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Introduction

Refrigerants are found in nearly every building. They are the workhorses of most heating,
ventilating, and air-conditioning (HVAC) and refrigeration systems. They play a crucial role in
air-conditioning systems, refrigeration equipment, water coolers, ice makers, dehumidifiers, heat
pumps, and more. Figure 1 shows a sample of common locations for refrigerants in and around a
facility. Some equipment, such as refrigerators and ice makers, come with refrigerant
preinstalled at the time of equipment manufacture, while other equipment such as variable
refrigerant flow HVAC systems may require the refrigerant to be added during equipment
installation.

Refrigerated Trailers

e - Direct Expansion
NG -4 Air-Conditioning System

Automotive
Air-Conditioning
System

Walk-In Refrigerator/
Freezer and Ice Make

Figure 1. Example refrigerant locations throughout a facility.

Credit: Marjorie Schott, NLR, with components from Pond5.com

Regardless of the application, all refrigerants share a common purpose—to move heat from one
location to another. In practice, there are a variety of chemicals that do this, and their properties
can be dramatically different. ASHRAE Standard 34! defines toxicity and flammability
properties for refrigerants (Figure 2). Some refrigerants have been or are being phased out of use
or are not yet commonly adopted across equipment types. In addition, some refrigerants work
better at certain temperatures than others.

Thttps://www.ashrae.org/file%?20library/technical%20resources/standards%20and%20guidelines/standards%20adde
nda/34 2019 f 20191213.pdf
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Safety classification. Because refrigerants are used in buildings, their relative toxicity and
flammability are important safety indicators. These parameters have standard classifications
described in Figure 2.
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Figure 2. Toxicity and flammability classifications of refrigerants as defined by ASHRAE Standard
34

Credit: Marjorie Schoft, NLR

Toxicity is described using alphabetical designations. Class A indicates refrigerants with low
toxicity and class B indicates refrigerants with high toxicity. Flammability is classified according
to flame spread speeds, and ASHRAE Standard 34 uses this information to characterize
flammability. One (1) indicates no flame propagation, 2L indicates low flammability, 2 indicates
flammability, and 3 indicates high flammability.

Common refrigerants. There are many common refrigerants, and Table 1 describes a sampling
of them as well as their classifications and types, ozone depletion potential (ODP), global
warming potential (GWP), and current status or use. Natural refrigerants are a class of
refrigerants that are not hydrofluorocarbons (HFCs), can exist naturally, and are not derived as a
manufactured product.

GWP values reference the atmospheric heating impact relative to carbon dioxide (CO3), which
has a GWP value of one. In other words, one pound of R-22 has the same impact as 1810 pounds
(approximately one ton) of CO». Newer refrigerants have GWP values closer to one or zero.

Because of the wide variety of refrigerant applications and classifications, it is important
to develop a refrigerant management plan to track locations, types, and quantities of
refrigerants throughout a facility or a portfolio of facilities.
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ODP values reference the amount of degradation a chemical can cause to the ozone layer relative
to trichlorofluoromethane (CFC-11, also referred to as R-11). R-11 has an ODP of 1.0.2 Newer
refrigerants have ODP values of zero or close to zero. Note that the scale of measurement is
different between GWP and ODP.

Table 1. Sampling of Common Refrigerants and Their Properties

Classification

Refrigerant

Status/Use
Type Class |ODP Gwp
(100 year)
R-11 CFC A1 1.0 47503 Phased out*
R-12 CFC A1 1.0 109003 Phased out*
R-22 (Freon™) |HCFC A1 0.05 18103 Phased out*
R-404A HFC A1 0 39223 Phased out*
R-32 HFC AL 0 675 Window air-conditioner units, HVAC
systems
R-134A HFC A1 0 14303 Automotive air conditioning, commercial
refrigeration, chillers
Packaged HVAC (RTUs, split systems,
- 3
R-410A HFC A1 0 2088 VRF)*
HFO/HFC Residential, small commercial stationary
Reeid blend A2l ¢ alelE air-conditioning systems
R-1234yf HFO A2L 0 4 Mobile, stationary HVAC, refrigeration

Supermarket refrigeration systems,
R-744 (CO2) Alternative A1 0 1 refrigerated warehouses, heat pump
water heaters, air-to-water heat pumps*

Large (warehouse and industrial)

R-717 (NHs) Alternative B2L 0 0 : : p
refrigeration systems
Small packaged systems, e.g.,
R-290 Alternative refrigerators, freezers, ice machines,
A3 0 <1 . . . N
(propane) hydrocarbon vending machines, small air-conditioning
systems*
R-600a Alternative Refrigerators, freezers, ice machines,
: A3 0 <1 . o]
(isobutane) hydrocarbon vending machines

Key: GWP: global warming potential; ODP: ozone depletion potential; CFC: chlorofluorocarbons; HCFC:
hydrochlorofluorocarbon; HFC: hydrofluorocarbon; HFO: hydrofluoroolefin; HVAC: heating, ventilating, and air
conditioning; RTU: rooftop unit; VRF: variable refrigerant flow; CO2: carbon dioxide; NHs: ammonia

*The refrigerant may be phased out of new equipment manufacturing, but it can still be found in some existing,
operational equipment.

2 https://www.epa.gov/ozone-layer-protection/ozone-depleting-substances
3 https://ww2.arb.ca.gov/resources/documents/high-gwp-refrigerants
4 https://www.nrel.gov/docs/fy230sti/85155.pdf
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Reasons for tracking refrigerants. Because of the wide variety of refrigerant applications and
classifications, it is important to develop a refrigerant management plan to track locations, types,
and quantities of refrigerants throughout a facility or a portfolio of facilities. Building owners
track refrigerants for several reasons, including:

e Reducing cost and optimizing performance. Each piece of equipment is designed to
use a specific amount of refrigerant. The amount of refrigerant is also referred to as the
refrigerant charge. The refrigerant is at a different pressure than the air around the unit;
therefore, it is prone to leak through worn seals, poor piping joints, and valves. Without
the correct charge, the equipment will not operate at the rated efficiency, which can
increase operational costs and shorten equipment lifetimes. There is also cost associated
with adding the lost refrigerant, including both the service to replace and the expense of
purchasing the added refrigerant.

e Mitigating risk. Tracking the quantity of refrigerants currently in use and the anticipated
lifetimes of equipment using them will help reduce risk related to increased maintenance
and operational costs of refrigerant leakage. Some refrigerants are blends that contain
different refrigerants. When they leak, the different refrigerants leak at different rates.
Just adding the original refrigerant may or may not be effective, resulting in more repair
costs. A refrigerant management plan can help track equipment issues and allow owners
to be proactive to avoid costly repairs, equipment replacement, and, in some cases, local
compliance issues, including refrigerant disposal.

e Complying with protocols. The 1987 Montreal Protocol on Substances that Deplete the
Ozone Layer is a global agreement that phases out ozone-depleting substances. The most
recent amendment to the Montreal Protocol, the Kigali Amendment, calls for the
phasedown of HFCs by 2047. The American Innovation and Manufacturing (AIM) Act
2020 HFC Phasedown® outlines the phasedown of widely used HFCs over a 15-year
schedule. The Act introduces technology-specific restrictions for the transition. It does
not require discontinuing systems currently in use, but it does raise awareness about the
potentially higher cost of legacy refrigerants.

Decisions about equipment design and form factors (the physical design and layout of the
equipment®) can reduce refrigerant charge without impacting performance, reduce leakage, and
minimize human exposure to dangerous chemicals.’” For example, a monoblock system (e.g.,
self-contained refrigeration systems that integrate both the condensing and evaporating units
within a single piece of equipment) will have less refrigerant charge, and refrigerant is installed
by the manufacturer at the factory. Conversely, VRF systems will have more refrigerant charge
and will have field-installed equipment that has more opportunity to leak. Knowing where
refrigerants are in the building and the types of refrigerants in each application will contribute to
more efficient operations, lower costs, and overall risk reduction.

5 https://www.epa.gov/climate-hfcs-reduction/background-hfcs-and-aim-act

¢ https://www.culinarydepotinc.com/blog/refrigerator-freezer-form-factor-
comparison/?srsltid=AfmBOorVIEpBSiwypn7¢cmM48QROwnHgADy 1 yKW9Etjcntkr0a8ojy W8x
7 https:/refindustry.com/articles/techguides/refrigerant-overview-in-the-rachp-industry/#:
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How To Use This Guide

This document can help support a portfolio-wide refrigerant action plan. Through a series of
steps, it outlines the information needed to establish a refrigerant inventory, develops refrigerant
management goals, and prioritizes actions to achieve those goals. An effective plan measures the
current state of refrigerants in a building and provides next steps. These next steps move the
organization towards energy goals while strengthening the organization’s business case. The
accompanying document [https:// www.nlr.gov/docs/fy260sti/95392 ActionPlanWorksheet.docx]
provides a blank worksheet to help stakeholders document the inventory, goals, and suggested
actions in the following five steps:

Provide an organizational profile
Establish refrigerant management goals
Complete a refrigeration equipment inventory

Develop a refrigerant charge maintenance inventory

A

Take action.

Step 1. Provide an Organizational Profile
Date: April 2026

Organization Name: ABC Investment Trust

Point of Contact (name, email): Jane Smith, Jane@ABCInvestmentTrust.com
Step 2. Establish Refrigerant Management Goals

Describe your refrigerant management goals:

e What are your organization’s refrigerant-related goals? Why is it important for your
organization to track refrigerants? How does it improve your organization’s bottom line?
The best goals can be measured to determine whether they have been met. In addition,
goals can be time-bound to determine whether a goal has been achieved by a specific
date. Do you have management support? Do you have partners among your installers and
suppliers? Who needs to be engaged? Example goals could include:

o Service equipment annually. Add refrigerant as necessary to maintain the
specified efficiency. Well-maintained equipment that operates effectively and
efficiently can:

— Increase equipment service lives

— Keep occupants comfortable and productive

— Reduce operating costs, both in terms of maintenance and operational cost
— Minimize equipment downtime.

o Track refrigerant losses and report on the impacts of refrigerant releases as part of
corporate reporting. Catching leaks quickly saves money and protects equipment.
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o Minimize leaks and use smaller quantities of refrigerant.

e What methods, tools, processes, and reporting platforms does your organization use to
track refrigerants? How will data be collected and where will the information be stored?
Who should have access to this information and in what form? Examples might include:

o Tracking small appliances that contain refrigerants

o Tracking maintenance records for equipment servicing, including the amount of
refrigerant added and the location of leak(s)®

o Identifying the person or team responsible for collecting the information
o Determining what software will be used to track information.

e How do these goals translate into facility-level targets? What are your implementation
strategies to achieve these targets? Example goals might include reducing the total
amount of refrigerant across a building portfolio or reducing refrigerant leaks across the
portfolio by a certain percentage.

Step 3. Complete a Refrigeration Equipment Inventory

To address refrigerant management goals, conduct a refrigerant inventory of the equipment to
help determine current refrigerant use and future needs. The first and most time-consuming part
of this step is a systematic walk-through of the site with a focus on the equipment, also referred
to as assets, covered in Table 2. Ideally, each asset would have a permanent tag (see Figure 3) to
identify it easily. In addition, as refrigerant consuming equipment is purchased (e.g., a new
HVAC unit), it should be tagged and inventoried, which may require coordination between
departments. This list can be created and maintained by facilities, accounting, or another
appropriate office and be updated by a facilities employee.

The information in Table 2 can be stored in software designed for refrigerant management or
asset management, or in a spreadsheet. Although Table 2 is designed for an individual building, a
column for building names could be added so that assets in multiple buildings can be organized
by, for example, refrigerant type or equipment age.

Some equipment has multiple refrigerant loops, often called refrigerant circuits. For example, a
two-stage air conditioner may have two compressors and two refrigerant circuits—essentially it
is two air conditioners housed in the same unit. Ideally, each circuit would be identified,
maintained, and tracked separately as different maintenance assets, a strategy that also helps
isolate problems when a system component has repeated issues.

For example, if a piece of equipment reports two compressor failures one month apart, it could
be an indication that both compressors failed in the unit or that the same compressor failed twice.
The latter should be studied carefully because it is a premature failure, while the former might be
normal based on the life of the equipment. Tracking by circuit rather than by piece of equipment
can help make this determination.

8 https://www.epa.gov/section608/recordkeeping-and-reporting-requirements-stationary-refrigeration
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In addition to the information in Table 2, please provide:

Site name: This can be the building name, an entire campus, or another boundary within which
information will be tracked and reported.

Site location and/or address: Address or location of the site.

Site manager or point of contact: Person familiar with the building who will be completing and
updating this form.

Point of contact phone and email: Contact information for the point of contact.

Table 2. Gathering Data on Refrigerant Use in Building Equipment Assets

Asset Asset |Asset tag Asset Dat? t tRefrigerant Manu.f:c;urer iAuLomatlc
description |location |number category equipment put|,, eq ~specitie eax

into service charge? detection?
a b c d e f g h

Description of the assets that contain refrigerant. For example, “Chiller 1” or “Refrigerator West RSF A
Wing.”

Room number or other identifier used to locate the asset.

In many organizations, assets are tagged as part of the inventory to track the asset and its value. Asset tags
are also used to determine when an asset will be retired or replaced. Often assets are tagged with barcodes
and can be scanned during a routine building sweep to verify that the asset still exists or to attach service
requests and repair reports. Figure 3 shows an example of a trackable asset tag. Each asset has a unique
identification number, which can be translated to a barcode for easy scanning during inventory sweeps or
maintenance logging.

Example categories include chiller, variable air volume system, rooftop unit, mini-split, refrigerator, freezer,
ice maker, and fleet vehicle air-conditioning unit.

This is usually the equipment installation date. For smaller pieces of equipment such as refrigerators,
however, it could be the purchase date. Although not a critical data point, it is often useful to know the age of
a piece of equipment, which could help determine how the equipment is serviced. For example, do you want
to replace or repair a piece of equipment that is 30 years old with an expected lifetime of 20 years?

If available, a description or chemical name of the refrigerant in the asset.

The manufacturer’'s recommended refrigerant charge for the asset or system, often measured in pounds or
kilograms. The manufacturer specifies the charge in the refrigerant circuit and if the service technician
notices that the charge is low, refrigerant is added until the refrigerant charge is at the manufacturer
recommended level.

7
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h. Note “yes” if the system is factory-sealed. Small appliances such as refrigerators, dehumidifiers, window air
conditioners, ice makers, freezers, and water coolers are factory-sealed systems. These systems often
indicate the refrigerant type and sometimes indicate the amount of refrigerant charge in the system. These
systems are often not repairable and cannot be recharged. In many cases, special procedures need to be
followed to dispose of this equipment.

e—
Eastford School Dist

il

592
Figure 3. Example of a permanent trackable asset tag in a school district.
Credit: Paul Torcellini, NLR

Step 4. Develop a Refrigerant Charge Maintenance Inventory

Step 4 is the core of the refrigerant tracking process. It describes maintenance functions during
which facility employees or contractors check the equipment refrigerant charge and perform
maintenance if the charge is incorrect. In many cases, refrigerant is only checked when
equipment is malfunctioning. If the refrigerant can be recharged, maintenance personnel can add
refrigerant during regular servicing and make a note of it in Table 3. In addition, equipment can
be routinely checked and a maintenance record created for each piece of equipment.

For equipment that cannot be repaired, workers can make a note in Table 3, dispose of the asset
appropriately,® purchase a new one, and add it to the inventory. This is an opportunity to review
goals about refrigerant selection and choose equipment that meets the organization’s refrigerant
goals (see Step 2).

? https://www.epa.gov/sites/default/files/documents/ConstrAndDemo EquipDisposal.pdf

8

This report is available at no cost from the National Laboratory of the Rockies (NLR) at www.nlr.gov/publications.


https://www.epa.gov/sites/default/files/documents/ConstrAndDemo_EquipDisposal.pdf

Table 3. Field Record of Refrigerant Maintenance

Amount of . .
. . - Other Maintenance | Location of
Refrigerant | Refrigerant | refrigerant . .
Asset tag maintenance | staff repair/leak
used (from | charge added L
number tasks member or (e.g., circuit,
Table 2) check date | (e.g.,
pounds) completed contractor component)

Step 5. Take Action

In Step 5, evaluate the current situation to determine whether it meets the goals identified in
previous steps. This step also contains information to help develop a plan that will help meet the
refrigerant goals set in Step 2.

How can you verify equipment is working properly?
Work with manufacturers to create a checklist for checking and maintaining equipment.

Set up a schedule for checking and maintaining equipment.
Identify personnel to execute checklist.

Do you have equipment that is always problematic (requiring refrigerant to be
added every year, for example)? Are there systems in the portfolio that are more
likely to leak or have recurring leaks or failures?

If so, consider locating the refrigerant leak and fixing it or determining whether it makes sense to
replace the equipment before its end of life.

Do you have equipment that is nearing its end of life? What happens to the
equipment at the end of life? Is the remaining refrigerant in retired equipment
recycled or thrown away?

If you have equipment nearing end of life, evaluate replacements that use refrigerants consistent
with your goals. Also consider equipment based on the volume of refrigerant—different
configurations of equipment will use different amounts of refrigerant. It is common to replace
equipment at end of life. Examples of equipment that are typically replaced include ice makers,
refrigerators, and other small, self-contained equipment, all of which are available with a variety
of refrigerants. If that equipment has field installed refrigerant lines (such as split systems), the
refrigerant lines may need to be replaced or flushed if the new equipment uses a different
refrigerant.

9
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Much of the system design and its form factor can be done as a long-term planning
process such that when equipment fails, a replacement plan is available that makes
implementation easier.

For HVAC equipment, verify that the equipment is properly sized. Oversizing equipment (which
traditionally has been done for many installations) will yield decreased efficiencies, increased
capital costs, and short cycling that increases maintenance costs, in addition to requiring larger
quantities of refrigerant. It also can cause humidity control issues. When replacing assets,
investigate system configurations that use less refrigerant. Much of the system design and its
form factor can be developed as a long-term planning process such that when equipment fails, a
replacement plan is available that makes implementation easier.

Do you have equipment that uses refrigerants that are not hydrocarbons or
carbon dioxide?

If yes, develop a disposal plan to be implemented at the equipment end of life. When the
equipment fails, having a solution mapped out makes decisions easier at a critical time.

10
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Other Resources

Larger systems with ODP refrigerants require federal reporting. Limiting these refrigerants
during the planning process will minimize these reporting requirements. Federal reporting
requirements'? include that:

e Owners or operators of appliances that contain 50 or more pounds of ozone-depleting
refrigerant must keep servicing records documenting the date and type of service as well
as the quantity of refrigerant added.

e Owners or operators must maintain records of the leak inspections and tests performed to
verify repairs of leaking appliances.

e Owners or operators must submit a report to the U.S. Environmental Protection Agency
for any appliance containing 50 or more pounds of ozone-depleting refrigerant that leaks
125% or more of the full charge in a calendar year. This report must describe efforts to
identify leaks and repair the appliance. Reports are due March 1 for an appliance that
leaked more than 125% of its full charge in the prior year.

Other resources can be found on the Better Buildings Solution Center and elsewhere:

e Whole Foods: Alternative Refrigerants and Energy-Efficient HVAC Systems | BBBP
Initiative!!

e Supporting the Use of Natural Refrigerants | BBBP Initiative'?

e Inventorying Building Refrigerants and Reducing Leaks | BBBP Initiative'?

e Refrigerant Management for Fewer Leaks and Emissions | BBBP Initiative'*

e Refrigerants: Market Trends and Supply Chain Assessment. '3

10 EPA regulation 40 CFR Part 82, Subpart F, under Section 608 of the Clean Air Act
https://www.epa.gov/section608/recordkeeping-and-reporting-requirements-stationary-refrigeration

1 https://betterbuildingssolutioncenter.energy.gov/solutions-at-a-glance/whole-foods-alternative-refrigerants-and-
energy-efficient-hvac-systems

12 https://betterbuildingssolutioncenter.energy.gov/solutions-at-a-glance/supporting-use-natural-refrigerants

13 https://betterbuildingssolutioncenter.energy.gov/webinars/inventorying-building-refrigerants-and-reducing-leaks

14 https://betterbuildingssolutioncenter.energy.gov/webinars/refrigerant-management-fewer-leaks-and-emissions
15 https://docs.nrel.gov/docs/fy200sti/70207.pdf
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https://betterbuildingssolutioncenter.energy.gov/solutions-at-a-glance/whole-foods-alternative-refrigerants-and-energy-efficient-hvac-systems
https://betterbuildingssolutioncenter.energy.gov/solutions-at-a-glance/whole-foods-alternative-refrigerants-and-energy-efficient-hvac-systems
https://betterbuildingssolutioncenter.energy.gov/solutions-at-a-glance/supporting-use-natural-refrigerants
https://betterbuildingssolutioncenter.energy.gov/webinars/inventorying-building-refrigerants-and-reducing-leaks
https://betterbuildingssolutioncenter.energy.gov/webinars/refrigerant-management-fewer-leaks-and-emissions
https://docs.nrel.gov/docs/fy20osti/70207.pdf

Glossary

Term

chlorofluorocarbon
(CFO)

circuit

form factor

global warming
potential (GWP)

hydrofluorocarbon
(HFC)

monoblock system

natural refrigerants

ozone depletion
potential (ODP)

refrigerant

refrigerant charge

refrigeration

split system

working fluid

Definition

Chlorine-containing compound that is used as a refrigerant.

A refrigerant loop consisting of a compressor, condenser, and metering
device along with associated piping and valves that contain a refrigerant.
Some equipment that is multistage has multiple circuits—each one is
operated and maintained separately and therefore should be tracked
independently even if it is in the same piece of equipment.

The physical design and layout of the refrigeration unit, including its size,
shape, and how it's accessed.

Measure of warming impact of a compound relative to the same quantity
of carbon dioxide (CO.) over a certain number of years. A refrigerant
with a global warming potential of 1,000 will have 1,000 times the heat-
trapping potential of CO,.

Fluorinated-based compound that is an effective refrigerant because it has
properties that allow the phase change to occur at relatively low pressures
and temperatures that are appropriate for heating, ventilating, and air-
conditioning applications.

A self-contained refrigeration unit in which all major components are
housed in a single, integrated piece of equipment.

A class of refrigerants that are non-synthetic, can exist naturally, and are
not derived as a manufactured product. Examples include carbon dioxide,
hydrocarbons, propane, and ammonia.

Measure of 0zone degradation of a compound compared to
trichlorofluoromethane (R-11), which has an ozone depletion potential of
1.

A two-phase working fluid that has thermodynamic properties that allow
it to move heat from one location to another.

Amount of refrigerant in a refrigeration system.

Process that uses refrigerant to move heat from one space to another.

A heating, ventilating, and air-conditioning system that has both an indoor
and outdoor unit, requiring field-installed refrigerant piping connecting
the indoor and outdoor units.

A liquid or gas that transfers heat.
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Blank Worksheet

REFRIGERANT MANAGEMENT ACTION PLAN FOR

<building>

Red text is used in this document to show prompts for users. For your final action plan, this text

can be deleted.

Step 1. Provide an Organizational Profile

Date:
Organization name:

Point of contact (name, email):

Step 2. Establish Refrigerant Management Goals

This section can be rewritten as a paragraph or in bullet form.

Describe your refrigerant management goals

Step 3. Complete a Refrigerant Equipment Inventory

In addition to the information in the table, please include:

Site name:
Site location and/or address:

Site manager or point of contact:

Point of contact phone and email:

Asset Asset Asset tag |Asset Date. t tRefrigerant Manu_f:c;urer f\u:(omauc
description [location |number category equipment put), e q ~specitie eak
into service charge? detection?
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Asset
description

Asset
location

Asset tag
number

Asset
category

Date
equipment put
into service

Refrigerant
used

Manufacturer
-specified
charge?

Automatic
leak
detection?

Step 4. Develop a Refrigerant Charge Maintenance Inventory

Asset tag
number

Refrigerant
used (from
previous
table)

Refrigerant
charge
check date

maintenance

Am9unt of Other
refrigerant

added tasks
(e.g.,

pounds)

completed

Maintenance Loca_tlon of
staff repair/leak
member or (g.g.,_
circuit,
contractor
component)

Step 5. Take Action

Develop a plan to meet the refrigerant management goals you set in Step 2.

This section can be rewritten as a paragraph or can be in bullet form. Feel free to add questions;

here are a few suggestions:

e How can you verify equipment is working properly?
e Do you have equipment that is always problematic (e.g., requiring refrigerant to be added
every year)? Are there systems in the portfolio that are more likely to leak or have
recurring leaks or failures?
e Do you have equipment that is nearing its end of life? What happens to the equipment at
the end of life? Is the remaining refrigerant in retired equipment recycled or thrown
away?
e Do you have equipment that uses refrigerants that are not hydrocarbons or carbon
dioxide?
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