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Section J Case Study series: Fans
Assessing an existing air
handling unit (AHU) and outside
air fan serving an office area
By Ken Thomson, M.AIRAH

INTRODUCTION
For the NCC 2019 the new fan performance requirements are
based around the design of the total fan and ductwork system.
The 2019 NCC Section J became mandatory on May 1, 2020,
with the fan and ductwork systems Deemed-to-Satisfy (DtS)
provisions covered under Part J5.4.
The code is a performance-based code, and the DtS provisions
are simply one way of complying with the code. A Performance
Solution that demonstrates compliance with the performance
requirements of the code by using other methods of assessing
the total duct and fan system can also be used.
Duct pressure drop allowances of 1Pa/m for straight duct can
be exceeded provided other measures are in place on the system
to compensate for the increased pressure losses in the straight
duct by having much lower losses in bends, damper and the like.
This opens an opportunity for ductwork component designs to
be improved and innovation to occur in the area of duct design.
It is important to note Parts J5.5 and J5.6 need to be considered
in duct design as well.
To meet the performance requirements using the DtS solution
in Part J5.4, there are two ways to comply:
• Component-based compliance: fan efficiency complies
with minimum required system static efficiency and
meet pressure drop requirements along the index run,
for the straight duct and ductwork fittings.
• Whole-of-system-based compliance: fan motor power
per unit of flowrate (W per L/s) of the proposed system
is lower than the reference fan system W per L/s.
This case study will demonstrate some of the complexities in
the application of the DtS provisions for an existing system that
is being altered. The NCC 2019 provisions apply to additions,
alterations and new construction, so it is important to assess
an existing system that is being altered to see if and how it may
be able to become compliant with the changes within the code.
The subject system of this case study is an existing air handling
unit (AHU) and outside air fan serving an office area.
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For this design the existing ductwork for a portion of the system
is being re-used. The system is an AHU with a variable speed
drive and variable air volume boxes used to control supply
to each area in the office space.
The AHU has a separate outside air fan supplying outside
air to the AHU due to the location of the plant room
at basement level; additional ductwork is required to
bring the outside air from the ground level down to the
basement level where the AHU is located.
This case study looks at the design requirements to assess this
set-up in accordance with the DtS provisions of the NCC 2019.
In this instance, however, the existing fan in the AHU and
the outside air fan are not being replaced, only the ductwork
system is being altered.

APPLICABLE NCC 2019 CLAUSES
The applicable clauses in the NCC 2019 are for compliance
assessment for the fan performance based on a DtS solution using
Clause J5.4. In Clause J5.4, the fan, ductwork and duct fittings
that form part of the air conditioning system or mechanical
ventilation system must comply with the remaining clauses.
There are two methods of achieving the DtS compliance
requirements:
• The first is at a component level. In other words, the fan
efficiency must comply, the ductwork must comply, and the
duct components must also comply. This is clause J5.4(a)
(i) and is what is considered a component level approach
to achieving the DtS compliance.
• The second approach is compliance of the system as a whole,
where the fan motor input power per unit of flowrate is less
than that of a compliant system using the first approach. In
the systems approach it is critical that an understanding of
the ductwork system as a whole along with the efficiency
performance of fans is combined to allow the designer to
have components in the system that may be non-compliant
however the system as a whole achieves the fan motor
efficiency requirements of the code.
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Figure 1 – Drawings of ductwork layout and system design.

The impact of Clause J5.5 Ductwork Insulation must not be
overlooked when assessing for compliance with Clause J5.4,
particularly since ductwork insulation impacts ductwork sizing
and its corresponding airflow effective free area. While Clause
J5.4 specifies that the ductwork must comply at a component
level, this will also impact the DtS solution at a system level.
The ductwork aspect ratio has a large impact on the effective area
for airflow, and hence duct component pressure drops.

J5.4 Fan systems
(a) F ans, ductwork and duct components that
form part of an air conditioning system
or mechanical ventilation system must:
(i) separately comply with (b), (c), (d) and (e); or
(ii) achieve a fan motor input power per unit of
flowrate lower than the fan motor input power
per unit of flowrate achieved when applying
(b), (c), (d) and (e) together.
(b) Fans –
(i) Fans in systems that have a static pressure of not
more than 200Pa must have an efficiency at the
full‑load operating point not less than the efficiency
calculated with the following formula:

ηmin = 13 x ln(p) - 30
where:

ηmin
p

=	the minimum required system static
efficiency for installation type A or C
or the minimum required system total
efficiency for installation type B or D; and
= the static pressure of the system (Pa).

(ii) Fans in systems that have a static pressure
above 200Pa must have an efficiency at the full
load operating point not less than the efficiency
calculated with the following formula:

ηmin = 0.85 x (a x ln(P) – b + N)/ 100
where:

ηmin
P
N
a
b
ln

=	the minimum required system static
efficiency for installation type A or C
or the minimum required system total
efficiency for installation type B or D; and
= the motor input power of the fan (kW); and
=	the minimum performance grade obtained
from Table J5.4a; and
=	regression coefficient a,
obtained from Table J5.4b; and
=	regression coefficient b,
obtained from Table J5.4c; and
= natural logarithm.

THE FAN SYSTEM
ASSESSMENT PROCESS
To complete the fan selection, the ductwork index run needs
to be determined first. A quick static calculation check of each
duct run for the system can be used to quickly determine
which duct run will likely be the index runs, and thus saves
time in checking all duct runs on the system. For this case
study the assessed branch as the index run is the branch with
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Variable air volume (VAV) box labelled V-B1-F. All branches
for this system have very similar pressure drops from the
preliminary calculation checks. In this instance the branch
assessed is the longest branch with the highest volume airflow.

Step 1: Initial fan selections
The fan system is a combined AHU with an outside air supply
fan to provide the outside air into the AHU. The fan static
pressure calculation for the AHU and the outside air fan are
dependent on the design characteristics of the system. For this
system, the index run is composed of the largest branch run as
previously noted for V-B1-F and the return air path. As there
is an outside air (OA) fan in this system, the OA path will not
provide any additional static pressure to the ductwork system for
the AHU fan.
The ABCB Calculator_2019_Fan_System_Volume_One V1.0
provides values that are for compliance assessment. To use the
ABCB calculator as a design tool the Engineer needs to consider
their obligations to be able to support and verify calculations,
and note the ABCB disclaimer in respect of the Fan System
Calculator. Designers may wish to verify calculations using their
own Fan Static calculation tools.
An HVAC installation contractors engineering fan static
calculation sheet is used to do the external ductwork system
static pressure drop calculations, then the internal static
pressure losses need to be added to get the total fan static
requirements. Figure 2 is not the complete set of calculations;
however, this does show the typical layout and information
provided in a contractor’s calculation sheet.
An initial fan selection is made using the external static pressure
calculations and calculations done by the AHU suppliers to
understand what potential fans should be used for this application.
The static value for the ductwork in this system is 460Pa at 2390L/s
airflow, with the allowance made for filters to be dirty. Dirty
filter allowances are important in selection of a fan because you
do not want the fan to be unable to do the duty airflow at the
higher static pressure values usually seen with dirty filters.

Figure 3 – Summary results of static calculation for ductwork.

Additional static must be allowed for in the selection of
the fan to account for the static pressure losses within the
AHU. Adding 100Pa static pressure losses to the calculated
external static pressure shown in Figure 3 for the internals
of the AHU covers the calculations the AHU supplier
would normally complete. For this case study, we have an
on-site reading for the coil pressure drop in the AHU of
85Pa, which has been added into the allowance of 100Pa
additional static to account for the internal pressure losses
of the AHU. AHU internal static pressure losses are a factor
of the design of the AHU or FCU, location of the fan inside
the unit and construction methods of the AHU or FCU.
Typically, this data is provided by the supplier, who will
select the fan based on the internal static pressures known
for each AHU design, and the external static pressure losses
as provided by the system design engineer.
A selection of a fan to do the duty of 560Pa @ 2390L/s
can be completed using a fan selection software package,
or provided by the fan supplier. This will then need to be
rechecked in step 4 to ensure we have a compliant fan,
and possibly a new fan selected.

Step 2: Enter fan and duct data into
ABCB Calculator_2019_Fan_System_
Volume_One V1.0
Using ABCB Calculator_2019_Fan_System_Volume_One V1.0
the design static pressure drop can be found, which complies
with DtS provisions. The calculated pressure drops and entered
pressure drops from the designed system values show in the

Figure 2 – Image of Typical Fan static HVAC install contractor’s calculations.
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Figure 4 – ABCB Calculator_2019_Fan_System_Volume_One V1.0.

Pressure Drop (Pa) column. The Allowable Pressure Drop (Pa)
column is the Clause J5.4 compliance required values.
The summary results from the ABCB calculator in Figure 5
show the differences between the contractor calculations and
the compliance calculations. Some items to note are:
• There are no safety factor allowances in the compliance
calculations
• When comparing like with like (both systems with dirty
filters and coils included, no safety factor), the 2 calculators
give similar values

a fan with a total efficiency of close to 50 per cent was used.
A selection of a fan that could do the duty and required static
pressure for the system performance with dirty filters is
selected in the next step.

ηmin = 0.85 x (a x ln(P) – b + N) / 100
ηmin = 0.85 x (4.56 x ln(P) – b + 64) / 100
ηmin = 0.85 x (4.56 x ln(2.8) – 10.5 + 64) / 100
ηmin = 0.85 x (4.56 x 1.0296 – 10.5 + 64) / 100
ηmin = 49%

· The contractor values have 200Pa for filters not 55Pa
· The coil pressure loss is within the AHU and therefore
is typically added by the supplier in the fan selection
process for the contractor, and not in the duct loss
calculations as shown in the ABCB calculator

Figure 5 – ABCB calculator summary results.

In comparison the static pressure calculated values are therefore:

Installation
type A or C

Installation
type B or D

Axial – as a component of an
air handling unit or fan coil unit

46.0

51.5

Axial – other

42.0

61.0

Mixed flow – as a component
of an air handling unit
or fan coil unit

46.0

51.5

Mixed flow – other

52.5

65.0

Fan type

Centrifugal forward-curved

46.0

51.5

Centrifugal radial bladed

46.0

51.5

Centrifugal backward-curved

64.0

64.0

Table J5.4a – Minimum fan performance grade.
Fan motor
input power
<10kW

Fan motor
input power
≥10kW

Axial

2.74

0.78

Mixed flow

4.56

1.1

Centrifugal forward-curved

2.74

0.78

Centrifugal radial bladed

2.74

0.78

Centrifugal backward-curved

4.56

1.1

Fan type

Figure 6 – comparison of results for static calculations.

Step 3: Determine the minimum efficiency
requirements for compliance

Table J5.4b – Fan regression coefficient a.

Using the manual calculations from the formulas and
the values from tables J5.4a, J5,4b and J5.4c. the resultant
efficiency required is:
For the given a fan at 2,390L/s and 560Pa static (which is the
full load operating point), and that a centrifugal backward
curved fan in an AHU would be type A installation, the
manual calculation is:
Based on a fan selection with an absorbed power (motor
input power) of the fan is P = 2.82kW. This selection for the
fan was done using a manufacturer’s selection software and

Fan motor
input power
<10kW

Fan motor
input power
≥10kW

Axial

6.33

1.88

Mixed flow

10.5

2.6

Centrifugal forward-curved

6.33

1.88

Centrifugal radial bladed

6.33

1.88

Centrifugal backward-curved

10.5

2.6

Fan type

Table J5.4c – Fan regression coefficient b.
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The results from the ABCB Calculator_2019_Fan_System_
Volume_One V1.0 are:

of the system. Selection of a fan using manufacturer* selection
software provides many options for a compliant fan.
For this case study the selected fan is based on good practice
and finding a fan with good efficiency that is small enough
to fit inside the AHU, while also low capital cost. Note that it
is important to select a fan that will be close the middle of its
performance curve, allowing flexibility in its operating point
should adjustments be made to the system at a later date.

DISCUSSION
Figure 7 – Summary ABCB Fan compliance calculator.

Which is limited to the Centrifugal backward curved fans,
and is being addressed by the ABCB, it is therefore important
to note the ABCB disclaimer with respect to using the calculator.

Step 4: Checking the fan exceeds
the DtS efficiency provisions
The fan required to meet duty for the system will need to have
compliant fan motor input power efficiency that exceeds the DtS
provisions. The fan will also need to be able to do the required
duty point and have sufficient capacity to meet the performance

The selection of a fan using the NCC2019 fan efficiency
compliance requirements involves significant additional
work that had not previously been required as part of the
design process. The previous NCC compliance assessment
requirements where based on the W/L/s allowance for fans
of certain sizes. This method was simple and quick because it
was easy to see if a fan would fail as the Watts used were too
high to meet the compliance requirements.
The NCC2019 requires the designer to do a compliance
calculation check, using either their own methodology that
can be demonstrated to equal the Fan system calculator, or to
use the ABCB calculator and then provide design verification

Figure 8 – Fan Performance curve and Power curve with selection based on operating point.

using their own calculations due to the disclaimer provided
with the Fan system calculator. The efficiency point of the
compliant fan is determined based on an initial fan selection,
and then a better selection can be made for the actual fan that
is to be installed. This is needed as the actual fan will have a
different static pressure requirement than the DtS provisions.
The NCC2019 DtS provisions provide a lot more detail.
However, they also provide significantly more effort on
behalf of the design engineer, who must determine the
whether the supplier is providing a fan in their AHU or
FCU that meets the minimum efficiency requirements based
on unknown internal static pressure losses of the AHU or
FCU. The design engineer must use either expert judgement
and estimate the internal losses or ask each supplier the
loss values for each AHU. For a built-up AHU the internal
static pressure losses will need to be estimated either by the
supplier or the design engineer.
As the obligation for meeting compliance is with the design
engineer it is important to gain a level of understanding of
the potential internal losses within the AHU or FCU, and
ensure fan being provided by the supplier will still achieve
the compliance requirements.

DEFINITIONS
NCC2019 Schedule 3 Definitions.
Air conditioning, for the purposes of Section J of Volume One,
means a service that actively cools or heats the air within
a space, but does not include a service that directly
(a) cools or heats cold or hot rooms; or
(b) maintains specialised conditions for equipment or
processes, where this is the main purpose of the
service.
Service, for the purposes of Section J in Volume One,
means a mechanical or electrical system that uses energy
to provide air conditioning, mechanical ventilation, heated
water supply, artificial lighting, vertical transport and the
like within a building, but which does not include:
(a) systems used solely for emergency purposes
(b) cooking facilities
(c) portable appliances. ❚
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