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You will receive the following items 
via email:

• AIA Certificate of completion-can 
also be used for:

• PHI Credits

• NYS PE CEUs

• PDF of final presentation

• Link to the webinar recording

Upon Completion of 
Module
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Learning Objectives
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Understand common 
VRF issues identified 

during Cx such as 
refrigerant leaks, 

charging and 
controls.

Learn where the 
industry is going and 
importance of future-

proofing with 
regulations to reduce 
environmental impact 

of refrigerants.

Learn the importance 
of preventing 

refrigerant leaks and 
methods of 
prevention.

Understand history 
of refrigerants and 

refrigerant protocols, 
and their global 

warming potential.



History of refrigerant 
management

Refrigerant Leaks
Refrigerant 

management 
considerations in 

design

Refrigerant based 
heating and cooling 
systems, packaged 

and field piped

1 2 3 4

Refrigerant in VRF 
systems

Refrigerant 
management 

considerations 
during install and Cx

Where is industry 
going?

VRF and WSHP 
Issues Identified 

During Cx

5 6 7 8

10 min break 

~9:30 AM

10 min break 

~11:30 AM
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Overview of Presentation
10 min break 

~10:30 AM



Why we are here: 
Directive 1B-2
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• 2018 Chancellor calls for all new 
buildings to be zero-net-carbon & deep 
energy retrofits for existing buildings

• 2018 SUCF issued Directive 1B-2

• Purpose: define and identify goals for 
Net Zero Carbon (NZC) new buildings 
and Deep Energy Retrofits (DER) of 
existing buildings. 

• Function: outlines the project target 
goals and provides direction for project 
designs. 

• Metrics: Site Energy as the measure of 
performance and energy consumption. 

Coykendall Science Building



Why we are here: Directive 1B-2

• Design and construct highly energy efficient 

buildings which significantly reduce energy 

consumed below an energy code standard for 

new buildings or energy usage for an existing 

building.

• In the case of insufficient project funding, the 

design goal will be to design the building as 

NZC “capable” where: the design achieves the 

energy use intensity (EUI) limit using HVAC 

equipment and systems that can be electrically 

powered from renewable energy sources.
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New Building Performance goals: 
Site Energy Use Intensity (EUI) limits

Classroom building 50 kBTU/ft2/year

Office building 50 kBTU/ft2/year

Laboratory building 150 kBTU/ft2/year

Residence Hall 32 kBTU/ft2/year



These Trainings
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• Module 1: Overview of PH and Net Zero

• Module 2: Construction Methods and High-Performance Products and Details

• Module 3: Air Barrier Development & Implementation

• Module 4: Net Zero HVAC Strategies and Controls + DHW

• Module 5: Construction Documents and Bidding

• Module 6: Deep Energy Retrofits

• Module 7: Refrigerant Management in Design, Construction, and Operations

• Module 8: Construction Manager/Subcontractor/Tradesperson Training



Why talk about refrigerants?
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Source: https://www.drawdown.org/solutions/table-of-solutions

Drawdown – Summary of Solutions, by Rank



History of Refrigerant Management
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Clean Air 
Act

Montreal 
Protocol

Flammability 
-> Ozone 

Depletion -> 
GHG





History of Refrigerant Management
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• Toxicity

• Flammability

Health and 
Safety

• Ozone Depletion Potential (ODP)

• Global Warming Potential (GWP)Environmental

• Efficiency

• PerformanceEconomic

Montreal Protocol - 1987

Clean Air Act – 1990 

amendment

Kigali Amendment to the 

Montreal Protocol – 2016

Standards like ASHRAE 15, 

ASHRAE 34, UL 60335-2-40 



History of 
Refrigerants
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• Historically refrigerants were 
flammable, toxic, or both

• Search for nonflammable, good 
stability

• 1926 – A chlorofluorocarbon 
(CFC), (R-12)

• 1936 – First 
hydrochlorofluorocarbon 
(HCFC) - R-22

• CFCs and HCFCs a Success:
• Nearly nontoxic

• Nonflammable

• Highly stable 

• Good thermodynamic propertiesSource: https://www.epa.gov/snap/refrigerant-safety



Ozone Layer Depletion
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Montreal Protocol -
1987
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• Regulation and phase out of CFCs & 
HCFCs

• 2010 - ban on production, import and 
use of R-22 and R-142b, except for 
continuing servicing needs of existing 
equipment

• 2015 - ban on production, import, and 
use of all HCFCs, except continuing 
servicing needs of equipment

• 2020 - ban on remaining production 
and import of R-22 and R-142b. After 
2020, servicing with R-22 will rely on 
recycled or stockpiled

• 2030 - ban on remaining production 
and import of all HCFCs 

Year Ban on Exceptions

2010 R-22 and R-142b Existing Equipment Servicing

2015 All HCFCs Existing Equipment Servicing

2020 R-22 and R-142b Servicing with recycled or stockpiled R-22

2030 All HCFCs NA



22https://www.epa.gov/history



Clean Air Act 
(1990)
Section 608 
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R-410a
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• Hydrofluorocarbon (HFC) –
no Chlorine

• 1991 – Honeywell

• First Residential AC: 1996

• Recommended alternative in 
Montreal Protocol

• Widespread use as R-22 
phased out (2010+)



R-410a R-32 R-125
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Flammability none (A1) low (A2L) none (A1)

Global Warming 

Potential (GWP)
~2,000 ~700 ~3,000



Success!

26https://www.nasa.gov/feature/goddard/2018/nasa-study-first-direct-proof-of-ozone-hole-recovery-due-to-chemicals-ban



Solve Ozone Issue, Now GHG Issue

27

• Early 2000s, discovered an issue with HFCs

• No Chlorine = No thinning of ozone 

• New Problem = Global Warming Potential (GWP)

• GWP: relative measure of how much heat a greenhouse gas 
can trap in the atmosphere. CO2 = GWP of 1

• Do not want these systems to leak!





Ultra-High >10,000

Very High 3,000 – 10,000

High 1,000 – 3,000

Medium 300 – 1,000

Low 100 – 300

Very Low 
30 – 100

Ultra Low 

< 30

Global Warming Potential (GWP)

R-23 (14,800) R-12 (10,900)

R-404A (3,922) R-507A (3,985) R-11 (4,750)

R-410A (2,088) R-22 (1,810) R-134a (1,430)

R-32 (675) R-466A (733) R-454B (446)

R-454A (239) R-455A (148)

R-430A (94) R-123 (77)

R-717 (0) R-744 (1) HFO-1234yf (<1)

GWP of Common Refrigerants

New

Ammonia CO2



Refrigerant Type per Equipment
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Equipment 

Type

Typical 

Refrigerant 

Charge (lbs.)

Ultra 

High

Very 

High
High Medium Low

Very 

Low

Ultra 

Low

Industrial 

Refrigeration
1,340 – 8,110 R-12

R-11

R-404a

R-22

R-134a
R-123

Commercial 

Refrigeration
1,320 – 1,980 R-12

R-404a

R-507a
R-22

Chiller 570 – 1,150 R-12 R-11

R-22

R-134a 

R-407c

R-123

Unitary AC 3.5 – 9.5 
R-22

R-410a

Window AC 1.1 – 1.3 

R-22

R-410a

R-407c

Automobile AC 1.1 – 2.3  R-12 R-134a R-1234yf



Refrigerant Blends 
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• Mixture of different chemical compounds

• Zeotropic (400s) 

• Azeotropic (500s)

• Fractionation is possible

• Charging the system in vapor phase instead of in liquid phase 

• Tank had a small leak

• The system has a significant leak.



Questions?

32



Refrigerant Leaks

33

• Estimated amount 
of leakage





35

Equipment Refrigerant Leaks

• WSHPs

• Chillers

• Window/Wall 
AC Units

• RTUs



Refrigerant Leakage – Government  Perspectives

Empirical Study: Impacts of 
Leakage from Refrigerants 
in Heat Pumps

• Mostly Air to Water Heat 
Pumps and Ground Source 
Heat Pumps 

• 3.5% of refrigerant is leaking

• 8-10% of systems leak per year

36www.gov.uk/government/publications/impacts-of-leakage-from-refrigerants-in-heat-pumps

“The quality issues regarding this data also 

raised questions about the nature of log book 

record keeping in the UK, as our sample 

indicated very low levels of compliance with the 

EU F-Gas regulations



Refrigerant Leakage – Government  Perspectives
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Department of Defense – Unified Facilities Criteria: 
https://wbdg.org/FFC/DOD/UFC/ufc_3_410_01_2013_c4.pdf

• “(The Services estimate a current annual refrigerant leak rate of 
25%.)”

• “Tracing and repairing a leak on a VRF system is many times more 
difficult with an additional access requirement of maintenance crews to 
the workspace environment.”



Refrigerant
Leakage –
Government  
Perspectives

38



Leak Sealers?

39

• For the most part: 

• There is a complex chemistry 
situation going on in your 
refrigerant system 

• Probably not a good idea 
unless approved by the 
manufacturer 



Real World Carbon Performance

LbCO2e/kBTU
Gas: 0.1173 
Elec: 0.3260
(non-baseload)
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Real World Carbon Performance

25th – 75th PCT25th – 75th PCT

LbCO2e/kBTU
Gas: 0.1173 
Elec: 0.3260
(non-baseload)

“No Carbon Regrets”
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25th – 75th PCT25th – 75th PCT

LbCO2e/kBTU

Gas: 0.1173 
Elec: 0.3260

(non-baseload)

“No Carbon Regrets”

Real World Carbon Performance

42



25th – 75th PCT25th – 75th PCT

LbCO2e/kBTU

Gas: 0.1173 
Elec: 0.3260

(non-baseload)

Real World Carbon Performance
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25th – 75th PCT25th – 75th PCT

LbCO2e/kBTU

Gas: 0.1173 
Elec: 0.3260

(non-baseload)

Real World Carbon Performance
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Gas Leakage

AND

• Recent study shows 
60% higher methane 
loss than EPA 
measured

45



Real World Carbon Performance

46

25th – 75th PCT

The Billion+

Dollar 
Question: 

What is the 
lowest 

carbon 
abatement 

cost path to 
the goal?
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48
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Questions?
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10 Minute Break

51



Refrigerant management 
considerations in design

52

Extent of 
refrigerant in 

high efficiency 
buildings

Occupant safety
Code 

requirements



Extent of Refrigerants 
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Refrigerants

Cold 

Storage 

Cooling

High 

Performance 

Heating
Electrification

Heat 

Pumps



Occupant Safety 
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Global Warming is a major issue 
first we have to deal with the 

immediate of the 



Refrigerant Safety Risks

55

•Flammability

•Acute toxicity

•Oxygen Depletion 
Potential



Flammability and 
Toxicity of 
Refrigerants 

56



Refrigerant Safety

57

• ASHRAE Standard 15 - 2019  

• Refrigeration system personal safety 

• Limits max charge so a complete discharge 
into a small, enclosed, occupied room can 
not exceed the allowable limit

• ASHRAE Standard 34 - 2019

• Refrigerant Naming Conventions 

• Toxicity and Flammability Assignments





ASHRAE 15-2019

https://www.youtube.com/watch?v=ncgLDYrvN6w

• Institutional Occupancies

• Industrial Occupancies

• Refrigerated Rooms

• Machinery Rooms

AcronymsSpace Types



ASHRAE 15-2019 Requirements 
Oxygen Depletion Potential

https://www.youtube.com/watch?v=ncgLDYrvN6w

Minimum allowed 

floor area (sf)
Total Refrigerant 

Charge (lbs)

RCL 

(lbs/1,000 ft3)
Room Height

(ft)

1,000



ASHRAE 15 Refrigerant
Detection Requirements

61

• 8.11.5

• Machinery rooms shall contain a detector 

• Alarm @ OEL

• Audible and Visual

• Inside and outside the room 

• Manual Reset 

• Refrigerated rooms that exceed the RCL 
(7.2.2)

• Additional Requirements for Flammable 
Refrigerants 
Credit to Tom Burniston and Bacharach generally for content on refrigerant leak detection 



Refrigerant Leak 
Detection – Not just 
for safety

62

• Refrigerant leaks

• Reduce performance 
and efficiency 

• Refrigerant isn’t cheap

• Bad for the environment 
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• <6.6 lbs refrigerant: 

• Exempt from most requirements 

ASHRAE 15-2019 Requirements 



Refrigerant Recovery and 
Reuse

64

• Reuse 

• Properly evacuate

• Reuse in the same 
system/Same Owner

• Recovery & Reclaiming

Example Equipment from Tru Tech Tools





What else is in there?
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OIL!
…and sometimes other things that probably shouldn’t be there



Why Oil?
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• Ensure mechanical components in the compressor are properly lubricated 



Oil Management

68

• Moisture in the system

• Oil trapping 

• Contaminants clogging 
system components

• Piping configuration 
issue

• Refrigerant Migration 

(Liquid in Compressor)

• Refrigerant not Evaporating completely 

• Dirty evaporator air filters

• Failed evaporator fan 

• Excess refrigerant charge 

Issues with Oil

Acid?



Oil Management System 
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Potential 
components 

Oil 
separator 

Oil 
reservoir

Oil 
accumulator

Oil Filter 
Oil 

Regulator 



Oil Management System 
General Strategies for Chillers
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Magnetic Bearing Chillers 

71https://www.energy.gov/eere/femp/magnetic-bearing-chiller-compressors

Quiet 
operation

Light 
weight: 
faster 

installation

Low 
startup 
draw

Reduced 
maintenance 
costs (no oil 

use)
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Oil Management System 
General Strategies for VRF Systems 
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• General Strategies for VRF Systems 

• Design of Compressor

• Oil level monitoring 

• Compressor Oil Sharing 

• “Oil Recovery Mode”



Questions?
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Refrigerant based high-performance heating 
and cooling systems, packaged and field 
piped

75

VRF Mini-splits
Air-to-

water heat 
pumps

Water-to-
water heat 

pumps
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Definitions

Air-Source

Takes heat from (and rejects heat to) outdoor air

Inverter, inverter-driven

Variable-speed (compressors)

VRF (Variable Refrigerant Flow)

Outdoor Units / Indoor Units 



Heat Pump
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• An AC unit with a reversing 
valve to change direction of 
refrigerant flow

• By reversing direction, heat 
pump changes from 
cooling to heating

• Heat is rejected/absorbed 
through an outdoor unit or 
condenser water loop

• Heating and cooling



Air Source vs Water Source
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• Air Source

• Heat is rejected/absorbed directly from the outdoor unit to outside air

• Does not require a condenser water loop with heat rejection/injection

• Water Source

• Makes use of a condenser water loop and condenser water pumps to take 
the heat from the condenser to the cooling tower

• For heating mode to occur for VRFs and heat pumps, the condenser 
needs to absorb heat from the condenser water. Therefore, the condenser 
water loop also has a method of heat injection typically from boilers.



ASHP Tree

VRF (Variable Refrigerant 

Flow)

VRF “Heat 

Pump”
VRF Heat 

Recovery

“Residential” Heat Pumps 

(~5 tons or less)

Air Source Heat Pump

InverterSingle or 2-speed 

compressor

1:1 Multi-Split

PTHP



1:1 ASHPs
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• One indoor unit to one outdoor unit

• Cooling and Heating



1:1 Split ACs
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• Typically wall mounted 
indoor unit

• EMRs and mech rooms

• Exterior air-cooled 
condensing unit

• One indoor unit to one 
outdoor unit

• Cooling OnlyIDUODU



VRFs – Heat Pump VRF

82

JB9
CL6



VRFs – Heat 
Recovery

83



Air-Source Heat Pump Water/Ground Source Heat Pump

Source: Cool Automation

Image: NYSERDA

Low Temp Hydronic

Source: SWA

Heating and Cooling Systems Employing Heat 
Pumps

84



Heat Pump Water Heaters – Residential 
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Heat Pump Water Heaters Large Scale

Down to 40F

R-410A

Up to 150F

Down to 10F

R-410A

Up to 150F

Down to -4F

R-410A

Up to 150F

Ambient Temp

Refrigerant

Max H2O 
Supply

Down to 14F 

R-744

Up to 194F

86



Questions?
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10 Minute Break

88



Refrigerant in VRF systems

89

VRFs have a 
lot of refrigerant 

piping Applying Standard 
15





Applying Standard 15 
in VRF System Design

91

1. Layout of system

2. Calculate amount of R-410a

• Many VRF manufacturers have 
calculation software

3. Verification of Standard 15 
compliance

• Occupancy classification 

• Room volumes

• Confirm no room is too small

• Review refrigerant piping 
requirements



VRFs = Direct 
System

92

Direct System = High 

Probability System



Determine Room 
Volumes
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• Calculate room volume of 
smallest occupied room

• Based on the volume of 
space refrigerant disperses 
in case of a leak

• The plenum space above a 
suspended ceiling can be part 
of the room if it is a part of the 
air supply or return system



Confirm No 
Room is Too 
Small

94



If Room is Too Small –
Increase Room Volume 

95

• Use louvers, transfer grilles, 
etc. to “connect” space to 
other rooms

• Raise ceiling height



If Room is Too Small - Relocate indoor unit
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Duct to several rooms Move to Plenum



If Room is Too Small – Optimize Piping

97

• Reduced lengths of the main distribution piping can decrease the 
refrigerant charge in the circuit 



If Room is Too Small – Divide System
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Refrigerant Piping 
Requirements –
Standard 15

99

• Cannot be:

• <7.25’ above the floor 

• In a shaft with moving object 

• In an enclosed means of egress

• Protect piping or cause obstruction 

• Field installed joints to remain 
exposed for visual inspection before 
covered or enclosed



Questions?
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Refrigerant management 
considerations during installation, 
Start up and Turnover

101

Leak testing of piping
Staging of construction 

to avoid damage to 
installed piping

Challenges and 
guidelines for proper 
refrigerant charging
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• Protection of Piping 

• Brazing 

• Flow nitrogen

• Copper Oxide = 
bad

• Proper insulation 

Pipe Installation 
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Pipe Testing



104



105

Pipe
Testing

System held 

pressure for 

24 hours 



Pipe Testing
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Be careful 
what you ask 
for… 
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Evacuation

• Micron Scale

• Confirm no leaks 

• Confirm no moisture 
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Charging

• Measure twice charge once 



109

(Re) Charging

• Track it

• Prior to adding 
additional refrigerant, 
evacuate refrigerant and 
check for leaks



Pipe Insulation 
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Questions?
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10 Minute Break

112



Where is industry going? 
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• Advantages and disadvantages of refrigerants on 
the horizon

• Future-proofing of designs utilizing refrigerant



Where is Industry Going
What can we do now?

114

Improved test 
procedures and 

performance 
criteria/standards for 

Split systems

Addressing 
refrigerant usage 

and leaks

Increase workforce 
training on proper 
system installation



Refrigerant Management -
LEED

115

• Prerequisite: 

Fundamental Refrigerant Management 

• Credit: 

Enhanced Refrigerant Management 

• Option 1: ODP = 0, GWP<50

• Option 2: Refrigerant Impact Calculation

• Separate requirements for commercial 
refrigeration equipment



Packaged Equipment 
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Packaged Equipment 

…Connected by Water



Kigali Amendment
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• Adds HFCs to the scope of the Montreal Protocol 

• Performance Based: reduction in production/consumption of CO2eq not a 
ban on particular refrigerants

• <80% reduction in HFCs by 2047

• Expected to avoid up to 0.5oC temperature rise by 2100

• Amendment from October 28th

• Enters into force January 1, 2019

https://www.k-cep.org/wp-content/themes/kigali/page-templates/map/MapRatification.html



Oh SNAP!

119https://www.nrdc.org/sites/default/files/media-uploads/fact_sheet_on_state_hfc_action_0.pdf



California Air Resources Board (CARB) Regulations 
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• GOAL: Reduce HFC emissions 40 percent below 2013 levels by 2030

• Current Regulation Covers:

• Chillers

• Retail Food Refrigeration 

• Cold Storage Warehouses

• Vending Machines 

• Residential Refrigeration Appliances

• Other Non-refrigerant Items (Foams, Aerosols) 



CARB Regulations: Proposed 
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• New residential and commercial air conditioners in buildings (excl. 
chillers) may use only refrigerants with GWP < 750 starting in 2023. 

• New commercial refrigeration systems containing more than 50 pounds of 
refrigerant and installed and sold starting in 2022 may use only 
refrigerants with GWP < 150. 

• Sales, distribution, or import for use in California of refrigerants with GWP 
> 1500 is prohibited starting in 2022. 



NYS to follow?

122



123

NYS to follow?
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NYS to follow?

• HFCs 5% of current emissions in New York State

• Projected to be 10% of 2030 emissions 

• GWP typically sets the baseline as CO2 over a 100-year period

• We can also look at the impact over a 20-year period for more immediate-
term impacts

• 100-year ->20-year HFCs become a bigger part of the remaining budget 



125https://drawdown.org/sectors/buildings



126

• Safe to use

• No toxicity 

• Zero flammability risk

• Compatible with all materials used in constructing cooling appliances 

• Readily available

• Cost efficient

• Chemically stable 

• Energy efficient

The Search for Alternatives:



The Search for Alternatives:
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R32 and R454B “mildly flammable” A2L 
gases, suitable for smaller units but not 
acceptable for larger-charge VRF 
systems 

…(Remember the 6.6 lbs thing)
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The Search for Alternatives:



Advantages and disadvantages of refrigerants on 
the horizon

129
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Working with Lower GWP Refrigerants 

R1234ze(E) and small amounts of the HFC R227ea



Back to Heat Pumps
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133
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• Appears to offer non-flammable, 
low GWP (733) alternative for 
R410A. 

• According to Honeywell: 
efficiency, cooling and heating 
capacity of VRF systems using 
R466A is “very similar” to those 
using R410A.

www.coolingpost.com/world-news/promising-results-for-r466a-in-vrf-air-con-tests/

50% R32 + 50% R125 = R410A, 

Add trifluoroiodomethane (CF3I)

Fire suppressant GWP = 0.4
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The Search for Alternatives:

• Recap

https://www.achrnews.com/articles/141178-refrigerant-choices-for-chillers-remain-complex



Working with Ultra-Low 
GWP Refrigerants 
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https://emersonclimateconversations.com/2015/04/30/co2-as-a-refrigerant-criteria-for-choosing-refrigerants/





Working with Lower GWP Refrigerants 
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• What is the 
GWP of 
CO2?

https://emersonclimateconversations.com/2015/04/30/co2-as-a-refrigerant-criteria-

for-choosing-refrigerants/
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https://emersonclimateconversations.com/2015/04/30/co2-as-a-refrigerant-criteria-for-choosing-refrigerants/
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Where is the 
Industry Going?



SUNY New Paltz

142

• Reducing building loads reduces the amount of refrigerant needed 

• Consider packaged equipment 

• Reduce refrigerant line lengths make sure piping is protected from 
damage 

• Stay up-to-date with new alternatives

• Manufacturers do not always take the “if you build it they will come 
approach”: ASK for what you want.



SUNY New Paltz
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• For new projects with field installed refrigerant piping:

• Refrigerant pipe installation inspections

• Verification of proper system charge

• Commissioning – design review, install checks, functional testing

• Future-proof buildings

• For new projects with packaged equipment

• Confirm charge on site (or sample)

• For existing buildings:

• Refer to re-charging procedures



Questions?
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Common
VRF Issues

145

Heat Pump 
vs Heat 

Recovery
Capacity

Thermostats 
and 

Programming

Return Air 
Design





Heat Pumps vs Heat Recovery
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Heat Recovery
Benefits: 
• Greater user operability –

each area gets to determine 
heating/cooling

• In theory, more energy 
efficient

Drawbacks:
• More pipe runs (therefore 

more refrigerant -> 
increased leak potential)

• More equipment (branch 
controller)

Heat Pump

Benefits: 

Less pipe runs

Drawbacks:

Less user operability – all 

indoor units either in heating 

OR cooling



System Type

• Heat Pump

• Heat Recovery

148
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Capacity & 
Efficiency

Dependent on:
• Line lengths

• Configuration 

• Return temperature at indoor unit 

• Ambient Temperature at outdoor unit 
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Capacity & 
Efficiency

Oversizing IS a problem
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Access

Show All Equipment

Temperature Sensors

Location, 
Location, 
Location 



Thermostat Location and Programming
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• Don’t place it:

• Near a window

• Directly under a supply vent

• On an exterior wall

• Place it in a location representative of the space temperature

• Bad location of thermostat = under/over conditioning of space



Thermostat Location and Programming
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• Most manufacturers have an option of 
controlling based on space temperature or 
return temperature and some have a default 
to measure return temperature. 

• Return air temperature sensors might not 
accurately reflect the space conditions if:

• The elevation of the indoor unit is 
significantly above the occupied space

• The return air is not directly ducted from the 
space (e.g. a plenum return), or if outdoor air 
is ducted to the unit (whether conditioned or 
not). 



Thermostat
&

Remote 
Sensor

Thermostat
&

Remote 
Sensor
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Ducted 
Return

Ducted 
Return
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Plenum 
Return

Plenum
Return
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Multiple 
Indoor Units 
In the Same 

Space

Multiple
Indoor Units 
In the Same 

Space
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Fan Control
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Deadband and Differential
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• Applicable in 
systems 
where there is 
an automatic 
changeover 
between 
heating and 
cooling 
modes



Typical 
Thermostat
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Typical
Thermostat



Heat Pump VRF Mode Changeover
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Start Up
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•Varied Startups Procedure 

•Varied Manufacturer’s Rep 

experience

•Charge confirmation procedure

•Most startups do not focus on 

each FCU

•Data may be difficult to interpret



Start Up
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Communication and Controls
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•Setpoint satisfied 
(Fan on or off)

• “Pre-heating”, 
“standby”

•Several other 
modes besides 
heating/cooling 
(defrost)
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Communication 
& Controls

• Controller/ BMS Integration 

• Integration with Auxiliary Equipment 

• Heat Pump Only: Transition from heating 

to cooling



Commissioning
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• Check discharge air temperatures 

• max heating 

• max cooling

• combo (heat recovery)

• ‘Plug’ into system



Commissioning
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•Struggle to get 

manufacturer’s and 

reps to site

•Technology changing 

too quickly

•Literature not always 

clear and accurate



What to do?
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•Set expectations

•Provide checklist for install and start up

•Witness installation and testing when possible

•Perform functional tests

•Stay up-to date with manufacturer’s requirements



Design Review – Which VRF system is heat 
recovery?

170



Design Review – How many thermostats?
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Design Review - Return Air Temp or Space Temp
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Outside Air





Common WSHP Issues
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• Central Plant Programming



WSHPs
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WSHPs
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WSHPs
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Discussion
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Join Us for More Trainings!
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• Module 8: Construction Manager/Subcontractor/Tradesperson 
Training: Classroom and Field Training

Register here: https://www.newpaltz.edu/sustainability/view-programs-and-
progress/zero-net-carbon-training/workshop-schedule-registration--details/



Steven Winter Associates, Inc. 

307 7th Ave., New York, NY 10001

www.swinter.com

Contact Us
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Jenny Powell, PE
Senior Building Systems Engineer | 
CEM

jpowell@swinter.com 

212.564.5800 x1250



Future Proofing 
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• Code Compliant             Good Performance 

• Energy Model              Actual Energy Performance 

• Occupant Behavior         Your Problem



Future Proofing 
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Hindsight is 
2020

The future is 
murky 

But there are things 
we KNOW we 

should consider



Consider This: Future Proof Design 
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• Infrastructure for the future

• Master/Submeter Configuration

• Robust Monitoring and Control Systems

• Incorporate design details that enable low-
cost future electrification

• For hydronics: LOW temperature loop

• For DHW: Allow space for or include storage 
(MF/Hospitality)

• Enclosure

• Get the details right now!



Consider This: Electrify 
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• Plan for & Maximize Solar Now

• Consider Electrification 

• Electrify if you can

• Pay attention to new Refrigerant 
Options 



Consider This: 
Watch it!
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• Verification 

• Commissioning

• Ongoing Monitoring 



Resources

189

• https://www.drawdown.org/solutions/materials/refrigerant-management

• https://www.epa.gov/snap/refrigerant-safety

• https://refrigeranthq.com/r-410a-refrigerant-history/

• https://www.epa.gov/sites/production/files/2015-
07/documents/phasing_out_hcfc_refrigerants_to_protect_the_ozone_layer.pdf

• https://www.epa.gov/sites/production/files/2015-
08/documents/section_608_of_the_clean_air_act.pdf

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

• http://www.daikinac.com/content/assets/DOC/White-papers-/TAVRVUSE13-05C-ASHRAE-
Standard-15-Article-May-2013.pdf

• https://www.fluorineproducts-honeywell.com/refrigerants/press-releases/honeywell-unveils-new-
nonflammable-refrigerant-with-low-global-warming-potential-for-chillers-and-heat-pumps/

• https://www.danfoss.com/en-us/about-danfoss/news/cf/three-danfoss-technologies-named-
winners-of-2020-ahr-expo-innovation-awards/



Resources
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• https://emersonclimateconversations.com/2015/04/30/co2-as-a-refrigerant-criteria-for-choosing-
refrigerants/

• https://www.energy.gov/eere/femp/magnetic-bearing-chiller-compressors

• https://www.energy.gov/sites/prod/files/2016/07/f33/The%20Future%20of%20AC%20Report%20-
%20Full%20Report_0.pdf

• https://wbdg.org/FFC/DOD/UFC/ufc_3_410_01_2013_c4.pdf

• https://www.gov.uk/government/publications/impacts-of-leakage-from-refrigerants-in-heat-pumps

• https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file
/303689/Eunomia_-_DECC_Refrigerants_in_Heat_Pumps_Final_Report.pdf

• https://www.hvacrschool.com/new-refrigerants-from-honeywell/



Resources

191

• https://www.epa.gov/ghgemissions/overview-greenhouse-gases#carbon-dioxide

• https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks

• https://science.sciencemag.org/content/361/6398/186

• https://www1.eere.energy.gov/buildings/publications/pdfs/building_america/inverter-driven-heat-
pumps-cold.pdf

• http://ma-eeac.org/wordpress/wp-content/uploads/Ductless-Mini-Split-Heat-Pump-Impact-
Evaluation.pdf

• https://publicservice.vermont.gov/sites/dps/files/documents/Energy_Efficiency/Reports/Evaluation
%20of%20Cold%20Climate%20Heat%20Pumps%20in%20Vermont.pdf


