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MINUTES

Pursuant to an announcement sent to all members, ASHRAE Technical Committee TC 6.8, Geothermal
Heat Pump and Energy Recovery Applications, met on Tuesday, 25 June 2013 at 3:34 PM in the
Director’s Row E meeting room, Downtown Sheraton, Denver, CO. The meeting was held in conjunction
with the ASHRAE 2013 Summer Meeting.
I.

CALL TO ORDER, WELCOME, INTRODUCTIONS
Chair Lisa Meline called the meeting to order at 3:34 PM. The Chair welcomed everyone.
Members, guests, and ASHRAE Committee liaisons were requested that they introduce
themselves. The Chair requested that the sign-in sheet be filled out completely, and that
attendees check their information on the roster sheet and make any changes through ASHRAE’s
website.

II.

QUORUM CHECK
Fifty percent of the voting members of the technical committee, present in person, constitute a
quorum for the transaction of business. The Chairman read the list of voting members to confirm
that the roster was correct. The roll call revealed that eleven (11) of fifteen (15) Quorum
members of the technical committee were present and one (1) member voting, Non-Quorum
present, establishing that a quorum was available to conduct committee business.

III.

APPROVAL OF MINUTES
The Secretary distributed copies of the minutes of the January 29, 2013 Winter meeting in Dallas,
TX, and the Chair requested that members review them. Roxanne Scott moved that the Minutes
be accepted. The motion was seconded by John Shonder. The Minutes were approved (11-0CNV).

IV.

ANNOUNCEMENTS FROM ASHRAE
Section Head
1. John Dunlap presented Lisa with an award for her service as Chair.
2. John will no longer be our section head after Denver. The new section head will be Mark
Hegburg.

V.

ANNOUNCEMENTS FROM THE CHAIR
A. Jeff Smith reported on the Chairs’ breakfast.
1. Electronic Meetings are approved and there are 6 or 7 happening in Denver.Let section chair
know if we want to do one at the next meeting.
2. If TC 6.8 does a “GoToMeeting”, the same meeting rules apply. If discussion of research
project occurs, research principals must be taken off line.
3. Make sure TC members update their bios so ASHRAE can ensure proper balance on
committees.
4. ASHRAE is looking for people willing to be technical paper reviewers.
5. TC Members need to edit their roster information in the meeting if it needs to be corrected.
B. Lisa Meline (Chair)
1. The Chair reminded the committee that if anyone wanted a letter to their Employer
thanking them for giving the member time to participate, please let her know.
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2. If any of the meeting participants that are corresponding members wanted to participate
on subcommittees to please let the Chair know of their interest and they will be assigned
to an appropriate sub-committee.
3. If anyone present wanted to be corresponding members, please give Lisa or Jeff their
contact information and ASHRAE member number.
4. The chair asked any young engineers in the meeting to identify themselves. She thanked
them for participating.
5. Steve Kavanaugh has retired as Handbook 34 Chair and Scott Hackel has agreed to take
over the position.
6. 2013-14 Committee Rosters were announced (See Attachments at the end of the
minutes.
VI.

ACTIVITY (EXTRAORDINARY )
Subsequent to the meeting in Denver, Lisa Meline, past Chair, reminded the committee that there
needed a vote to affirm the recommended Chair (Lisa Meline) for the proposed Standard
Development Committee. All voting members were duly notified of the request and responded
with a unanimous vote in the affirmative. (14-0-2-1) See VII.F also.

VII.

SUBCOMMITTEE REPORTS
A. RESEARCH – John Shonder
1. Two Active projects, Steve's rewrite of the blue book:
a. RP-1385 Surface Water Heat Pumps: Need new estimated end date or final report to
MORTS.
b. RP-1674 Blue Book Revision: Need regular progress reports from PI to receive
payments.
2. WS-1498 Optimized Design of Outdoor Air for GSHP: resubmit WS or drop. Topic
will expire from plan Feb 2014. Xiaobing does not believe it is worthwhile pursuing
further.
3. RTAR 1680 Environmental Effects: Lisa and John are revising this RTAR and are
going to try to submit it again.
4. Two prioritized ideas for RTARS:
a. Design of GSHP Central Plant Systems, Xiaobing Liu and Scott Hackel are working
on the RTAR.
b. Design of Systems using Multiple Variable Speed Devices. At this time no one is
working on a proposal.
5. John received an idea for an RTAR from Xiaojie Wong to revise the ground temperature
map. This idea needs some work but it may be worth pursuing. The Research subcommittee discussed this at the Research meeting. Additional discussion regarding
the accuracy and local variability was had in the TC meeting and the general
consensus was that more definitive information was needed. John is going to use this
as the test case for the new RTAR format.
6. Two other topics were mentioned as carry-overs from Winter meeting:
a. Design for deep boreholes (500-800 feet).
b. Maintenance Costs of GSHP Systems (Keith).
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B.

HANDBOOK COMMITTEES
1. Steve Kavanaugh will step down as Handbook Chair for Chapter 34 and Scott Hackel
will replace him. Chris Gray will continue on in his co-chair role for Chapter 9.

2. Chapter 34– Steve reminded the TC that major revisions need to be completed before the
January meeting in NYC. There are a large number of changes submitted from 7 people
after the Dallas meeting. Scott was not at the meeting but sent a message that there
would be several conference call meetings shortly after the Denver meeting.
Going forward, changes can be made annually but it will only be published in book form
every 4 years. Changes to the Online version of the Chapter would be made annually
3. Chapter 9 - ASHRAE TC 9.4 Handbook (Applied Heat Pumps and Heat Recovery) Subcommittee report. Chris reminded TC that the handbook subcommittee meeting was
moved to Saturday Noon to 3:00 pm starting at the Denver meeting. One major and two
minor additions will be made to the Chapter.
a, Update to the limitations and availability of industrial heat pumps.
b. Information on heat pumps in district energy systems.
c. Design and application guidance for heat recovery heat pumps.
Patrick Marks (Handbook Liaison) attended the start of the meeting to discuss deadlines
for chapter submission to ASHRAE . The March 28, 2015 submittal deadline will be
met. The full meeting minutes are included at the end of these minutes.
C.

MEMBERSHIP COMMITTEE – Gary Phetteplace
Roll-on members after July 1 were announced. There will be 15 Voting Members, 2 Voting
Non-Quorum, 88 Corresponding members.

D.

PROGRAMS COMMITTEE – Michael Kuk by Lisa Meline
1. TC 6.8 hosted Session 7:. The Seminar was chaired by Lisa Meline The Presenters were
Dominque Durbin, Mark Morelli, and Kirk Mescher. There were over 50 attendees.
2. Lisa discussed ASHRAE’s New York and Seattle program tracks. The following dates
are important regarding program and technical paper submittals for the conference:
a. August. 13-Seminar, Forum, Technical Paper and Conference Paper program
proposals due.
b. August 13 – Technical Papers final review.
c. September 20-Seminar and Forum Accept/Reject are distributed
d. Dec. 6- Upload of PPTs begin
e. January 3- All PPTs due online
f. January 18 Speaker’s Lounge is opened.
3. New York Tracks (January 18-22, 2014)
Track 1: HVAC&R Systems and Equipment
Track 2: HVAC&R Fundamentals and Applications
Track 3: Indoor Environmental Health/IEQ
Track 4: BIM: Integrating Technology for Control, Management Optimization and
Efficiency
Track 5: International Design
Track 6: Building Performance and Commissioning for Operation and Management
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Track 7: Hydronic System Design for Large Buildings
Track 8: Tall Buildings: Performance Meets Policy
4. Submission for New York Seminar
Fundamentals of System COP and EER:
Chair: Cary Smith
a. Kavanaugh, Steve. Converting Imaginary (Rated) Efficiency to Real Efficiency
b. Hackel, Scott. More than Just a Borefield, Impacts of different System Choices
for Geothermal Projects
c. Swilley, Keith. Keep it Simple and GSHP will win the Efficiency Debate
The Committee approved the plan for the New York Meeting. (11-0-1-CNV)
5. Seattle Meeting, (June 28-July 2, 2014)
Track 1: Environmental Health/IEQ
Track 2: Research Summit
Track 3: Ground Source Heat Pumps: State of the Art Design, Performance, and
Research
Ttack 4: HVAC&R Systems and Equipment
Track 5: HVAC&R Fundamentals and Applications
Track 6: Standards, Guidelines, and Codes
Track 7: Refrigeration
Track 8: Installation, Commissioning, Operation, Maintenance of Existing Buildings
Track 9: Professional Skills
6. Lisa and Dr. Spitler initiated a discussion about submitting a GHP Systems track for the
Seattle meeting.
a. The group discussed the need for our committee to start lining up topics and
speakers for this track. We don’t “own” the track, but we want to make sure
that the track is successful so we want to promote the track to other TC’s, line
up topics, and spread the word to outside organizations. It was proposed that we
could put out a call for papers to other GHP related organizations so that they
can present at the ASHRAE meeting (e.g. IGSHPA, NGWA, GEO, etc.).
b. Lisa Meline has generated a list of potential topics for this track. (These notes
are attached.)
i. Next step is to finalize topics and find speakers
ii. Coordinate getting proposals to ASHRAE.
iii. Feb. 13, 2014 Seminar and Forum program proposals due. March 25
Notifications of accept/reject
iv. May 6, upload PPTs, June 2, PPTs online
E.

WEBMASTER – Chris Gray
The webpage was up to date in preparation for the 2013 Annual meeting including updated
draft minutes from the 2013 Winter meeting in Dallas, the meeting times and locations, and
the full committee meeting agenda. Based on feedback from the Dallas meeting, the
ASHRAE Code of Ethics was added to the front page of the TC 6.8 website. Recent
ASHRAE Journal articles were added to the “Published Content” on the website.
Chris addressed a question to the committee regarding the age of articles to be added to the
website: the Chair left this decision to the discretion of the webmaster.
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F.

STANDARDS – Lisa Meline
The Committee approved the development and presentation of a proposal to ASHRAE to
develop standards for closed loop borehole construction vote 14-0. It will follow normal
ASHRAE channels moving forward.

G. EDUCATION and SPECIAL PUBLICATIONS/JOURNAL – Roxanne Scott
There are no major updates. ASHRAE is happy that the Blue Book revision is underway.
ASHRAE Exchange forum is up and running.
ASHRAE is working on developing social media guidelines for the Society.
VIII.

LIAISON REPORTS
A. ALI COORDINATOR – David Pleasants
No Report.
B. T.C. 8.11, Unitary Systems – Roxanne Scott
No report
C. IGSHPA – Lisa Meline, Cary Smith, Howard Newton
1. IGSHPA would like to know how they can get ASHRAE to publicize their events.
Person from CEC at Chair’s breakfast will respond.
2. Roshan Revankar is the new Director of Training and has been on the job for seven
months.
D. CEC – Jeff Spitler
1.
– Less than 50% of spaces that are requested are available so don’t be disheartened if
your program is not accepted by CEC.

IX.

OLD BUSINESS
National Certification Standard – John Kelly GEO
Development of Standard for qualifications for specific jobs personnel in the Geothermal
industry for 14 specific jobs.
1. Categories are there for regulators and trainers.
2. Wants this TC to be aware of the project and then shortly to look at the draft and give
feedback where needed.
3. There is no expectation that DOE will adopt any of this in the immediate future.
Geothermal Heat Pump National Certification Standard Project www.ghpncs.org

X.

NEW BUSINESS
A. Code update from ICC
1. Seeking industry experts to participate in the next revision.
2. Kay tried to download the proposed standard and it wouldn't download.
3. They want to add in a section to increase piping and fitting types
B.

ASTM committee looking at BTU metering E44.25
1. Gary Phetteplace. is on the working group
2. Being driven by solar and biomass companies
3. Geothermal is going to be eligible in some states for renewable credits
4. Currently no standard to meter this energy for renewable credits
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XI.

ADJOURN
1.
Jeff Spitler made a motion to recognize Lisa Melin’s service as Chair of TC 6.8. The
motion was carried unanmously with the attending Corresponding Members and Guests
adding their applause.
2. Gary Phetteplace moved that the meeting be adjourned. Second by Jeff Smith. The motion
carried. The meeting ended at 5:27 PM.

Twenty-three pages of attachments follow:
1.
2.
3.
4.
5.
6.
7.
8.

Committee Assignments as of July 1, 2013
Programs Subcommittee Report
Applied Heat Pump Handbook Subcommittee Report
Proposal to Develop Closed Loop Standards
Proposed GSHP Track descriptions.
Track Notes
“A Plea for Transparent Unitary Equipment Ratings”
ASHRAE Meeting Report
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Committee Assignments (2013-2014)
Programs: (Kuk)
L. Meline
C. Smith
D. Pleasants
B. Koschka
K. Thrasher
S. Hackel

Research (Shonder)
G. Phetteplace
D. Dinse
S. Hackel
B. Koschka
C. Remund
X. Liu

Handbook - 9: (Gray)
X. Liu
J. Smith
D. Pleasants
E. Lohrenz
M. Filler
F. Pucciano
G. Phetteplace
C. Smith
C. Paraskevakos

Handbook 34 (Hackel)
M. Kuk
J. Faber
M. Bernier
A. Chiasson
M. Green
X. Liu
L. Meline
K. Rafferty
K. Mescher
C. Smith
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ASHRAE TC 9.4 Handbook Applied Heat Pumps and Heat Recovery (AHPHR) Sub-committee
report
(Systems Ch. 9)
Date: 6/22/13 12-3PM
Attendees: Gary Phetteplace, Chris Paraskevakos, Mike Filler, Frank Pucciano, Chris Gray, Patrick Marks
(Handbook Liaison)
The handbook subcommittee for Systems Handbook Chapter 9: Applied Heat Pump and Heat Recovery Systems
met at a new time from Noon to 3pm on Saturday, June 22nd for a working session. The goals of the meeting were
to finalize the information that will be added to the chapter and to outline the updates. One major and two minor
additions will be made to the content of the chapter including: an update to the limitations and availability of
industrial heat pumps based on new equipment availability since this area’s last update, information on heat pumps
in district energy systems, and design and application guidance for heat recovery heat pumps. An outline of the
content for the heat recovery heat pump design and application guidance will be sent to the subcommittee for
comments before assigning responsibilities to the subcommittee members.
Handbook liaison, Patrick Marks attended the start of the meeting to discuss deadlines for chapter submission to the
handbook committee. The chapter will be submitted to the handbook committee by March 28th, 2015, and it is
anticipated the final version of the handbook will be voted on by the committee at the January 2015 meeting.
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Proposed:
Ground Source Heat Pumps State of the Art: Design, Performance and
Research
Track Chairs: Jeff Spitler, PhD; Michael Kuk, P.E.
Email: spitler@okstate.edu; Michael.p.kuk@gmail.com

Ground-source heat pump (GSHP) systems are known to be one of the most energy-efficient, cost
effective, and environmentally benign HVAC options available. This has been proven over and over
again through energy efficient buildings which are the highest performers in Energy Star and LEED
performance ratings. However this performance only comes with proper design and application of the
technology. This track will take the engineer through all aspects of design that lead to optimally
performing systems and satisfied building owners. It will also help the engineer avoid common pitfalls
that lead to poorly performing systems. Research into innovative systems, heat exchanger performance,
design and simulation methods, and optimal operation will also be covered. Papers/presentations are
invited for all types of GSHP systems– including closed loop, open loop, vertical, horizontal, standing
column wells, energy piles, and surface water heat pump systems.

Seattle GSHP Track Preliminary Notes
4/23/2013
These are the "brainstorming" notes from the 4/23/2013 teleconference.
1. Title: Overview of Geothermal Heat Pump Industry
Possible TC Co-Sponsors: TC 3.1/3.2/3.3: Refrigerants
TC 2.8 Building environmental impacts
TC 8.1 Positive Displacement compressors
Overview (Could include a historical perspective and current status + moderator could introduce
the track);
Possible speakers Steve Smith, Gary Phetteplace, maybe someone from Sweden, Doug
Dougherty, Jim Bose – how did it get restarted in the 1970’s?; establishing single point
responsibility) Refrigerant History, Environmental benefits

Chair: Gary Phetteplace
The Road Well Traveled - Steve Smith or Dr. Bose (IGSHPA)
The Current State of the Industry - Doug Daugherty (GEO)
Overview of track (Gary; mention of 'single point of responsibility')
2. Title: GHP Site Development
Possible TC Co-sponsors: None
Site development (site assessment/permitting, why are some states more strict than others?,
Summary of state-by-state requirements, what has gone wrong in the past, thermal property
characterization, drilling conditions, vertical/direction drilling, horizontal, groundwater, system
selection - closed loop, open loop, SWHP;
Possible speakers: NGWA, Prof. from Cal, State Fullerton)
Chair: Harvey Sachs
Site Assessment - Richard Layton, CSUF(NGWA)
Drilling 101- Dominique Durbin (NGWAjIGSHPA)
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3. Title: Design for Outside the Building
Possible TC Co-sponsors: TC4.7: Energy Calculations
Design: Outside the building (start with 12-step; innovative ground heat exchangers; vertical
borehole design procedures; horizontal design procedures; water treatment plants, sewer water
plants; SWHP; thermal piles; possibly divide this into two sessions: conventional vertical
borehole systems and alternatives.) loop field modeling.
Chair: ??? (2 sessions)
Research Papers - Thermal Plies (Spitler & Pals)
Open Loop Design - Kevin Rafferty
Surface Water - Jeff Spitler or one of the graduate students
Novel Applications (Waste water treatment plans, industrial, etc) - ??
4. Title: Design for Inside the Building
Possible TC Co-Sponsorship:
TC 1.4: Control theory and applications
TC 2.8: Building environmental impact
TC4.7: Energy calculations
TC 5.5: Air-Air Energy Recovery
TC6.5; Radiant Heating and Cooling
TC 6.6: Service water heating systems
TC 7.1: Integrated building design
Design: Inside the building (system configuration: central VS. distributed heat pumps, hybrid vs.
non-hybrid, water-to-air vs. water-to-water, EER vs. SEER, heat pump ratings, pumping and
piping strategies: one pipe, primary secondary pumps; building modeling; loop modeling; how
many LEED points can you get?) Control systems (install or not install a building management
system). Energy recovery systems, domestic hot water systems, radiant heat and cooling.
Chair: Dave Dinse
12-Step (Give him 45 minutes and he can cover most of this) - Kirk Mescher
EER vs. SEER Progress (Central vs. Distributed Systems) - Steve Kavanaugh
Chair: Michel Bernier
lEED - How Many Points can you get? n
Hybrids (Research area?) - Scott Hackel
5. Title~: Construction Phase
Possible TC Co-sponsorship:
TC 7.2: HVAC&R construction and design-build technologies
TC 7.7: Test, Adjust, and Balance
Construction and construction documents (IGSHPA standards, USACE/GSA specifications,
what should go into specification package, guidelines in the ASHRAE Handbook, flushing and
purging, pressure testing, missing items from typical specs: trenching, backfilling, antifreeze
requirements, coordination of flushing, tracer wire, metallic tape, points of responsibility,
construction coordination). Sequence of operations for GHP systems. Test adjust and balancing
of GHP systems.
Chair - Ed Lorenz
IGSHPA Design and Installation Guidelines - Ryan Carda (IGSHPA)
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ASHRAE Handbook/Blue Book Specifications (name it?) - Jeremy Fauber (someone
from the committee)
6. Title: Commissioning and Project Closeouts
Possible TC Co-sponsorship:
TC 7.3: O&M management
TC7.6: Building energy performance
TC7.7: Test, Adjust, and Balance
TC 7.9: Building commissioning
Commissioning and Project Closeouts (commissioning, design phase, construction phase,
close-out (training, O&M manuals, as-builts). ASHRAE book, case studies of things gone bad, stuff
not to do: Kirk, Lisa, Mike have examples).
Chair - Cary Smith
What not to do - Lisa Meline
Commissioning/Close-out Tips for GHPs- Mike Kuk
7. Title: Operation and Maintenance
Possible TC Co-Chairs:
TC7.3: O&M management
TC7.6: Building energy performance
TC7.8: Owning and operating costs
Operation and Maintenance (To include optimal control for HGSHP, optimizing the operation,
maintenance needs, future retrofits? Sequence of operations? Training. Any historical data Oklahoma state capitol; ORNL operation cost studies? ASHRAE Std. 180 Monitoring could go
here also, especially if maintenance was covered. Perhaps we could get an owner to speak on
this. Testimonials.)
Chair- Keith Swilley
Marco Alvarez – PAE Engineers
Steve's EPRI Study
Any other Case Studies
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Jeff's notes based on conversation with Tony Giometti
4/23/2013
Typical ASHRAE Program Schedule; it is possible that this might be done differently, as it
apparently will be in Denver where there may be a 60 minute session on Sunday. 90 minute
sessions should have 3-4 speakers though 2 speakers is permissible if we have a good reason);
60 minute sessions should have 2 speakers (though 1 speaker is permissible if we have a good
reason). There could also be Monday and Tuesday afternoon sessions, though typically only a
few rooms are available.
So, without any Monday or Tuesday afternoon sessions, and with all speakers being allotted
between 22.5 and 30 minutes, we have the following "budget";
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A Plea for Transparent Unitary Equipment Ratings
This article provides information on underlying assumptions and test conditions that are used to
calculate air source heat pump (ASHP) seasonal energy efficiency ratio (SEER), ASHP heating
seasonal performance factor (HSPF), water source heat pump (WSHP) energy efficiency ratio
(EER), and WSHP coefficient of performance (COP). The ASHP rating system was developed
in the 1970s and published several years later. The WSHP standards were modified in the 1990s
to include a part-load factor that attempts to provide a somewhat equivalent indicator to SEER
and HSPF, which are essentially part-load efficiencies.
The advent of multi- and variable-speed pumps has bearing on the validity of these standards.
Many of the assumptions used to attain the high efficiency values mentioned above do not
represent best practice and/or realistic operating conditions with regard to temperatures, air flow
rates, duct and piping losses, fan and pump power requirements, dehumidification requirements,
and heating mode air delivery comfort. This article will offer simple and more transparent
alternatives to the current rating systems that will enable consumers, engineers, and electric
utilities to more easily evaluate equipment performance, economic value, and impact on electric
utility load factors.
Ten Loopholes in ASHP Ratings (AHRI, 2008) and Related Practices
1) SEER for ASHPs is based on an IAT of 80°F (27°C) and an OAT of 82°F (28°C).
2) SEER for multi- and variable-capacity ASHPs is based on an IAT of 80°F (27°C) and 66% of
the rating points are at OATs of 67°F, 72°F and 77°F. (So the outdoor air is colder than the
indoor air for 66% of the numbers used to calculate cooling efficiency).
3) There is no upper limit to the airflow rate for the SEER and HSPF ratings. This could result
in equipment being rated with no dehumidification capacity in cooling and relatively cool air
being blown on occupants at high velocity in heating.
4) SEER and HSPF are based on air filter losses of 0.08 inches of water (20 Pa) and external
static pressure (duct losses) of 0.1 to 0.2 inches of water (25 to 50 Pa). Actual combined
requirements are typically 3 to 5 times greater with effective filters and typical duct designs
(AAF, 2012, Parker and Proctor, 2001).
5) The method of computing HSPF assumes 34% of the OATs are above 50°F (10°C),
conditions for which energy efficient buildings have little or no heating requirement.
6) HSPF calculation assumes the maximum heating load is twice the heat pump capacity at
47°F (8°C) OAT. If the capacity at this temperature could be reduced (which is easy with
variable capacity heat pumps), the heating loads would be reduced at lower temperatures
where COPs are low and auxiliary heat is needed. This would result in a higher HSPF even
though the unit efficiency is the same.
7) The bin method of computing HSPF assumes the IAT for heating is 5°F (3°C) higher than the
cooling mode set point even though the calculations assume the heating IAT is 70°F (21°C)
and the cooling IAT is 80°F (27°C). (See Sidebar).
8) The coefficient of performance (COP) of ASHPs at an OAT of 17°F (-8°C) is not reported in
the Directory of Certified Product Performance (AHRI, 2013) although the corresponding
heating capacity is listed. Without COP, the computations of auxiliary heating capacity and
net COP are impossible.
Page 22 of 30

Attachments
Denver, Colorado Winter Meeting
Tuesday, 25 June, 2013
9) There are no requirements to rate performance of ASHPs at OATs above 95°F (35°C) or
below 17°F (-8°C), conditions which frequently occur.
10) The rating standard for ASHPs (ANSI/AHRI Standard 210/240) is a complex 130-page
document with detailed computations, assumptions and possibly additional loopholes.
Ten Loopholes in WSHP (ASHRAE, 1998) Ratings and Related Practices
1. The full load energy efficiency ratio (EER) for single speed WSHPs is based on an ELT
of 77°F (25°C) and an IAT of 80.6°F (27°C).
2. The rated part-load energy efficiency ratio (EER) for multi- and variable-capacity
WSHPs is based on an ELT of 68°F (20°C) and an IAT of 80.6°F (27°C).
3. Manufacturers and vendors can also choose to advertize EERs with 59°F (15°C) ELT and
an IAT of 80.6°F (27°C). Thus 41 EERs are possible since the condenser fluid is 22°F
(12°C) colder than the evaporator fluid. (This is like rating car mpg going downhill.)
4. WAHP EER and COP ratings include no fan power to circulate air through the ductwork.
5. WAHP EER and COP ratings include no power to circulate liquid through the piping.
6. There is no limit to the airflow rate for the EER and COP ratings which could result in
equipment being rated with no dehumidification capacity in cooling and relatively cool
air delivery temperatures with high velocity in heating.
7. The standard rates heat pumps with 0.0 ESP. Since air will not flow through the test
chamber at 0.0 ESP, the procedure permits an assumed power to be subtracted from the
required power to distribute the air. Thus, the fan power used to compute EER could be
negative if the actual fan efficiency is greater than the assumed efficiency.
8. WAHP EER and COP are based on air filter losses of 0.08 inches of water (20 Pa).
9. There are no requirements to rate performance of water-to-air heat pumps at EWTs above
86°F (30°C), a condition which frequently occurs.
10. The performance of alternative refrigerant R-410a has a significantly lower efficiency at
elevated water loop temperatures compared to R-22.
Energy Use Prediction with Single Rating Point
The desire to have single measure efficiency ratings for equipment developed in the 1970s so
that energy costs could be predicted by using easy and quick calculations.
Cooling $ = Bldg. Load (Btu/h) × $/kWh × Oper. Hours ÷ SEER (Btu/W-h) × 1000 W/kW) (1)
Heating $ = Bldg. Load (Btu/h) × $/kWh × Oper. Hours ÷ HSPF (Btu/W-h) × 1000 W/kW) (2)
Results using these equations were acceptable estimates for occupants living in Climate Zone 4
who set their thermostats a little higher than the 78°F (26°C) President Jimmy Carter suggested
and had oversized ductwork and always clean, inefficient air filters. The calculation was
acceptable because there were consistent correlations between seasonal efficiency and efficiency
at more extreme conditions. The introduction of multi- and variable-capacity unitary equipment
has resulted in products that take advantage of loopholes in the rating procedures to generate
seasonal and part-load efficiencies that are significantly higher than equivalent constant speed
equipment. Consistent correlations SEER-to-EER (at 95°F/35°C) and HSPF-to-COP (at 17°F/Page 23 of 30

Attachments
Denver, Colorado Winter Meeting
Tuesday, 25 June, 2013
8°C) no longer exist. Table 1 compares a 19 SEER with a 14 SEER split-system product line
with matched coils (outdoor coil and indoor coil have similar capacity ratings). The table
demonstrates although the advertised efficiencies are 35% higher (19 vs. 14) and the actual
SEERs are 13.6% higher, but the EERs at 95°F (35°C) OAT are on an average 13.5% lower.
This type of equipment will negatively impact electric utility load factor since demand during
high OATs is increased while a decrease is experienced when OATs are mild.

Modern equipment performance is increasingly complex and applying simplistic equations in the
form of (1) and (2) are likely to lead to gross errors. SEER and HSPF were never intended to be
used in detailed energy calculations. In order to be accurate, models of equipment performance
must be adjusted for a variety of temperatures and comfort conditions. The only verifiable
operating point for cooling operation is EER and capacity at 95°F (35°C) OAT. It is not known if
SEER rating is based on a bin calculation or performance at 82°F (28°C) OAT. Furthermore, the
single point values contain no information regarding latent capacity needed to ensure comfort
conditions are satisfied. Energy calculations that use single point ratings (like SEER, HSPF) to
model modern HVAC equipment will result significant error.
Table 1 also indicates the actual values of the 19 SEER product line are less than 19. When a
small outdoor unit is matched with a large indoor unit, the resulting SEER will typically have a
higher SEER than one for match coils. If one or more of the indoor-outdoor combinations
attains a 19 SEER, the entire product line is advertized as 19 SEER.
Additionally, product data of certified efficiency are becoming less convenient to access for
those who conduct energy studies. The data in Table 1 is taken from 2003 product literature, a
portion of which is shown in the top half of Figure 1. Although the EER at 95°F (35°C) is
shown, COP at 17°F (-8°C) is not. The lower portion of Figure 1 demonstrates the newer format
of this manufacturer that does not list EER at 95°F (35°C) or COP at 17°F (-8°C). It is possible
that the omission of EER and COP listings at extreme temperatures is not accidental and the
values are likely to be mediocre compared to less costly single-speed high efficiency products.
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The Big Impact of Fan Power on Cooling Efficiency
The heat pump that achieved an EER of 41 at part-load conditions has a full load EER of 21.7
Btu/W-h and a rated cooling capacity of 46,000 Btu/h (13.5 kW) with an air flow rate of 1500
cfm (708 Lps). The rated power input is therefore,

The heat pump capacity must also be adjusted due to the added fan heat.
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Since the EER at part-load was rated with the full load air flow rate the full-load corrections
apply to fan power (423 W) and total capacity (-1440 Btu/h). The rated part load capacity is
19,000 Btu/h (5.6 kW) and the rated power is 463 watts (= 19000 Btu/h ÷ 41 Btu/W-h).

The full load EER declined from 21.7 to 17.5 Btu/W-h while the part-load EER declined from 41
to 19.8 Btu/W-h. Thus, the omission of the full fan power in the ratings for both WSHPs and
ASHPs is highly significant at full load and borders on deceptive at part-load.
A simple and transparent alternative
Table 2 outlines the recommended rating conditions for ASHPs and WSHPs. These conditions
simplify the rating procedure, provide a breath to include almost all climates, and provide
realistic external constraints (air and water flow rates, fan and pump pressures). It will permit
interpolation of non-rated conditions rather than excessive extrapolation. Table 3 includes
recommendations for water-to-water heat pumps.
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Advantages of Proposed Rating Conditions
1.
2.
3.
4.
5.

6.
7.
8.

9.

Performance can be certified at a broad range of outdoor and water loop conditions that
reflect nearly all climates in which heat pumps are applied.
Indoor conditions would reflect realistic air distribution and air filter losses so that fan
power and heat penalties would be appropriate.
Realistic air distribution pressures would likely result in the abandonment of inefficient
forward-curve fan wheels toward more efficient designs (Kavanaugh, 2012).
Indoor air flows would reflect rates that result in known latent heat capacities in cooling
and comfortable air delivery temperatures and velocities in heating.
5. The requirement to report sensible cooling capacity (and therefore latent capacity)
would impose no additional testing requirements since the necessary input values are all
available for the total cooling capacity calculation.
ASHPs and WSHPs would have a common rating system so that comparisons of
alternatives will be less subject to deception by overly aggressive sales personnel.
Electric utilities would be able to more accurately predict demand in the many locations
with OATs significantly higher than the current maximum rating point of 95°F (35°C).
Energy models would likewise more accurately predict energy consumption since the
introduction of a broad range outdoor air and water loop temperatures would result in
more accurate interpolations rather excessive extrapolations from a single rating
condition.
The data listing will permit regional, state, or local authorities to select appropriate
rating points to use for code compliance and incentives or values can be used to develop
seasonal efficiencies appropriate to local climates.

Summary
1. The current rating standards for unitary ASHP and WSHP are outdated and allow gaming
of loopholes to achieve high seasonal and part-load ratings that do accurately reflect
conditions that normally occur in actual installations.
2. Inflated seasonal and part-load ratings are being aggressively marketed while full-load
ratings are not as easy to access.
3. When the performance ratings of multi- and variable- capacity units are corrected to
conditions and constraints that are more likely occur, efficiency improvements are
modest or non-existent compared to high efficiency single-speed equipment.
4. The ASHP seasonal efficiency rating conditions contain a very high weighting toward
mild outdoor temperatures while the entering water temperatures used in the WSHP
cooling efficiency ratings can be as much as 22°F (12°C) lower than the indoor air
temperature.
5. The ASHP ratings contain minimal certified rating points which make energy
calculations ineffective for climates and constraints that are different than the
assumptions used.
6. The rating procedures for ASHPs and WSHPs are substantially different, thus
comparisons of alternatives are subject to error and misuse.
7. A revised and simpler multi-point rating procedure is necessary to more accurately reflect
conditions and constraints that normally occur in actual installations and varied climates.
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