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Industrial Process Cooling (Chilled Water) 
Systems
Virtual INPLT Training & Assessment

Session 7

Thursday – July 14, 2022

10 am – 12:30 pm



Welcome

 Welcome to the 7th Chilled Water Systems Virtual INPLT training series

 Eight, 2-1/2 hour webinars, focused on Industrial Process Cooling (Chilled 
Water) Systems Energy Assessment and Optimization

 These webinars will help you gain a significant understanding of your 
industrial process cooling system, undertake an energy assessment using a 
systems approach, evaluate and quantify energy and cost-saving 
opportunities using CWSAT and other US DOE tools and resources

 Thank you for your interest!
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Process Cooling Virtual INPLT Agenda (2022)

 Week 1 (June 2) – Industrial Chilled Water Systems Fundamentals

 Week 2 (June 9) – Review of Chilled Water System Scoping Tool; Efficiency Metrics & Calculations 

 Week 3 (June 16) – IPLV; Additional Energy Efficiency Metrics; Instrumentation Gap Analysis; CWSAT

 Week 4 (June 23) – Using CWSAT to Build a Chilled Water Plant System Model

 Week 5 (June 30) – Using CWSAT to Quantify Energy Efficiency Opportunities 

 Week 6 (July 7) – Using CWSAT to Quantify EEOs; MEASUR, 3EPlus; Assessment Presentation

 Week 7 (July 14) – MEASUR, 3EPlus; Reclamation and O&M; Refrigerants – Past, Present & Future

 Week 8 (July 21) – Industrial Process Cooling (Chilled water) System VINPLT Wrap-up Presentations
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Agenda – Session 7

 Welcome and Introductions

 Safety and Housekeeping

 Today’s Content:
 Review of Session 6 & Homework
 Using other available tools – US DOE MEASUR; 3EPlus
 Fluid Management – O&M BestPractices
 Refrigerants – Past, Present & Future
 Preparing for the VINPLT Assessment Presentation

 Kahoot Quiz Game

 Q&A
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Safety and Housekeeping

 Safety Moment

o Ensure refrigerant detection monitors are working properly, especially, in indoor 

and below grade mechanical rooms

o The next generation of refrigerants are going to be mildly flammable and will 

require safer operating locations indoors or outdoors

 You are welcome to ask questions at any time during the webinar

 When you are not asking a question, please MUTE your mic and this 

will provide the best sound quality for all participants

 We will be recording all these webinars and by staying on-line and 

attending the meeting you are giving your consent to be recorded

o A link to the recorded webinars will be provided, afterwards
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Quick Review – Session 6



Inappropriate Uses of Chilled Water

 Inappropriate chilled water uses include, but not limited to:
 Processes where cooling tower water would be adequate to remove the heat

 Areas where cooling is not needed – scheduled-based; seasonal; 
decommissioned processes / plant areas

 Applications where no pre-cooling is done
 Temperature pinch analysis

 Systems where a fluid or product is cooled and then immediately heated again to 
bring it to ambient temperature
 Take care to make sure that this is NOT a time-temperature process requirement

 Processes where excessive cooling is demanded (most times is reflected in the 
chilled water set-point temperature)



Chiller Operating Details Screen (Baseline)



Method 1 (Simple Approach)

 Average Load
 Qaverage = (610) + (610) + (119) = 1,339 RT

• Unit cost of cooling

• Energyaverage = 
଼,ହଶଷ,ସଷ

ଵ,ଷଷଽ
= ~6,366 

ௐ

ோ்ି௬

• Costaverage = 
଼ହଶ,ଷସ

ଵ,ଷଷଽ
= ~636

$

ோ்ି௬

• Cost savings for 46 RT cooling load
• Savings = 636 ∗ 46 = $ 29,250 annually



Replacing Chiller(s)

 A very common question for almost every chiller plant energy 
assessment

 Several categories
 Replace like for like with higher energy efficiency chillers – especially, when one or more 

chillers are at their end-of-life with repeated failures, high maintenance costs, etc.

 Replace with optimized rating higher energy efficiency chillers

 Retrofit certain chillers to improve their energy efficiency – adding VFD

 Change heat rejection methodology – air-cooled to water-cooled or vice versa

 CWSAT can be used to model all the categories of opportunities 
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Understanding VFD Application on a Centrifugal Chiller

Compressor Curve
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Modeling Impact of VFD Chillers in CWSAT

 There are several ways to model implementation of VFD retrofit to 
chillers, new VFD chillers, etc.

 Method 1 – Use the CWSAT algorithm to simulate the new 
performance curve for the VFD chiller

 Method 2 – Use the part-load VFD chiller curve from the 
manufacturer and define a NEW chiller in CWSAT database

 Method 3 – Use a bin analysis methodology including lift variation 



Student Exercise (Retrofitting with VFDs)



Comparing Water-Cooled vs Air-Cooled 

 System Savings using Water-Cooled Screw Chiller 
= 156,890 kWh ($15,700 annually)
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Comparing Water-Cooled vs Air-Cooled 

 What about water and chemical treatment costs?

 What about maintenance of extra pumps, fans, etc?

 What should be the Air-Cooled screw chiller performance curve and 
FLE value to offset the cost difference between the two screw chillers?

 NOTE: Strong dependence on Equipment size (Load); Operating hours 
and Load profile; Controls and Geographic location (Weather data)



US DOE MEASUR



US DOE MEASUR Tool

 MEASUR Tool
 Manufacturing Energy Assessment Software for Utility Reduction

 Its in Beta phase because US DOE is constantly adding new features 
continuously

 Download free from the US DOE website – MEASUR
 https://www.energy.gov/eere/amo/measur
 Search for US DOE MEASUR on the internet

 Download and install – creates a shortcut on the desktop

 Checks for updates automatically and let’s you download the updated version so 
that you have the latest version available every time you run it



US DOE MEASUR Tool



Settings

 The first
place to be
visited

 Sets all the
unit defaults,
costs, if
information is
available



All Calculators

 MEASUR has 
several 
calculators

 General 
calculators are 
cross-cutting 
and NOT 
system specific



Process Cooling Calculators

 Several 
Process 
Cooling 
calculators 
are available
 Chilled water

system

 Cooling tower 
ONLY



Chiller Staging Calculator

 Allows the user to stage 
multiple identical chillers 
for an optimum load 
configuration to minimize 
energy usage

 Uses Lift and chiller 
curves to determine 
performance (kW/ton) at 
different load conditions

23



Chiller ECWT and ChWST Reset Calculator

 Allows the user to see 
the benefit of resetting 
ECWT, ChWST or both

 Modification of Lift and 
using chiller curves to 
determine performance 
(kW/ton) at similar load 
conditions
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Cooling Tower Basin Heater Energy Calculator

 Allows the user to set an 
optimum basin 
temperature setpoint 
during the colder months 
when the basin heater 
would keep the basin 
water above a certain 
temperature
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Cooling Tower Fan Energy Calculator

 Allows the user to 
determine the amount of 
cooling tower fan energy 
consumption

 Allows the user to define 
an optimum fan control 
strategy
 One-speed
 Two-speed
 Variable speed
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Cooling Tower Makeup Water Usage Calculator

 Cooling tower 
water is 
expensive

 Additionally, 
there are 
treatment costs 
and sewer 
costs 
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Psychrometric Calculator

 Allows the user 
to calculate the 
properties of 
ambient air 
using Dry-bulb 
and one of the 
following
 Wet bulb

temperature
 Dew point
 Relative 

Humidity
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Pumping System Calculators



The MEASUR Tool for Pump Systems

 Significance of Pumping 
Systems
 Process Cooling systems can be spread 

across the plant and can require 
significant distribution

 There are several different pumps 
required in a process cooling system
 Primary, Secondary chilled water
 Cooling tower water
 Liquid overfeed refrigerant
 Other process specific

 Pumping system energy can be a 
significant fraction of the process cooling 
system energy usage



MEASUR’s Pump Assessment Module
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Input Sections – Assessment Settings / Operations



Input Sections – Pump & Fluid / Motor



Input Sections – Field Data



Assessment Page



Sankey Plot, Reporting Page

Baseline

Modification (VFD/pump)



3EPlus Insulation Evaluation Software



Chilled Water System Insulation

 Why is insulation necessary on Chilled Water systems?
 Minimize energy gain and reduce system cooling load
 Protection from ambient conditions
 Preserve system integrity
 Avoid condensation on equipment, pipes, etc.

 Typical areas of insulation improvement opportunities 
 Distribution headers
 Compressor suction
 Evaporators
 Inspection man-ways
 Valves
 End-use equipment
 Storage tanks, vessels, etc.
 Building envelope



Chilled Water System Insulation

 There are several reasons for damaged or missing insulation and 
hence, energy savings opportunities in the insulation area
 Missing insulation due to maintenance activities

 Missing / damaged insulation due to abuse

 Damaged insulation due to accidents

 Normal wear and tear of insulation due to ambient conditions

 Damaged insulation due to condensation

 Valves and other components not insulated



Chilled Water System Insulation

 Some basic instruments, software and basic data required to quantify the 
economic impact of insulation
 Infra-red thermography camera

 Infra-red temperature gun

 Measuring tape

 3E Plus insulation evaluation software

 Operating information

 Hours per year

 Ambient conditions

 Temperature

 Wind



Chilled Water System Insulation Evaluation

 Major challenges
 Unlike hot surfaces, cold surfaces have condensation and so getting an 

accurate surface temperature is difficult!

 Mode of heat transfer changes 
 Hot surfaces – convection and radiation with air as medium of heat transfer

 Cold surfaces – condensation and convection with air and water as possible mediums 
of heat transfer

 Accurate modeling cannot be done by the tools and resources that we 
may have available



Chilled Water System Insulation Evaluation

 But there are solutions available
 3EPlus insulation evaluation software can still be used very effectively

 Conservative estimates for heat gain can be made assuming that 
convection with air as medium of heat transfer 
 Additional heat gain from condensation and convection with water will only 

increase the heat gain and project economics will be better than the conservative 
estimate

 Accurate information on degradation of insulation can be derived based 
on modeling results in 3EPlus and actual observations in the field



3EPlus Insulation Evaluation Software

 Purpose
 Evaluation of Heat Gain
 Condensation Issues

 Heat Transfer Model

 Download free from website

 Customizable for Insulation materials

 Pipe Insulation | Calculate Thickness | 3E Plus Software 
(insulationinstitute.org)



Insulation Evaluation Software 

 Free Program available from NAIMA
 Energy

 Heat Gain
 Cost Impact

 Environment
 Economic Insulation Thickness

 Life Cycle Cost Analysis



Example Chilled Water System - Missing Insulation on header 

 During the walk through of a chilled water plant, it was found that there were several 
sections of the chilled water supply header (44°F) that were missing insulation. 
These areas also had condensation and were sweating.

 The plant engineer has provided basic information for the system as follows:
 8-inch nominal diameter
 300 ft total length of pipe which is uninsulated / damaged insulation
 Insulation to be selected as follows:

 Elastomeric (closed foam black) pipe insulation
 1-inch thick insulation
 All service jacket

 Estimate the heat gain and the economic impact on system operations
 Chiller plant performance = 0.75 kW/ton (based on plant simulation)
 Unit cost of electricity = 0.10 $/kWh



Insulation Evaluation



Represents amount of 
heat gain versus the 
Bare pipe.

Note exponential decay 
of increase in efficiency 
numbers

Insulation Evaluation



Insulation Evaluation
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Actual savings will be higher than predicted due to condensation



Chilled Water Storage Tanks (Primary / Secondary)

 In several industrial plants, chilled 
water supply and return storage 
tanks are commonly used to allow 
for load fluctuations, thermal energy 
storage and for providing enough 
NPSH for primary and secondary 
chilled water pumps. These tanks 
can also be used for storage during 
chilled water plant shutdowns. 
Should these tanks be insulated?



Example – Chilled Water Storage Tank

 In the chilled water system, a tank held chilled water and secondary pumps provided 
chilled water supply to the end-uses. This tank was internally divided into two 
compartments and the other compartment served as the return tank. The primary 
pumps used water from this side of the tank to supply to the chillers. The internal 
divider allowed overflow between the tanks to accommodate loads. 

Chilled Water 
Return

Chilled Water 
Supply

13 ft

6.0 ft

10 ft



Example – Chilled Water Storage Tank

 Chilled water supply temperature was 44°F and chilled water return was 55°F. 

 The plant engineer has assumed average temperature to be 50°F and year-round 
average ambient temperature to be 75°F

 Insulation to be selected as follows:
 Elastomeric (closed foam black) sheet insulation

 Estimate the heat gain and the economic impact on system operations
 Chiller plant performance = 0.75 kW/RT (based on plant simulation)

 Unit cost of electricity = 0.10 $/kWh



Insulation Evaluation



Insulation Evaluation

Represents 
amount of heat 
gain versus the 
Bare pipe.

Note exponential 
decay of increase 
in efficiency 
numbers
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Insulation Evaluation

Surface Area = 2 * (13 * 6) + 2 * (10 * 6) + (13 * 10) = 406 ft2



Condensation Control

 Chilled water systems operate below dew-point temperature of 
ambient air

 This results in moisture condensing on bare and on insulated 
surfaces

 Depending on the surface temperature, the surface can have
 Moist or Sweating

 Dripping water



Example – Condensation Control

 A 3 ft section of 40°F suction of the compressor is observed to be un-insulated
 8-inch nominal diameter

 Existing insulation on the remainder of the compressor is as follows:
 1-inch thick insulation

 Elastomeric insulation

 All service jacket

 Estimate the minimum insulation thickness required to eliminate 
condensation issues on this suction pipe to the compressor.



Condensation Control



Condensation Control

Indicates the 
minimum insulation 
thickness that needs 
to be provided to 
ensure that the 
surface temperature is 
above the dew-point

This will eliminate any 
sweating and 
condensation on the 
external surface of the 
insulation



Predictive & Preventative O&M BestPractices

Acknowledgments: Hudson Technologies Company



First Things First - Fluid Management

 Understanding “Cause” and “Effect” is very important for Root Cause Analysis
 This enhances chilled water system reliability and reduces unplanned shutdowns
 Significant savings in maintenance costs
 Most maintenance BestPractices are testing-based

 Refrigerant, oil and water testing
 Rotating equipment monitoring

 Vibration analysis
 Eddy-current testing 

 In chilled water systems, contaminants affect efficiency and capacity
 Chemistry-based solutions



System Fluids & Chemistry

 Chilled Water Systems contain several fluids
 Refrigerant(s)

 Water

 Oil

 Glycol

 Brine

 Air

 Understanding the properties of these fluids and their interactive 
chemistry is very important

 Every fluid in the system has to meet specific standards



Fluid Chemistry & System Maintenance

 Fluid chemistry and their interaction is not 
understood well

 Maintain to Retain & Operate Efficiently

 Predictive & Preventative Maintenance can be 
delivered with the technology available

 Avoid unplanned shutdowns and very expensive 
repairs

 Enhance (N+1) redundancy and build system 
reliability



The Human Body

 Best analogy to a chilled water system
 The human body also has fluids circulating –

blood, water, air
 There is a significant information carried by the 

circulating fluids in a human body
 The human body’s temperature, heart rate, low 

and high pressure are the operating parameters
 The Heart is analogous to the compressor in a 

chilled water system
 All the fluids meet specific standards for the 

human body to function normally



Why Test Fluids?

 Fluids that circulate in a chilled water system carry important 
information that can be used to detect and diagnose current 
issues or anticipate potential problems

 Whether examining a human body or chiller, fluids are an 
essential diagnostic tool

 Potential problems can be identified, monitored and corrected by 
periodically testing and trending of refrigerant, oil and water 
chemistry analysis



Effects of Water Contamination with Refrigerant

Particulate

Low Temp

Water

Ice Oil 
Sludge Rust

Refrig.
Decomp. Acid Corrosion Copper

Plating

Unit 
Shutdown

Cap./Eff.
Loss

Motor
Burnout

Compressor
Failure

Heat Air Air



Testing of Fluids & Standards

 Significant benefits of integrated fluids testing

 Contaminant effects on efficiency & capacity of chilled water 
system

 Allows for Root Cause Analysis

 Chemistry-based solutions



Refrigerant Testing / Analysis Criteria

 Moisture

 Oil

 Particulate

 Chlorides

 Acid

 Purity 

 Non-Condensables

 Other Contaminants



A Sample Refrigerant Test Report

 The key to refrigerant 
testing is trending the 
impurities

 Compare w/Standard

 Identify what changes 
are occurring over a 
period of time



Used Oil Analysis Testing

 Viscosity
 FTIR Spectroscopy (Infrared)
 TAN/TBN Titration
 Visual Observation/Crackle Testing
 Particle Counters
 Direct Reading Ferrography (DR III)
 Rotary Disc Electrode (RDE)
 Analytical Ferrography
 Karl Fisher



Oil Testing Sample Report



Water Testing and Analysis

 Cooling tower water testing and analysis
 Open loop – evaporation of water
 Control of corrosion, scale and biological activity
 Material of construction plays a very important role
 Testing conducted for pH, TDS, conductivity, hardness, alkalinity, chlorides, silica, 

bacteria, etc.

 Chilled Water testing and analysis 
 Closed loop – generally less issues
 Lower temperatures

 Work with a water chemist/treatment company
 Periodic testing program



Water Testing Sample Report



Reclamation of Refrigerants

 Used refrigerants cannot be vented 
to the environment

 Every unit mass of refrigerant has to
be “RECOVERED”

 Refrigerants are mandated 
substances under the local/federal 
Environmental agencies, Air Quality 
/ Pollution boards, etc.

 So can we reuse and recycle 
refrigerants?  



Reclaim Refrigerant

 Over time and continuous operations, the refrigerant in the chilled water system gets 
contaminated and results in
 Fouling of heat exchangers
 Reductions in heat transfer coefficients

 The process of recovering the refrigerant and bringing it back to AHRI-700 
specifications is known as “Reclamation”

 Reclaiming a refrigerant improves overall operating performance and increases the 
chilled water system’s capacity & reliability

 Periodic sampling/testing of refrigerants is key to ensuring that the chiller chemistry 
is well-maintained
 Analogous to maintaining water chemistry in boilers



Moisture in Refrigerant

 Cause

 Tube leaks
 End sheet leaks
 Less than optimal service practices
 Air leakage

 Effect

 Ice
 Oil sludge
 Refrigerant decomposition
 Acid
 Corrosion
 Rust
 Copper plating



Oil Impact on Heat Transfer Surfaces 

 Enhanced tube surfaces
 Excellent heat transfer characteristics
 Compact designs

 Oil fouls evaporator tube surfaces 
 Common problem 
 Significant research has been done to evaluate impact of 

oil on chilled water systems (ASHRAE TR-601, etc)

 Reduces heat transfer effectiveness
 Reduces cooling capacity
 Wastes energy



Impact of Oil on Chilled Water System Performance

 Lots of research completed and significant information available
 Impact on chilled water system performance can vary depending on 

type of refrigerant, type of oil, type of system, etc.

RSES Journal – Oil in Refrigeration Systems (Author: R. C. Downing) – 1967

RSES Journal – The high cost of ignoring chiller oil build-up 
(Author: Mark Key) – November 2002



Particulate in Refrigerant

 Cause
 Acid, Corrosion, Rust

 Mechanical problems

 Effect
 Heat transfer reduction

 Plugging system components

 Shutdown

 Hermetic motor burnout

 Compressor failure



Oil Contaminated by Water

 Affects viscosity

 Increases oxidation and formation of acids

 Reduces bearing life dramatically

 Will not demulsify from some lubricants

 Causes internal rust of case and components



Some Examples of Wear and Particles in Oil

Low Alloy Steel Copper Alloy

Cutting Wear

Low Alloy SteelCopper Alloy

Bearing Wear

Severe Sliding Wear

Sand & Dirt



Predictive and Preventive Measures

 Benefits of refrigerant, oil and water analysis
 Maximizes predictive abilities
 Provides opportunities for preventative services
 Adds proactive maintenance/root cause analysis capability

 Benefits of correlating refrigerant, oil and water analysis
 All are essential diagnostic & preventative tools

 Maximal benefit – correlation of results
 Certificates of analysis
 Chemist’s interpretive report
 Comprehensive engineering review 

 Compare & correlate
 Specific service recommendations



Frequency of Testing

 Depends on criticality of system operations
 Mission Critical (Large warehouses, Data Centers, Cleans rooms, Hospitals, etc.)

 Once in 3 months

 Industrial plants – Continuous operation, all year
 Once in 3 or 6 months

 Commercial – Space Cooling applications
 Twice a year
 Early during the season; Just before season ends

 Typical refrigerant, oil and water testing can be ~$500 per chiller

 Availability of certified laboratories



Refrigerants – Past, Present & Future



The Montreal Protocol



The Montreal Protocol - General Information

 Adopted on 15th September 1987 – ratified by every country (198 UN 
member States)

 Regulates the production and consumption of nearly 100 man-made 
chemicals known as Ozone Depleting Substances (ODS)

 When released, chlorine from these substances damages the stratospheric 
ozone layer

 Phasedown of different ODS substances in a step-wise manner with different 
time-tables for developed and developing countries

 The protocol has articles (provisions) and Annexes (for different substances –
CFCs, HCFCs)

 Treaty evolves over time based on new scientific, technical and economic 
developments

 Annual meetings – Governance Body & Open-ended Working Group



The Montreal Protocol – United States

 Production and importation of CFC’s was banned completely in 1996

 In 2010, US regulations banned the production and importation of 
HCFC’s – R22 and R142b for use in new equipment

 www.epa.gov/ozone-layer-protection



The Kyoto Protocol



The Kyoto Protocol - General Information

 Adopted on 11th December 1997 – entered into force with 192 
Parties ratifying it on 16 February 2005

 United Nations Framework Convention on Climate Change

 Commitment of industrialized countries and economies in 
transition to limit and reduce greenhouse gas (GHG) emissions in 
accordance with agreed individual targets
 Annex B – 37 industrialized countries and the European Union

 What is the Kyoto Protocol? | UNFCCC



The Paris Agreement



The Paris Agreement - General Information

 Adopted on 12th December 2015 by 196 parties at COP 21 in Paris
 Entered into force on 4 November 2016
 United Nations Framework Convention on Climate Change
 Its goal is to limit global warming to well below 2°C – preferably to 1.5°C, 

compared to pre-industrial levels
 The Kigali amendment’s full impact can be a reduction of 0.5°C
 It is the single largest mechanism amongst all the different strategies

 5-year cycle and plan for climate actions known as nationally determined 
contributions

 Enhanced transparency framework starting in 2024
 By 2030, zero-carbon solutions possible in sectors representing 70% of 

global emissions 
 The Paris Agreement | UNFCCC



The Kigali Amendment



The Kigali Amendment - General Information

 Adopted on 15th October 2016 – 28th Meeting of the Parties
 HFC’s – introduced as alternatives to ODS to support their timely phase out
 Some of these HFC’s have high Global Warming Potential – 12-14,000
 HFC emissions are projected to rise to 7-19% of global CO2 emissions by 

2050
 Countries agreed to add HFC’s to the list of controlled substances and 

approved a timeline of 80-85% reduction by 2040
 First reductions in developed countries started in 2019
 Developing countries will follow with a freeze of HFC levels in 2024-2028
 About Montreal Protocol (unep.org)
 Significant New Alternatives Policy (SNAP) Program | US EPA



The Kigali Amendment

 United States
 Baseline – 2010-2013

 Current – 95%

 2025 – 65%

 2029 – 30%

 2034 – 20%

 2036 – 15%

 Schedules may 
change



Next Generation Refrigerants

 ODP – Ozone Depletion Potential
 A material’s ability to deplete stratospheric ozone
 A value relative to R11’s value of 1.0

 GWP – Global Warming Potential
 An index describing a GHG’s relative ability to trap radiant energy compared to CO2
 Typically, 100 years is used for calculation of GWP’s

 TEWI – Total Equivalent Warming Impact
 Direct refrigerant emissions + System’s energy use emissions over the service life

 LCCP – Life Cycle Climate Performance
 TEWI + direct and indirect emissions associated with the refrigerant manufacture and end-of-

life disposal



Properties of Refrigerants

 Safety
 Toxicity
 Flammability

 Thermophysical
 Boiling point
 Critical temperature, pressure

 Refrigerant performance in a system
 Operating pressures; Compression ratios
 Net refrigerant effect
 Specific heat
 Oil handling

 Amount of refrigerant charge needed (depends on system type)



Refrigerant Environmental Properties

Refrigerant Atmospheric Lifetime* (years) ODP GWP

CFC 11 45 1 4,750

CFC 12 100 1 10,900

CFC 13 640 1 14,400

HCFC 22 11.9 0.055 1,810

HCFC 123 1.3 0.02 77

HCFC 142b 17.2 0.065 2,310

HFC 23 222 0 14,800

HFC 32 5.2 0 675

HFC 125 28.2 0 3,500

HFC 236fa 240 0 9,810

HFC 143a 47.1 0 4,800

HFC 134a 14 0 1,430
* Refers to how long a molecule remains in the atmosphere without breaking down into its natural elements



Refrigerant Environmental Properties

Refrigerant ODP GWP

R 404A 0.0 3,940

R 407C 0 1,620

R 410A 0 1,920

R 500 0.50 8,010

R 501 0.29 4,020

R 502 0.20 4,790

R 507A 0 3,990

The Tables are adapted from ASHRAE – Fundamentals Handbook, Chapter 29, 2017



Refrigerant Environmental Properties

Refrigerant Atmospheric Lifetime 
(years)

ODP GWP

HCFO 1233zd(E) 0.071 0.00034 1

HFO 1234yf 0.029 0 <1

HFO 1234ze(E) 0.045 0 <1

HFO 1336mzz(Z) 0.07 0 2

HC 290 0.034 0 5

HC 600 0 4

HC 1270 0.001 0 1.8

R 717 0

R 744 0 1



Refrigerants Past, Present & Future Trends

CFC’s
• High ODP
• High GWP

HCFC’s
• Low ODP
• High GWP

HFC’s
• Zero ODP
• High GWP

HFO’s, Others
• Zero ODP
• Very Low GWP

ODP – Ozone Depletion Potential
GWP – Global Warming Potential

Past Refrigerants
R11, R12 etc..

Past / Current 
Refrigerants R123, R22 

etc..

Current Refrigerants
R404a, R407C,

R410A etc..

Future Refrigerants
R1234yf, R32, R4XX, R5XX, 

HFO Blends, HC, Natural 
Refrigerants



Next Generation Refrigerants

 Most focus and targets are looking at a systematic approach
 Option 1 – a transition plan with a step-down GWP approach

 Provides time for industry to adapt 
 Option 2 – immediate change to the zero-GWP option

 One-time change and be done with it

 Industry is looking at “No one shirt fits all” approach
 Application specific
 Availability of a drop-in replacement
 Availability of reclaimed refrigerant

 Natural refrigerants are being looked at closely provided they are 
feasible based on the properties of refrigerants
 System compatibility
 Safety
 Cost of new system



Homework #7

 Finalize your CWST, CWSAT models for your chilled water plant 
system

 Identify all ongoing BestPractices in your chilled water system

 Identify all energy efficiency opportunities in your chilled water system

 Make an effort to quantify these opportunities and identify them as 
Low-cost / No-cost, Medium and High-cost (or based on Paybacks)

 Make a list of qualitative recommendations that were not evaluated in 
the current VINPLT assessment

 Complete your VINPLT presentation for Session 8
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Kahoot Quiz Time
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Thank You all for attending today’s webinar.

See you all on next Thursday – July 21, 2022 – 10 am ET

If you have specific questions, please stay online and we 
will try and answer them.

Alternately, you can email questions to me at 
rapapar@c2asustainable.com


