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Here are some quick reminders:

• Call in? Please share full name to confirm 
attendance

• To receive AIA LUs, you must attend at least 
80% of the training. Attendance will be verified

• Use the "Chat“ to share questions or comments

• Slides/recording are shared after most events 
and can be found on 3C-REN's on-demand page

• 3C-REN does not allow AI notetakers, 
unless used to accommodate a disability

Before We Begin



Tri-County Regional 
Energy Network

3C-REN is a collaboration 
between the tri-counties

Our programs reduce energy 
use for a more sustainable, 
equitable and economically 
vibrant Central Coast 

Our free services are funded via 
the CPUC, bringing ratepayer 
dollars back to the region



Our Services
TrainingIncentives Technical Assistance

3c-ren.org/for-residents
3c-ren.org/multifamily

3c-ren.org/commercial

3c-ren.org/events
3c-ren.org/building

3c-ren.org/code 

3c-ren.org/agriculture

3c-ren.org/assurance

Contractors can enroll at 
3c-ren.org/contractors

View past trainings at 
3c-ren.org/on-demand
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AGENDA FOR TODAY

1. Introduction

2. The ACCA Manuals

3. Load Calcs in the Code(s)

4. The Basic Steps of HVAC Design

5. Open Discussion, Q&A
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INTRODUCTION
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 Instructor – Russell King, M.E. 
 Licensed Mechanical Engineer (3 states)
 CoFounder of Coded Energy, Inc. (Developers of Kwik Model 3D 

HVAC design software)
 35+ years experience with residential HVAC design and energy 

efficiency
 russ@coded.energy
 HVAC Blog: www.russellking.me
 Book: “HVAC 1.0 – Introduction to Residential HVAC Systems”

1. INTRODUCTION

http://www.russellking.me/
http://www.russellking.me/


INTRODUCTION

Capacity vs Load
The capacity of the heating or cooling equipment is the output of the equipment in 
BTUs per hour.  Think of it as the supply.

The load of the house is what the house needs in BTUs per hour to maintain a 
constant temperature at design conditions.  Think of it as the demand.
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INTRODUCTION

Good equipment sizing is the ability to match the equipment’s supply to 
the house’s demand.

Not too big and not too small

Images from HVAC 1.0 – Introduction to Residential HVAC Systems
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INTRODUCTION

Undersizing is defined as when the 
capacity of the equipment is less than 
the load of the house.

The demand is greater than the supply 
and the equipment cannot keep up.

Load of 
House

Capacity of 
Equipment
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INTRODUCTION

Oversizing is defined as when the 
capacity of the equipment is 
substantially higher than the load of 
the house.

The supply is much greater than the 
demand.  This can cause other issues.

Load of 
House

Capacity of 
Equipment
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INTRODUCTION

Design conditions are the code-specified indoor and outdoor temperatures at which 
the loads are calculated.

 These are not the very worst temperatures expected each summer or winter  

13



INTRODUCTION

 The system needs to also work at milder conditions

 If we design to really bad conditions, the equipment 
would be oversized for most of the season

 Oversizing will cause more comfort complaints 
than undersizing

 “Short cycling” of equipment can reduce comfort, 
shorten the life of equipment and increase energy use

Screen snip from Kwik Model with EnergyGauge Loads
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ACCA MANUALS

About ACCA Manuals J/S/D
 ACCA is Air Conditioning Contractors of America, the 

largest HVAC trade association in the United States

 They write and publish ANSI approved manuals on residential 
and nonresidential HVAC design

 Widely recognized as the industry standard for residential 
HVAC design (though not the only recognized standard)

 Adopted into most codes
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ACCA MANUALS

Basic Design Manuals 
 Manual J – Residential Load Calculations
 Manual S – Equipment Selection
 Manual D – Duct Design

 (All three are referenced in the code)
 www.acca.org 
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LOAD CALCS IN THE CODE(S)
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LOAD CALCS IN THE CODE(S)

Load Calcs and Duct Design are rarely done correctly

 Historically, the most common method of equipment 
sizing was rules of thumb and trial and error

 This almost always leads to oversized equipment (and 
undersized ducts)

 “500 sq ft per Ton” is NOT A LOAD 
CALCULATION!
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LOAD CALCS IN THE CODE(S)

 Three Different California Codes Require Load Calculations and 
Duct Design for homes (Open any one and search for “ACCA”)

Title 24, Part 6
The Energy Code

150.0(h)

Title 24, Part 11
The Green Code

4.507.2

Title 24, Part 4
The Mechanical Code

601.2, 1105.1
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LOAD CALCS IN THE CODE(S)

 The California Energy Code requires ACCA Manual J (or equal) for 
all new residential HVAC systems, whether in a new house or an 
existing house [Section 150.0(h)1, Mandatory Measures]

 This has been a code requirement since 2013, possibly longer

 Not well enforced, but HVAC contractors should be doing it anyway 
(They are not)
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THE BASIC STEPS IN THE 
HVAC DESIGN PROCESS
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THE HVAC DESIGN PROCESS – 4 STEPS

The Process
The basic steps in designing a typical ducted central system for a home 
are:

1. Collect information about the house (plans)

2. Perform room-by-room load calculations (ACCA Manual J)

3. Select equipment to meet the total loads (ACCA Manual S)

4. Design the distribution system (ACCA Manual D)
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 What you really need are areas for:
 ceilings, 

 walls, 

 doors, 

 and floors, 

 Plus, window areas and orientations = N, S, E, 
W 

 These are the surfaces that will conduct heat 
into and out of the house.  

STEP 1. COLLECT INFORMATION ABOUT THE HOUSE

Screen snip from Kwik Model with EnergyGauge Loads



Step 1. Collect Information About the House

 You will need this on a room-by-room 
basis if you plan to also size the ducts.

 Keeping track of all these surfaces is 
challenging.

 This is where design software is most 
helpful.

STEP 1. COLLECT INFORMATION ABOUT THE HOUSE

Screen snip from Kwik Model with EnergyGauge Loads



Step 1. Collect Information About the House

 The goal is to accurately estimate the 
conduction, convection and radiation 
heat transfer between the inside and 
outside of the house.

 You need to do it for winter

 And for summer

Screen snip from Kwik Model with EnergyGauge Loads

STEP 1. COLLECT INFORMATION ABOUT THE HOUSE



Step 1: Collecting information 
about the house

 For new homes, use the architectural 
plans and Energy Compliance 
documents
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 Step 1: Collecting information about 
the house

 If you are designing a system for an 
existing house, you may have to create 
your own plans by sketching a floor 
plan based on field measurements

 This used to take hours
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Cubi.Casa
 Free (1 plan)

 Any phone

 Very simple

 Does not capture window 
sizes or vaulted ceilings

 Takes 1 Day to get file back
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STEP 1. COLLECT INFORMATION ABOUT THE HOUSE
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STEP 1. COLLECT INFORMATION ABOUT THE HOUSE



Poly.Cam
 LiDAR

 Requires iPhone or iPad with LiDAR camera

 Free version

 Instant file creation

 Can be imported in load calc software (Kwik Model 3D)

 Some load calc software have built in LiDAR

 Conduit

 Amply
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Poly.cam
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Step 1. Collect Information About the 
House

 You will also need to make 
engineering estimates about 
things such as 

 duct leakage and 
 infiltration

 Whatever your assumptions are 
for these, they need to be 
verified in the field when possible.  

Screen snip from Kwik Model with EnergyGauge Loads
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Step 1. Collect Information About the House

 Duct leakage is required to be 
improved as part of major work 
being done to an HVAC system.

 For substantially new systems (new 
equipment and 75% new ducts) the 
maximum allowed leakage is 5%.

 For altered systems the maximum 
allowed leakage is 10%.

Screen snip from Kwik Model with EnergyGauge Loads

STEP 1. COLLECT INFORMATION ABOUT THE HOUSE



Step 1. Collect Information About the House

 Infiltration can have a dramatic effect on 
the load calcs.

 For existing houses, it is a good idea to 
measure it using a blower door prior to 
doing load calcs.

 If it is very bad (e.g., CFM50 > floor area 
of the house) it is probably cost effective 
to seal the house so that you can install 
smaller equipment.

Screen snip from Kwik Model with EnergyGauge Loads

STEP 1. COLLECT INFORMATION ABOUT THE HOUSE



THE HVAC DESIGN PROCESS – 4 STEPS
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The Process
The basic steps in designing a typical ducted central system for a home are:

1.  Collect information about the house (plans)

2.  Perform room-by-room load calculations (ACCA Manual J)

3.  Select equipment to meet the total loads (ACCA Manual S)

4.  Design the distribution system (ACCA Manual D)



Examples of full Manual J/S/D software

Right-Suite® by 
Wrightsoft

RHVAC by 
Elite Software

Kwik Model® with 
EnergyGauge Loads

40

STEP 2. MANUAL J – LOAD CALCULATIONS



 There are at least 12 that do only Manual J Loads 
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STEP 2. MANUAL J – LOAD CALCULATIONS



 There are two basic kinds of load calculations. 

 One kind is a whole house load calculation that lumps the entire 
house (or zone) into one total value, which can be used to size the 
equipment.  (aka “Block” loads)

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



 The other kind is a room-by-room load calculation, which breaks the 
house into rooms and calculates a heating and cooling load for each 
individual room.  

 These help you distribute the heating and cooling correctly. 

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



 There are load calculations 
for both     heating (winter) 
and cooling (summer) loads.  
 Winter = Heat leaving the house 

 Summer = Heat coming into the 
house

 Let’s look at heating loads 
calculations first. 

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



 A heating load calculation 
is a sum of all of the BTU 
losses (convection, 
conduction and radiation) 
that occur when it is a 
certain delta T.  

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



 The delta T is determined 
by two temperatures 
called the winter indoor 
and outdoor design 
temperatures. 

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



 For heating, assume that 
these occur at night when 
there are no solar gains to 
offset heating load

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



 Cooling loads are similar 
except that they are more 
complicated because solar 
gains are not ignored.  

 Solar gains are a big part 
of the cooling loads. 

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



 What makes them so 
complicated is that solar 
gains are affected by 
orientation of windows 
and by shading from 
overhangs and interior 
shading devices such as 
drapes or blinds.

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



 Cooling loads and the 
subsequent sizing of 
equipment is much more 
precise and involved than 
heating loads.  

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



 Depending on the software, you 
must input all the surface 
information (geometry), either:

 By manually typing it in item by 
item, 

 by re-drawing the floor plan in 
2D in the software, or 

 By creating a simple 3D model 
in the software

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



 The software will use that 
information to select the correct 
value from the Manual J tables to 
determine the heat transfer 
through each and every surface.

 As you can imagine, this is a lot of 
information to keep track of, 
especially for room-by-room 
loads.

Screen snip from Kwik Model with EnergyGauge Loads

STEP 2. MANUAL J – LOAD CALCULATIONS



THE HVAC DESIGN PROCESS – 4 STEPS
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The Process
The basic steps in designing a typical ducted central system for a home are:

1.  Collect information about the house (plans)

2.  Perform room-by-room load calculations (ACCA Manual J)

3.  Select equipment to meet the total loads (ACCA Manual S)

4.  Design the distribution system (ACCA Manual D)



 Once the room-by-room 
loads are done, they can be 
added up to get the total 
heating and cooling loads.

 The next step is to select the 
equipment.  

Images from HVAC 1.0 – Introduction to Residential HVAC Systems

STEP 3 - MANUAL S – EQUIPMENT SELECTION



 If it turns out that the total 
heating or cooling load is too 
large for a single piece of 
equipment, the house needs 
to be broken into smaller 
zones and a separate load 
calculation done on each one.

Images from HVAC 1.0 – Introduction to Residential HVAC Systems

STEP 3 - MANUAL S – EQUIPMENT SELECTION



 Selecting an air conditioner is 
much more complicated than 
selecting a gas furnace and is 
covered in detail by ACCA 
Manual S

 The reason it is more 
complicated is that many 
things affect its capacity.

STEP 3 - MANUAL S – EQUIPMENT SELECTION



 An air conditioner’s capacity (its 
ability to cool) is affected by:

 The outdoor temperature

 The amount of air blowing 
across the evaporator coil

 The indoor temperature

 The indoor humidity
Images from HVAC 1.0 – Introduction to Residential HVAC Systems
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STEP 3 - MANUAL S – EQUIPMENT SELECTION



THE HVAC DESIGN PROCESS – 4 STEPS
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The Process
The basic steps in designing a typical ducted central system for a home are:

1.  Collect information about the house (plans)

2.  Perform room-by-room load calculations (ACCA Manual J)

3.  Select equipment to meet the total loads (ACCA Manual S)

4.  Design the distribution system (ACCA Manual D)



 Airflow is affected by duct sizes.  

 This means that duct sizing can have 
a big impact on cooling capacity.

 Oversizing air conditioners and 
undersizing ducts is one of the 
most common causes of comfort 
complaints in homes.

Images from HVAC 1.0 – Introduction to Residential HVAC Systems

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



 This is one of the most overlooked aspects of HVAC design and 
one of the biggest sources of comfort problems.  

 Sizing the ducts is also one of the easiest parts of the J/S/D 
process.  

 Making the ducts fit in the house is where it can get difficult, 
especially in 2 story homes.

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



 The process for properly sizing ducts is quite easy as 
long as you have room-by-room load calculations.  

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



 Room-by-room cooling loads will come from the software 

Much of the math presented in this example is done automatically by the 
software, but it is very important to understand the math that the software 
is doing for you.

Right-Suite® by 
Wrightsoft

RHVAC by 
Elite Software

Kwik Model® with 
EnergyGauge Loads

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



To perform the load calcs, it is recommended that you 
take a class on how to use a load calculation software. 

Right-Suite® by 
Wrightsoft

RHVAC by 
Elite Software

Kwik Model® with 
EnergyGauge Loads

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



 Example room-by-room cooling loads:  

This is an example of what you might see in the software.

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



This is the total cooling 
load of just the rooms.  
It does not include 
infiltration and other 
whole house loads.

Zooming in . . .

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



Total cooling 
airflow based on 
selected equipment.
Entered in the 
Manual S

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



So, where do 
these room 
airflows come 
from?

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



Room airflow is 
proportional to 
room load

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



In other words, 
if a room is 10% of 
the total load, 
it should get 10% of 
the air.

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



“Cooling Fraction” 
represents the fraction 
(percent) of the total 
load that that room’s 
load represents.

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



It’s calculated by dividing 
the room load by the 
total room load.

4411 / 20289 = 0.217

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



So, in this example the 
kitchen is 21.7% of the 
cooling load.

4411 / 20289 = 0.217

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



This means that the 
kitchen needs 21.7% of 
the air.

4411 / 20289 = 0.217

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



The total airflow is 
multiplied by the room’s 
cooling fraction to get 
the room’s cooling cfm. 

Don’t worry about small roundoff error.
0.217 x 1000 = 217

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



To size ducts we need 
to know airflow, which 
we now have, and 
another number, called 
“friction rate”.

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



Friction Rate  (FR)

 FR is a number used to size ducts based on 
 design static pressure, 

 pressure losses and 

 total equivalent lengths.

 Search for “ACCA Manual D Friction Rate Worksheet”

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



Friction Rate  (FR)

 It’s the number used on a duct slide rule (do not confuse it 
with external static pressure that is used to determine the 
airflow of the air handler)

 The units of FR are inches of water column per 100 feet.

 The equation for FR is: 

                                           (next slide)

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



Friction Rate  (FR)=

(available static pressure) x 100 / (total equivalent length)

available static pressure = TESP – Component Pressure Losses*

*miscellaneous things that are in line to airflow to all runs

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D

Used with furnaces. Not needed for HP fan coil units with internal coils.
Aux heat for HP.  Manufacturer provides this for various CFMs
Hydronic systems
Other systems. Not common.
Make sure you pick a filter that meets this.
Same. Make sure you pick a filter that meets this.
Add on
Very cold climates
All systems
All systems
If needed
Add on



Equivalent Lengths

 Manual D accounts for 
resistance created by 
various fittings in the duct 
system, by equating them 
to the resistance of a 
certain length of straight 
duct hence the name 
“equivalent length”.

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



Friction Rate  (FR)

 FR represents how much static pressure can be “used up” as the 
air passes through the ducts.  

 Lower friction rate = bigger ducts.

 FR is lower for longer runs than for shorter runs.

 0.09 to 0.11 are common FRs for simple systems like this example.

 For a detailed explanation of Friction Rate, visit the blog 
www.russellking.me and search for “friction rate”.

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D

http://www.russellking.me/


 This table is based on a duct slide rule using a 
friction rate of 0.1

 We can use this table to size flex ducts, but only 
when the friction rate is 0.1.

 Choose the size of duct that provides the next 
largest airflow to what you need.  

 For example, if you need 89 cfm, you will choose a 
7” duct because a 6” duct will only give you 80 
cfm.  

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



This table 
summarizes the 
entire duct system 
for this example.

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



This is what a 
final design 
would look like.

It should show 
duct sizes and 
approximate 
routing.

7”

5”

8”

7”

9”

14”
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Better yet, show it in 3D!

7”

5”

8”

7”

9”

14”

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



 It is a good idea to show 
the target airflows next 
to each register so that 
they can be verified after 
the system is installed.

7”

5”

8”

7”

9”

14”

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



 When possible, compare 
installed airflows and 
static pressure to design 
targets.

 This feedback from the 
field is critical, especially 
if you are just learning 
to design systems.

7”

5”

8”

7”

9”

14”

STEP 4. DESIGN THE DISTRIBUTION SYSTEM – MANUAL D



WRAP UP

 Where things can go wrong.
 Incomplete information or bad assumptions about the house.
 House not built the way you were told.
 Equipment undersized.
 Equipment oversized.
 Low total system airflow
 Target room flows incorrect – poor balance
 Supply register types and locations
 Thermostat location
 Occupant behavior/expectations



WRAP UP

 How to avoid these problems.

 Become proficient and confident with the software.

 Practice, practice, practice.

 Double check your work.

 Join user’s groups.  Share your designs with others.  Ask for feedback and comments.
 Test your designs after they are installed.  Airflow, static pressure and duct leakage. 

(required in CA for new systems)
 Educate homeowners on proper system operation.
 When in doubt, err toward smaller equipment and larger ducts.



END OF PRESENTATION

OPEN DISCUSSION TIME



Questions about Title 24?

Energy Code Coaches are local experts who 
can help answer your Title 24 Part 6 or Part 
11 questions. 
They can provide code citations and offer 
advice for your res or non-res projects.

Call:
805.781.1201

3C-REN offers a free Code Coach Service 

Online:
3c-ren.org/code



Closing
Continuing Education Units Available

 Contact dresurreccion@co.slo.ca.us for AIA and ICC LUs

Coming to Your Inbox Soon!
 Slides & Recording

Other Upcoming Courses:
 9/1 2025 Energy Code: Multifamily Ventilation

 9/3 Critical Details for Accurate Load Calculations

 9/23 Higher-Performance Residential Remodels

 9/30 Passive House & Fire Resilience

Any phone numbers who joined? Please share your name!

mailto:dresurreccion@co.slo.ca.us
https://www.3c-ren.org/event/2025-energy-code-multifamily-ventilation/
https://www.3c-ren.org/event/2025-energy-code-multifamily-ventilation/
https://www.3c-ren.org/event/critical-details-for-accurate-load-calculations/
https://www.3c-ren.org/event/critical-details-for-accurate-load-calculations/
https://www.3c-ren.org/event/higher-performance-residential-remodels-3/
https://www.3c-ren.org/event/higher-performance-residential-remodels-3/
https://www.3c-ren.org/event/higher-performance-residential-remodels-3/
https://www.3c-ren.org/event/higher-performance-residential-remodels-3/
https://www.3c-ren.org/event/passive-house-fire-resilience/
https://www.3c-ren.org/event/passive-house-fire-resilience/
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