standard refrigeration systems, but
may also be included in advanced compressor systems depending on the type of
configuration.

Research did not identify program incentives that were specific to the advanced
refrigeration technologies mentioned above. However, a custom projects could qualify
under existing rebate programs with proven energy savings through a technical
assistance study.
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The industry papers, case studies, and presentations regarding advanced refrigeration
systems we researched provided the majority of the incremental cost data. The
incremental costs collected are highly variable, ranging from 0% to 55% more than the
baseline scenariofor all of the advanced technologies identified. Even when isolating the
specific advanced technologies, the cost range is still variable. Estimated incremental
costs per system expressed as a percentage are as follows:

C Distributed direct expansion (DX)
Incremental cost: 15%

C Secondary loop
Incremental cost: Qi +35%

C COzcascade
Incremental cost: 1Q1 +30%

C COgztranscritical booster informative
Incremental cost: 2Q1 155%

Interviews conducted did not lead to direct incremental cost data, but provided other
insightful, relevant information. For example, the mentioned variability in

implementation costs is partially due to the fragmentation of the refrigeration industry.
Multiple manufacturers are often involved with the components of a whole system. Site -
spedfic conditions and system requirements also affect the uniformity of

implementation cost.

C Key market actors + ERS identified eighteen key market actors, including several
manufacturing and installation providers. We reached out to many of the market
actors and interviewed Richard Travers of Freeaire, Jim Boyko of Boyko
Engineering, and Kevin Cote, Brian Owens , and Christopher Rogers of
ClearResult. The interviews and outreach with market actors, such as Jodi Beebe of
ClearResult, resulted in the identific ation of case studies and additional resources
with incremental cost data.

ERS identified several papers, studies, and presentations that detail advanced
refrigeration compressor technologies. The sources of this information include Oak
Ridge National Laboratory, PG&E, ASHRAE, Ingersoll -Rand, EPA, Accelerate America,
and kW Engineering. We reviewed several supermarket projects performed by ERS for
applicable baseline cost data. The studies areshown in Table 3-24, and the presentations
are shown in Table 3-25.
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