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DEPARTMENT OF ENERGY

Office of Energy Efficiency and
Renewable Energy

10 CFR Part 430
[Docket No. EE-RM/TP-97-440]
RIN 1904-AA46

Energy Conservation Program for
Consumer Products: Test Procedures
for Central Air Conditioners and Heat
Pumps

AGENCY: Office of Energy Efficiency and
Renewable Energy, Department of
Energy.

ACTION: Proposed rule and public
hearing.

SUMMARY: The Department of Energy
(DOE) is proposing changes to its
regulations on test procedures for
central air conditioners and heat pumps.
Today’s revision of the test procedure is
not expected to alter the minimum
energy conservation standards currently
in effect. The revised test procedure is
up-to-date, more complete and better
organized than the current version. It
should yield more accurate
measurements of the energy efficiency
of central air conditioners and heat
pumps.

DATES: Comments must be received on
or before March 23, 2001. DOE is
requesting a signed original, a computer
disk (WordPerfect 8) and 10 copies of
the written comments. The Department
will also accept e-mailed comments but
you must send a signed original. Oral
views, data, and arguments may be
presented at the public workshop
(hearing) in Washington, DC, beginning
at 9 a.m. on February 7, 2001.

The Department must receive requests
to speak at the workshop and a copy of
your statements no later than 4 p.m.,
January 9, 2001, and we request that you
provide a computer diskette
(WordPerfect 8) of each statement at that
time. The DOE panel will read the
statements in advance of the hearing
and requests that speakers limit oral
presentations to a summary. Attendees
will have an opportunity to ask
questions.

ADDRESSES: Please submit written
comments, and requests to speak at the
public hearing to: Brenda Edwards-
Jones, U.S. Department of Energy, Office
of Energy Efficiency and Renewable
Energy, Hearings and Dockets, Test
Procedures for Central Air Conditioners
Including Heat Pumps, Docket No. EE-
RM-97-440, EE-41, Room 1J-018,
Forrestal Building, 1000 Independence

Avenue, SW., Washington, DC 20585—
0121. You may send email to:
brenda.edwards-jones@ee.doe.gov. The
hearing will be at the U.S. Department
of Energy, Forrestal Building, Room 1E—
245, 1000 Independence Avenue, SW.,
Washington, DC. You can find more
information concerning public
participation in this rulemaking
proceeding in section VI, “Public
Comment,” of this notice.

You may read copies of the transcript
of the public hearing and public
comments at the Department of Energy
Freedom of Information Reading Room,
U.S. Department of Energy, Forrestal
Building, Room 1E-190, 1000
Independence Avenue, SW.,
Washington, DC 20585, (202) 586—3142,
between the hours of 9 a.m. and 4 p.m.,
Monday through Friday, except Federal
holidays.

FOR FURTHER INFORMATION CONTACT:
Michael G. Raymond, U.S. Department
of Energy, Energy Efficiency and

Renewable Energy, Mail Station EE—

41, Forrestal Building, 1000

Independence Avenue, SW,

Washington, DC 20585-0121, (202)

586—9611
Eugene Margolis, Esq., U.S. Department

of Energy, Office of General Counsel,

Mail Station GC-72, Forrestal

Building, 1000 Independence Avenue,

SW, Washington, DC 20585-0103,

(202) 586-9526
SUPPLEMENTARY INFORMATION: The
proposed rule incorporates, by
reference, seven test procedures
published by the American Society of
Heating, Refrigerating, and Air-
Conditioning Engineers, Inc. (ASHRAE),
as follows:

e Standard 23-1993, “Methods of
Testing for Rating Positive Displacement
Refrigerant Compressors and
Condensing Units.”

e Standard 37-1988, “Methods of
Testing for Rating Unitary Air-
Conditioning and Heat Pump
Equipment.”

e Standard 41.1-1986 (Reaffirmed
1991), “Standard Method for
Temperature Measurement.”

e Standard 41.2-1987 (Reaffirmed
1992), “Standard Method for Laboratory
Airflow Measurement.”

e Standard 41.6-1994, “Standard
Method for Measurement of Moist Air
Properties.”

e Standard 41.9-1988, “A Standard
Calorimeter Test Method for Flow
Measurement of a Volatile Refrigerant.”

e Standard 116-1995, “Methods of
Testing for Rating for Seasonal
Efficiency of Unitary Air Conditioners
and Heat Pumps.”

One test procedure of the American
Society of Heating, Refrigerating, and

Air-Conditioning Engineers/Air Moving
and Conditioning Association, Inc.
(ASHRAE/AMCA) is incorporated by
reference:

e Standard 51-1999, “Laboratory
Methods of Testing Fans for Rating.”

One test procedure of the Air-
Conditioning and Refrigeration Institute
(ARI) is incorporated by reference:

e Standard 210/240-1994, “Unitary
Air-Conditioning and Air-Source Heat
Pump Equipment.”

You can view copies of these
standards at the Department of Energy’s
Freedom of Information Reading Room
at the address stated above. You can
also obtain copies of the ASHRAE,
ASHRAE/AMCA and ARI Standards
from the American Society of Heating,
Refrigerating, and Air-Conditioning
Engineers, Inc., 1971 Tullie Circle, NE,
Atlanta, GA 30329, http://
www.ashrae.org; and the Air-
Conditioning and Refrigeration Institute,
4301 North Fairfax Drive, Suite 425,
Arlington, VA 22203, http://
www.ari.org, respectively.
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and heat pumps
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1. Revise definition 1.20 “Demand-defrost
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1. Section 3.1.4. Indoor air volume rates for
a variable-speed, constant CFM blower.
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3. Section 3.1.4.1.1. External static
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A. Update and Add References for
ASHRAE and ARI Standards

B. Air Volume Rates

C. Cyclic Testing

D. Fanless (coil-only) Units

E. Frost Accumulation Test

F. Test Tolerance Tables

G. Pretest Intervals

H. Multi-Capacity Systems

L. Triple-split Systems

J. Time-Adaptive Defrost Control Systems

K. Test Unit Installation

L. Test Apparatus and Measurement/
Sampling Frequency

M. Different Compressor Speeds and
Indoor Fan Capacities Between Cooling
and Heating

N. Secondary Test Requirements

O. HSPF Calculations

V. Procedural Requirements

A. Review Under the National
Environmental Policy Act of 1969

B. Regulatory Review

C. Regulatory Flexibility Review

D. “Takings” Assessment Review

E. Federalism Review

F. Paperwork Reduction Act Review

G. Review Under Unfunded Mandates
Reform Act of 1995

H. Review Under Executive Order 12988,
“Civil Justice Reform”

I. Review Under the Treasury and General
Government Appropriations Act, 1999

J. Plain Language Review

VI. Public Comment Procedures

A. Written Comment Procedures

B. Issues for Public Comment

C. Public Workshop

1. Procedures for Submitting Requests to
Speak

2. Conduct of Workshop

I. Summary of Proposed Rule

Today’s proposed rule concerns the
testing aspect for central air-
conditioners and central air-
conditioning heat pumps. The
Department develops these procedures
for manufacturers to test products to
measure energy efficiency, energy use,
or estimated annual operating cost of a
product. It will interest manufacturers,
but consumers of air conditioners will
see no changes due to this revision,
which brings the test procedure up-to-
date, and makes it more complete and
better organized. Nearly all the technical
content is preserved and the use of U.S.
customary (i.e., inch-pound) units is
maintained. Air conditioners and heat
pumps that presently meet the NAECA
energy conservation standards will still
meet these standards when rated using
the revised test procedure.

II. Introduction

A. Authority

The Energy Policy and Conservation
Act requires the Department of Energy
to establish the Energy Conservation
Program for Consumer Products. This
program sets test procedures, energy

consumption and efficiency labeling,
and energy conservation standards for
many household, consumer products.?
The Act requires DOE to determine to
what extent a proposed test procedure
would change the energy efficiency or
energy use of a product from the current
test procedure. If we determine that a
new test procedure would change the
efficiency or use of a covered product,
we will amend the standard. To
determine the new energy conservation
standard, we measure the energy
efficiency or energy use of a
representative sample of covered
products that minimally comply with
the existing standard. The average
efficiency of these representative
samples, tested using the amended test
procedure, constitutes the amended
standard. EPCA, Section 323(e)(2).

B. Background

1. Short and Long-Term Plans

This proposed DOE test procedure is
the first step of a planned two-step
revision process. The immediate goal is
to promulgate a revised test procedure
that is up-to-date, more complete and
better organized. Nearly all the technical
content is preserved and the use of U.S.
customary (i.e., inch-pound) units is
maintained. One especially important
goal of this first step is to have air
conditioners and heat pumps that
presently meet the NAECA energy
conservation standards to still meet
these standards when rated using the
revised test procedure.

The second step in the planned
revision process is to convert the DOE
test procedure to using Systeme
Internationale (SI) units while
maximizing compatibility with
pertinent standards of the International
Organization for Standardization (ISO).
The goal of this second step is a DOE
metric test procedure which will also
meet the requirements specified by ISO
for determining capacities, EER(s) for a
‘“moderate” climate, and COP’s. For
example, DOE plans to directly
reference selected ISO indoor and
outdoor test conditions. However, the
DOE test procedure will impose
additional requirements, not found in
the ISO test standards, that allow
determination of the seasonal

1Public Law 94-163, as amended by the National
Energy Conservation Policy Act, Public Law 95—
619, the National Appliance Energy Conservation
Act of 1987, Public Law 100-12, the National
Appliance Energy Conservation Amendments of
1988, Public Law 100-357, and the Energy Policy
Act of 1992, Public Law 102—486, Part B of Title
III of Energy Policy and Conservation Act, as
amended, is referred to in this proposed rule as
“EPCA” or the “Act.” Part B of Title IIl is codified
at 42 U.S.C. 6291-6309.

performance factors SEER and HSPF.
Presently, the pertinent ISO standards
are either under revision or are being
newly developed so we can not yet fully
determine the extent of compatibility
between the DOE and ISO testing and
rating procedures. DOE, via NIST
personnel, is participating in the
development of the ISO test standards
in an effort to minimize the differences.
A proposed DOE metric test procedure
will be available for industry review
several months after the revision of ISO
standards (5151 and 13253 or, possibly
a combined standard) is completed.
This two-step test procedure revision
will not delay the concurrent revision of
the NAECA energy conservation
standards, nor will standards revision
be delayed because of the planned
conversion of the test procedure to SI
units. Until a DOE metric test procedure
has been promulgated, you will make
predictions of seasonal performance
using the I-P version of the DOE test
procedure, i.e., this revision. This
revised test procedure modifies tests for
certain configurations, but is not
expected to impact the performance
measurements. In the coming years,
when a DOE metric test procedure is
progressing through the rulemaking
process, DOE and stakeholders will
review the best time line for
implementing the metric test procedure
and instituting compatible NAECA
energy conservation standards. As far as
possible, the metric test procedure will
retain the current energy efficiency
descriptors, SEER and HSPF.

2. Background for Today’s Proposed
Rulemaking

The first DOE test procedure covering
central air conditioners and heat pumps
was published in the Federal Register
on December 27, 1979, and became
effective January 17, 1980. 44 FR 76700.
The test procedure was modified once,
in March 1988. 53 FR 8304 (March 14,
1988). Revisions made in 1988 included
expanding coverage to variable-speed
air conditioners and heat pumps,
addressing split-type non-ducted units,
and modifying the method used for
crediting heat pumps that provide a
demand defrost capability.

Five waivers to the DOE test
procedure covering central air
conditioners and heat pumps have been
granted since the 1988 final rulemaking.
Waivers have been granted to two
different brands of non-defrost heat
pumps, to two brands of combined heat
pump-water heating appliances, and for
a line of burner-assisted heat pumps.
Non-defrost heat pumps do not contain
a defrost controller and are designed to
shut the compressor off under operating
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conditions where frost accumulation on
the outdoor coil is likely. Combined
appliances use an extra condensing coil
to permit the unit to provide domestic
water heating in addition to space
conditioning. Burner-assisted heat
pumps use a gas-fired burner in the
outdoor coil while using electricity to
power the refrigerant compressor.

In revising this test procedure, we
considered whether actions could be
taken to eliminate the continued need
for any of the granted waivers. Today’s
proposed rule covers testing and
calculation of HSPF for non-defrost, all-
electric heat pumps, eliminating the
first two of the five waivers discussed in
the preceding paragraph. As the market
for dual fuel heat pumps, including
burner assisted heat pumps, and
combined heat pump-water heating
appliances grows, we will pursue the
development of separate test procedures
for these devices, which will eliminate
the remaining three waivers.

We completed the first draft of this
revised test procedure for central air
conditioners and heat pumps in June
1996. The draft test procedure
addressed equipment features presently
not covered and improved upon the
completeness and readability of the
document. The June 1996 draft test
procedure was distributed to members
of the HVAC industry and academia for
comment on the proposed changes.

Several parties provided comments on
the June 1996 draft test procedures. We
determined that more input on several
issues would be beneficial, and DOE
held a workshop on September 25,
1997. The workshop focused on five
areas of concern. The first area was the
identification of commercially-available
equipment that is not adequately
addressed in the existing test procedure.
Examples include non-defrost heat
pumps, heat pumps that incorporate a
heat comfort controller, multi-split non-
ducted heat pumps, two-capacity heat
pumps that are sized to meet the space
cooling load while operating at low
capacity, small duct systems, and
single-speed heat pumps having a
variable-speed indoor fan that is
modulated based on outdoor
temperature. The second issue was the
appropriate way to conduct steady-state
and cyclic testing on units having a
variable-speed, constant-air-volume-rate
indoor blower. The third area of concern
dealt with appropriate adjustments in
order to credit a demand defrost
capability and to account for the effect
of barometric pressure. A group of items
that pertained to specifics on lab testing
procedures composed the fourth topic of
discussion. Examples included how to
best test packaged units having leakage,

whether to limit manufacturer-specified
special lab set-up requirements,
recommended static pressure tap
manifolding, and electrical energy
measurement requirements. The fifth
issue concerned the development of
new defaults for the cyclic degradation
coefficients, as an alternative to having
to conduct tests to determine the
coefficients.

A transcript of the discussions at the
September 25 workshop is available for
review in the DOE Freedom of
Information Reading Room. The section
below summarizes comments received
throughout the revision process. During
the workshop, several items were
introduced but left unresolved. In many
of these cases, ARI industry members
indicated that they would offer more
input and, where possible, a consensus
response in the months following the
workshop.

At the invitation of ARI, NIST
participated in a meeting and
teleconferences hosted by the ARI
Unitary Small Equipment Engineering
Committee in September and October of
1997 and February of 1998. For the
meetings/teleconferences that followed
the September 25, 1997 Workshop,
discussions on DOE test procedure
issues focused mainly on eleven issues,
namely: (1) Small duct systems, (2) non-
defrost systems, (3) multiple split heat
pumps, (4) variable-speed, constant
CFM blowers, (5) heat pumps that
incorporate a heat comfort controller, (6)
two capacity heat pumps that are sized
to meet the design cooling load while
operating at low speed, (7) definition for
a demand defrost system, (8) effects of
barometric pressure, (9) testing of
packaged systems with internal leaks,
(10) special laboratory setups, and (11)
new default values for the cyclic
degradation coefficients, Cp (the
measure of performance degradation
from cycling losses). Written comments
were received dated 24 November 1997
from ARI (ARI, No. 6) that addressed
these particular areas. ARI formed a task
group to provide additional input on
three items: #4, #6, and #9. ARI also
hoped to provide data and a strawman
approach for addressing item #11. These
last four items were discussed during a
February 1998 teleconference but ARI
provided no consensus by the end of
February, the cutoff date imposed by
DOE.

The 24 November 1997 written
comments from ARI are included among
the overall comment summary provided
below. With regard to unresolved issues
associated with ARI items #4, #6, and
#9, we implemented changes based on
the information gathered to date.
Today’s rulemaking proposes no

changes for the Cp defaults that may be
used instead of conducting extra tests.
DOE is willing to investigate and
consider new Cp defaults based on the
hardware features of the air conditioner
or heat pump. ARI and its members
have thus far provided no test data nor
made any recommendations concerning
the hardware features (e.g., type of
expansion device, with or without a
time delay relay on the indoor fan, type
of compressor, off-cycle power
consumption, refrigerant charge
quantity, rated capacity, etc.) that
should be included in a statistical
analysis to identify the primary factors
and the associated correlations.

A draft of this proposed test
procedure was posted to the Office of
Codes and Standards web site in
October 1998. This document was
revised during the summer of 1999 to
comply with the President’s
Memorandum of June 1, 1998, ‘“Plain
Language in Government Writing.”
Thereafter, some sections of the
proposed test procedure were
reorganized and amended in response to
comments received during the DOE
internal review process.

In the proposed central air
conditioner and heat pump standards
rule (65 FR 59590, October 5, 2000), the
Department discussed issues associated
with mandating thermostatic expansion
valves, or TXVs, to help maintain
equipment performance under improper
charge or airflow. In the standards final
rule, we decided not to adopt a TXV
requirement, but considered pursuing
modifications to this test procedure to
encourage the use of TXVs. Such
modifications will not be part of this
rulemaking, but will be considered in a
separate process. Related issues that
may be discussed in the separate
process include the alternate rating
method for mixed systems. The
alternate rating method is not a part of
this revision, which concerns only
appendix M to subpart B of 10 CFR part
430. The alternate rating method is
discussed in 10 CFR §430.24(m). In the
last revision of this test procedure in
1988, the adoption of a standard rating
procedure for untested combinations of
split systems was proposed, but the
Department decided not to include a
standard rating procedure in the test
procedure rule. Instead, the Department
requested the National Bureau of
Standards to develop a rating method
available to any manufacturer to use in
rating untested combinations.
Manufacturers may use this method or
any other after obtaining the
Department’s approval. It may again be
time to discuss a standard mixed system
rating method included in the test
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procedure. These issues will be
discussed in a workshop to be held in
the spring of 2001.

II1. Discussion of Comments

Following the September 1997
workshop, we received comments from
the ARI Unitary Small Equipment
Engineering Committee and individual
ARI members, Proctor Engineering
Group, and from the Florida Solar
Energy Center. We grouped these
comments into the following categories
corresponding to sections of the test
procedure: General, Definitions, Testing
Conditions, and Testing Procedures.
(ARI, No. 6, PEG, No. 3, FSEGC, No. 7)

A. General

1. Non-ducted Split System Air
Conditioners and Heat Pumps

Non-ducted units may use one or
more indoor coils. When two or more
indoor coils are used, they may operate
in response to a single or multiple room
thermostats. Standards of the
International Organization for
Standardization (ISO) differentiate non-
ducted units as single or multiple room
thermostat systems. We refer to
equipment having one or more indoor
coils all controlled by a single indoor
thermostat as mini-split systems. We
refer to equipment that uses two or more
indoor thermostats to regulate the
operation of two or more indoor coils as
multi-split systems.

The current DOE test procedure does
not differentiate between mini-split and
multi-split systems. Both are tested and
seasonal calculations are based on all
indoor coils operating simultaneously.
The zoning capability of multi-split
units, though not operating some indoor
coils, is not credited.

As part of its 1992 waiver petition,
EnviroMaster International (EMI) sought
“to test its three and four zone MC/MH
series systems in the manner prescribed
in the DOE test for two zone systems.”
57 FR 53736 (November 12, 1992). The
modification noted in the Decision and
Order was to change the wording of
Section 3.1.7 to the following:

“Subsystems of multizone split-type ductless
systems shall be tested as a single system.
The system energy efficiency shall be based
on the sum of the measured capacities of all
of the zones in the system divided by the
total input power used by the subsystems
compressors, outdoor fans, indoor air
handlers, and any additional power used by
the system.”

ARI commented on this issue: “Our
members do not believe any change is
necessary to the test procedures to
address multiple split heat pumps. We
are unaware of any unfair treatment of

this product in the industry by the
current test methods.” (ARI, No. 6 at 1).

We propose no changes in today’s test
procedure. The option of testing each
zone separately is possible. Such extra
testing should provide a more complete
description of the unit’s capabilities.
However, the benefits would have to be
weighed against the considerable
increase in the testing burden. The
Department recommends tabling this
issue until a multi-split manufacturer
deems that a different and, most likely,
more burdensome test approach is
needed.

2. Small-duct, High-velocity Systems

Unico originally requested that DOE
add a new class (or subclass) of central
air conditioners and heat pumps that
covered small-duct, high-velocity
(SDHV) systems. Unico recommended
changes to the test procedure that were
coupled with DOE issuing separate
NAECA standards for SDHV systems.
The main test procedure changes were
to impose higher minimum external
static pressures and lower maximum air
volume rates requirements on SDHV
systems. Unico also provided a
proposed definition for SDHV systems.
(Unico, No. 5 at 2).

Unico noted how small duct systems
differ from more conventional systems:
external static is typically 1.5 inches of
water, air volume rate is usually one-
half of a conventional system, duct
outlets into the room are typically two
inches in diameter, and air velocity
entering the room is in the 800 to 2000
feet per minute range. “We feel this
product is different enough that it * * *
should be considered for a different
class. We have different classes for room
air conditioners; we have different
classes for packaged terminal units and
ductless systems versus ducted
systems.” (Unico, No. 2HH at 42). ARI
commented: “ARI believes that no
changes to the existing test procedure
are necessary for these products. They
are currently tested and rated in
accordance with the existing procedure.
Furthermore, ARI does not believe a
different product class or category
should be created for small-duct
systems, since that would allow for a
potentially separate efficiency standard.
They should be held to the same
minimum efficiency standards as
conventional systems. There is concern
that a separate product class could open
a loophole in the regulations. Other
products might be specifically designed
to meet the criteria of the new class,
with the only intention being that they
would be subjected to a less stringent
efficiency standard, while still used in

applications for typical equipment.”
(ARI, No. 6 at 1).

Unico later submitted an alternative
proposal to DOE. In its alternative
proposal, Unico plans to exercise the
option of testing its line of SDHV units
as coil-only units. In the Unico product
line, the blower assembly is sold
separately from the indoor coil
assembly. The only change in the test
procedure needed to implement this
alternative approach is to relax the
maximum pressure drop allowed when
testing coil-only units. Presently, the
test procedure states that the pressure
drop across the indoor coil assembly
must not exceed 0.30 inches of water.
Unico requested that the limit be
increased, preferably to 0.50 inches of
water.

Today’s proposed test procedure sets
a higher pressure drop limit of 0.5
inches of water when testing coil-only
units that meet the definition of a small-
duct, high-velocity system. The
proposed definition is given in section
1.46. We welcome comments on this
action. Possible points for consideration
include whether the action is acceptable
as proposed or if incorporated in
combination with a different default fan
power and heat adjustment.

3. Non-defrost (Limited-range) Heat
Pumps

We granted the first of two waivers for
non-defrost heat pumps to Airlex in
1988. 53 FR 52216 (December 27, 1988).
The waiver called for testing at 47 °F
and 62 °F in lieu of testing at 35 °F and
17 °F. HSPF was calculated. Airlex, to
the knowledge of DOE, has since gone
out of business. We granted the second
waiver to EMI in November 1992. 57 FR
53736 (November 12, 1992). Unlike
Airlex, EMI did not seek to report HSPF
and so did not offer proposed
modifications to the DOE test
procedure. We required that EMI state
in its printed materials on its non-
defrost products that “no HSPF value
has been measured since the heat pump
cannot be operated at temperatures
below 35 °F.”

At this time, non-defrost heat pumps
appear to be limited to non-ducted,
multi-zone, multi-split heat pumps
having multiple refrigeration systems
where one refrigeration system may be
heating while another is cooling. In
such systems, having one refrigeration
system conduct a defrost while the other
refrigeration system(s) is cooling is
apparently quite difficult (see below
EMI comment). No opposition was
voiced at the workshop to a DOE
proposal to cover non-defrost heat
pumps in the test procedure. We also
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received the following comments at the
workshop:

In response to the question on why
EMI can not make its non-ducted, multi-
refrigeration system, multi-split heat
pumps defrost, EMI stated “we have put
preliminary designs together, but we’ve
never been able to successfully control
the defrost cycle while operating all the
circuits.” (EMI, No. 2HH at 23). Trane
spoke against the option of creating a
new class and a new NAECA HSPF
energy standard for non-defrost heat
pumps. (Trane, No. 2HH at 24). An ARI
representative said that presently a
multi-zone multi-split would be tested
with all refrigeration systems operating
in the same mode. (ARI, No. 2HH at 23).
In written comments received following
the workshop, ARI stated: “For the same
rationale as with small duct systems,
ARI does not believe a separate product
class or category is needed for non-
defrost heat pumps. We also
recommend no change in the current
test procedure to accommodate non-
defrost systems. As discussed above,
they should be held to the same
minimum efficiency standards as
conventional systems.” (ARI, No. 6 at 1).

Since the workshop, DOE received
information on non-ducted, multi-
refrigeration system, multi-split heat
pumps made by two manufacturers
other than EMI. Both of these competing
multi-split products provide a defrost
capability. The key differentiating
feature is that these units do not provide
the option of simultaneous heating and
cooling like the EMI product. EMI
apparently values this simultaneous
cooling/heating capability more than a
defrost capability while these other two
manufacturers do without the
simultaneous mode feature in return for
being able to defrost. To date, we have
found no product that provides both the
simultaneous heating/cooling feature
and a reverse defrost cycle capability.

From a test procedure standpoint,
several options are available. One
option, in line with ARI’s comment, is
to make no applicable changes to the
test procedure and allow the existing
EMI (and Airlex) waivers to remain.
This option defers the issue until we
receive another waiver request for a
non-defrost heat pump. A second option
is to make additions to the test
procedure so that the HSPF of any type
of non-defrost heat pump could be
evaluated. A third option is to exclude
heat pumps that are designed to
simultaneously heat and cool “whether
they can defrost or not” from the scope
of the test procedure. The rationale for
exclusion would be that such units
generally compete with commercial
applications where packaged terminal

heat pumps and air conditioners are
used and so should be tested and rated
in a manner comparable to the approach
used for packaged terminal equipment
(i.e., heating performance descriptor
becomes COP at 47 °F and the
equipment has no HSPF rating). For this
third option, the test procedure could
either be changed to cover all other non-
defrost heat pumps (even though DOE
knows of only the EMI simultaneously
heat and cool, non-defrost heat pump)
or no changes could be made, again
deferring until we receive another
waiver petition.

DOE requests comment on the above
three and any other options for handling
non-defrost heat pumps. To provide an
understanding of the test procedure
changes required to cover non-defrost
heat pumps, we include in today’s
proposed test procedure (see Sections
3.6.1.1 and 4.2.1.1) the steps required to
test and rate most conceivable types of
single-speed, non-defrost heat pumps.

4. Heat Pumps That Incorporate a Heat
Comfort Controller

Heat comfort controllers modulate the
operation of the resistive elements of a
heat pump to minimize temperature
swings of the heated supply air when
operating below the heat pump’s
balance point. Frequently, they seek to
maintain a minimum delivery
temperature when operating above the
balance point. This latter application
can cause the system to use more
electrical energy than the heat pump
alone would use to meet the building
load.

At the 25 September 1997 DOE
workshop, the issue was discussed at
some length. The workshop members
noted that the item can be both an OEM
product that is an integral part of the as-
shipped heat pump or it can be a field
added accessory that is provided by the
heat pump manufacturer or, more
commonly, by a third party supplier.
Also, assuming that the test procedure
was modified to cover heat pumps with
a heat comfort controller, no workshop
invitee spoke in favor of new and
separate NAECA standards for such
products. The following points were
also made at the workshop:

ARI stated if the manufacturer incorporates
a heat comfort controller as an OEM feature,
it should be covered by the test procedure.
(ARI, No. 2HH at 31). Trane stated if the test
procedure is modified to cover heat comfort
controllers, the rating should be based on
operating the controller at its maximum
delivery temperature. (Trane, No. 2HH at 60).
Proctor Engineering commented: “Units
designed to operate with strip heat above the
balance temperature should not receive any
special consideration in the test process or
the [NAECA] Standard. Allowing special

consideration will open the door to lower
efficiencies in the field where installation
errors already result in excessive strip heat
use.” (PEG, No. 3 at 3). ARI commented: “We
request DOE to develop a rating procedure
for heat pumps that incorporate the use of
electric resistance heat above the balance
point. The procedure should be based on the
highest indoor air delivery/supply
temperature setting that the control system
allows, so that the most conservative rating
will be derived. Any heat pump that uses this
feature, and still meets the minimum HSPF
standard should be permitted. However, the
existing ICC Model Energy Code prohibits
such systems, because there is no rating
method for them.” (ARI, No. 6 at 2).

Today’s proposed test procedure
covers heat comfort controllers as
applied to most types of single-speed
heat pumps. With the heat comfort
controller disabled, conduct all the
same heating mode tests. Following the
normally conducted heating mode test
at 47 °F outdoor temperature, conduct
an extra abbreviated test with the
controller enabled to determine the air
delivery temperature when the
controller is set to its maximum setting
(see Section 3.1.9). We describe
proposed steps for calculating the HSPF
of a single-speed heat pump having a
heat comfort controller in Section
4.2.1.2.

5. Other Commercially-available
Equipment that Should Be Covered in
the Test Procedure

One focus of the 25 September 1997
DOE workshop was to identify
commercially-available equipment that
is not covered by the DOE test
procedure. For the majority of
equipment discussed at the workshop,
we provide separate discussions
elsewhere in this summary. Equipment
types that were discussed and thought
not to be a commercial product
included: (1) Triple-capacity heat
pumps and (2) units that use a two-
capacity (two-stage) compressor and a
variable-speed indoor fan that is
modulated at each fixed stage of
compressor operation.

B. Definitions

1. Revise Definition 1.20 “Demand-
defrost Control System”

ARI commented: “We recommend
that DOE expand the current ARI
Standard 210/240 definition of a
demand defrost system to include
sampling intervals of a minimum of 10
minutes and not to have the definition
pertain to time adaptive systems.” (ARI,
No. 6 at 2)

DOE’s goal is to improve upon the
existing definition provided in ARI
Standard 210/240-94, Section A1.11,
and in particular, to stop allowance of
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the (maximum) 3 percent HSPF credit to
units that truly do not offer a demand
defrost capability. We provide a
proposed definition for a “demand-
defrost control system” that seeks to be
consistent with ARI’s comment as
Definition 1.20.

C. Testing Conditions

1. Section 2.2.4. Wet-bulb Temperature
Requirements for Air Entering the
Indoor and Outdoor Coils

ARI commented: “In order to provide
better repeatability when testing
packaged systems, which may be
susceptible to internal air leakage, ARI
believes it may be necessary to specify
an outdoor dew point temperature when
units are located in the outdoor chamber
(ambient). A task group has been formed
to investigate this issue and we will
provide our recommendations to DOE as
soon as they are available.” (ARI, No. 6
at 2).

DOE’s understanding of the impact of
a leak that could result in optimistic
results is as follows:

(1) Leak of outdoor air to a location
upstream of the indoor coil but
downstream of the test facility inlet wet
bulb temperature (dew point, relative
humidity) sensor. If the outdoor dew
point is lower than the indoor dew
point, the measured latent capacity will
be higher than the true latent capacity,
while the measured sensible capacity
will be lower than the actual sensible
capacity. The effect on total capacity
will depend on dry bulb temperature of
the outdoor air (82 °F or 95 °F) and the
depression of the outdoor dew point
relative to the indoor dew point.

(2) Leak of outdoor air to a location
downstream of the indoor coil. Results
are the same as (1) except that the
depression of the outdoor dew point
would have to be greater to overcome
the negative effect on sensible capacity.
The measured air volume rate on the
indoor side would be higher than the
actual rate at the coil and would thus
increase the perceived sensible and
latent capacity.

DOE’s understanding of the other
factors that are related to this issue are
as follows. First, psychometric rooms
have difficulty achieving and
maintaining outdoor wet bulb
temperatures in the mid 70’s °F and
higher during the A and B Tests. If the
internal leakage is significant, obtaining
a 6 percent energy balance would be
difficult to achieve. Although
potentially frustrating for a third party
tester, the lack of an energy balance
should provide impetus for the
manufacturer to reduce the leakage. You
can avoid the difficulty in maintaining

the outdoor wet bulb temperature
during the C and D dry coil tests by
meeting the requirements of achieving a
dry indoor coil, and by using the
equation for determining sensible
cooling capacity, as opposed to total
cooling capacity.

In an effort to avoid potential cases
where the leakage causes an optimistic
result while still providing an energy
balance of 6 percent or less, DOE
recommends operating at an outdoor
dew point temperature that is the same
as the indoor dew point temperature
during wet-coil tests where the unit
does not reject condensate to the
outdoor coil. DOE proposes a test
tolerance of 3.0 °F in the agreement of
the average outdoor dew point
temperature with the average indoor
dew point temperature. In nominal
terms, the target outdoor wet bulb
temperatures will be 71.7 °F and 67.7 °F
for the A and B Tests, respectively.

During heating mode tests, leaks
could cause problems if the Outdoor Air
Enthalpy Method is used to provide a
secondary check of capacity. The
proposed test procedure includes a
recommendation for regulating the
indoor side wet bulb temperature in an
effort to minimize the difference
between the indoor and outdoor-side
dew point temperatures.

2. Section 2.2.5. Additional Refrigerant
Charging Requirements

ARI stated: “We believe the test
procedure, as currently written,
reasonably addresses the issue of special
laboratory setups when conducting
tests, as prescribed in manufacturer’s
installation instructions. Therefore, we
do not recommend any change with
respect to this issue.” (ARI, No. 6 at 3).

Presently, any installation step is
acceptable so long as it is specified in
the manufacturer’s installation
instructions, including remarks that
only apply if conducting laboratory
testing. As discussed at the 25
September 1997 DOE workshop, the
difficult issue is where to draw the line.
Some special setups are justified and/or
required when lab testing. DOE is only
excluding special lab set-ups for
refrigerant charging. With assistance
from ARI and third-party laboratories,
DOE will monitor test setup
requirements to determine if
manufacturers are specifying
installation instructions inconsistent
with the majority of lab installations or
otherwise contrary to field practices.
Furthermore, DOE is seeking assistance
in establishing installation guidelines
for items such as pre-washing of coils
(e.g., what cleaning agent to use, basic
steps that specify the extent of the

cleaning), run-in times on compressors,
conditions where components (e.g.,
crankcase heaters) are or are not
electrically connected, exclusion of lab-
only (or 25 feet only) lineset
specifications, etc. These guidelines will
be incorporated into future revisions of
the test procedure to assist in obtaining
consistency in the testing.

In today’s proposed test procedure,
the title of Section 2.2.5 changes from
“Exclusion of special setup
requirements if stated in the
manufacturer published installation
manual” to “Additional refrigerant
charging requirements.” The section is
included for two reasons. The first is to
disallow the specification of two
refrigerant charging criteria, one that
applies for lab testing and one that
applies for a field installation. The fact
that a lab setting provides better quality
control is not sufficient for permitting
lab testing using a different charging
criteria. The second reason for today’s
Section 2.2.5 is to avoid discrepancies
and delays when third party testing is
conducted. The third party testing
facility should not have to consult with
the manufacturer as to how the unit is
to be charged. In the case of a
certification failure, the issue of whether
the testing facility charged the unit
correctly should only be based on
whether the manufacturer’s charging
criteria, as specified in the unit’s
installation instructions, were followed.

D. Testing Procedures

1. Section 3.1.4. Indoor Air Volume
Rates for a Variable-Speed, Constant
CFM Blower

ARI stated: “ARI is aware of the need
to consider more explicit procedures for
testing units with variable speed
blowers. Therefore, we have organized a
task group to develop a prescribed test
method for testing units with variable
speed blowers, and we will pass our
recommendations on to DOE as soon as
they are available.” (ARIL, No. 6 at 1)

Today’s proposed test procedure
contains several changes from the
existing test procedure to address
testing of units having a variable-speed,
constant CFM blower. For all tests, the
exhaust fan of the air flow measuring
apparatus is regulated to obtain an
external static pressure that is as close
to, while not being less than, the
minimum external static pressure
specified in the test procedure (see
3.1.4.1.1(b), 3.1.4.4.1, 3.1.4.4.2 and
3.1.4.4.3(b)). (The air flow measuring
apparatus, by comparison, is not
regulated to obtain the specified air
volume rate, as is done when testing
units having other than a constant-air-
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volume-rate indoor fan.) For some units,
one or more tests may have to be
conducted at an external static pressure
that is higher than the required
minimum value because of instability
problems encountered when trying to
reduce the external static pressure to the
specified minimum. In such cases, steps
are outlined for correcting the test
results if the difference between the as-
tested and the specified minimum
external static pressure is 0.03 inches of
water or more. An example of the
proposed correction method is provided
in the last paragraph of Sections 3.3 and
3.7. For systems that operate at multiple
air volume rates, the fan laws are used
to approximate the target external static
pressure for tests conducted at other
than the air volume rate used during the
Az and/or H1, test.

The proposed test procedure includes
a check of the agreement between the
lab-measured and manufacturer-
certified air volume rates. Today’s
proposed test procedure calls for the
two values to agree within 8 percent
(see 3.1.4.1.1(b), 3.1.4.2, 3.1.4.4.2, and
3.1.4.4.3(b)). This percentage is
proposed based on manufacturer’s
comments on the variability of the
variable-speed motors relative to
estimates of the impact on rated
performance caused by an 8 percent
deviation. Using the heat pump
computer modeling program HPSIM,
DOE finds that an 8 percent deviation in
SCFM is expected to have a negligible
impact on both capacity and EER at the
B Test condition while still keeping the
maximum impact on capacity at the A
Test condition in the 2 percent range.
DOE asks that manufacturers provide
feedback on the proposed 8 percent
tolerance as well as findings from lab
testing and computer modeling on the
impact on capacity and EER of airflow
changes in the 5 to 10 percent range.

Cyclic tests on units having a constant
CFM blower may be conducted with or
without the indoor fan enabled. If the
cyclic test is conducted with the blower
disabled, steps for correcting for the
power draw of the blower are specified
(see 3.5 and 3.5.1).

2. Section 3.1.4.1. Cooling Air Volume
Rate

This issue is of interest to the ISO
working group that is revising its air
conditioner and heat pump test
standards. The adoption of a maximum
air flow limit has thus far been opposed
by the majority of the ISO working
group member countries. The following
comments were made at the DOE
workshop. A Trane representative noted
that the 37.5 SCFM per 1000 Btu/h (450
SCFM per ton) maximum air flow

requirement is long-standing and is of
value because it (1) sets a de facto
maximum sensible heat ratio and (2)
keeps the air flow in a range that avoids
water being blown off the wetted
evaporator. (Trane, No. 2HH at 193). A
representative of York International
suggested reevaluating the basis for the
37.5 SCFM per 1000 Btu/h maximum
while considering both full load and
part load capacity conditions. (York, No.
2HH at 197).

For today’s proposed revision, no
change is made in the maximum air
volume rate limit. DOE sees such a limit
as providing a hedge against promoting
efficiency gain at the expense of
compromised latent capacity, especially
for coil-only units. The limit also helps
in having the A and B Tests conducted
with a fully wetted coil that, in turn,
makes the capacity fluctuations less and
the collection of 30 minutes of steady-
state data more readily obtainable. DOE
encourages and would participate in
investigations on whether this limit
should be other than its present value of
37.5 SCFM per 1000 Btu/h, or whether
an alternative mechanism, such as a
limit on sensible heat ratio, should be
considered.

Discussion of this issue is timely
because no such maximum air volume
limit is presently included in ISO
Standards 13253 and 5151 for ducted
and non-ducted air conditioners and
heat pumps. A U.S. proposal to adopt
the metric-equivalent of the 37.5 SCFM
per 1000 Btu/h limit was voted down by
the ISO working group that is presently
revising ISO Standards 5151 and 13253.
The vast majority of other member
countries on the working group perceive
air volume rate as a design parameter
that should not be impacted by a rating
standard. The ISO standards provide
capacity test conditions that correspond
to a hot, dry climate where latent
capacity is not a concern. ISO also
provides capacity test conditions for a
cool climate. ISO working group
members from countries that will rate at
this cool climate condition argue that
high air volume rates are needed in
order to assure that the air delivery
temperature is not objectionably cool.
Finally, with the exception of the U.S.,
most countries represented on the ISO
working group are predominantly
concerned with non-ducted products
and calorimeter testing where indoor air
volume rate is not typically measured.

The goal when converting the DOE
test procedure to a metric format is to
make it ISO compatible. Most ducted
units sold in the U.S. today are rated at
an air volume rate that is less than the
37.5 SCFM per 1000 Btu/h upper limit.
This fact suggests that maximum

efficiency is achieved at air volume
rates lower than 37.5 SCFM per 1000
Btu/h. Thus, having a upper limit may
not be important enough to warrant a
deviation from ISO. Either way, now is
the time to discuss this issue since the
revision of the ISO Standard 13253 is
still underway. However, it seems
unlikely that ISO will adopt an upper
limit on air volume rate.

3. Section 3.1.4.1.1. External Static
Pressure

Proctor Engineering Group
recommended the following changes to
make the test specification conform
better to measurements of installed
systems. When testing units having an
indoor fan, “the minimum static
pressure should be revised to:

¢ 0.50 inches of water column for all
systems, or

e The maximum allowable external
static pressure specified by the
manufacturer, whichever is less.”

When rating fanless units, “the
default Btu/hr (watt draw of the indoor
fan motor) should be revised to 2000
Btu/hr per 1000 cfm (586 Watts per
1000 cfm).” For comparison, the
external static pressure and fan heat/
power defaults presently used in the
existing DOE test procedure are 0.1,
0.15, and 0.2 inches of water, with the
assigned value being a function of the
unit’s rated capacity. The presently
referenced fan heat/power default
adjustment is 1250 Btu/h per 1000
SCFM (365 Watts per 1000 SCFM).
Proctor Engineering Group supported its
proposed changes by providing results
from field measurements on 28 new
systems in new construction in Phoenix,
Arizona. (PEG, No. 3 at 3).

The Florida Solar Energy Center sent
a report on field monitoring work which
indicated that “the standard assumption
of an external static pressure of 0.2
inches of water column (IWC) for the air
handler fan was far lower than the
typical values encountered in the field.
The average we measured in 14
evaluated installations was 0.54 IWC
(range was 0.27 to 0.91 IWC).” The
commenter goes on to state his strong
belief that ““the ARI test condition
should be modified to 0.5 IWC to better
reflect the actual performance that will
be achieved by the air conditioners
operating under realistic conditions.
Because of this change, the watt draw of
the fan motor (and heat released into the
supply air stream) should also be
revised to reflect the increase in fan
power from this change.” (FSEC, No. 7
at 1)

Because of concern that such changes
would impact the SEER and HSPF of
units that have ratings at or near the
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NAECA minimum standard levels, DOE
does not plan to change the static
pressure requirements in this revision of
the test procedure. Instead, DOE will
continue dialogue with the working
group that is revising ISO Standard

13253. When the revision of ISO 13253
is completed, DOE will determine the
suitability of incorporating part or all of
this test procedure in the DOE metric
test procedure. ISO Standard 13253 is
presently under revision with the

present draft containing the following
requirements for the minimum external
static requirements. (The Inch-Pound
equivalent values are not part of the
proposed 13253 table but are included
here to aid the reader.)

Minimum static pressures

Standard capacity ratings

(kW) [kBtu/h]

0to <8 [0to<27.3]

81to <12 [27.3 to <41.0]

12 to <20 [41.0 to <68.3] ....
20 to <30 [68.3 to <102.4] ......
30 to <45 [102.4 to <153.6] ....
45 to <82 [153.6 to <279.9] ....

82 to <117 [279.9 to <399.3]
117 to <147  [399.3 to <501.7]

[ADOVE 147 ADOVE BOT.7] ..ottt ettt ettt b e et e eh et st e et et ea bt e s b et e ateesbe e eabeenbeeebeenaneeteenane

Minimum external static
pressure (Pa) [inches of H,O]
[0.10]
[0.15]
50 [0.20]
62 [0.25]
75 [0.30]
100 [0.40]
125 [0.50]
150 [0.60]
175 [0.70]

The numbers up to 20 kW are
consistent with the values presently
cited in the existing and in this
proposed revision of the DOE test
procedure.

As for fanless units, the draft revision
of ISO 13253 contains a
thermodynamically-based equation
(volume flow rate x total pressure drop
divided by fan static efficiency x fan
motor efficiency) to estimate default fan
heat/power adjustments. Total pressure
drop is taken as the sum of the
following:

(1) The lab-measured pressure drop
across the indoor, fanless unit

(2) The applicable minimum external
static pressure listed in the above table

(3) An estimate for the pressure drop
across a typical blower cabinet (=50 Pa).

The minimum external static pressure
requirements thus impact both the
rating for fanless and blower coil units.
For residential size equipment, ISO
Standard 13253R uses the following
empirical fits to determine the fan static
(SE) and fan motor efficiencies (MET).

SE=0.1881*Ln(P, + P, + 50) — 0.4700
MEr=0.060*Ln[Q*(P.+P. + 50)
/SE]+0.123

Where Q is the measured air volume
rate of standard air (m3/s), P, is the
minimum external static pressure (Pa),
and P. is the internal static pressure
drop of the indoor coil cabinet assembly
measured during the cooling capacity
test (Pa).

Any proposal to raise the minimum
external static pressure requirements
and possibly tweak the ISO approach for
estimating fan heat/power adjustments
will first have to be agreed upon by the
U.S. delegates on the ISO working
group. If the proposal is endorsed by the
U.S. delegation, then the delegation
must submit the proposed change for

the consideration of the full working
group. NIST, as a member of the U.S.
delegation, has raised the issue for
discussion among the U.S. delegation.
At this point, the U.S. delegation does
not have plans for recommending
changes to ISO 13253 in this area.

4. Sections 3.2.3 and 3.6.3. Testing a
Two-capacity Compressor System

ARI stated: “ARI agrees with DOE that
the test procedure should be modified to
accommodate more appropriate testing
of multiple capacity heat pumps that are
sized to meet the cooling load at fan
speeds lower than the maximum. We
have established a task group to
investigate this issue, and will provide
our recommendations to DOE as soon as
they are available.” (ARIL No. 6 at 2).

The proposed test procedure covers
two-capacity heat pumps that are
designed to operate exclusively at low
capacity 