INVITATION TO SUBMIT A RESEARCH PROPOSAL ON AN ASHRAE RESEARCH PROJECT
1884-TRP, The incorporation of odorants in refrigerants to improve leak detection (Experimental Phase III)

Attached is a Request-for-Proposal (RFP) for a project dealing with a subject in which you, or your institution have
expressed interest. Should you decide not to submit a proposal, please circulate it to any colleague who might have
interest in this subject.

Sponsoring Committee: TC 3.1, Refrigerants and Secondary Coolants
Co-sponsored by: MTG for Low Global Warming Potential Refrigerants

Budget Range:  $150,000 may be more or less as determined by value of proposal and competing proposals.
Scheduled Project Start Date: April 1, 2023 or later.

All proposals must be received at ASHRAE Headquarters by 8:00 AM, EST, December 15, 2022. NO
EXCEPTIONS., NO EXTENSIONS. Electronic copies must be sent to rpbids@ashrae.org. Electronic
signatures must be scanned and added to the file before submitting. The submission title line should read:
1884-TRP, The incorporation of odorants in refrigerants to improve leak detection (Experimental Phase), and
“Bidding Institutions Name” (electronic pdf format, ASHRAE’s server will accept up to 10MB)

If you have questions concerning the Project, we suggest you contact one of the individuals listed below:

For Technical Matters: For Administrative or Procedural Matters:
Technical Contact Manager of Research & Technical Services (MORTS)
Marc Scancarello Michael R. Vaughn

Emerson ASHRAE, Inc.

1675 West Campbell Rd. 180 Technology Parkway, NW

Sidney, OH 45373 Peachtree Corners, GA 30092

Phone: 937-726-0668 Phone: 404-636-8400

E-Mail: marc.scancarello@emerson.com Fax: 678-539-2111

E-Mail: MORTS@ashrae.net

Contractors intending to submit a proposal should so notify, by mail or e-mail, the Manager of Research and
Technical Services, (MORTS) by December 1%, 2022 in order that any late or additional information on the RFP
may be furnished to them prior to the bid due date.

All proposals must be submitted electronically. All other correspondence must be sent to
Electronic submissions require a PDF file containing ddaniel@ashrae.org and mvaughn@ashrae.org.
the complete proposal preceded by signed copies of Hardcopy submissions are not permitted. In all
the two forms listed below in the order listed below. cases, the proposal must be submitted to
ALL electronic _proposals are to be sent to ASHRAE by 8:00 AM, EST, December 15, 2022.
rpbids@ashrae.org. NO EXCEPTIONS, NO EXTENSIONS.

The following forms (Application for Grant of Funds and the Additional Information form have been combined)
must accompany the proposal:

(1) ASHRAE Application for Grant of Funds (electronic signature required) and
(2) Additional Information for Contractors (electronic signature required) ASHRAE Application for Grant of
Funds (signed) and

ASHRAE reserves the right to reject any or all bids.


mailto:rpbids@ashrae.org
mailto:marc.scancarello@emerson.com
mailto:rpbids@ashrae.org
mailto:ddaniel@ashrae.org
mailto:mvaughn@ashrae.org

State of the Art (Background)

The state-of-the-art to detect leaks is electronic leak detectors. However, they are new to the residential HVACR
industry. Their reliability and lifespan are not precisely known. There are also concerns about false negative and
false positive signals as well as calibration frequency. With that said, much work is currently underway to resolve
these sensor performance questions, and the results are forthcoming. Considering this uncertainty, due diligence
dictates the consideration of odorants.

Until now, there has not been a strong motivation to odorize refrigerants because the previous and current
refrigerants for occupied spaces were mostly non-flammable. The ability to smell a leak would not only benefit the
consumer, but would also create a safer working environment for the HVACR manufacturer and field service
personnel. A legacy example where an odor has had a benefit is with ammonia, which of course is naturally
odorized. The pungent smell of ammonia has likely saved lives. In Europe, Propane has been used in refrigeration
systems for many years without an odorant, but the refrigerant charge has been intentionally limited to 57-150
grams. However, there are discussions in Standards committees today that are allowing larger refrigerant charge
limits for both A2L and A3 flammable refrigerants. Some of the ways larger charges are being justified are by using
leak detection sensors, room size restrictions, solenoid valves to limit the releasable charge and emergency
ventilation mitigation. Odorizing would be one more way to help assure public safety.

This research is justified because there are many technical challenges associated with the use of odorants in
HVACR. One reason is the concern that odorant additives would not be chemically stable inside a complex
hermetically sealed unit for the life of the system. There are many challenging conditions, such as: Temperature and
pressure extremes, phase changes and preferential solubility in the lubricant. Other concerns are system efficiency
effects, valve clogging or degradation of the materials-of-construction. However, many of these concerns are
hypothetical in nature and/or based on the attempts made to odorize older refrigerants, such as CFC's and HCFC's.
A comprehensive study has yet to be done with the newer Low Global Warming Potential refrigerant compositions.
These new refrigerants and their associated oils may react more favorably to odorization.

Key and ancillary references are cited and two patents are listed.

Justification and Value to ASHRAE

There are many technical committees, standards committees, research and MTG's within ASHRAE working toward
implementing flammable low global warming refrigerants. This study is equally important, and its aim is precisely
aligned with these other efforts. ASHRAE's members will undoubtedly benefit from this research since it is rooted
in improving public safety.

This study would apply to the following 2010-2018 ASHRAE Research Plan goals:

Plan Goal 8 : Facilitate the use of natural and low global warming potential (GWP) synthetic refrigerants and seek
methods to reduce their charge

Objectives

1 - Effectively incorporate natural and low GWP synthetic refrigerants in Air Conditioning & Refrigeration
(AC&R) equipment.

Technical Challenges

1 - Use of natural refrigerants that are identified as toxic or flammable by regulatory authorities.

Needed Research 9

Develop basic data to support industry risk assessments to determine what types of applications can use flammable
or toxic refrigerants safely and what system modifications could be made to improve safety.

Potential Co-Funding: None

Objectives
To empirically determine if odorants can satisfy the requirements set forth herein by examining both the

fundamental properties of the refrigerants and oils using standardized bench tests as well as how well they perform



in a system, including detectability. It is not the intent of this research to broadly approve odorants for all
refrigerants and applications or equipment. The objective is to use a couple of proxy systems and conditions with the
goal of giving the industry an 'initial assessment' about the efficacy of odorant feasibility.

If no current-day odorant passes this experimental screening, it may inspire other researchers to invent a new
odorant molecule for the HVAC&R industry. The invention of new odorants is not within the scope of this study.

Scope:
The testing shall be phased (gated with milestones) in terms of both money outlay and effort. The project may be

halted at any point if the PMS deems it necessary based on the results. Phases 1 and 2 are complete. ASHRAE
funded Phase 1 and the Consumer Products Safety Commission funded Phase 2. It is the intent that ASHRAE fund
Phase 3 (current Phase) and Phase 4 will be considered later, pending the results of phase 3.

Phase No. _Approx. Duration *Task/Milestone (See below for details) Status
(Mos.)
L. 3 -White Paper Study

-Confirm final down-selected list of odorants, refrigerants and oils
-Determine odorant threshold concentration ranges

to test for each. COMPLETED
(ASHRAE funded)
2. 3 -Perform ASHRAE Std. 97 Chemical Stability Screening on
36 samples. COMPLETED
(CPSC funded)
3. 8 -Systems Testing

-Using a system circuit with an evaporator, condenser and line-set, CURRENT RFP
determine: The odorizing effectiveness over time, the odorant
concentration distribution around the circuit and within the
refrigerant vs. the oil.

4, 3 Systems performance testing, Materials Compatibility testing TBD

Test Matrix Summary:

Refrigerant/Lubricant Odorant

Dimethyl Sulfide, | Methyl Ethyl Sulfide, | Trimethylamine,




150 ppm 150 ppm 50 ppm
R32/PAG Y Y N
R32/POE Y Y N
R32/PVE Y Y N
R1234yf/PAG Y Y Y
R1234y{/POE Y N Y
R1234yf/PVE N N Y
R290/PAG Y Y Y
R290/POE Y Y Y
R290/PVE Y N N

*The following are more detailed descriptions of the tests shown above. The lighter font text are for projects already
completed or planned for the future.

1 -To determine whether the list of down-selected odorants from the prior ASHRAE RP 1794 is complete and
accurate. The contractor should assure that the toxicity of the odorants at the concentrations being considered is
acceptable and safe. Both outside resources (from any new information) and the prior ASHRAE RP1794 study
should be considered. Three refrigerants shall be tested (a single component A2L, an A2L blend and one
hydrocarbon, likely propane). Two odorants each for the A2L's and 5 odorants each for the A3 shall be tested. Two
oils shall be tested for each refrigerant. Also, two concentrations of odorants shall be PMS. Odorant concentration
determination: This effort will include identifying the concentration range of odorant needed that is released from
the refrigerant and oil mixture which an operator is able to detect (and identifying the concentration which an
operator is barely able to detect), so two concentration values. Evaluate effective vapor concentration methods using
applicable analytical techniques for use in downstream odorant distribution assessments.

2 - Chemical Stability Screening: This effort will include sealed pressure vessel testing (ASHRAE Std. 97) to
evaluate the impact of the odorants on the chemical and thermal stability of the mixture
(refrigerant+lubricant+odorant+metal catalysts). 36 samples described in (1) above shall be tested. A replicate of
three for each combination (as per ASHRAE Std. 97) shall be performed (3 x 36 total sealed pressure vessels).
Stability of both the odorant itself and its effect on the refrigerant and lubricant shall be assessed.

Phase 3. Systems Testing

Odorant Distribution and Effectiveness over Time: Since it is important to assure that during a refrigerant leak
the odorant concentration is sufficient to be detected via smell, understanding the uniformity-of-concentration
within the refrigeration circuit is critical. Therefore, in this research, the odorant concentration must be
measured at locations within the circuit that allow analysis of: The oil itself, the vapor refrigerant (or mostly
vapor) and the liquid refrigerant. The sampling orifice should be small enough to simulate a leak in a real
system (perhaps the size of a capillary tube). It is required that an actual refrigerant circuit with a operating
condenser and evaporator be used. Either a laboratory bench set-up loop, a trainer system or a production OEM
unit may be used. A stable AHRI standard running condition shall be chosen where the system cycles on-and-
off. The chemical analytical method chosen must have sufficient sensitivity to detect PPM levels of the
odorants.

Likewise, it is important to understand if the odorant lasts sufficiently long in a working system or does it ‘fade’
with time. This effort will include measurement of odorant concentration in the refrigerant vapor phase once it
has been used in refrigeration loop for an extended period. This task will also help determine the quantity of
odorant to be initially added to a particular real system. The pipe walls and other system components (including
the oil) may absorb the odorant and render it less effective because of its reduced concentration in the
refrigerant. A filter drier shall not be used for this study. The test shall be terminated if the odorant
concentration falls below the documented and accepted threshold for human detection for that particular
odorant.



4 - Materials Compatibility testing (Not currently funded by ASHRAE): This effort will include performing the
compatibility tests between the odorants and certain standard HVAC&R materials-of-construction, such as brass,
copper, rubber seals, nylon and other polymers and potentially some reactive process chemicals, such as tube
forming lubricants. These tests will address issues related to solvation, crazing, embrittlement, corrosion and any
reactions due to addition of odorant in the refrigerant. This would only be a cursory study with common materials.
It is anticipated that the current AHRTI/DOE MCLR project will fund this tested for every sample. This yields 36
total refrigerant/odorant/oil combinations. The specific refrigerants and oils shall be chosen by the part.

Note: Safe practices will need to be followed by the contractor when dealing with all flammable refrigerants and the
odorants.

Some standard tests which may be used for the above activities are listed below:

o ASTM E679-19, Standard Practice for Determination of Odor and Taste Threshold by a Forced-Choice
Ascending Concentration Series Method of Limits, American Society for Testing and Materials, Philadelphia, PA:
1991.

o ASTM E544-18, Standard Practice for Suprathreshold Odor Intensity Measurement, American Society for Testing
and Materials, Philadelphia, PA: 1999.

e ASHRAE Standard 97 — Sealed Glass Tube Method to Test the Chemical Stability of Material for Use within
Refrigeration Systems

o AHRI 340/360: Performance Rating of Commercial and Industrial Unitary Air-Conditioning and Heat Pump
Equipment

Deliverables:

1. Contractor will meet with the Project Monitoring Subcommittee (PMS) to kick-off the project and confirm
understanding of the goals and the details of the work statement. This may be done via teleconference.

2. The contractor will prepare a project plan with a time-line. This may be in the form of a presentation. The PMS
will review this and discuss any other remaining issues with the contractor. This may be done via teleconference.
3. Intermediate report 1: The contractor shall prepare a presentation.

4. Intermediate report 2: The contractor shall prepare a presentation.

5. Intermediate report 3: The contractor shall prepare a presentation.

6. The contractor shall prepare a final presentation.

Progress, Financial and Final Reports, Technical Paper(s), and Data shall constitute the deliverables (“Deliverables™)
under this Agreement and shall be provided as follows:

a. Progress and Financial Reports

Progress and Financial Reports, in a form approved by the Society, shall be made to the Society through its
Manager of Research and Technical Services at quarterly intervals; specifically on or before each January 1,
April 1, June 10, and October 1 of the contract period.

The following deliverables shall be provided to the Project Monitoring Subcommittee (PMS) as described in
the Scope/Technical Approach section above, as they are available:

Furthermore, the Institution’s Principal Investigator, subject to the Society’s approval, shall, during the period
of performance and after the Final Report has been submitted, report in person to the sponsoring Technical
Committee/Task Group (TC/TG) at the annual and winter meetings, and be available to answer such questions
regarding the research as may arise.

b. Final Report

A written report, design guide, or manual, (collectively, “Final Report™), in a form approved by the Society, shall
be prepared by the Institution and submitted to the Society’s Manager of Research and Technical Services by the
end of the Agreement term, containing complete details of all research carried out under this Agreement,
including a summary of the control strategy and savings guidelines. Unless otherwise specified, the final draft
report shall be furnished, electronically for review by the Society’s Project Monitoring Subcommittee (PMS).



Tabulated values for all measurements shall be provided as an appendix to the final report (for measurements
which are adjusted by correction factors, also tabulate the corrected results and clearly show the method used
for correction).

Following approval by the PMS and the TC/TG, in their sole discretion, final copies of the Final Report will be
furnished by the Institution as follows:

-An executive summary in a form suitable for wide distribution to the industry and to the public.
-Two copies; one in PDF format and one in Microsoft Word.

c. Science & Technology for the Built Environment or ASHRAE Transactions Technical Papers

One or more papers shall be submitted first to the ASHRAE Manager of Research and Technical Services
(MORTS) and then to the “ASHRAE Manuscript Central” website-based manuscript review system in a
form and containing such information as designated by the Society suitable for publication. Papers
specified as deliverables should be submitted as either Research Papers for HVAC&R Research or
Technical Paper(s) for ASHRAE Transactions. Research papers contain generalized results of long-term
archival value, whereas technical papers are appropriate for applied research of shorter-term value,
ASHRAE Conference papers are not acceptable as deliverables from ASHRAE research projects. The
paper(s) shall conform to the instructions posted in “Manuscript Central” for an ASHRAE Transactions
Technical or HVAC&R Research papers. The paper title shall contain the research project number (1884-
RP) at the end of the title in parentheses, e.g., (1884-RP).

All papers or articles prepared in connection with an ASHRAE research project, which are being submitted
for inclusion in any ASHRAE publication, shall be submitted through the Manager of Research and
Technical Services first and not to the publication's editor or Program Committee.

d. Data
Data is defined in General Condition VI, “DATA”
e. Project Synopsis

A written synopsis totaling approximately 100 words in length and written for a broad technical audience,
which documents 1. Main findings of research project, 2. Why findings are significant, and 3. How the
findings benefit ASHRAE membership and/or society in general shall be submitted to the Manager of
Research and Technical Services by the end of the Agreement term for publication in ASHRAE Insights

The Society may request the Institution submit a technical article suitable for publication in the Society’s ASHRAE
JOURNAL. This is considered a voluntary submission and not a Deliverable. Technical articles shall be prepared
using dual units; e.g., rational inch-pound with equivalent SI units shown parenthetically. SI usage shall be in
accordance with [IEEE/ASTM Standard SI-10.

Level of Effort
Approx. Funding amount: $150,000  Professional Months: Total: Est. 12 months

Proposal Evaluation Criteria
Proposals submitted to ASHRAE for this project should include the following minimum information:

Weighting
No. | Proposal Review Criterion Factor
1 Contractor's understanding of Work Statement as revealed in proposal. 10%

a) Logistical problems associated
b) Technical problems associated

2 | Quality of methodology proposed for conducting research. 20%




a) Organization of project
b) Management plan

3 | Contractor's capability in terms of facilities. 20%
a) Managerial support
b) Data collection and c¢) Technical expertise

4 | Qualifications of personnel for this project. 30%
a) Project team 'well rounded' in terms of qualifications and experience in related work
b) Project manager person directly responsible; experience and corporate position

¢) Team members' qualifications and experience

d) Time commitment of Principal Investigator

5 | Probability of contractor's research plan meeting the objectives of the Work Statement. 15%
a) Detailed and logical work plan with major tasks and key milestones
b) All technical and logistic factors considered

¢) Reasonableness of project schedule

6 | Performance of contractor on prior ASHRAE or other projects 5%

Project Milestones

No. Major Project Completion Milestone Deadline
Month

1 -Confirm final down-selected list of odorants, refrigerants and oils -Determine odorant 3 months
threshold concentration ranges to test for each.

2 Perform ASHRAE Std. 97 Chemical Stability Screening on 36 samples. 3 months

3 Using a system circuit with an evaporator and condenser, determine: The odorant 4 months
effectiveness over time, the odorant concentration distribution around the circuit and the
impact of the odorant addition on the system performance.

4 Material Compatibility tests (if DOE funding approved) 3 months
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