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The design is the most 
important part of an HVAC 
installation, so the first task 
of commissioning is to 
evaluate the design specs 
for accuracy and then ensure 
that the components of the 
system match the specs. 
High-performance builders 
increasingly are using third-
party design services because 
the designs by HVAC techs 

are almost always oversized, 
and some HVAC contractors 
don’t offer design services. 
I’ve seen badly designed or 
installed systems cost a great 
deal of money, time, and 
aggravation—maybe even one 
marriage. In order to right-
size an HVAC system, a load 
calculation using Manual J 
should have been completed on 
the dwelling. A load calculation 

determines the home’s room-
by-room heating and cooling 
loads, taking into account 
climate, airtightness and 
insulation values, size, window 
glazing and locations, and solar 
orientation. Load calculations 
are usually performed in 
a computer program or 
painstakingly done by hand.

After the load calculations 
come equipment selection 

(Manual S) and duct design 
(Manual D). Manual T is a 
subsection of Manual D and 
addresses the grille and diffuser 
selection; it’s sometimes 
overlooked in retrofits, but 
should be included in new-
construction projects. These 
technical manuals are important 
components of a quiet, 
efficient, and comfortable 
heating and cooling system. 

Acomfortable and energy-efficient 
 home requires a well-insulated 
    building envelope that effectively 
      controls air and moisture flow-

ing through it. To regulate temperature and 
humidity, it also needs a properly designed 
and installed HVAC system with equipment 
and ductwork that matches the require-
ments of individual rooms for airflow and 
for heating and cooling.  

But there is a critical step in the HVAC 
installation process that is frequently over-

looked: making sure the HVAC system 
was installed according to the plan and is 
working at maximum efficiency for energy 
savings and whole-house comfort. This five-
step series of tests is called HVAC commis-
sioning and is usually part of the HVAC 
contractor’s job, but I’m going to go step by 
step through the process so you’ll know if 
your HVAC contractor is skipping one or 
more of the steps or fudging numbers.

Standard 310 is a new and widely accepted 
process for commissioning residential 

This critical five-task 
 commissioning  process 
ensures forced-air 
heating and cooling 
is quiet,  comfortable, 
and  problem-free

BY CHRIS HUGHES

Evaluate the designTask 1

DUCT DESIGN A duct system properly designed 
with Manual D is quiet, delivers the specified 
airflow, and is well-sealed so that conditioned air 
gets to where it’s supposed to go.

EQUIPMENT SELECTION
Manual S calculations right-size an air 

handler and outdoor unit that are matched 
to heating and cooling loads and are 

sufficiently airtight to minimize leakage 
from the cabinet and filter assembly.

LOAD CALCULATION Manual J load 
calculations for each room consider 
construction details like windows and 
insulation levels, as well as local climate 
and other variables.

[MANUAL S CAPTION]

Manual S calculations right-size an air 
handler and outdoor unit that are matched 

to heating and cooling loads and are 
sufficiently airtight to minimize leakage 

[MANUAL S CAPTION]
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Commissioning confirms that a system is working to spec, but it won’t  
improve a system that’s performing poorly because of a flawed design.  
In addition to egregious errors like rule-of-thumb sizing or intentional  
upsizing, there are subtle ways an HVAC design can deviate from actual 
heating and cooling loads. Before signing off on a system, confirm these 
design parameters when evaluating a prospective Manual J calculation.

WHAT ARE THE SYSTEM’S  
DESIGN CONDITIONS?
There are four conditions that 
need to be considered: the  
desired heating and cooling  
temperatures indoors, and the 
lowest and highest outdoor  
temperatures throughout the 
year. According to Manual J, a 
home’s indoor design conditions 
should be 70°F in winter, and 
75°F with up to 50% relative  
humidity in summer. The winter 
and summer outdoor design  
conditions for your location can 
also be found in Manual J. 

WHAT IS THE BUILDING’S  
AIRTIGHTNESS TARGET?
Many HVAC designs use default estimated rates 
for air leakage, which can lead to oversized equip-
ment that provides poor comfort and humidity  
control. The 2021 International Residential Code 
(IRC) recommends less than three air changes 
per hour (3 ACH50) as the airtightness goal for a 
comfortable home and efficient HVAC system. Air-
tightness should be specified in the Manual J load 
calculations and should be tested with a blower 
door before interior finishes are in place so that 
leaks can be corrected more easily. At a minimum, 
the airtightness specified in the Manual J should 
be confirmed with a blower-door test after system 
installation and before commissioning. 

WHAT IS THE PLANNED 
 VENTILATION SYSTEM?
When a home is at or below  
3 ACH50, most jurisdictions  
require mechanical ventilation. 
Whole-house supply-only and 
exhaust-only systems, as well as 
spot ventilation like bath fans 
and range hoods, can add to 
HVAC loads. In hot, humid cli-
mates a ventilating dehumidifier 
is better, and balanced ventila-
tion systems—HRVs and ERVs—
are the preferred solution for 
comfort and energy efficiency. 
The design should reflect the 
correct system. 

WHAT IS THE HOUSE’S  
SOLAR ORIENTATION?
South- and west-facing  
windows and doors can  
add greatly to cooling loads, 
but north-facing windows 
have little impact on the 
solar load of a house. North-
facing windows also add 
significantly to the heating 
load. Solar orientation mat-
ters more than you would 
think, so check carefully that 
the design has it right.

WHAT IS THE WINDOW  
PERFORMANCE? 
Energy-performance ratings 
for windows include U-factor 
and solar heat-gain coeffi-
cient (SHGC) measurements. 
U-factor is an indication of 
heat transfer, and SHGC 
is a measure of how much 
solar radiation the windows 
 allow into the home. Lower 
numbers are better for both 
measurements. HVAC sys-
tem designers may assume  
a code-minimum U-factor  
or SHGC, so it is important 
to be specific if you are  
using glazing with better 
performance numbers.

WHERE IS THE HVAC 
SYSTEM LOCATED?
This is a big one: Keep the 
equipment and ductwork in 
a conditioned space when 
possible—or expect higher 
energy bills and comfort 
complaints. Simply put, if 
you are putting ductwork  
in an unconditioned space  
(a vented crawlspace or  
attic or an unconditioned 
garage), you are essentially 
putting it outside of your 
building envelope and  
accepting a huge potential 
hit to comfort and efficiency. 

HOW MANY PEOPLE 
WILL BE IN THE HOUSE?
Occupants add to  cooling 
loads, and a residential load 
calculation includes one  
person per bedroom plus 
one. Some designers add 
extra people to justify a  
bigger system when it is  
not needed.

Duct leakage is measured by connecting 
a duct-leakage fan and manometer to the 
installed ductwork. The tester pressurizes 
(or depressurizes) the HVAC system and 
measures the leakage flow rate in cubic feet 
per minute (cfm) per 100 sq. ft. of living space. 
Allowable leakage rates are listed in the 
International International Residential Code 
(IRC). Many jurisdictions don’t require duct-
leakage testing, but if you have ductwork in 
unconditioned spaces, I advise it. Leaky ducts 
in unconditioned spaces have a significant 
impact on comfort, capacity, energy usage, 
and durability. Even if all the ductwork is inside 
the conditioned space, leaky ducts can cause 
isolated comfort problems by preventing 
conditioned air from reaching all of the 
registers, resulting in a bedroom that is too hot 
and humid in the summer, for example.

Before commissioning

Start with a 
 successful design
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BLOCK GRILLES AND REGISTERS Duct-sealing mask or film is the most common 
approach for sealing registers during duct-leakage testing. Mask provides the tightest 
seal but is a single-use item. Another option is to use Vent Caps (ventcapsystems.com). 
These have a gasketed surface and are reusable.

forced-air heating and cooling systems. 
This standard resulted from a collaboration 
among three organizations: the American 
National Standards Institute (ANSI), the 
Air Conditioning Contractors of America 
(ACCA), and the Residential Energy Ser-
vices Network (RESNET). Commissioning 
pays huge dividends in comfort and energy 

savings for homeowners, and if the system is 
designed and installed according to the plan, 
commissioning is a relatively easy process 
that confirms everything is working prop-
erly. It can also reveal problems with the new 
system that if left unresolved could cause 
equipment damage or comfort complaints 
down the road.

You can think of commissioning as tuning 
the system. It starts with verifying that the 
system is designed properly, with an accu-
rate heating and cooling load calculation 
and proper equipment selection based on the 
loads. For commissioning, the system must 
be fully complete, with ductwork installed 
and sealed according to the plan, with equip-

Duct leakage is measured by connecting 
a duct-leakage fan and manometer to the 
installed ductwork. The tester pressurizes 
(or depressurizes) the HVAC system and 
measures the leakage flow rate in cubic feet 
per minute (cfm) per 100 sq. ft. of living space. 
Allowable leakage rates are listed in the 
International International Residential Code 
(IRC). Many jurisdictions don’t require duct-
leakage testing, but if you have ductwork in 
unconditioned spaces, I advise it. Leaky ducts 
in unconditioned spaces have a significant 
impact on comfort, capacity, energy usage, 
and durability. Even if all the ductwork is inside 
the conditioned space, leaky ducts can cause 
isolated comfort problems by preventing 
conditioned air from reaching all of the 
registers, resulting in a bedroom that is too hot 
and humid in the summer, for example.

Test duct leakageTask 2

HOW MUCH LEAKAGE IS OK? For 
the postconstruction commissioning 
test, the IRC allows duct leakage up 
to 4 cfm per 100 sq. ft. of conditioned 
space. An addition to the 2021 code 
states that if all the ducts are in the 
conditioned space (as is preferred), air-
leakage amounts can be up to 8 cfm per 
100 sq. ft. of conditioned floor area.

BLAST A CENTRAL RETURN We connect the 
TEC Duct Blaster fan to a central return using 
cardboard and tape or a preformed plastic 
adapter. If you use tape and cardboard, the 
setup must be sufficiently strong to resist 
the fan pressure during the test. I connect 
one side of a two-channel digital manometer, 
which measures air pressure expressed in 
pascals (Pa), to a pressure port on a Vent Cap 
and the other to a port on the fan. The ducts 
are pressurized to 25 Pa for the test.
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MEASURE VOLTS AND WATTS INDOORS
I adjust the thermostat to call for cooling 
or turn the system to test mode if it has 
one. Then I check voltage on both of 
the 120v legs at the air handler’s service 
disconnect with a multimeter’s test leads. 
Utility power can vary by 5% more or less 
than the nominal 120v/208v/240v specified 
in the U.S. electric grid, and using the 
actual voltage makes the wattage test 
more accurate. With the system running 
at full speed, I use a clamp-on multimeter 
to measure the blower’s wattage on both 
legs for at least 10 seconds each.

Ensuring that the system airflow across 
the cooling or heating coil within the air 
handler is set correctly is fundamental 
to ensuring that a system will properly 
condition and dehumidify a house. The 
Manual S system selection will have a 
total system airflow target for summer 
and winter. The commissioning process 
includes verifying this airflow target 
and confirming the correct fan speeds 
are selected for both heating and 
cooling. Proper fan speed is a balancing 
act with a vital role in protecting 
equipment and controlling humidity 
and temperature. System airflow tests 
should be completed after the system 
has run for at least 10 minutes to 
ensure that measurements are made 
at operational conditions.

Checking the air handler’s blower for its 
wattage draw confirms that the ducts 
aren’t too restrictive and that the blower 
motor is working correctly. Some HVAC 
systems have on-board diagnostics that 
monitor wattage draw of the blower. 
More commonly, a clamp-on multimeter 
is used during commissioning to 
determine the watts consumed by the 
running blower motor.

Confirm system airflow

Check power consumption

Task 3

Task 4

MEASURE FLOW AT THE FILTER SLOT
I use a digital manometer and a Digital 
TrueFlow Grid from TEC to measure total 
system airflow. Using the corresponding 
TrueFlow app allows me to compare this 
number to the design airflow from task 1.

MONITOR PRESSURE IN THE PLENUM
I measure the static pressure in the supply 
plenum, the return plenum, and other locations 
to verify that the system blower isn’t over-
stressed trying to achieve the required airflow. 
This can also help identify trouble spots.

The amount of refrigerant in 
the system is described as its 
“charge,” and having the right 
charge plays an enormous role 
in the cooling capacity of the 
system. Traditional methods 
for establishing the refrigerant 
charge require HVAC training, 
because you have to connect 
pressure gauges to the 
refrigerant lines, but the 
measureQuick app (see 
sidebar, right) allows you to 
measure the refrigerant charge 
without using a traditional 
refrigeration manifold set. 
If the refrigerant levels are 
low or high, the charge must 
be adjusted by a trained 
HVAC technician.

CHECK VOLTS AND WATTS OUTSIDE
With the air handler still running at full 

speed or on test mode, I first use the test 
leads on a multimeter to measure the 

voltage on both legs supplying the terminal 
block on the outdoor unit. Finally I measure 

the watts consumed by the system’s 
outdoor unit with the system running at full 

speed by using a clamp-on multimeter. 
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The amount of refrigerant in 
the system is described as its 
“charge,” and having the right 
charge plays an enormous role 
in the cooling capacity of the 
system. Traditional methods 
for establishing the refrigerant 
charge require HVAC training, 
because you have to connect 
pressure gauges to the 
refrigerant lines, but the 
measureQuick app (see 
sidebar, right) allows you to 
measure the refrigerant charge 
without using a traditional 
refrigeration manifold set. 
If the refrigerant levels are 
low or high, the charge must 
be adjusted by a trained 
HVAC technician.

ment fully operational, and with all grilles, 
registers, and specified filters in place. 

In an ideal scenario, every new HVAC 
system would undergo commissioning by 
the HVAC contractor or a reputable third 
party, often an energy rater, to ensure that 
the system is working to spec. Unfortunately, 
commissioning is seldom part of residential 

HVAC installations, so you’ll need to be clear 
when hiring a contractor to install a new 
 system that you want it to be properly com-
missioned per Standard 310. 

Homeowners and home builders have an 
incentive to undergo commissioning because 
they can benefit through tax credits. If you 
hire a certified HERS rater to perform a 

commissioning process like the one shown 
here, then the property owner can apply for 
Zero Energy Ready Home tax credits for 
every home with a passing score. □

Chris Hughes is business development 
manager for TEC (The Energy Conserva-
tory). Photos by Patrick McCombe.

CHECK AIR TEMPERATURES Back inside, I measure the 
temperature of the air entering a large return-air grille as 
far away from the air handler as possible. Then I measure 
the air temperature from a supply grille as close to the air 
handler as possible. Finally, I measure the temperature of 
ambient outdoor air coming into the outdoor unit on the side 
opposite to the refrigeration lines.

Measure refrigerant chargeTask 5

Commissioning 
companion
MeasureQuick is a download-
able HVAC app that makes 
it easier to complete tasks 
3 through 5 of the commis-
sioning process. The app 
automatically captures data 
measured with Bluetooth-
enabled instruments such 
as the TrueFlow Grid, Supco 
Redfish iDVM 550 clamp 
meter, and Fieldpiece non-
invasive thermometers 
shown in the photos. It then 
allows the HVAC technician 
to generate a report that 
details airflow, power con-
sumption, and refrigerant 
charge. The report includes 
a lot of information, but key 
things to look for are “air-
side performance,” “capac-
ity calculations,” and “sys-
tem efficiency.”

MEASURE REFRIGERANT TEMPERATURE I check the 
temperature of the refrigerant lines close to the outdoor 
unit with clamp-on thermometers from Fieldpiece. I sand the 
tubing first for an accurate measurement.
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