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Executive Summary

A. Introduction

The Northwest Energy Efficiency Alliance (the Alliance) is a non-profit group of
eectric utilities, state governments, public interest groups, and industry
representatives committed to bringing affordable, energy-efficient products and
services to the marketplace. The Evaporator Fan Variable Frequency Drive
(VFD) Market Transformation Initiative (the Initiative) was sponsored by
the Alliance to make varigble frequency drives an industry standard for
evaporator fans in refrigerated warehouses in the Northwest. The goa was to
demondtrate energy efficiency benefits and aso non-energy advantages such as
positive impacts on product quality. The target markets for the Initiative were
controlled atmosphere (CA) storage warehouses (used for long-term storage of
tree fruit) and cold storage warehouses (typically used for bulk frozen foods).
The Initiative's activities were intended to overcome concerns about VFD
reliability and fan motor fallure, variation in warehouse temperatures, dectrica
harmonics and fruit qudity.

This Market Progress Evaluation Report (MPER) is the third and find in a
series of assessments of the Initigtive. It covers the activity of the Evaporator
Fan VFD Initiative over the period of March 2000 through December 2001.
The work in this report follows MPER #1 and #2 prepared by Macro
International.*

Although Initiative activity to promote VFD fans for CA warehouses, cold
dorage and didribution facilities has essentidly been completed, as of the
writing of this report there are ongoing efforts to promote the use of VFD fans
in potato storage warehouses that will be reported in future MPER.

Cascade Energy Enginearing (Cascade), a consulting firm with offices in the
Northwest, has implemented the Evaporator Fan VFD Initiative under a
contract with the Northwest Energy Efficiency Alliance. This firm has sgnificant
experience with the design, andyss and energy effidency of indudrid

' Market Progress Evaluation Report #1, April 1999, and #2, November 2000,

prepared by Macro International, www.nwalliance.org.
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Executive Summary

refrigeration systems and has routinely applied variable speed technology to a
number of aspects of these systems.

The most important issues for adoption of eveporator fan VFD for energy
efficdency and management are;

1.

B.

Demondtrating to owners, managers, and operators of dl refrigerated
warehouse facilities that the technology is reliable and has dtractive
energy savings benefits,

Demondrating to, and persuading fruit Storage facility owners,
managers, and operators that the technology has at least neutrd and
often pogitive impacts on fruit quality. There has been a particular need
for further dissamination of this information given that fruit qudity is
paramount for this market;

Assuring that there are qudified resources to specify, promote, indal,
and maintain the technology. This includes consultants, vendors, and
electrical contractors, and

The sources for information about the technology need to be credible,
known throughout the region, and have time/daff capabilities to
promote the technology.

Evaluation Activities

Pecific Energy Associates, Inc. (PEA) and MetaResource Group were hired to
research and prepare this third in a series of three reports assessing the market
transformation achievements of the Evaporator Fan VFD Initiative, and to assst
with “adaptive management” of the venture. This MPER #3 builds on the
evauation and research previoudy conducted by Macro International. The
specific objectives of thisthird MPER areto:

Review the dtatus of the Evaporator Fan VFD Initiative and report
observations on Initiative activities,

Evduate the levd of market acceptance of VFD technology for
evaporator fans, the energy savings, and other benefits, and

@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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|dentify any remaining issues and make recommendations.

The new research conducted for this report included attendance at a regiond
tree fruit conference and interviews with regiona experts and key market
actors. Interviews were conducted between August and October 2001 with
the following groups:

Seven regiond experts in indudrid refrigeration, tree fruit, controlled
atmogsphere storage, and refrigeration engineering;

Eleven individuds in management and operations of controlled
atmosphere storage warehouses,

Fve individuds in management and operations of cold storage
warehouses,

Five firms offering indudtria refrigeration equipment and variable speed
drives; and

Five firms offering sarvices in indudrid refrigeration and indudtrid
electricd contracting.

C. Overview of the Evaporator Fan VFD Initiative
Goals and Approach

Cascade Energy Engineering's contract with the Alliance cdls for them to: 1)
promote the use of variable frequency drives for evaporator fans in ndudrid
cold storage warehouses, and 2) to conduct monitored demonstrations to show
the efficacy of the technology in reducing energy use and improving product
qudity. This contract began in early 1998 and ended in December 2001. The
dated god of the Initiative is to make VFDs an industry standard for evaporator
fansin refrigerated warehouses in the Pacific Northwest.

The initid definition of success was that, by the end of the Initiative (origindly
2000 and now 2001), 5% more refrigerated warehouse facilities would have
ingal evgporator fan VFDs than in its absence. By the end of 2007, success
occurs if use of evgporator fan VFDs becomes standard practice in new
congruction and retrofit throughout the region.

@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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The Evaporator Fan VFD demondtration process included Site assessment,

selection of appropriate rooms for variable speed, upgrades of control systems
as needed, and extensive field tests to document the energy and non-energy
benefits of the approach. Particularly for the tree fruit indugtry, fruit hedth and
product qudity is of paramount concern, and far more important than energy
cods. The careful gpplication of VFD technology has resulted both in energy
cost reductions and improved product qudity (as well as other benefits in some
cases), as detalled in the full report. The main qudity improvement is reduction
of shrivel, more formally described as fruit mass loss.  For the fruit storage
industry, energy and non-energy benefits are both significant, with about one-
haf of the cost savings coming from energy and the remaining haf from reduced
mass loss. These results were documented in detailed case studies.

D. Assessment of Initiative Efforts and Market
Effects

This section further describes the Initigtive and provides Pecific Energy
Associates key observations regarding the market transformation progress of
the Initigtive. Thisevauation is based on progressve indicators presented in the
outline of the Evaluation Workplan as well asthose used in previous MPERS.

Initiative Activities

Cascade Energy Engineering has implemented the Evaporator Fan VFD
Initigtive to meet the gods of the Alliance for market transformation in indudtrid
refrigerated warehouses.  In terms of regiona demondration stes for
evaporator fan variable speed drives, as of November 2001, the Initiative has
implemented field trids a 24 sStes. Table ES-1 below provides an overview of
the Initiative’ s demondration activities.

A definition of success for the Initistive was that 5% more refrigerated
warehouse facilities inddled evaporator fan VFDs than would have in the
absence of the Initigtive. A conservative estimate based on three limited data
sources suggests that at leest 15% more evaporator fan VFDs have been
ingtaled as compared to the expected basdline. About two-thirds of fied trid
participants for both CA storage and refrigerated warehouses said that the
experience convinced them to install more evaporator fan VFDs. It appears
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that most of the Initiative' s influence was from a Sgnificant regiona presencein
indugtrid refrigeration and person-to- person marketing on the part of Cascade.

Table ES-1: Overview of Evaporator Fan VFD Demonstrations

DEMONSTRATION YEARS CONDUCTED WAREHOUSE SAVINGS
FACILITIES TYPE
EIGHTEEN FIELD TRIALSAT 1998 & 1999 Controlled Overall paybacks from
FIFTEEN FACILITIES Atmosphere 1.1 to 3.6 years; fan

energy reduced 24%
to 78%; a mass loss
improvement of 0.19%

to 0.58%

SIX FIELD TRIALS AT FIVE COLD 2000 & 2001 Refrigerated Paybacks from 1.4 to
STORAGE WAREHOUSES AND Warehouses 8.0 years based on
ONE DISTRIBUTION CENTER energy savings; fan

energy reduced 62%
to 86%

A magor god of the Initiative was to make evaporator fan VFDs a standard
practice in the Northwest. Progress toward this goa has been very good.
Surveys indicate that 23% of respondents fed evaporator fan VFDs are
standard practice for them and for the industry (preferred and nearly dways
sdected), and 33% of respondents believe it is common practice (well
known and often used).

Market Effect Indicators

This report assesses the status of progressive indicators of market effects
for the Evaporator Fan VFD Initistive. These concern development of
successful case studies, broader market effects as evidenced by changesin
vendor support of the technology, sdes of the technology, and recognition
by market actors of the technical merit of the VFD gpproach.

Indicators of progress regarding the Initigtive's activities up to December
2001 are summarized briefly in Table ES-2 bedow, dong with information
on current status, concerns the PEA team had regarding the Initiative, and
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recommendations for an exit drategy if appropriate.
indicators are described in more detail in Section 11 C.

The progress

Table ES - 2: Assessment of Progressive Indicators

PROGRESS INDICATOR GOAL

PROGRESS TO DATE

CONCERNS AND STRATEGY
TO ACHIEVE

MAKE EVAPORATOR FAN VFDS A
STANDARD IN THE NORTHWEST

Surveys indicate that 23% of
respondents feel evaporator fan
VFDs is standard practice and
33% feel it is common.

Progress toward this goal is very
good.

DEFINITION OF SUCCESS IS 5%
MORE EVAPORATOR FAN VFDS
DUE TO THE INITIATIVE

Limited research suggests that
15% more evaporator fan VFDs
are in place compared to
baseline.

This goal has been achieved.

COMPREHENSIVE DATABASE OF
REFRIGERATED WAREHOUSE
FACILITIES DEVELOPED

As of 11/2000, the database had
60 records. As of 11/2001, the
database had 833 records.

This goal has been achieved.

PARTICIPATION IN FIEL D TRIALS OF
27 SITES OVER THE TERM OF THE
INITIATIVE, WITH TWO
COMPREHENSIVE INSTALLATIONS

Twenty-four field trials were
conducted, with two
comprehensive installations.

This goal is essentially
complete. The Alliance and
Cascade agreed that 24 sites
were adequate for demonstration
of the technology.

FIELD TRIALS & INSTALLATIONS
SUCCESSFULLY DEMONSTRATE
ENERGY SAVINGS WHILE
MAINTAINING OR IMPROVING
PRODUCT QUALITY

All projects show energy
savings, and all of the CA
projects but one show product
quality improvements.

This goal has been achieved.

INFORMATION ON RESULTS
DISSEMINATED BROADLY IN THE
INDUSTRY

Case studies and a summary
paper for 13 CA field trials were
completed. Trade shows were
attended and papers were
presented. Still, survey results
suggest that only about 50% of
market actors and end-users are
aware of the case studies.

This goal is essentially
complete. New marketing
materials have been developed.
The Cascade web site features
information on the Initiative, but
guidelines for installation of
VFDs are not well known.

Continued
@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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PROGRESS INDICATOR GOAL

PROGRESS TO DATE

CONCERNS AND STRATEGY
TO ACHIEVE

FACILITIES OUTSIDE THE INITIATIVE
BEGIN TO USE THE TECHNOLOGY

As of 11/2000, there were no
non-Initiative installations that
could be attributable to Initiative
influence. As of 11/2001, many
(>30) non-Initiative sites have
used VFD evaporator fans, most
using utility incentives and
working with Cascade.

This goal has been achieved, but
an exit strategy may require
continuing support from utility
programs as the CA industry
segment has limited capital
funding.

CONSULTING ENGINEERS SUPPORT
AND OEMS PACKAGE VFD WITH
EVAPORATOR FANS

A refrigeration equipment
manufacturer has integrated
VFDs into its product line. A
VFD manufacturer is planning on
development of a technical note
for VFD evaporator fans.

This goal is essentially
complete. However, there are
few consultants in the region
offering services similar to
Cascade.

CASCADE IS RECOGNIZED AS
HAVING PARTICULAR EXPERTISE
IN INDUSTRIAL REFRIGERATION,
PARTICULARLY IN THE
APPLICATION OF VFD
EVAPORATOR FANS

All (100%) of the parties
surveyed are aware of the work of
Cascade in this area and the
Initiative to promote VFD
evaporator fans.

This goal is complete.

E. Conclusions and Recommendations

Conclusions and recommendations for the Evaporator Fan VFD Initiative are
summarized below in goproximate order of dgnificance. Because the Initiative
contract is complete and this is the last MPER that will review the Initiative, a
number of the recommendations offered are regarding exit strategy.

Conclusions

The following is a brief summary of the conclusons about the market
transformation effects of the Initiative. Conclusons are offered in deail in
Section V.

» The Eveporator Fan VFD Initiative has been successful in dlaying
concerns about the use of VFDs for evaporator fans. Current market

EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE
Pacific Energy Associates, Inc. & MetaResource Group
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penetration is estimated at 18% for CA sorage and 43% for
refrigerated warehouses.

» Cascade is known by everyone in the region involved in indudtrid
refrigeration and refrigerated warehouses, and is widdly recognized for
their expertise on the subject and for ther efforts to promote the
Initiative.

» A vendor of varigble frequency drives is consdering developing a
Customer Reference Note that would promote evaporator fan VFD
goplications. A manufacturer of indudtrid refrigeration equipment has
integrated VFDs into their entire line of evgporator and condenser fans
and also uses them for refrigeration compressors.

» There gppears to be decided improvement in the capabilities of
electricians and vendors to properly install and support evaporator fan
VFDs. While in the past problems were often outright failure of drives
and motors, now proper specification and technica support are the
main issues. The incidence of VFD problems has dso decreased
Sgnificantly.

» There appears to be wider adoption of evaporator fan VFDs in cold
storage warehouses than or controlled aimosphere storage.  This is
contrary to the initid expectations. However, economic conditions for
the past saverd years in the tree fruit industry have reduced capital
investment on their part.

» Itisour beief that VFD evaporator fan technology is likely to become
ubiquitous over the next five to ten years, with or without utility
programs. However, utility technical assstance and incentives will be
important for fruit storage warehouses and aso where low energy rates
margindize this kind of efficiency investment.

» Pendration potential appears to be limited to something in the arder of
80% for controlled atmosphere storage and less so for efrigerated
warehouses. Thisis because some (often older) warehouses often have
avariety of design, physica, and ectrical congtraints.

@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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Recommendations

Recommendations for the Evaporator Fan VFD Initigtive are summarized
below. Recommendations are offered in detail in Section V.

>

Provide Case Studies to Market Actors. Industria consultants, utility
daff, and equipment vendors are very influentid in the regiond market
for efficient indudrid refrigeration.  Although many will not be in a
position to purchase, specify, or perhgps even recommend one
approach over another, their opinions carry weight and their knowledge
of the full range of efficiency technologies is important. These market
actors should be provided with sdected case studies, other marketing
materials, conference papers, and application guiddines.

Develop Evaporator Fan VFD Consultant Base: There are few
conaultants in the region offering industrid refrigeration services smilar
to Cascade Energy Engineering. The concern is that limitations in this
consultant base could mean market demand would not be met or that
service would be inadequate. Information developed for this Initigtivein
terms of case studies, application guidelines, and application notes could
be provided as a package to engineering conaulting firms and utilities in
the region that may be interested in serving this market.

Provide Web Site Resources on Evaporator Fan VFDs. Cascade
Energy Enginearing has established information on the Initiative on their
web dte. Even though the Initiaive is coming to a close, web-based
information is critica to maintaining and building the Initiative's market
transformation successes by providing eesly available and credible
information.  The Alliance should link to this web dte, as might the
Energy Ideas Clearinghouse, and other gppropriate Internet Sites.

Publish and Distribute VFD Application Guidelines: The only
full specification or gpplication guiddine for the ingdlation of evaporator
fan VFDs being used in the region has been prepared by Cascade. It
might be published and digtributed more widdy for use by refrigerated
warehouses, vendors, contractors, utility programs and consultants.

Corrective Action for Field Trial Sites: Severd of the controlled
atmosphere warehouse operators fdt that the field trids usng VFDs
had compromised fruit quaity or had operationa problems. If possible,

@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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every fidd trid participant should have the most positive impressions of
their experience with eveporator fan VFDs. These fidd trid gtes
should be recontacted to ensure that the intended design and operation
developed for the CA rooms are dlill in place.
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|. Introduction

A. Overview

The Northwest Energy Efficiency Alliance (the Alliance) is a non-profit group of
eectric utilities, date governments, public interet groups, and industry
representatives committed to bringing affordable, energy-efficient products and
services to the marketplace. The Evaporator Fan Variable Frequency Drive
(VFD) Market Transformation Initiative (the Initiative) was sponsored by
the Alliance to make variable speed drives an industry standard for evaporator
fans in refrigerated warehouses in the Northwest region, in particular in
controlled amosphere (CA) storage for tree fruit and for cold storage
warehouses. The goa was to demondtrate energy dficiency benefits and aso
non-energy advantages such as pogtive impacts on fruit qudity. The Initiative
activities were intended to overcome concerns about VFD reliability and fan
motor falure, variation in warehouse temperatures, eectrica harmonics, and
fruit quality.

Cascade Energy Engineering, Inc. (Cascade) is a consulting engineering practice
with offices in Walla Wadla, Washington, and Portland, Oregon. This firm has
ggnificant experience with the desgn, andyss, and energy efficency of
indudtrid  refrigeration systems and has routindy applied variable speed
technology to a number of aspects of these sysems. Their contract with the
Alliance for the Evaporator Fan VFD Initiative began in early 1998, and was
extended to December 2001. This Market Progress Evaluation Report
(MPER) is the third and find in a series of assessaments of the Initiaive. The
work in this report follows MPER #1 and #2 prepared by Macro International .

Although Inititive activity to promote VFD evgporator fans for CA
warehouses, cold dtorage and didribution facilities has essentidly been
completed, as of the writing of this report there are ongoing efforts to promote
the use of VFD fansin potato storage warehouses that will be reported in future
MPER.

2 Market Progress Evaluation Report #1, April 1999 and #2, November 2000,

prepared by Macro International, www.nwalliance.org.
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Potato storage ventilation systems are designed to move ar through stored
potatoes in order to remove the heat of respiration and control product
temperature.  During holding periods, most storage site managers reduce
ventilation rates. This can be done by reducing fan run time or by reducing the
number of operating fans. Another way to control the ventilation rate is by
adjugting fan speeds with VFDs. A reduction in arflow should dso have
product quality benefits. Cascade is now working on developing a definitive
study of the energy and non-energy benefits of potato storage ventilation VFD.

This report covers the activity of the Evaporator Fan VFD Initiative over the
period of March 2000 through December 2001. In terms of the demonstration
field trids, Cascade has essentialy completed the gods of the Initiative with 24
fidd trids, induding two comprehensive “full integration” stes (27 fidd trids
with two comprehensive sSites were the origina scope). In terms of the success
of the Initiative, Cascade has exceeded gods. The definition of success was
that by the end of the Initiative in 2001, 5% more refrigerated warehouse
fadilities would have ingdled evaporator fan VFDs than in the absence of the
Initigtive. The information gathered in the research for this evauation suggests
that about 15% more evaporator fan VFDs have been ingtdled as compared to
the basdine. This value is based on limited research, and does not account for
the impact of other influences, such asthe regiond increase in utility retes, but it
is clear that there has been a subgantive change in the implementation of
evaporator fan VFDs.

Cascade has now findized and documented the last of the demongrations
cdled for in their contract with the Alliance. They have dso completed the
following informational and marketing tasks:

Coordinated the development of marketing materiads that promote
evaporator fan VFDs for CA storage and refrigerated warehouses, as
well as the generd capabilities of Cascade Energy Engineering in this
areng;

Created an overdl summary case study for the refrigerated warehouse
fidd trids and

Provided the above marketing materids, project summaries, and case
studies on an updated Cascade Energy Engineering web ste.

@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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B. Application of VFD to Evaporator Fans

The two applications for evaporator fan VFDs addressed by the Initigtive are
for controlled atmosphere (CA) storage and for cold storage or refrigerated
warehouses. These applications are each described below, dong with common
issues for use of variable frequency drives.

Controlled atmosphere storage involves the careful control of temperature,
oxygen, carbon dioxide, and humidity in a storage room to make possible the
availability of “fresh” apples and pears year-round. Fecilitiestypically congst of
dozens of CA rooms, one or more common cold storage areas, and a packing
room that isaso cooled. Typica storage temperatures are around 33°F.

Evaporators, the coils through which the refrigerant is circulated, are a mgjor
component of these refrigeration systems. Fans blow air over the coils and cool
the room. A typica CA room might hold 2,000 large fied bins, with a tota
weight of over one million pounds of fruit. The evgporators usudly have
between two and five fans, which, despite usng rdativey smal motors, are
collectively the largest dectrical load in a CA facility.

Cold dorage or refrigerated warehouses are used for long- or short-term
dorage of a broad variety of food products and include food distribution
centers, food processing facilities, and large freezers. Facilities vary widdy in
gze, but typicaly have multiple rooms up to tens of thousands of square feet in
area. Storage temperatures for some spaces are 35°F, while the mgority of
gpaceisfor frozen product at -5°F.

Cold storage warehouses have smilar evaporator coils to CA rooms, dthough
in generd they are larger because the spaces are larger and the loads due to
colder temperatures are higher. Cold storage may aso use more than one
evgporator coil in each room, whereas a CA room will have only one coil.

Variable frequency drives (sometimes described as variable speed drives and
abbreviated VFDs or VSDs) are dectronic devices that can vary the line
frequency of the eectricity provided to a motor and thus reduce the speed of
evaporator fans. Fan speed is reduced after the product or room has been
cooled to the desired storage temperatures. At haf fan speed (which istypica
for many operetions), the fans will only consume about 15% of full-speed
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power, but ill provide 50% of the ar movement while maintaining consstent
and uniform temperatures throughout the refrigerated space.

Computer-based refrigeration controls are an essentid hardware eement for
successful implementation of VFD evaporator fans. These controls congtantly
monitor and manage the multiple parameters of indudtria refrigeration systems,
which are not only space temperatures, but can aso include gas concentrations
such as oxygen and carbon dioxide. The systems manage equipment operation,
induding sequencing of multiple compressors, condensing cails, refrigerant
vaves, and defrogt cycles (not only for proper operation, but also for energy
efficiency and product qudlity).

Besides VFDs, other types of fan control approaches are used for evaporator
fans in both CA gtorage and refrigerated warehouses. These gpproaches are
low tech and can often be implemented without computer-based controls. Fan
cyding (when dl fans are turned off and on according to a schedule) is very
common in both CA and refrigerated facilities. Split fans are another approach
often used for CA storage, where the fuses for fan motors might be manualy
removed for one-haf of the fansin an evaporator coil.

Both of the above approaches reduce fan energy, but not to the extent that
VFDs can. For example, either fan cyding or solit fan operation will typicaly
reduce airflow 50%, and adso energy by the same amount. But VFDs running
a haf speed and providing 50% of airflow will use only 15% of the full-speed
power. And, compared to fan cycling, airflow is congtant (abeit lower), space
temperatures are more closdy maintained, and the whole evaporator coil
remainsin use.

In addition to energy savings, VFDs for evaporator fans can have other
benefits. Reduced noise and worker comfort are often cited for the refrigerated
warehouse industry, but there is adso anecdotd evidence that the VFD
approach can provide for more stable storage and product temperatures,
resulting in fewer shipping delays. For long-term CA storage of tree fruit, fruit
hedlth and product qudity are criticaly important. The careful gpplication of
VFD evegporator fans has resulted in improved product quality through the
reduction of fruit “shrivel,” or massloss. Reduced massloss, eventhough itisa
vay smdl change dlows a higher weight of fruit to be packed and can
contribute significantly to overal project cost-effectiveness.
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. Introduction

Purpose of this Evaluation

Pecific Energy Associates, Inc. (PEA) has addressed, to the extent possible, the
following issues and questions for this evauation:

The extent to which fidd trids have led to further ingdlations a those
qtes;

The number of evaporator fan VFD ingdlations by the Initiative;

The evolving cgpability of the Initiative contractor, Cascade, any
conaultants offering Smilar services, and eectricians to address an
expanding market (we consdered whether there is a need for training,
particularly of electrical contractors, to assure adequate ingtalltion);

Market share of the technology;

Acceptance of the technology among key distributors and contractors
aswel as customers,

The impact of market trends on project success (eg., impact of
economic downturn in the fruit indugry’s invesment in fadlity
improvements);

Whether cusomers and vendors plan to continue delivering the
technology after the Alliance project ends (in particular whether there is
aneed for more field trials to expand the market, and whether Cascade
Energy Enginering has the financad and organizationd cagpability to
carry them forward); and

Implementation problems that have arisen.

[FEA
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II. Assessment of the Initiative’'s Efforts
and Market Effects

A. Demonstration Trials

Tables 1 and 2 present a summary of the 24 demondration fidd trids. The
number and type of ingdlations is conggtent with the gods set in the contract
between the Alliance and Cascade, and subsequent evisons thet origindly
cdled for 27 demondration inddlations. The Alliance and Cascade have
agreed that the fidld trials at these 24 Sites were adequate for demonstration of
the technology and energy and non-energy benefits. Two of the projects are
“comprehensive’ at Stes where VFDs were more fully integrated throughout a

fadlity.

Table 1: Controlled Atmosphere Evaporator Fan VFD Demonstrations

[FEA

Pacific Energy Associates, Inc. & MetaResource Group

FACILITY FIELD TRIAL | ESTIMATED VFD VS. PERCENT TOTAL
YEAR PROJECT TOTAL CA MASS LOSS SAVINGS /
COST / ROOMS REDUCTION FAN
PAYBACK ENERGY
YEARS REDUCTION
BLUE BIRD 1998 $2,600 2 of 60 rooms -1.33%* 23,862 kWh
-0.8* 66.4%
BLUE STAR GROWERS 1998 $2,900 2.9 1 of 57 rooms 0.27% 10,502 kWh
57.4%
COLUMBIA REACH 1998 $2,000 1.1 1 of 31 rooms 0.32% 29,647 kWh
76.7%
COLUMBIA REACH 1999 1 of 31 rooms Continuation
of 1998 test
HANSEN FRUIT 1998 $3,200 1.1 1 of 46 rooms 0.23% 50,919 kWh
72.3%
HENGGELER PACKING 1999 N/A 2 of 6 rooms N/A No formal test
CM HOLTZINGER FRUIT 1998 $2,600 1.3 1 of 49 rooms 0.58% 21,422 kWh
40.8%
Continued
EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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FACILITY FIELD TRIAL | ESTIMATED VFD VS. PERCENT TOTAL
YEAR PROJECT TOTAL CA MASS LOSS SAVINGS /
COST / ROOMS REDUCTION FAN
PAYBACK ENERGY
YEARS REDUCTION
LARSON FRUIT 1999 $3,500 3.6 6 of 52 rooms 0.26% 15,016 kWh
65.1%
MAGI 1999 $5,201 3.1 1 of 64 rooms 0.19% 38,152 kWh
60.7%
MCDOUGALL & SONS 1998 $2,600 1.7 1 of 40 rooms 0.35% 16,424 kWh
FrRUIT 53.7%
OLYMPIC FRUIT 1998 $2,600 2.0 1 of 20 rooms 0.29% 4,857 kWh
24.5%
SNOKIST GROWERS 1999 $3,750 3.5 9 of 89 rooms 0.30% 16,544 kWh
56.9%
STEMILT GROWERS 1998 $2,600 2.4 2 of 150 0.21% 25,564 kWh
rooms 71.0%
STEMILT GROWERS 1998 $2,600 2.4 2 of 150 0.20% 26,710 kWh
(DETAILED TEST) rooms 72.0%
STEMILT GROWERS 1999 2 of 150 Continuation
rooms of 1998 test
TROUT BLUE CHELAN 1998 $2,600 1.1 3 of 100 0.44% 59,193 kWh
rooms 67.0%
VALLEY FRUIT 1998 $2,600 1.1 1 of 37 rooms 0.25% 46,564 kWh
78.4%
WASHINGTON APPLE 1999 N/A 1 of 12 rooms N/A Fruit test only

COMMISSION

*  The negative mass loss savings was from fruit in boxes, while all the other case studies were for fruit
in bins. The fruit sample pulled for the negative savings was not from the same lot, while in every other
case the samples were from the same bin.

[FEA
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Table 2: Refrigerated Warehouse Evaporator Fan VFD Demonstrations

COLD STORAGE FIELD TRIAL PROJECT COST VFD TOTAL
FACILITY YEAR / PAYBACK PENETRATION SAVINGS/ FAN
YEARS VS. TOTAL ENERGY

AREA REDUCTION

ASSOCIATED GROCERS 1999 $32,142 10% of ~300 ksf 252,804 kWh
2.3 61.7%

BEAR CREEK / KOGAP 2000 $27,998 100% of 25 ksf 92,906 kWh
8.0 77.4%

HENNINGSEN COLD 2001 $76,570 50% of ~1,000 ksf 452,387 kWh
STORAGE 3.9 72.0%
(COMPREHENSIVE)

IDACOLD/BOISE COLD 2000 $85,813 95% of ~150 ksf 518,202 kWh
STORAGE 3.8 63.1%
(COMPREHENSIVE)

SEAFREEZE 2000 $41,823 100% of 200 ksf 545,151 kWh

1.4 86.0%

URM 2000 $55,934 33% of 90 ksf 327,815 kWh

4.4 73.1%

B. Success Factors and Market Barriers

Based on program experience and lessons gathered from prior evauations,
success for the Eveporator Fan VFD Initiative depended on a number of
factors. It required:

Widespread acceptance of the VFD technology for evaporator fans,

Recognition and widespread acceptance of the energy savings benefits
among customers, contractors, and equipment distributors,;

Customer recognition of the nornrenergy benefits of the technology,
particularly in terms of reducing fruit mass loss, and

Expangon by the Initiative contractor who specidizesin this technology,
andlor entry of additiond technica consulting firms and ingdlation
contractors into this market niche.
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Each of these factors for success has been addressed by the Initiative in some
fashion. The achievements of the Initiative towards these objectives and other
progress indicators are described in detall in the following section under Mar ket
Effects Indicators.

In order to make VFDs an industry standard, the Initiative worked to overcome
anumber of market barriersincluding:

Lack of information to evduae the return on invesment from the
ingallation of evgporator fan VFDs,

Uncertainty regarding the impact on fruit qudity in warehouses where
fruit is stored;

Uncertainty regarding adequate arflow digribution in large refrigerated
rooms, particularly those with controlled atmosphere;

Concern about evaporator fan motor failure induced by VFDs, and

The genegrdly consarvative nature of faclity owners and inetia of
current practices.

All of these market barriers have been addressed by the Initiative, and in many
ways they have been overcome by Initiative efforts. These are dso described in
detall in the following section.

C. Market Effect Indicators

This report assesses the status of progressive indicators of market effects for
the Evaporator Fan VFD Initiative. These concern development of successful
field trids, broader market effects as evidenced by changes in vendor support
of the technology, sdes of the technology, and recognition by nmerket actors of
the technical merit of the VFD gpproach.

Indicators of progress relevant to the evaduation of the Evaporator Fan VFD
Initiative, and the Initiative's activities up to November 2001, are listed below,
adong with information of current satus, concerns the PEA team has regarding
the Initiative, and recommendations for an exit Strategy if appropriate.

@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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Following the detailed information on indicators of Initigtive progress, Table 3
provides an overview of the same indicators and briefly describes concerns and
recommendations.

Indicator: A long-term god of the Initiative was to make evaporator
fan VFDs a standard in the Northwest.

Satus. The progress toward this god is very good. Surveys indicate
that 23% of respondents fed evaporator fan VFDsis standard practice
and 33% fed it is common practice. Standard practice indicates it is
the preferred and nearly aways sdected dternative, while common
practiceisit iswell known and is often used. Evaporator fan VFD has
been more widdly accepted for refrigerated warehouses than for CA
storage.

Indicator: Development by the Initiative contractor of a comprehensve
database of refrigerated warehouse facilities in the Northwest.

Satus: As of November 2000, the database had 60 records, in
November 2001, the database had 833 records for al types of
refrigerated warehouses. Thislist is comprehengve in terms of dl types
of refrigerated warehouse facilities, except that no Oregon CA storage
is included. The database contains basic facility contact nformation
(such as address and phone number) that met the needs of the Initiative
for planning fidd trid activities

Indicator: A definition of success was that, by the end of the Initigtive
in 2001, 5% more refrigerated warehouse facilities would have ingdled
evaporator fan VFDs than in the absence of the Initidive.

Satus: The information gathered in the research for this evaduation
suggests that about 15% more evaporator fan VFDs have been ingtaled
as compared to the basdine. This vaue is based on market research
from three different sources that provided a smilar vaue — the 15%
vaue is a consarvetive estimate.  This vaue aso does not account for
the impact of other influences, such as the regiond increase in utility
rates or general acceptance for VFD in other goplications. It is clear
that there has been a subgtantive change in the implementation of
evaporator fan VFD.
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Indicator: A primary objective for the Initistive was to conduct
demondration fidd trids a 27 dtes, with two comprehensve
ingtalations.

Satus. Cascade has essentidly completed this god with 24 fidd trids
that included two comprehensive “full integration” gtes. The Alliance
and Cascade have agreed that the field trids at these 24 dtes were
adequate for demongtration of the technology and energy and nor:
energy benefits,

Indicator: Fed trids and indalations that successfully achieved cos-
effective savings while maintaining or improving product qudity. For
fruit storage, the non-energy benefits were reducing fruit mass loss and
increasing firmness, for cold dtorage, these might include worker
comfort and better temperature control.

Satus. All projects showed energy savings, and dl of the CA projects
but one showed product quaity improvemernts (reduced mass |0ss).
The Initiative has prepared summary reports for both CA warehouses
and refrigerated warehouses based on fidd trid results. There is aso
anecdota evidence that workers and management vaue the non-energy
benefits in cold storage warehouses, athough they cannot be quantified.

Indicator: Information on results is to be disseminated broadly by
Cascade Energy Engineering throughout the industry and to consulting
enginegrs.

Satus: The status of this complex topic is outlined in the points below.

- While the project is broadly recognized and widely accepted by
end-users, one or two critical trade dlies are il skepticdl.
Their concerns are regarding the complexity of VFD
implementation, the impact on some fruit varieties, and that
VFD may be percaeived as universdly gpplicable, whileiit is not.
Most customers appear to be proceeding based on their own
experience, on the experience of others, and on broad
discusson within the indudry, rather than based on the
promotiond materials of the Initiative.

- Cascade has prepared detailed, forma case studies and a
summary paper on dl thirteen of the CA fidd trids. Cascade
has dso prepared a summary of the cold storage warehouse

@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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demongrations. During the Initiative, Cascade staff annudly
attended the mgor regiona tree fruit conference and trade
shows. At these conferences, a promotional booth was
maintained by Cascade and papers on ther work with
evaporator fan VFDs were presented. Six other papers were
prepared by Cascade that described the gpplication of the
technology.® However, survey results suggest that only about
50% of market actors and end-users are aware of the case
studies.

- The Cascade Energy Enginesring web dte now includes
comprehensve information on the Initiative.

- Few survey respondents were aware of specifications for
ingtalation of evaporator fan VFDs prepared by Cascade. Itis
recommended that they be disseminated formdly to market
actors.

- A new st of three marketing brochures have been developed in
conjunction with the Alliance, with a focus on CA dsorage,
refrigerated warehouses, and a more generd piece on the
capabilities of Cascade Energy Engineering.

Indicator: Facilities other than those participating in the Alliance
Initiative begin to use the technology.

Satus: Asof November 2000, there were no nortInitiative inddlations
that could be attributable to Initiative influence. As of November 2001,
many (more than 30) Sites that were not part of the fidld trids have used
VFD evaporator fans, mogt using utility ncentives and working with
Cacade for andyss and design. An exit drategy may require
continuing support from utility programs as some of the industry
(particularly CA) hes limited capitd funding. The need for utility
support may diminish when industry conditions improve.

Other papers prepared were: VFD Application Guidelines-Evaporators, VFDs in
Industrial Refrigeration, Common Evaporator Fan VFD Questions, Fruit
Warehouse Energy Efficiency, Refrigerated Warehouse Efficiency and VFD
Application Guidelines for Evaporators.
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Indicator: Consulting engineers offer and OEMs package VFDs with
evagporator fan indalations.

Satus: This god is essentidly achieved. There is no evidence that
other consultants are making recommendations for VFD evaporator
fans, except through utility programs, and it appears that there are few
conaultants in the region offering industrid refrigeration services smilar
to Cascade. A refrigeration equipment manufacturer has developed a
package of equipment with VFDs integrated into their evaporator fans,
as well as for condenser fans and compressors. Additiondly, a VFD
manufecturer is planning on development of a technica note for VFD
evaporator fans.

Indicator: Cascade is recognized as having strong expertise in
industrid refrigeration, particularly in the application of VFD evaporator
fans.

Satus: This god is essentidly achieved. All (100%) of the parties
surveyed for this evauation are aware of the work of the work of
Cascade Energy Engineering in the area of indudtrid refrigeration, and
they are dso aware of its work with the Initiative in promoting VFD
evaporator fans.

Table 3: Assessment of Progressive Indicators

PROGRESS INDICATOR GOAL

CONCERNS AND STRATEGY
TO ACHIEVE

PROGRESS TO DATE

MAKE EVAPORATOR FAN VFDS A
STANDARD IN THE NORTHWEST

Surveys indicate that 23% of
respondents feel evaporator fan
VFDs is standard practice and
33% feel it is common.

Progress toward this goal is very
good.

DEFINITION OF SUCCESS IS 5%
MORE EVAPORATOR FAN VFDS
DUE TO THE INITIATIVE

Limited research suggests that
15% more evaporator fan VFDs
are in place compared to
baseline.

This goal has been achieved.

COMPREHENSIVE DATABASE OF

As of 11/2000, the database had | This goal has been achieved.

REFRIGERATED WAREHOUSE 60 records. As of 11/2001, the
FACILITIES DEVELOPED database had 833 records.
Continued
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PROGRESS INDICATOR GOAL

PROGRESS TO DATE

CONCERNS AND STRATEGY
TO ACHIEVE

PARTICIPATION IN FIEL D TRIALS OF
27 SITES OVER THE TERM OF THE
INITIATIVE, WITH TWO
COMPREHENSIVE INSTALLATIONS

Twenty-four field trials were
conducted, with two
comprehensive installations.

This goal is essentially
complete. The Alliance and
Cascade agreed that 24 sites
were adequate for demonstration
of the technology.

FIELD TRIALS & INSTALLATIONS
SUCCESSFULLY DEMONSTRATE
ENERGY SAVINGS WHILE
MAINTAINING OR IMPROVING
PRODUCT QUALITY

All projects show energy
savings, and all of the CA
projects but one show product
quality improvements.

This goal has been achieved.

INFORMATION ON RESULTS
DISSEMINATED BROADLY INTHE
INDUSTRY

Case studies and a summary
paper for 13 CA field trials were
completed. Trade shows were
attended and papers were
presented. Still, survey results
suggest that only about 50% of
market actors and end-users are
aware of the case studies.

This goal is essentially
complete. New marketing
materials have been developed.
The Cascade web site features
information on the Initiative, but
guidelines for installation of
VFDs are not well known.

FACILITIES OUTSIDE THE INITIATIVE
BEGIN TO USE THE TECHNOLOGY

As of 11/2000, there were no
non-Initiative installations that
could be attributable to Initiative
influence. As of 11/2001, many
(>30) non-Initiative sites have
used VFD evaporator fans, most
using utility incentives and
working with Cascade.

This goal has been achieved, but
an exit strategy may require
continuing support from utility
programs as the CA industry
segment has limited capital
funding.

CONSULTING ENGINEERS SUPPORT
AND OEMS PACKAGE VFD WITH
EVAPORATOR FANS

A refrigeration equipment
manufacturer has integrated
VFDs into its product line. A
VFD manufacturer is planning on
development of a technical note
for VFD evaporator fans.

This goal is essentially
complete. However, there are
few consultants in the region
offering services similar to
Cascade.

CASCADE IS RECOGNIZED AS
HAVING PARTICULAR EXPERTISE
IN INDUSTRIAL REFRIGERATION,
PARTICULARLY IN THE
APPLICATION OF VFD
EVAPORATOR FANS

All (100%) of the parties
surveyed are aware of the work of
Cascade in this area and the
Initiative to promote VFD
evaporator fans.

This goal is complete.

[FEA
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l1l. Market Research

A. Overview

Market research undertaken by PEA for the evaluation of the Evaporator Fan
VFD Initiative conssted of attendance at a magor annua industry trade meeting
and interviews with a range of market actors for this technology and its
goplications. Those interviewed included regiona experts or mgor influencers,
operators of controlled atmosphere storage and cold storage warehouses,
vendors and origina equipment manufacturers, and refrigeration and dectrical
contractors.  Altogether, 33 interviews were conducted. The number of
interviews by market actor category isshownin Table 4.

Table 4: Interview Summary

MARKET ACTOR INTERVIEWS CONDUCTED

REGIONAL EXPERTS 7

CONTROLLED ATMOSPHERE W AREHOUSE OPERATORS 11

CoOLD STORAGE WAREHOUSE OPERATORS 5

VENDORS AND ORIGINAL EQUIPMENT MANUFACTURERS 5

CONTRACTORS 5

TOTAL 33
The interview insrument conssted primarily of opentended questions and was
designed so that when appropriate, the same questions were asked of each of
the different groups. The complete set of interview instruments can be found in
Appendix B of this report.
In this chapter, we first present comparisons to previous MPER results,
followed by a generdization of the current research for al market actors.
Findly, specific information about the response of each of the market actor
groups interviewed during the current research is given.

@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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1. Market Research

B. Comparisons to Previous MPERs

A number of general comparisons of the current market research to that
conducted for MPERSs #1 and #2 were made. The basdline information for the
refrigerated warehouse market is described, dong with ingghts aout non-
participant VFD penetration, vendor and contractor comparisons, awareness of
the Initistive and energy prices, and contractor installation experience.

One item noted in MPER #2 was the overal economic hedth of the fruit
industry. Even at that time, it was noted that apple prices were low and that
there was concern about the industry’ s ahility to fund capital projects.

Description of Refrigerated Warehouse Market

MPER #1 provided a description of the market size for the Northwest region
basad on National Agricultural Statistics Service (NASS) data. In that MPER,
only 1995 data was reported. Since that time, three other biennid sudies have
been published, dlowing the assessment of overal market changes in cold
sorage warehouses, in controlled atmosphere warehouses, and in the tota
volume of al refrigerated warehouses. Tables 5through 7 describe these
figures for each state in the Northwest. Note that the number of warehouses for
Montanais for the entire state and was as reported by NASS, while the volume
isaprorated estimate.

Table 5: Number of Cold Storage Warehouses

STATE 1995 1997 1999 2001
IDAHO 18 24 23 23
MONTANA 4 5 6 5
OREGON 77 77 74 85
WASHINGTON 148 133 130 132
TOTAL 247 239 233 245
[RES/]] EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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Table 6: Number of Controlled Atmosphere Warehouses
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STATE 1995 1997 1999 2001
IDAHO 7 8 7 6
MONTANA 0 0 0 0
OREGON 15 14 18 18
WASHINGTON 203 212 206 212
TOTAL 225 234 231 236

Table 7: Volume of All Refrigerated Warehouses

STATE 1995 1997 1999 2001
IDAHO 53,371 59,857 64,996 69,091
MONTANA 5,143 6,795 9,182 7,229
OREGON 159,260 161,029 178,181 169,874
WASHINGTON 813,555 854,325 870,065 915,261
TOTAL 1,033,324 1,084,003 1,124,422 1,163,457

It is likely that some of the varigions in the number or volume of warehouses
can be attributed to differences in the sampling nethod used by NASS. It is
aso probable that over this time period some older, smaler warehouses may
have been retired and replaced with new ones. Stll, an overal trend was
estimated from this time series data. There gppears to be very little change in
the number of cold storage warehouses over this Six-year period and the growth
rate of the number of controlled amosphere warehouses is less than one-
percent annudly. The volume of dl refrigerated storage in the region seems to
be growing at an average rate of about two-percent every yesr.

Non-Participant VFD Penetration

MPER #2 found that one-third of the non participants interviewed aready used
some VFD for evaporator fans. For the research for MPER #3 there were few
non-participants interviewed, but the portion of those with evaporator fan VFD
experience was found to be 60%, a substantia increase.
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Vendor and Contractor Comparison

MPER #1 notes that no evaporator manufacturer provided VFDs as an option,
while we were able to identify one manufacturer thet hed fully integrated VFDs
into their product line. MPER #1 aso suggested that refrigeration contractors
were unlikely to suggest evaporator fan VFDs as part of a system, while about
a quarter of vendors interviewed describe themselves as a promoter of VFD
technology.

In MPER #2, vendors and contractors were not certain that the energy savings
from evaporator fan VFDs were sufficient to be cost-effective. That result was
gmilar to what was found in this research, where 80% of vendors and
contractors were unsure about cost-effectivity. A Smilar result was found in
both MPER #2 and the current work with this same group for non-energy
benefits. Apparently the progress made by Cascade in heightening awareness
of evaporator fan VFD has not reached the vendor and contractor community.
A recommendation includes dissemination of information to these actors.

Awareness of Initiative

As the Initigtive had just begun the previous year, MPER #1 found that
awareness of the Initiative was essentidly nonrexigent. Then in MPER #2, a
relatively high awareness of Cascade's activities was found in regards to
evaporator fan VFDs, but little awareness of the Initiative itsef. The research
for this last MPER found that there was complete and uniform awareness of
Cascade' swork and promotion of evaporator fan VFD technology.

Impact of Energy Rates

Between MPER #2 and the current research there was consstent awareness
regarding the impact of energy rates, dthough it was in somewhat different
directions. In MPER #2, dmost everyone had mentioned the impact of regiona
low energy rates decreasing project cost-effectiveness. In this research, again,
a high percentage (78%) mentioned the important influence of energy rates on
decison-making; but since the recent regiond energy criss, thinking has shifted
to expecting that energy rate increases would influence more use of evaporator
fan VFDs.
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Contractor VFD Installation Experience

MPER #1 describes that most (4 out of 5) of the refrigerated warehouse facility
owners had encountered difficulties with the ingdlaion of VFDs.  This was
attributed to the lack of experience on the part of vendors and ingdling
eectricians. This latest research suggests that there were far fewer (2 out of 16)
problems or concerns about VFD inddlations. While earlier problems dedlt
with outright failure of drives and motors, the current concerns are for more
subtle issues of proper specification and technica support.

C. General Results from Current MPER

Below are generd results and findings for the 33 interviews asawhole. Generdl
conclusions in the areas of perceived cost-effectivity, specifications, the use of
VFD technology for other purposes, and the support for VFD ingtalations are
described together. Also discussed are opinions on who is promoting the
technology, the impressions of dl respondents regarding non-energy benefits,
and knowledge of the field trid case sudies.

» About 79% of al respondents fdlt that the use of VFDs for evaporator
fans was cost-€effective from an energy standpoint. The remaining 21%
did not know or were unsure. There were no responses bdlieving it
was not codt-effective. The mgority of the “don’t know” responses
were from refrigeration and VFD equipment vendors (where 80%
answered that way) and from CA warehouses (where 36% said they
didn’t know or were unsure).

» Not surprisingly, respondents were unsure whether the non-energy
benefits were cost-effective as a busness invesment. Of those
responding to the question, 28% believed that the ron-energy berefits
of evaporator fan VFDs were cost-effective, 16% thought they were
not, and the greatest portion, 56% did not know. As before with
energy cost-effectivity, equipment vendors had the most “don’'t know”
responses.

» Based on the interviews, the only common specification being used in
the region for the inddlation of evaporator fan VFDs was prepared by
Cascade. A few respondents aso cited the use of gpplication notes
from the VFD manufacturer, and knowledge based on the experience
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of the dectricd contractor. Many did not know of any specifications
being used for the sdection and indtdlation of VFDs, dthough nearly al
were familiar with the requirements for usng VFD-compatible fan
motors.

» Some respondents mentioned the use of VFD for condenser fans.
Condenser fans are used to reject refrigeration heat to the environment.
Although not as common as the use for evaporator fans, VFD use for
condenser fans appears to be well accepted and is much less
controversa in terms of impact on systems and product. A number of
respondents also described the common use of VFD for packing lines,
sorters, and conveyance systems. The use of VFD for refrigeraion
compressors was only found occasionally.

» Two respondents were not satisfied with the nddlation of VFDs for
evaporator fans, nor with the support they received for their VFDs from
vendors and indalation contractors. The problems cited seem to
revolve around initid Szing and specifications, with drives tripping out or
going off-line tnexpectedly. Another more generd concern isthat often
only one or two personnd within eectrica contracting firms are familiar
with VFD requirements, proper ingtdlation, and with the occasonaly
complex programming required to set up these devices.

Promotion of VFD Technology

All respondents were asked who they believe is promoting the application of
VFD technology for evaporator fans. These results are summarized in Table 8.
(Note that multiple responses were alowed for this question so that the number
of respondents and responses are different.) Only about haf of those
interviewed responded that they promote the technology themsdlves, athough
the vast mgority sad that they would recommend its use.  Although dl were
aware of Cascade's role as the Initiative contractor, only 80% cited them as a
promoter of the technology. Other significant influences cited were dectric
utilities (through incentive programs) and vendors. It is Significant that only one
other consultant promoting this technology was mentioned by name, SBW of
Bdlevue, Washington. Their role has been to develop energy audit reports for
the Pacific Power industrid efficiency program. In their current role as a utility
auditing firm they do not appear to be a competitor to the consulting services
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that Cascade provides directly to cusomers. The lack of competition in this
area of expertise leaves Cascade to attempt to meet most market demand on its

own.

Table 8: Promotion of VFD Technology

PROMOTER REFER CAWARE- | VENDORS/ | CONTRAC- REGIONAL OVERALL
WARE- HOUSE OEM TORS EXPERTS
HOUSE
(N=5with 21 | (N=11 with 28 | (N=5with 13 | (N=5with 16 [ (N=7 with24 | (N=33 w/102
responses) responses) responses) responses) responses) responses)
SELF 14% 7% 23% 31% 8% 15%
CASCADE EE 24% 32% 31% 31% 17% 26%
VENDOR 28% 21% 23% 6% 33% 24%
CONSULTANTS 0% 0% 8% 0% 4% 2%
TRADE & RESEARCH 10% 4% 0% 6% 0% 4%
ORGANIZATIONS
OTHER WAREHOUSES 0% 7% 0% 0% 0% 2%
ELECTRIC UTILITIES 24% 29% 16% 25% 37% 27%

Market Barriers

Respondents were asked what might keep them from ingtaling more evaporator
fan VFDs. Table 9 below, shows the results for each respondent group.
(Note that multiple responses were adlowed for this question so that the number
of respondents and responses are different.)

[FEA
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BARRIER REFER CAWARE- [ VENDORS/ | CONTRAC- REGIONAL OVERALL
WARE- HOUSE OEM TORS EXPERTS
HOUSE
(N=5with 7 | (N=11 with 20 | (N=5 with 8 (N=5with 17 [ (N=7 with 25 (N=33 w/ 77
responses) responses) responses) responses) responses) responses)
CAPITAL FUNDING 43% 25% 25% 23% 20% 25%
RETURN ON 14% 30% 13% 23% 20% 22%
INVESTMENT OR
THE PAYBACK
CONCERN ABOUT 0% 10% 0% 18% 16% 12%
FRUIT QUALITY
AIR FLOWOR AIR 0% 10% 0% 12% 12% 9%
DISTRIBUTION
PROBLEMS
FAN MOTOR 0% 10% 0% 6% 4% 5%
BURNOUT
NOT ENOUGH 0% 0% 13% 6% 12% 6%
INFORMATION
OTHER 43% 15% 50% 12% 16% 21%

The availability of cgpitd funding was mogt often mentioned, with the concern
greatest for refrigerated warehouses. Some CA room operators were
concerned about product quality or airflow, but more contractors and experts
had these reservations.

A ggnificant number of respondents cited other barriers, and severd were
described multiple times.  Three respondents each felt that doing without utility
funding or the requirement for computer control systems capable of operating
VFD evaporator fans were mgjor barriers. Another barrier mentioned twice
was maintenance of the variable speed drives. (Yet, most warehouses have
other VFDs that they are dready maintaining.) Minimizing harmonic loads and
the availability of good contractors to properly ingdl the VFD were aso
mentioned.

[FEA
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Non-Energy Benefits

Non-energy benefits include direct production gains, such as reduced fruit mass
loss, and more periphera benefits such as worker comfort. (For an explanation
of fruit mass loss, please see page 4 of Section |, Introduction.) Respondents
reported awareness of non-energy benefits are summarized in Table 10.

Table 10: Non-Energy Benefits

BENEFIT REFER CAWARE- | VENDORS/ | CONTRACT | REGIONAL OVERALL
WARE- HOUSE OEM -ORS EXPERTS
HOUSE
(N=5) (N=11) (N=5) (N=5) (N=7) (N=33)
NOISE REDUCTION 36% 9% 10% 16% 23% 19%
FRUIT MASS LOSS NA 55% 20% 21% 31% 24%
FRUIT APPEARANCE NA 0% 0% 5% 15% 4%

IMPROVED FRUIT
FIRMNESS /
PRODUCT QUALITY

7%

9%

20%

21%

0%

12%

REDUCED MOTOR
MAINTENANCE

0%

0%

10%

5%

8%

4%

IMPROVED COMFORT

36%

9%

20%

21%

8%

19%

OTHER

21%

18%

20%

11%

15%

16%

Almogt three-quarters of the responses from refrigerated warehouse operators
thought that evaporator fan VFDs provided nonrenergy benefits of ether
reduced noise or improved comfort for workers. Several aso cited product
quality benefits that may in the long run have direct bottomline bendfits, as
proper product temperatures are criteria for shipping and temperatures were
found to be more closdly controlled when usng VFDs.

The non-energy benefits for product quaity can be assigned monetary value,
but even the comfort benefits for workers were thought by a few to have a
direct return on productivity. These benefits, such as noise reduction and
improved comfort, were most often found to have vaue for refrigerated
warehouses and were seldom cited by controlled atmosphere warehouses, as

[FEA
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the CA 1ooms are not occupied (they are purged of oxygen and cannot be
entered during a storage cycle). CA warehouses usudly dso have common
storage that is occupied during fruit packing, but not to the extent that it would
be found in arefrigerated facility.

Although premature motor failure has been a problem with VFDs in the padt,
when VFDs are specified and ingdled properly, fan motor falure is rare.
Further, some respondents cited improved maintenance, dthough these
respondents were not warehouse operators, but rather electrical contractors,
equipment vendors, and experts.

There was not a strong response by controlled atmosphere warehouse
operators regarding non-energy benefits. Thisis of Sgnificance in assessng the
impact of the Initiative, as CA warehouses were a mgjor target market for the
nor-energy benefits of the technology. Four of the deven CA warehouses
responded that they did not know about, or did not believe that there were any
non-energy benefits associated with the use of evaporator Bn VFDs. Only
one-hdf of CA warehouses fdt that reduced fruit mass loss was a non-energy
benefit. This is a criticdl missng dement, as reduction of fruit mass loss has
been wdl demongtrated and will sometimes have a direct impact on the bottom-
line profits of a CA warehouse.

Unfortunatdy, fruit qudity improvements may not aways directly benefit CA
warehouses. Thisisin part due to the potentidly different economic interests of
the fruit growers and the CA storage warehouses.  Sometimes growers operate
(or cooperate) their own CA storage. In other cases, the fruit grower contracts
for dsorage from an independent warehouse operator. Under the latter
circumstance, the mass loss benefits do not accrue to the warehouse and thus
may not be consdered important.

A vaiety of other anecdotes rounds out this non-energy benefits discusson.
One refrigerated warehouse operator said that since ingdling the VFD, he has
not had a shipping problem due to product being out of required temperature
range. For this firm, there may be eventud monetary benefits from using the
VFD approach. Other non-energy benefits cited by respondents include:

Different products need different (fan) speeds.

Sable temperature throughout room.
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Better temperature control for product, control of coil temperature
is better for defrost.

System stability and stable product temper atures.

More consistent process control. Reduction of motor in-rush
current.

Reduced fan heat and fan energy results in reduced load on
COMPressors.

More uniform temperature compared to fan cycling.
Keep fruit longer.

Better storage regimen.

Recall of Field Trial Case Study Materials

All of the survey respondents were asked if they had heard about the case
sudies for fidd trids for evegporator fans that Cascade had prepared. About
haf of those interviewed did not recdl having seen any of the case studies. The
number of OEMs and contractors not recalling the case studies were close to
two-thirds of respondents.

This finding may be somewhat more troubling in the cases when there was no
recollection a the facilities where fidld demongtrations took place. About 20%
of participating CA storage and refrigerated warehouses claimed to have not
seen the case dudies for their own fadllitiess. From PEA’s experience in
performing this type of interview, it is not unusud for respondents to not recall
materids that they have received just months tefore. It is dso true that a
number of these people were in different postions at the time of the ingtdlations
and may not have been exposed to the case study results. We aso recognize
thet the fidd trids were not a high-leve priority for these facility operators, as
other issues such as fruit prices, commodity saes, crop forecasts, labor issues,
etc., likely ©eegated the fidd trids well beyond third or fourth place in their
minds.
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D. Regional Experts

Seven interviews were conducted with regiona experts — individuas considered
to have mgor influence in the gpplication of VFD technology. These experts
induded the two principds of the Initiative contractor, two university academics,
one utility program manager, the principd of a refrigeration contractor, and the
principd of an architecture firm. Severa of these experts have a more
consarvative view of evgporaor fan VFDs than the indugtry in generd.
However, it does appear that their opinions are an impediment to market
transformation.

The expertise and focus of those interviewed was primarily in controlled
atmosphere storage, the arena where there is more technica debate about the
application of VFD evaporator fans. Cascade and three of the other experts
interviewed are strong proponents of VFD evaporator fans. Of the remaining
two experts, one could be considered a skeptical supporter and the other a
detractor of the technology. The opinions of Cascade were included with these
other regiond experts, even though they are the Initiative contractor, because
they have the mogt significant influence in the market.

The experts were divided regarding the state of practice for evaporator fan
VFDs. Three believed that the technology was applied occasondly, two
consdered its use common, and only one thought that it had become standard
practice. A dight mgority fdt that full-speed evaporator fans were more
common than the use of fan cycling. The experts were again divided on their
opinions of growth in the application of VFD evaporator fans, with three having
no opinion or conddering the change to be smdl, and the remaining three
thinking thet the use of this technology is increasing. Four of them recommend
the use of evagporator fan VFDs, while the other two do not necessarily
recommend it. Verbatim comments from the interviews are provided below.

[We] just don't know yet about fruit quality. Thereis support in
industry for this opinion. Differences in stacking patterns makes a
big difference.

Support for evaporator fan VFD is not a big part of our incentive
programs but Cascade’ s work has made a profound change in the
implementation of evaporator fansin our area.
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We've had fan cycling in place for 13 yearsin all these [ customer]
facilities and we are shutting off half of the fans. There are not
huge [additional] energy savings available from VFD.

The key component to any of these installations are controls to
properly manage the VFD. Getting the last kWh of savings needs
adequate controls.

E. Controlled Atmosphere Warehouses

Eleven interviews were conducted with operatorsmanagers of controlled
atmosphere fruit storage warehouses. These warehouses ranged from only 15
rooms to up to 150, and averaged 60 rooms in size, with a total of 659 CA
rooms represented. Two of the smaller warehouses store pears in most of their
rooms, while the rest focus on apple storage.  Eight of the warehouses were
participants in the demondration projects, and of the remaining three non
participants, one has installed some evaporator fan VFDs on their own.

Two of the facilities do not use any variable speed evaporator fans, and the rest
have from 1% of their rooms up to 33% using VFDs. The average portion of
VFD evaporator fan use for these respondents is 5%. Only two of the eleven
respondents that dready have VFDs said that they have any future plans for
changing more evaporator fans to variable speed operation.

For the most part, the CA warehouses interviewed use evaporator fan VFDs
only in a limited way and they have no plans for expanding on what for the
maority were successful demongration projects.  The fundamental reason
behind this attitude appears to be market conditions. With wholesde fruit
prices below production cogt, the fruit industry is essentidly not making capita
investments right now. Severd dso fdt tha the fidd trids on rooms usng
VFDs compromised fruit qudity in some way, ad they were hestant to
continue applying the technology. A couple said they no longer used the VFD
features.

PEA does not condder these negative comments to indicate that the initiative
was unsuccessful. These fidd trid Stes likely need some assstance in making
control and/or gpplication modifications. This recommendation is made later in
this report.
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Most of the CA warehouses (4 respondents) only applied VFDs to evaporator
fans occasiondly. For two it was standard practice for new ingtalations or
retrofit, and for another two it was common to use it. For the remaining three
Stes, there were either no evaporator fan VFDs in use or there were only test
rooms with VFDs.

A minority (2 respondents) use full-speed evaporator fans while more than half
(7 respondents) use fan cycling.  Another five respondents have some
comhbination of fan cyding and salit fans (about haf of the fans in the coil are
manudly turned off). The mgority (7 respondents) fdt that the use of VFD
evaporator fans is increasing, with the remaining four respondents saying that
they did not know. Only one-hdf of them recommend the use of evaporator
fan VFDs. Verbaim comments from the interviews are provided below.

We liked it so well we went with (our utility) to do an audit of the
whole facility.

They seem to work good, real reliable, no complaints. Would not
put them in for evaporator fans, but for condenser fans. As a
refrigeration guy, | like them on condenser fans. |'ve heard pros
and cons [about evaporator fan VFDs]. | believe that they do
save energy. | haven't seen a differencein fruit.

| do hope we eventually convert more of our CA rooms to this
technology. But our industry needs to recover some before we go
ahead.

Can really see that the savings are there but there are a lot of
factors in moving forward with VFDs. To get a decent payback
you need to have the room full for a year. For only three months
of storageit's not worth it.

Not having that good of luck with ours. The VFDs are undersized,
and can't run the fans full speed. We seem to get an enormous
amount of temperature hunting with our controls, and so because
of this set them manually.

Well, using VFDs makes sense as far as energy use, but the
problem as | see it are that spots in the back of the room don't get
air movement, and we got some shrivel on our apples.
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| think that in common storage VFDs can be used, so long as the
fruit has been precooled. It is not an appropriate application for
CArooms - it is better to fan cycle.

F. Cold Storage Warehouses

Five interviews were conducted with operatorsmanagers of refrigerated or cold
storage warehouses.  These businesses have multiple warehouses, with a range
in total sze from 80,000 to one million square feet. They embrace contract
frozen food storage, frozen vegetable production, and a grocery distribution
center. Three of the sites had projects that were demondtrations under the
Alliance Initiative and the other two have done their own projects, both with
utility funding. Of the totd area of these cold storage warehouses, an average
of 49% is served by evaporator fan VFDs.

For two of the refrigerated warehouses, the use of variable speed evaporator
fans has become standard practice (two have 100% VFDs), for another two it
was consdered common to use VFDs, and for the last one it was seen as
occasondly used. Adde from the facilities with dl VFDs, fan cyding and full-
speed evaporator fans were both used. All of the respondents felt that the use
of VFDs for evaporator fans was increasing, and al would recommend it. Two
of the warehouses had plans to someday have dl fans under VFD control.
Verbatim comments from the interviews are provided below.

We've been one of the most energy efficient cold storage
warehouses in the industry - in the order of the first percentile or
better. And using evaporator fan VFDs s part of the success.

| think I'm sold on the concept. Cascade was good to work with.
They were very professional.

| think [evaporator fan VFDs| are a good thing.

| have to admit that | was real skeptical. | did not find a whole lot
of people out there that had done this. It was a hard sell internally.
But once we got it up and put it into our energy monitoring system,
we can see the savings.
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G. Vendors and Original Equipment
Manufacturers

Fve interviews were conducted with equipment vendors and origina equipment
manufacturers (OEMs). Two of them provide variable speed drive equipment
and three provide a variety of refrigeration equipment to contractors for
inddlation in cold storage warehouses. Two of the refrigeration equipment
OEMs that build evaporator coils may be consdered non-participants in the
demondtration projects, as they did not provide equipment to the field trids.
The remaning three had some role in ddivering equipment for the
demondrations, however dl were familiar to some extent with the Initiative and
the expertise of Cascade Energy Engineering.

For the vendors and OEM, three of them fet that the use of variable speed
evaporator fans has become common or standard practice and the other two
were unsure.  Four fdt that the use of VFDs for condenser fans was aso
common. All of them fet that the use of evaporator fan VFDs is increasing.
Three of them recommend the use of evaporator fan VFDs and the other two
do not. It should be noted that these recommendations for VFDs came without
a clear understanding by vendors that they are cost effective. Apparently their
customers typicaly make economic decisions without their assstance.

Seemingly, case dudy results have not been clearly communicated to this group
as only one of the five respondents felt that evaporator fan VFDs were cost-
effective based on energy cost savings — the others were unsure. None of them
had any fedings one way or the other that the addition of non-energy benefits of
evaporator fan VFDs made them cost-effective. Verbaim comments from the
interviews are provided below.

A lot of new CA facilities are not being built now because of poor
market conditions.

Growth in [total] VFD sales over the past five years has been 15%
annually. We are considering preparing with Cascade Energy
Engineering a "Customer Reference Note" that would promote
this technology application nationwide based on the experience of
thefield trialsin thisregion.
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It's the way to go - it's a great improvement in the management of
a cold storage facility - both economically and mechanically.
Because of increased demand in the Northwest, we have expanded
our product line to better accommodate VFDs (for evaporator and
condenser fans and compressors). The Northwest is one step
ahead of the nation in this. In the past the drive was an
outsourced product, but we have developed in-house packages of
equipment with VFDs integrated with evaporator fans, condenser
fans, and compressors.

H. Refrigeration and Electrical Contractors

Five interviews were conducted with contractors providing services to
refrigerated warehouses. Three of them provided industrid refrigeration
equipment and ingtalation, one was an dectrica contractor, and the last was an
OEM and indaller of computerized control systlems. All of them had some role
in ddlivering or ingalling equipment for the demongtration projects.

For the contractors, three of them felt that the use of variable speed evaporator
fans has become common but not standard practice, one felt that it was
gandard practice for new congruction, and another thought that it was only

used occasondly unless there were utility incentives available. Four fdt that the
use of VFDs for condenser fans was aso common or standard practice in the
indugtry.  All of them fdt that the use of evaporator fan VFDs is increasng.

Four of them recommend the use of evaporator fan VFDs, while the controls
contractor does not.

All five respondents felt that evaporator fan VFDs were cost-effective based on
energy cost savings. Two of them fdt that the non-energy berefits for
evaporator fan VFDs were cost-effective, two were unsure, and one felt that
they were probably not cost-effective. Verbatim comments from the interviews
are provided below.

As far as computer temperature control, | like the idea that
customers can see that their fans are running at, say, 40Hz. That
makes them know they are saving money.
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Savings in energy, less compressor capacity needed, everything I've
seen makes me think it's a good deal. | highly recommend it. |
think it should be the standard for apple storage and freezers.

It's a great program [the Initiative]. Note that utility incentive
programs for this technology are slow due to so much work being
processed and few consultants being available.

[Evaporator fan VFD] is the Cadillac way to go. It's the best of
all worlds, | think most everyone agrees with that. Achieves
constant air movement and uses the entire coil.

l. 2001 Postharvest Conference

The Seventeenth Annual Postharvest Conference and Trade Show was held
in Wenatchee, Washington, during two days in March 2001. Washington State
Universty and the Washington State Horticultural Association sponsored the
conference. The purpose of attending this event was to understand the overal

direction and drivers for the industry, and to see how energy issuesfit in context
with the myriad other things occurring in the indudtry.

The conference had a number of presentations focused on the common interests
of growers and packers of tree fruit, with an emphass on apples.
Approximately 475 people were registered for the conference, athough peak
attendance appeared to have been quite a bit less.

Of the nine presentation topics at the conference, two addressed some elements
of controlled atmosphere storage of fruit and the implications of evaporator fan
variable speed operation on fruit qudity and energy use. The remainder of the
conference presentations addressed marketing issues, fruit quaity, disorders
and decay, and packing technology. In the trade show area, there were nine
firms that had some relation to energy use out of the 45 totd exhibitors. These
nine included control companies, refrigeration companies, and one utility (Pacific
Power). Cascade had one of these booths, and featured information on the
benefits of evaporator fan speed control.

In generd, the apple indudtry is currently compromised by low worldwide fruit
prices. Worldwide apple production is up, particularly from China, which now
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produces 37% of the world's apples, up from 22% in 1983. For many
growers, the price paid for fruit is below the cost of production.

The energy presentations on the afternoon of the second day of the conference
had six speskers on various subjects, from a regiond energy forecast by the
director of Chelan PUD to Alternative Energy Sources by aloca community
college ingructor. The presentation by Marcus Wilcox of Cascade Energy
Enginesring on the effectiveness of variable speed evaporator fans was well
done, but unfortunately the number of attendees at these presentations was low.

J. Refrigeration Controls Vendor Market Data

A vendor of computerized indudtria refrigeration controls generoudy provided
information describing the parameters of systems under the control of their
equipment. The information provided is only for their customers, whom by
definition are rdatively sophidticated in using advanced control systems. This
type of system is dso a requirement for effective use of VFDs. Stll, this
information encompasses a sgnificant number of customers (85) and gives some
ingghtsinto current use of VFDs in indudtrid refrigeration.

For this group of CA warehouse customers, the penetration of evaporator fan
VFDs is about 27%; for the refrigerated warehouse customers, it is estimated
as 37%. These values can be compared to the penetration found in interviewing
16 CA and cold storage warehouses for this MPER — 9% and 50%
respectively. The penetration for variable speed compressors is estimated to be
3%, and for variable speed condenser fans about 29%.

From two data sets of their customers, gathered seven months apart, it was
possible to estimate the current annua growth in the use of VFD evaporator
fans and other VFD applications. For their customer base, the penetration of
evaporator fan VFDs in refrigerated warehouses is increasing at about 0.5%
annually. For CA dorage warehouses, penetration is increasing about 7% a
year. For other refrigeration equipment, the annua increase in penetration is
negligible for variable speed compressors, and about 2% for variable speed
condenser fans. It should be noted that these vaues are a single point
measurement from one information source and should not be consdered as
indicative of the market.
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The controls vendor aso told us that most of their customers that are building
new CA rooms gtart out with VFD controls, and those adding rooms to exigting
systems aso often put in VFDs. In addition, this year severd customers have
added VFDsto their existing CA rooms.

K. Non-Energy Benefits of Utility VFD Projects

In work performed by a PEA associate in the evaluation of a utility industrid
efficiency program, we found additiona confirmation of the non-energy benefits
of variable speed evaporator fans in three refrigerated warehouse facilities,

In a cold dtorage freezer operating a -5°F, the variable speed
evgporator fans have improved working conditions by reducing wind-
chill for employees working in the warehouses.

Another project benefit from variable speed evaporator fansin a dairy
processing plant was reduced fan noise in the cold storage room,
making it amore comfortable place to work.

In another facility that used common storage seasondly for tree frut, the
variable speed evaporator fans have helped maintain the quaity of soft
fruit, and the reduced noise from fans under variable speed control in
the warehouse has improved working conditions.
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V. Cost-Effectiveness Review

A. Introduction

As part of the review of the Evaporator Fan VFD Initiative and the assessment
of Initistive's impact on the market, this evaluation aso examined the
assumptions used for program codt-effectiveness.  Input vaues discussed are
from the Alliance “ACE’ modd. Recommendations are provided for revising
the program assumptions to reflect actua conditions and more likely projections
of activity through the year 2010.

Note that there are three different periods of interest when discussing Intiative
activity. There is the three-year period, from 1998 to 2000, when the Initiative
was actively promoting the technology and the post-Initiative period, from 2001
to 2010, when market forces will be a work. The third period of interest
combines the two to describe al market transformation effects.

B. Cost-Effectiveness Assumptions

Cost-€effectiveness assumptions are the fundamenta vaues that impact the
overd| esimates of an initiative' s economic viability. Table 11 summarizesthe
mogt dgnificant of these vaues for the Evgporator Fan Initigive It is
understood that the estimates of market Sze, basdline activity, energy savings,
and costs were based on the origind Initiative proposa and do not necessarily
reflect experience gained since that time.

[FEA
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Table 11: Initiative Cost-Effectiveness Input Summary

COST-EFFECTIVENESS INPUTS
UNIT Evaporator Fan Horsepower
MEASURE LIFETIME YEARS 10 years
W AREHOUSE TYPE Fruit Cold Storage
TOTAL NUMBER OF UNITS (1998) 21,731 54,365
BASELINE NUMBER OF VFD UNITS (1998) 2,913 3,644
NON-ENERGY BENEFITS ($/HP/YEAR) $48 $0
ENERGY SAVINGS (KWHHP/YEAR) 1,760 1,760
UNIT FIRST COSTS ($/HP) $278 $278

Program expenditures are dso included in cost-effectiveness assumptions and
are presented in Table 12 for each of the years of the venture. These values
appear to include evauation costs. For the first three years, they are based on
the latest ACE modd, while the vaue for 2001 is a projected annud total for
Cascade Energy Engineering done.

Table 12: Program Cost Inputs

INPUT CATEGORY 1998 1999 2000 2001

TOTAL ALLIANCE INITIATIVE COSTS $683,626 $770,251 $348,437 $111,000

(estimated)

Baseline

The cogt-effectivity andys's assumes that there were 76,096 evaporator fan HP
in the Northwest (in 1998), estimated to grow at an annud rate of 4.6%. For
the period 1998 through 2010, it was edtimated that 33,852 of those
evaporator fan HP would be the basdline, or the market penetration for VFDs
without the Initictive.
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Initiative Impact Estimates

During the time the Initiative was funded by the Alliance, it was assumed in the
ACE modd that out of the total market size of 80,000 evaporator fan HP,
about 8,900 HP would be under VFD control dready as a basdine and a total
of 4,600 HP would be developed by the Evaporator Fan VFD Initiaive. This
would result in 0.9 average megawatts (aMW) of savings through 2000.

For the post-Initiative period through 2010, it was estimated that the tota
market size would be about 115,000 units, that about 34,000 units would
operate under VFD due to basdline activity, and that 69,000 units would be
converted as areault of the Evaporator Fan VFD Initiative. Thiswould result in
acumulative 13.9 aMW savingsin 2010.

C. Recommendations for Changes to
Assumptions

Based on information gathered for MPER #3, additiona research by PEA, and
information provided by Cascade Energy Enginegring, there are severd
recommendations for changes to the basdine and to the origind cos-
effectiveness assumptions.  Some of the changes recommended for
consideration may cdl for further research and anadlysis. None of the changes
are expected to substantidly change the overdl Initiative cost-effectivity, and
only two of them suggest changes to the fundamenta inputs described in Table
11 aove. The changes are summarized in the sections below and dso
provided in Table 13.

Table 13: Initiative Cost-Effectiveness Input Recommendations

COST-EFFECTIVENESS RECOMMENDATIONS
UNIT Evaporator Fan Horsepower
W AREHOUSE TYPE Fruit Cold Storage
ENERGY SAVINGS (KWH/HP/YEAR) 2,400 3,500
UNIT FIRST COSTS ($/HP) $238 $577
@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
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Energy Savings and First Costs

Although there are operationd and ingdlation differences between evaporator
fan VFDs in CA storage and those in refrigerated warehouses, the vauesin
Table 12 above use the same energy savings and first costs for both.  With
information avalable from the demondration fidd stes and from public
documentation on the evduation of smilar projects, these vaues could
potentially be based on the average of multiple engineering edtimates, on
measured savings, and on actud ingtaled cods.

Information from the field trids provided by Cascade suggests approximate
savings values of 2,400 kWh per evaporator fan HP for CA storage and 3,500
kWh per evaporator fan HP for storage freezing. Again, information from the
fied trids provided by Cascade suggests an estimated project cost of $238 per
evaporator fan HP for CA storage and $577 per evaporator fan HP for storage
freezing.

Wholesale Fruit Prices

The vaue of the non-energy benefit due to reduction of fruit mass lossis based
on the wholesdle price of gpples or pears. In the current ACE modd this price
was updated to $14.81 per box from information found in MPER #2. Fruit
prices are quite volatile and as of November 2001, the price was below the
price of production a $11.47 per box. An gpproach to dedl with this voltility
may be to use an average of the past severd years.

Market Penetration / Saturation

The codt-effectivity andyds indicates that the termind market saturation for
VFD evaporator fans is 21% for refrigerated warehouses and 79% for
controlled atmosphere warehouses. Based on information provided by a
controls vendor for their customer base, penetration of evaporator fan VFDsIn
refrigerated warehouses is dready at 37%, and in CA warehouses it is 27%.
(Note that these customers may not represent the market as a whole)
Additiondly, the smal sample performed for surveys in this evauation found
that 49% of refrigerated warehouse space was dready using evaporator fan
VFDs, but only 9% of surveyed CA rooms used VFDs. Each of these sources
has cavesats, and Cascade believes that the current penetration for evaporator
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fan VFDs is more likely 20% for CA rooms and 40% for other warehouses.
All of these vdues are summarized in Table 14 below.

Table 14: Evaporator Fan VFD Penetration Summary

PENETRATION SOURCE PENETRATION YEAR REFRIGERATED CA STORAGE

WAREHOUSES WAREHOUSES
ACE BASELINE 1998 7% 13%
ACE INITIATIVE EXIT 2001 12% 28%
ACE TERMINATION 2010 21% 78%
MPER SURVEY 2001 49% 9%
VENDOR CUSTOMERS 2001 37% 27%
CASCADE ESTIMATE 2001 40% 20%
RECOMMENDED VALUES 2001 43% 18%

In generd, it gppears that market penetration of eveporator fan VFDs is well
beyond what was predicted when the cost-effectivity modd was firg
developed. And dthough extensve market research may be required to fully
understand these values, it appears that the penetration rates in the ACE model
for CA warehouses should be lower that the values now used. Also, it appears
that the ACE modd estimates for refrigerated warehouses should be higher than
the vaues now used. Some of the difference between the origind modd
estimate and conditions found now is probably due to the gate of the fruit
industry and market prices.

Market Size Growth

The ACE model now has the market for both CA and refrigerated warehouses
(based on totd evaporator fan horsepower) growing at 4.6% annudly. Since
this moddl was developed, the overdl narket prices for fruit have dropped
subgtantialy, resulting in little new congruction of CA rooms and even the
closng of some facilities. Instead of a congtant growth rate for both CA and
refrigerated warehouses, it is likely more gopropriate to have alower growth
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rate for refrigerated warehouses and a scenario for the CA room market where
there is zero growth for severa years, followed by a moderate growth rate.

For example, the Description of Refrigerated Warehouse Market in Section
I11 C of this report suggests that the recent growth rate for the number of cold
storage warehouses is close to zero, the increase in controlled amosphere
warehouses is less than one-percent annudly, and the volume of al refrigerated
storage isincreasing at about two-percent per year.
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7. Conclusions and Recommendations

A. Market Transformation Conclusions

The Evaporator Fan VFD Initiaive has been successful in dlaying the mgjority
of the concerns that marketplace actors have about the use of VFD for
evaporator fans. When the tree fruit industry recovers from its current market
dump, CA evaporator fans will tend towards VFD. And it appears that VFD
evaporator fans have dready been wel accepted by the cold Storage
warehouse market and are common practice.  Current market penetration is
estimated at 18% for CA storage and 43% for refrigerated warehouses.

There are some dear indicators that this initigtive has achieved incrementd
market transformation.  Significant is that Cascade is known by everyone
(literdlly) in the region involved in indudrid refrigeration and refrigerated
warehouses, and is widely recognized for their expertise on the subject and for
their efforts on behdf of the Alliance to promote the Evaporator Fan VFD
Initiative.

Equipment vendors and refrigeration and eectrical contractors are well aware
of VFD technology and its application to evaporator fans, and are strongly
supportive. There is some evidence that the industry has built infrastructure for
genera support of VFD applications.

Two vendors have particularly stood out asindicators of market transformation.
One vendor of variable frequency drives is conddering developing (in
conjunction with Cascade Energy Engineering) a Customer Reference Note that
would promote evaporator fan VFD applications. This technica note would be
used by ther nationwide sdes force to promote VFD evaporator fan
goplications.  Additiondly, a manufacturer of industrid refrigeration equipment
has integrated VFDs into their entire line of evaporator and condenser fans and
aso for their refrigeration compressors. Previoudy the specification, purchase,
and sysem integration of variable frequency drives was the independent
responsibility of the dectricad contractor.

In order to support broad implementation of a new technology, severa kinds of
expertise are needed. Of course, those using the technology need to know how
to operate and maintain it. Indalation contractors need to have both
management and field staff capable of the sdection of appropriate equipment
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and of ingdling it, as VFD inddlation may require substantid programming.
The most influentid expertise for many end-users considering a new technology
are the technica consultants that perform the andyss desgn the system,
recommend the approach, specify the components, often supervise ingtalation,
and ensure that design intent is met. These might be engineering firms,
architects, or in some cases design/build refrigeration vendors.

There appears to be decided improvement in the capabilities of dectricians and
vendors to properly ingtdl and support eveporator fan VFDs. While in the
past, problems were often outright failure of drives and motors, now proper
gpecification and technica support are the main issues. The incidence of
experiences with VFD problems has also decreased significantly.

For the Initiative, a scarcity of expertise gppearsto be asmall impediment to the
rate of market transformation. Cascade has added staff but is still completely
booked for the full range of their projects, many d which nvolve industrid
refrigeration. More than afew regiond utility industria incentive programs rely
on Cascade to ddliver energy studies, and some involved in these programs are
openly seeking more expertise.

Despite the regiona need for consulting expertise in indudtrid refrigeration, few
consultants provide that service. In dl of the interviews conducted for this
evaduation, only one other firm was identified that has etered the consulting
market for indudrid refrigeration efficiency. | ther current role as a utility
auditing firm, they do not appear to be a competitor to the consulting services
that Cascade provides directly to many customers.

In comparing the two markets, controlled atmosphere warehouses vs. cold
storage warehouses, there appears to be wider adoption of evaporator fan
VFDs among the later. Thisis contrary to the initid expectations and plans for
the Initiative, as the non-energy benefits of reduced fruit mass loss were
believed to a srong driver for implementation in the CA storage market.

However, the economic conditions for the past severa years in the tree fruit
industry have severdly reduced ceapitd investments. There remain a few
concerns about fruit quaity in regards to the use of evaporator fan VFDs, which
includes gas concentrations, varietal experience, and fruit shrivel. These barriers
are not likely permanent, and are expected to resolve as economic conditions
improve and experience with the technology becomes even better known.
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The potentid savings from this technology in CA dorage is in lage part
dependent on the financid hedth of the fruit industry in the Northwest.
Currently, the industry is contracting due to poor market conditions for tree fruit
(particularly apples), and it may contract even further. Some nmgjor operators
of controlled atmosphere storage warehouses are closing faclities, and many
acres of apple orchards are being razed. Given the success of thisInitiativein a
contracting market, we believe that this technology will have a place in the
surviving industry.  Unfortunately, evaporator fan VFDs do not save enough
money or energy to have a sgnificant impact on the rate of business survival.

There are opportunities for utilities and other efficiency service providers (eg,
Energy Trust of Oregon) to further accelerate the adoption of this technology
through programs that more consstently focus on it and by continuing to offer
incentives for itsingdlation. It isour belief that VFD evaporator fan technology
islikdy to become ubiquitous over the next five to ten years, with or without
utility programs. However, utility technica assstance and incentives could
make it hgppen fagter, Smilar to the achievements of the Initigtive. This is
epecidly true where low energy rates margindize this kind of invesment in

efficency.

Some observers may have seen the Initiative focus on a subsystem component
as difficult to promote, and perhaps the Initiative should have nstead been
amed a integrated refrigerated warehouse optimization. However, PEA and
the Initigtive contractor both believe that regiond refrigerated warehouse
optimization would be a lifetime pursuit rather than something that could be
accomplished in a few years. Cascade was looking for a “transformable
market,” something that they could clearly make a case for and have success in
after afew years of effort. Thus the focus on the evaporator fan subsystem was
a successtul drategy for the Initiative, while sysem optimization may not have
been.

Thereis not likely a benefit from additional demongrations or fied trias for the
vaieties of fruit that have been covered thus far, as it appears the effort is at a
point of diminishing returns on research. The research that may be most
vaduable a this time would be that conducted by academic interests to
understand the impeacts of the technology on additional gpple varieties and
perhaps frozen food products. The technology must be demonstrated with each
apple variety to gain the confidence of fruit storage operators and managers as
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interna browning, shrive and other fruit quality concerns vary from one variety
to the other.

Penetration potentia appears to be limited to something in the order of 80% for
controlled atmosphere storage and less so for refrigerated warehouses. Thisis
because some (often older) controlled atmosphere rooms often have dectrical

congraints, their evaporator coils are not sized appropriatey for VFD use, the
motors or fans used are not amenable to VFD operation, the storage period is
too short, and/or use of VFDs isinappropriate for the fruit variety.

B. Recommendations

Recommendations for the Evaporator Fan VFD Initistive are summarized
below in gpproximate order of dgnificance. Because the Initiative contract is
complete and as this is the last MPER review of the Initiative, some of the
recommendations focus on an exit drategy. Severd recommendations aso
suggest some further actions that the Alliance and others might take to maintain
and expand the market transformation efforts begun by the Initiative.

Issue: Provide Case Studies to Market Actors

Indugtrid consultants, utility staff, contractors, and equipment vendors are very
influentid in the regiond market for efficient indudrid refrigeration.  About half
of those interviewed did not recal having seen any of the case studies resulting
from the fidd trids. Additiondly, contractors and vendors did not have a clear
sense of the cogt-effectivity of VFD evaporator fans. Although many will not be
in a pogtion to purchase, specify, or perhaps even recommend one approach
over another, their opinions carry weight and their knowledge of the full range of
efficiency technologiesis important.

Recommendation

Cascade Energy Engineering should provide these market actors with selected
case dudies for the field trias as gppropriate and other marketing materias,
conference papers, and documentation as it is developed. When providing
these materids, Cascade Energy Engineering saff should offer to answer any
questions from this group of market actors.
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Issue: Develop an Evaporator Fan VFD Consultant Base

There are few consultants in the region offering indudtrid refrigeration services
smilar to Cascade Energy Engineering. It may be possible that Cascade's
success in this area may be reducing interest from competing consultants. The
main concern is that limitations in this consultant base could mean market
demand would not be met or that service would be inedequate. Utility efficiency
program implementation could aso be slowed.

Recommendation

Although it is not Cascade's responghility to develop the capabilities of
potential competitors, the information developed for this Initiative in terms of
case studies, gpplication guiddines, and application notes could be provided as
a package to engineering consulting firms in the region who may be interested in
serving this market.  Regiond utilities may be interested in producing and
digributing such a package of information in order to support their indudtria
program offerings.

Issue: Provide Web Site Resources on Evaporator Fan
VFDs

Cascade Energy Engineering has posted detailed information on the Initiative on
their web ste.  Even though the Initiative is coming to a close, web-based
information is criticd to mantaning and building the Initiative's market
transformation successes by providing easlly available and credible information
to others interested in the technology.

Recommendation

The Alliance should ensure that the full suite of information on case sudies,
goplication guiddines, papers, and gpplication notes for evaporator fan VFDs
would continue to be publicly avalable. In addition to the Cascade Energy
Engineering web dite, links to other sites such as those hosted by the Northwest
Energy Efficiency Alliance, Energy Ideas Clearinghouse, and others should be
established.
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Issue: Publish and Distribute VFD Application Guidelines

The only full spedification or agpplication guiddine for the inddlation of
evaporator fan VFDs being used in the region has been prepared by Cascade
Energy Engineering. A few respondents to our interviews aso cited the use of
aoplication notes from VFD manufecturers.  Many did not know of any
specification being used for the sdection and indalation of VFDs. Although not
a true specification, an gpplication guiddine such as this could subgantidly
decrease the number of problems during implementation and operation of
evaporator fan VFDs.

Recommendation

The evgporator fan VFD gpplication guiddines and recommended ingtdlation
practices prepared by Cascade Energy Engineering might be developed into a
generic form and published widdy for use by refrigerated warehouses, vendors,
contractors, utility programs, and consultants. The document Proper
Application of VFD Control to Evaporator Fans has dready been made
available on the Cascade Energy Engineering web Ste and it might aso be
distributed through the Energy |1deas Clearinghouse.

Issue: Corrective Action for Field Trial Sites

Severd of the controlled atmosphere warehouse operators fdt that the fied
trids on rooms using VFD had compromised fruit qudity in some way or had
operationd problems, and they were hedtant to continue applying the
technology. If it is a dl possble, every fidd trid participant should have the
most pogitive impressions of their experience with evaporator fan VFDs.

Recommendation

The fidd trid gdtes with problems usng their evaporator fan VFD systems
should be recontacted to ensure that the intended design and operation of the
CA rooms that had been developed for the field trid are till in place. Concerns
about fruit quality, temperature variations, and control drategies should be
resolved. Cascade Energy Engineering needs to determine why the technology
has not been accepted or integrated and correct problems or misunderstandings
to smooth the path for future adoption.
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Appendix A

List of Interviewees

CONTROLLED ATMOSPHERE WAREHOUSES (FRUIT STORAGE)

TERRY MEYERS Larson Fruit Selah, WA
DouG HALL Snokist Growers Grandview, WA
BOB THOMPSON Stadelmans Hood River, OR
MATT WIGHT Stemilt Wenatchee, WA
RANDY MORK Valley Fruit Wapato, WA
RoY WILLIAMS CM Holtzinger Fruit Yakima, WA
BRUCE CONE Zirkle Fruit Selah, WA
RICHARD BARE Trout Blue Chelan Chelan, WA
CURT MCDONALD Hansen Fruit Yakima, WA
ROGER SOMERS Blue Bird Peshastin, WA

MALCOLM HANKS

Borton and Sons

Yakima, WA

REFRIGERATED AND COLD STORAGE WAREHOUSES

PAUL HENNINGSEN Henningsen Cold Storage Twin Falls, ID
TIM VIEHWEG Idacold (Boise Cold Storage) Boise, ID
BRUCE DEJONG Milne Fruit Products Prosser, WA
BILL MCCREADY Norpac Salem, OR
RAY GOODING Associated Grocers Seattle, WA
ELECTRICAL, REFRIGERATION, AND CONTROL CONTRACTORS
TODD STAPLES All-Phase Electric Yakima, WA
KEN ADAMS Doubl-Kold Yakima, WA
TERRY CAMPBELL Central Wash. Refrigeration Yakima, WA
RANDY CIELOHA PermaCold Engineering Portland, OR
DAN BLACK Techni-systems Chelan, WA
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PROVIDERS OF REFRIGERATION AND VFD EQUIPMENT (OEM)

BRUCE NELSON Colmac Colville, WA

ANDY LUK Aero HX Richmond, BC

RYAN WALDEN Square D Mercer Island, WA

JOHN FARR York Refrigeration/Frigid Woodinville, WA
Coil/lmeco

KRIS JOHNSTON Northcoast Electric Portland, OR

REGIONAL REFRIGERATED STORAGE EXPERTS

JACK STAPLES

Doubl-Kold (retired)

Yakima, WA

DR. MARTIN HELLICKSON

Oregon State University

Corvallis, OR

JIM WHITE

Chelan County PUD

Wenatchee, WA

DR. NATE REED

Penn State Univ. (formerly
Stemilt)

University Park, PA

BoB CAMERON

RS Cameron Architects

Yakima, WA

MARCUS WILCOX

Cascade Energy Engineering

Walla Walla, WA

ROB MORTON

Cascade Energy Engineering

Portland, OR
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Appendix B

CA Warehouse Survey Instrument

General Information

CONTACT NAME

TITLE

COMPANY:

CITY AND STATE

TELEPHONE:

FIELD TRIAL SITE YEAR

My name is Steven Scott and I'm working with the Northwest Energy
Efficiency Alliance. [I've been referred to you by |
and would like to talk to you about the use of variable frequency
drive technology in your facilities, particularly for controlled
atmosphere warehouses. | have a short interview of about 15
minutes that I'd like to go through with you.

[lF RELUCTANT] Is there someone else you’d suggest that I'd talk
with instead?

Would you like to schedule this for another time, or can we go
through this now?

Your responses will be confidential in that your name will not be
associated with any of your comments unless you agree.

0. [NO QUESTION.]

1.

For construction or upgrades for controlled atmosphere warehouses,
is it now standard practice (common, or occasional) to install variable
frequency drives on evaporator fans? (Standard implies nearly all the
time, common is about 50%, and occasional is 20% or less.)
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la.
(If not standard, ask) Then is fan cycling or full speed evaporator fans
the standard practice for your warehouses?

2.
What do you think is the trend for use of evaporator fan VFD?

3.

About what portion of your controlled atmosphere rooms have
evaporator fan VFD?

And what portion has evaporator fan cycling?

Do you recommend VFD for evaporator fans?

4,
About how many controlled atmosphere rooms do you manage?

5.[ONLY ASK IF USE ANY VFD.]
About how many years before all of your controlled atmosphere rooms
will have evaporator fan VFD?

6.

Do you use a specification or a standard for installation of variable
frequency drives on evaporator fans in your warehouses?

Y N

7.[IF 6=Y]
How long have you had this specification or standard?
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8.

For other motor driven loads, do you now sometimes install variable
frequency drives as standard practice (common or occasional)? (No
box checked means rarely or never.)

STANDARD COMMON OCCASIONAL
PRACTICE PRACTICE

. EVAPORATOR FANS

. CONDENSER FANS

. OTHER FANS

PumpPs

. COMPRESSORS

. OTHER LOADS

N|lola|lsr|lw|Nn]|r

. OTHER WAREHOUSES

9.

For other controlled atmosphere warehouses in your area or that you
might know of, do you think it is now standard practice (common, or
occasional) for most of them to install variable frequency drives on
evaporator fans? (Standard implies nearly all the time, common is
about 50%, and occasional is 20% or less.)

10.

Do you think that using variable frequency drives on evaporator fans in
refrigerated warehouses has a good payback or is cost-effective?

Y N Unsure

10a.
Are you satisfied with the installation, equipment, and support for VFD
that you are currently getting? How could it be improved?
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11.

In controlled atmosphere warehouses, do you think that there are
benefits besides energy savings from using variable frequency drives
on evaporator fans? What do you think they are? (Do not prompt.)
Noise reduction

Reducing fruit mass loss

Reduced deterioration of fruit appearance

Improved fruit firmness

Increased motor life or reduced motor maintenance

Improved comfort

Other

(Ask about benefits not selected. Prompt for ‘any other benefits?’
when finished.)

11a.
Do you think that these benefits besides energy savings are cost-
effective or have a good payback on their own?

12.

Who have you heard is promoting this technology? (Do not prompt.)
Self

Cascade Energy Engineering

Contractor/vendor
Consultant/engineer
Utility
Other
(Ask about categories not selected. Prompt for ‘any other
influences?’ when finished.)
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13.

What things might keep you from installing (more) evaporator fan
VFDs?

Capital funding.

Return on investment or the payback

Concern about fruit quality

Air flow or air distribution problems

Fan motor burnout

Not enough information (prompt for what)

Other
[DEPENDING ON FIELD TRIAL EXPERIENCE, 14a or 14b.]

14al.
Did you participant in a field trial?
Y N

As a participant in the field trials, did the experience convince you to
install more evaporator fan VFDs? Why or why not?
Y N

14a2.
In general, are you satisfied with the results from the field trials?

14b1l.

Have you seen or heard about case studies or field trials for
evaporator fan VFDs prepared by Cascade Energy Engineering?

Y N

14b2.

Did hearing about the field trials or case studies convince you to try
evaporator fan VFDs?

YN

14b3.
In general, do you trust the results from the field trials for both mass
loss reduction AND energy savings?
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15.

Are there any general market trends in the industry that influence
facility improvements like the installation of evaporator fan VFDs?
Low apple prices

Farm policies

Energy price increases

Reduction in VFD prices

Other

(Ask about trends not selected. Prompt for ‘any other trends?’ when
finished.)

16.
Have there been any problems with installing VFD on evaporator
fans?

17.
Any other comments or thoughts about evaporator fan VFD?

Thanks very much for your time.

[FEA
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Cold Storage Warehouse Survey Instrument

General Information

CONTACT NAME

TITLE

COMPANY:

CITY AND STATE

TELEPHONE:

FIELD TRIAL SITE YEAR

My name is Steven Scott and I'm working with the Northwest Energy
Efficiency Alliance. [I've been referred to you by ]
and would like to talk to you about the use of variable frequency
drive technology in your facilities, particularly for cold storage
warehouses. | have a short interview of about 15 minutes that I'd like
to go through with you.

[lF RELUCTANT] Is there someone else you’d suggest that I'd talk
with instead?

Would you like to schedule this for another time, or can we go
through this now?

Your responses will be confidential in that your name will not be
associated with any of your comments unless you agree.

0.
[NO QUESTION ]

1.

For new construction or upgrades for cold storage warehouses, is it
now standard practice (common, or occasional) to install variable
frequency drives on evaporator fans? (Standard implies nearly all the
time, common is about 50%, and occasional is 20% or less.)
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la.
(If not standard, ask) Then is fan cycling or full speed evaporator fans
the standard practice for your warehouses?

2.
What do you think is the trend for use of evaporator fan VFD?

3.

About what portion of your cold storage warehouses has evaporator
fan VFD?

And what portion has evaporator fan cycling?

Do you recommend VFD for evaporator fans?

4,
About how many square feet of cold storage warehouse do you
manage?

5.[ONLY ASK IF USE ANY VFD.]
About how many years before all of your warehouse will have
evaporator fan VFD?

6.

Do you use a specification or a standard for installation of variable
frequency drives on evaporator fans in your warehouses?

YN

7.[IF 6=Y]
How long have you had this specification or standard?
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8.

For other motor driven loads, do you now sometimes install variable
frequency drives as standard practice (common or occasional)? (No
box checked means rarely or never.)

STANDARD COMMON OCCASIONAL
PRACTICE PRACTICE

. EVAPORATOR FANS

. CONDENSER FANS

. OTHER FANS

PumpPs

. COMPRESSORS

. OTHER LOADS

N|lola|lsr|lw|Nn]|r

. OTHER WAREHOUSES

9.

For other refrigerated warehouses in your area or that you might know
of, do you think it is now standard practice (common, or occasional)
for most of them to install variable frequency drives on evaporator
fans? (Standard implies nearly all the time, common is about 50%,
and occasional is 20% or less.)

10.

Do you think that using variable frequency drives on evaporator fans in
refrigerated warehouses has a good payback or is cost-effective?

Y N Unsure

10a.
Are you satisfied with the installation, equipment, and support for VFD
that you are currently getting? How could it be improved?
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11.

In refrigerated warehouses, do you think that there are benefits
besides energy savings from using variable frequency drives on
evaporator fans? What do you think they are? (Do not prompt.)

Noise reduction

Improved product quality

Increased motor life or reduced motor maintenance

Improved comfort

Other

(Ask about benefits not selected. Prompt for ‘any other benefits?’
when finished.)

11a.
Do you think that these benefits besides energy savings are cost-
effective or have a good payback on their own?

12.

Who have you heard is promoting this technology? (Do not prompt.)
Self

Cascade Energy Engineering

Contractor/vendor
Consultant/engineer
Utility
Other
(Ask about categories not selected. Prompt for ‘any other
influences?’ when finished.)

[FEA
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13.

What things might keep you from installing (more) evaporator fan
VFDs?

Capital funding.

Return on investment or the payback

Concern about product quality

Air flow or air distribution problems

Fan motor burnout

Not enough information (prompt for what)

Other

[DEPENDING ON FIELD TRIAL EXPERIENCE, 14a or 14b.]
14al.

Did you participant in a field trial?

Y N

As a patrticipant in the field trials, did the experience convince you to
install more evaporator fan VFDs? Y N Why or why not?
14a2.

In general, are you satisfied with the results from the field trials?
Y N

14b1.

Have you seen or heard about case studies or field trials for
evaporator fan VFDs prepared by Cascade Energy Engineering?
Y N

14b2.

Did hearing about the field trials or case studies convince you to try
evaporator fan VFDs?

Y N

14b3.
In general, do you trust the results from the field trials for both mass
loss reduction AND energy savings?
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15.

Are there any general market trends in the industry that influence
facility improvements like the installation of evaporator fan VFDs?
Low produce prices

Farm policies

Energy price increases

Reduction in VFD prices

Other

(Ask about trends not selected. Prompt for ‘any other trends?’ when
finished.)

16.
Have there been any problems with installing VFD on evaporator
fans?

17.
Any other comments or thoughts about evaporator fan VFD?

Thanks very much for your time.

[FEA
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Vendor / Contractor Survey Instrument

General Information

CONTACT NAME

TITLE

COMPANY:

CITY AND STATE

TELEPHONE:

My name is Steven Scott and I'm working with the Northwest Energy
Efficiency Alliance. [I've been referred to you by ]
and would like to talk to you about the use of variable frequency
drives in your customers refrigerated warehouses. | have a short
interview of about 15 minutes that I'd like to go through with you.

[IF RELUCTANT] Is there someone else you’d suggest that I'd talk
with instead?

Would you like to schedule this for another time, or can we go
through this now?

Your responses will be confidential in that your name will not be
associated with any of your comments unless you agree.

0.
What kinds of contracting does your firm do for cold storage and
controlled atmosphere warehouses?

1.

Regarding your typical customers, do you think that it is now standard
practice for new construction or upgrades (common, or occasional) to
install variable frequency drives on refrigerated warehouse evaporator
fans? (Standard implies nearly all the time, common is about 50%,
and occasional is 20% or less.)
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la.
(If not standard, ask) Then is fan cycling or full speed evaporator fans
the standard practice for most refrigerated warehouses?

2.
What do you think is the trend for use of evaporator fan VFD?

3.

About what portion of your work installing evaporator fans use VFD?
And what portion use evaporator fan cycling?

Do you recommend VFD for evaporator fans?

Do you recommend VFD for other applications?

4. [NO QUESTION.]
5. [NO QUESTION.]

6.

Do your customers ever use a specification for installation of variable
frequency drives on evaporator fans?

Y N

7. [NO QUESTION ]

8.

For other motor driven loads, do you now sometimes install variable
frequency drives as standard practice (common or occasional)? (No
check means rarely or never.)

STANDARD COMMON OCCASIONAL
PRACTICE PRACTICE

. EVAPORATOR FANS

. CONDENSER FANS

. OTHER FANS

PumpPs

. COMPRESSORS

. OTHER LOADS

N|lolao|lsr|lw|Nn]|r

. OTHER WAREHOUSES
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9. [NO QUESTION.]

10.

Do you think that using variable frequency drives on evaporator fans in
refrigerated warehouses has a good payback or is cost-effective?

Y N Unsure

10a. [NO QUESTION ]

11.

In refrigerated warehouses, do you think that there are benefits
besides energy savings from using variable frequency drives on
evaporator fans? What do you think they are? (Do not prompt.)

Noise reduction

Improved product quality

Increased motor life or reduced motor maintenance

Improved comfort

Other

(Ask about benefits not selected. Prompt for ‘any other benefits?’
when finished.)

11a.
Do you think that these benefits besides energy savings are cost-
effective or have a good payback on their own?

12.

Who have you heard is promoting this technology? (Do not prompt.)
Self

Cascade Energy Engineering

Contractor/vendor
Consultant/engineer
Utility
Other
(Ask about categories not selected. Prompt for ‘any other
influences?’ when finished.)
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13.

What things might keep you from installing (more) evaporator fan
VEDs in your customers facilities?

Capital funding.

Return on investment or the payback

Concern about product quality

Concern about air flow or air distribution problems

Concern about fan motor burnout

Not enough information (prompt for what)

Other
[DEPENDING ON FIELD TRIAL EXPERIENCE, 14a or 14b.]

l4al.
Did you participant in a field trial?
Y N

As a participant in the field trials, did the experience convince you to
install more evaporator fan VFDs? Why or why not?
Y N

14a2.
In general, are you satisfied with the results from the field trials?
Y N

14b1l.

Have you seen or heard about case studies or field trials for
evaporator fan VFDs prepared by Cascade Energy Engineering?

Y N

14b2.

Did hearing about the field trials or case studies make any difference
in your opinion about evaporator fan VFDs?

Y N

14b3.
In general, do you trust the results from the field trials for both mass
loss reduction AND energy savings?
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15.

Are there any general market trends in the industry that influence
facility improvements like the installation of evaporator fan VFDs?
Low produce prices

Farm policies

Energy price increases

Reduction in VFD prices

Other

(Ask about trends not selected. Prompt for ‘any other trends?’ when
finished.)

16.
Have there been any problems with installing VFD on evaporator
fans?

17.
Any other comments or thoughts about evaporator fan VFDs?

Thanks very much for your time.

[FEA
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OEM and Equipment Dealer Survey Instrument

General Information

CONTACT NAME

TITLE

COMPANY:

CITY AND STATE

TELEPHONE:

My name is Steven Scott and I'm working with the Northwest Energy
Efficiency Alliance. [I've been referred to you by ]
and would like to talk to you about the use of variable frequency
drive technology in cold storage and controlled atmosphere
warehouses. | have a short interview of about 15 minutes that I'd like
to go through with you.

[IF RELUCTANT] Is there someone else you’'d suggest that I'd talk
with instead?

Would you like to schedule this for another time, or can we go
through this now?

Your responses will be confidential in that your name will not be
associated with any of your comments unless you agree.

0.
What kinds of products does your firm provide for cold storage and
controlled atmosphere warehouses?

1.

Regarding your typical customers, do you think that it is now standard
practice for new construction or upgrades (common, or occasional) to
install variable frequency drives on refrigerated warehouse evaporator
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fans? (Standard implies nearly all the time, common is about 50%,
and occasional is 20% or less.)

la.
(If not standard, ask) Then is fan cycling or full speed evaporator fans
the standard practice for most refrigerated warehouses?

2.
What do you think is the trend for use of evaporator fan VFD?

3.

About what portion of your work providing evaporator fans use VFD?
And what portion has evaporator fan cycling?

Do you recommend VFD for evaporator fans?

Do you recommend VFD for other applications?

4.[NO QUESTION|]

5. [NO QUESTION.]

6.

Do your customers ever use a specification for installation of variable
frequency drives on evaporator fans?

Y N

7. [NO QUESTION ]
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8.

For other motor driven loads, do you now sometimes install variable
frequency drives as standard practice (common or occasional)? (No
box checked means rarely or never.)

STANDARD COMMON OCCASIONAL
PRACTICE PRACTICE

. EVAPORATOR FANS

. CONDENSER FANS

. OTHER FANS

PumpPs

. COMPRESSORS

. OTHER LOADS

N|lola|lsr|lw|Nn]|r

. OTHER WAREHOUSES

9. [NO QUESTION.]

10.

Do you think that using variable frequency drives on evaporator fans in
refrigerated warehouses has a good payback or is cost-effective?

Y N Unsure

10a. [NO QUESTION ]

11.

In refrigerated warehouses, do you think that there are benefits
besides energy savings from using variable frequency drives on
evaporator fans? What do you think they are? (Do not prompt.)

Noise reduction

Reducing fruit mass loss

Reduced deterioration of fruit appearance

Improved product quality

Increased motor life or reduced motor maintenance

Improved comfort

Other

(Ask about benefits not selected. Prompt for ‘any other benefits?’
when finished.)
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11a.
Do you think that these benefits besides energy savings are cost-
effective or have a good payback on their own?

12.

Who have you heard is promoting this technology? (Do not prompt.)
Self

Cascade Energy Engineering

Contractor/vendor
Consultant/engineer
Utility
Other

(Ask about categories not selected. Prompt for ‘any other
influences?’ when finished.)

13.

What things might keep you from installing (more) evaporator fan
VEDs in your customer facilities?

Capital funding.

Return on investment or the payback

Concern about product quality

Concern about air flow or air distribution problems

Concern about fan motor burnout

Not enough information (prompt for what)

Other
[DEPENDING ON FIELD TRIAL EXPERIENCE, 14a or 14b.]

14al.
Did you participant in a field trial?
Y N

As a patrticipant in the field trials, did the experience convince you to
install more evaporator fan VFDs? Why or why not?
Y N

14a2.
In general, are you satisfied with the results from the field trials?
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14b1l.

Have you seen or heard about case studies or field trials for
evaporator fan VFDs prepared by Cascade Energy Engineering?

Y N

14b2.

Did hearing about the field trials or case studies make any difference
in your opinion about evaporator fan VFDs?

Y N

14b3.
In general, do you trust the results from the field trials for both mass
loss reduction AND energy savings?

15.

Are there any general market trends in the industry that influence
facility improvements like the installation of evaporator fan VFDs?
Low produce prices

Farm policies

Energy price increases

Reduction in VFD prices

Other

(Ask about trends not selected. Prompt for ‘any other trends?’ when
finished.)

16.
Have there been any problems with installing VFD on evaporator
fans?

17.
Any other comments or thoughts about evaporator fan VFD?

Thanks very much for your time.
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Experts and Cascade Energy Engineering Survey
Instrument

General Information

CONTACT NAME:

TITLE

COMPANY :

CITY AND STATE

TELEPHONE:

My name is Steven Scott and I'm working with the Northwest Energy
Efficiency Alliance. [I've been referred to you by ]
and would like to talk to you about the use of variable frequency
drive technology in cold storage and controlled atmosphere
warehouses. | have a short interview of about 15 minutes that I'd like
to go through with you.

[IF RELUCTANT] Is there someone else you'd suggest that I'd talk
with instead?

Would you like to schedule this for another time, or can we go
through this now?

Your responses will be confidential in that your name will not be
associated with any of your comments unless you agree.

0. [NO QUESTION]

1.

For refrigerated warehouses, do you think for most of the industry that
it is now standard practice for new construction or upgrades
(common, or occasional) to install variable frequency drives on
evaporator fans? (Standard implies nearly all the time, common is
about 50%, and occasional is 20% or less.)

@ﬂ EVAPORATOR FAN VFD MARKET TRANSFORMATION INITIATIVE MPER #3
Pacific Energy Associates, Inc. & MetaResource Group PageF -1



Appendix F

la.
(If not standard, ask) Then is fan cycling or full speed evaporator fans
the standard practice for most refrigerated warehouses?

2.
What do you think is the trend for use of evaporator fan VFD?

3.
Do you recommend VFD for evaporator fans?
Do you recommend VFD for other applications?

4. [NO QUESTION]
5. [NO QUESTION]

6.

Do you know if anyone uses a specification or a standard for
installation of variable frequency drives on evaporator fans?

YN

7. [NO QUESTION]

8.

For other motor driven loads, do you think that the use variable
frequency drives is now standard practice (common or occasional)?
(No box checked means rarely or never.)

STANDARD COMMON OCCASIONAL
PRACTICE PRACTICE

. EVAPORATOR FANS

. CONDENSER FANS

. OTHER FANS

PumPs

. COMPRESSORS

o|loulas]|lw [Nk

. OTHER LOADS

9. [NO QUESTION]
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10.

Do you think that using variable frequency drives on evaporator fans in
refrigerated warehouses has a good payback or is cost-effective?

Y N Unsure

10a.
Are you satisfied with the installation, equipment, and support for VFD
that you are currently getting? How could it be improved?

11.

In refrigerated warehouses, do you think that there are benefits
besides energy savings from using variable frequency drives on
evaporator fans? What do you think they are? (Do not prompt.)

Noise reduction

Reducing fruit mass loss

Reduced deterioration of fruit appearance

Improved fruit firmness

Increased motor life or reduced motor maintenance

Improved comfort

Other

(Ask about benefits not selected. Prompt for ‘any other benefits?’
when finished.)

11a.

Do you think that these benefits besides energy savings are cost-
effective or have a good payback on their own?

Y N

12.

Who have you heard is promoting this technology? (Do not prompt.)
Self

Cascade Energy Engineering

Contractor/vendor
Consultant/engineer
Utility
Other
(Ask about categories not selected. Prompt for ‘any other
influences?’ when finished.)
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13.

What things might keep the industry from installing (more) evaporator
fan VFDs?

Capital funding.

Return on investment or the payback

Concern about fruit quality

Air flow or air distribution problems

Fan motor burnout

Not enough information (prompt for what)

Other
14a. [NO QUESTION]

14b1.

Have you seen or heard about case studies or field trials for
evaporator fan VFDs prepared by Cascade Energy Engineering?

Y N

14b2.

Did hearing about the field trials or case studies make any difference
in your opinion about evaporator fan VFDs? Why or why not?

Y N

14b3.
In general, do you trust the results from the field trials for both mass
loss reduction AND energy savings?

15.

Are there any general market trends in the industry that influence
facility improvements like the installation of evaporator fan VFDs?
Low produce prices

Farm policies

Energy price increases

Reduction in VFD prices

Other
(Ask about trends not selected. Prompt for ‘any other trends?’ when
finished.)
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16.
Do you have any concerns or problems with using VFD on evaporator

fans?

17.
Any other comments or thoughts about evaporator fan VFD?

Thanks very much for your time.
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