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§  Lineage goes back to 1914 
§  Air Conditioning Contractors of America since 1969 
§  Mission: To lead America’s indoor environmental 

and energy professionals to business success. 
§  How we do it: 

§  Proactively represent the professional indoor 
environment and energy community with emphasis 
on legislative, technical, and regulatory issues. 

§  Provide comprehensive training and certifications 
needed to be successful at creating innovative, 
comfortable, safe and energy efficient systems. 

About ACCA 



§  With ACCA since 2011 
§  Lead ACCA’s standards development / maintenance / 

revision activities 
§  Advocate for contractor with code development 

organizations 
§  Began as Tech Services Engineer 

§  Member of ICC’s PMG Official Membership Council 
§  Various technical and non-technical committees/

work groups within ICC, ASHRAE, NFPA, IAPMO, 
ANSI 

§  B.S.M.E. from Johns Hopkins 

About Luis 



1.  By the end of this session, viewers will understand the 
basics of what it takes to do an accurate residential 
load calculation 

2.  Prepare code officials to conduct an effective and 
efficient system plan review (for accuracy) for the 
purpose of issuing a permit 

 

Disclaimer: This is NOT a design course 

Presentation Goals 



§  Viewer is fairly new to plans review 
§  Viewer has never professionally designed a 

residential mechanical system 
§  Viewer is not an engineer and does not have 

commensurate nerd credentials/proclivities 

Slightly updated for SCAHACC Codes Summit 

Presentation Assumptions 



Presentation Overview 

1. ACCA system design process 
2. Load calculations - introduction 
3. Verification points 
4. Caveats 
5. ACCA resources for code officials 
6. Opportunities for contractors 



To design a mechanical system that can add or 
remove heat energy at a rate that will allow the 
home’s indoor environment to achieve the design 
conditions. 
 
This will keep occupants comfortable and safe. 

Designer’s Objective 





Root Cause 

Heat Transfer 
(flow of heat) 



How A House Gains Heat 



How A House Loses Heat 



Applied Heat Transfer 

Summer 

§  Heat flows INTO the home 
§  Sensible heat – dry heat (dry 

bulb; thermometer) 
§  Latent heat – wet heat (wet 

bulb; humidity) 
 
Heat Gain so we need cooling 

Winter 

§  Heat flows OUT OF the home 
§  Sensible heat only 
 
Heat Loss so we need heating 



§  2nd Law of Thermodynamics: 
§  Over time, differences in temperature and pressure 

will decrease, leading to thermodynamic equilibrium 
§  Nature doesn’t like temperature differences, so 

heat flows from a region of high temperature to a 
region of lower temperature until both are equal 

But we humans do like temperature differences, so 
we’ve designed objects and processes to slow this 
physical phenomena down or combat it outright 

It’s Just Physics! 



Purpose of a Load Calculation 

§  First step in designing a mechanical system that 
can add or remove heat energy at a rate that will 
provide the acceptable level of comfort for the 
occupants. 

§  An account of the total heat flow into and out of a 
home, depending on the time of year. 

§  Using the load calculation, the designer will be able 
to choose equipment that has acceptable capacity. 



Two sets of design conditions. 
The peak loads. 
 
Heat loss (winter) 
§  Outdoor design temperature – heating 99% dry 

bulb (db) 
§  Indoor design temperature – 70°F db 
 
Heat gain (summer) 
§  Outdoor design temperature – cooling 1% db 
§  Indoor design temperature – 75°F db 

Manual J Load Calc Method 



Outdoor Design Temperature 
§  Must be for the home’s specific location 
§  30 year average, compiled by ASHRAE 
§  Manual J – Tables 1A and 1B (free download) 
§  Updated in 2014 
 
Indoor Design Temperature 
§  Within the ASHRAE comfort zone charts (per ANSI/

ASHRAE 55 Thermal Environmental Conditions for 
Human Occupancy Standard) 

Design Temperatures 



MJ8 Outdoor Design Temperatures 



In a load calculation, the 
designer is going to 
account for every source 
of heat gain or heat loss. 
 
These sources are  
what we call loads. 
 
Sources of heat gain -->  

Reminder 



As applicable for the specific home: 
§  Fenestration (windows, glass 

doors, skylights) 

Loads That Must Be Accounted For 



What direction does the front door face? (Orientation) 
 
This is important because of the movement of the sun 
throughout the day, and it will have a huge effect on 
loads from windows, glass doors, and skylights. 

Orientation – Important for 
Fenestration 



As applicable for the specific home: 
§  Opaque panels (wood/metal doors, 

above & below grade walls, partition 
walls, ceilings, floors) 

Loads That Must Be Accounted For 



As applicable for the specific home: 
§  Infiltration 

§  Test or best assumption 

Loads That Must Be Accounted For 



As applicable for the 
specific home: 
§  Ventilation 

Loads That Must Be Accounted For 



As applicable for the specific home: 
§  Internal (number of people and appliances) 

Loads That Must Be Accounted For 



As applicable for the 
specific home: 
§  System (ducts and 

blower) 

Loads That Must Be Accounted For 



Load = U x A x ΔT 
§  U is the heat transfer performance index (how well 

a material transfers heat; it’s the reciprocal of r-
value) 

§  A is the Area 
§  ΔT is the Temperature Difference (TD) 
§  Load units are Btu/h 

Can be simplified as Load = HTM x A 
§  HTM is the heat transfer multiplier 
§  HTM = U x ΔT 

Basic Load Equation 



Manual J 8th Edition (MJ8) has tables that contain 
specific values used in calculating individual loads. 
 
Example: Table 4A (Heating and Cooling 
Performance for Opaque Panels) contains: 
§  Construction numbers, 
§  U values, or 
§  CLTD (cooling load temperature difference) 

Table Values 



Tables can be cumbersome to navigate! 
 
 

Heating and Cooling Performance 
for Opaque Panels 



Generic Fenestration 



HTM for Generic Window  
and Glass Door 



When measuring not possible. 

Infiltration Defaults 



Internal Load Defaults 



Duct Load Scenarios 



Simple load calculation – MJ8AE (Abridged Edition)  
§  Dwelling must be 100% compatible with AE Checklist 
§  Can be done by hand or using ACCA  MJ8 speedsheet 
 
Full load calculation – Full MJ8 
§  Can be done by hand, but extremely time consuming 
§  Usually use third party software1 

 
1 ACCA vets third party software for compliance with MJ8 procedures, 
those that pass received “Powered by Manual J” recognition 

Designer Options 



A plans reviewer has limited time and resources.  
Duh! 
 
Need to identify specific, discrete design parameters 
that can be checked easily to gauge design accuracy. 
 
Accuracy doesn’t just mean free from mistakes, but 
that the design complies with all required procedures. 
 
Caveats are warnings. 

Verification Points & Caveats 



ACCA recommended minimum: 
§  Location (City, State) 
§  Outdoor design temperatures and grains DO NOT 

deviate from Tables 1A or 1B 
§  Indoor design temperatures (75°F db cooling, 70°F db 

heating unless superseded by code/regulation) 
§  Orientation matches actual home or plan 
§  Occupants = number of bedrooms + 1 
§  Conditioned floor area = home or plan 
§  Eave overhang depth and internal shading = home or 

plan/default 
§  Number of skylights = home or plan 
§  Sensible + latent heat gain = total heat gain 

Load Calculation Verification Points 



Some practitioners will try to fudge the numbers to get bigger 
loads: 
§  Change the design temperatures (outdoor and/or indoor) 
§  Use a factor of safety 
§  Design to the worst case scenario (e.g., very loose house) 
§  Add more occupants than # bedrooms + 1 
§  Calculate duct loads when they’re in the conditioned space 

Manual J instructs the practitioner to be thorough and reflect the 
ACTUAL conditions.  The above should not be permitted. 

Load Calculation Caveats 



While software can make our lives easier, it can also 
facilitate making mistakes. 
 
The practitioner must be well versed in the load 
calculation procedures AND in the functionalities of 
the software they choose to use.  
 

Mind the defaults! 

Load Calculation Caveats 2 



ACCA Design Review 
Form 
Everything you need to check 
in one place. 
*  Load calculation 
*  Equipment selection 
*  Duct system design 
 
Free to download at 
www.acca.org/codes  



Part 1 - Basics 



Load calculation 
portion 



Part 2 – Load Calculation 



Design Review 
Form 
 
Free to download at 
www.acca.org/codes  



Bob’s House 
A case study for 
understanding the residential 
HVAC design process as 
described in the ACCA 
residential technical 
manuals. 

 
May be purchased at 
www.acca.org/store/   



ACCA Design Education 

§  Designing for Quality Installation 
(www.residentialdesignhvac.com) 
§  Three day, in-person course at ACCA offices in Arlington, VA 
OR 
§  Online certification program, 28 separate lesson units, 22-25 hours 

 
§  Educational Program in Instructor Certification (EPIC) 

§  Intensive four day, in-person course at ACCA offices 
 
§  ACCA Conference technical track presentations 



New Slides SCAHACC: 
Load Calcs for Existing Homes 



§  Some contractors hesitant to offer a load calculation: 
§  Added time commitment 
§  Added costs if not part of the existing business model 
§  Don’t know how to do one 
§  Local competition does not provide this service 
§  Just guessing so why bother?   

 “I can get any value I want…” 

Load Calcs for Existing Homes 



Original equipment may be inappropriately sized, especially 
if any improvements have been made to the home 
 
§  Undersized equipment: 

Not able to reach thermostat set-point on design day 
 

§  Oversized equipment: 
Comfort, health, equipment, and economic issues 

Problems With Not Doing A Load 
Calculation 



Oversizing Impacts 

Comfort 
§  Marginal part load 

temperature control 
§  Large temperature differences 

between rooms 
§  Degraded humidity control 
§  Drafts and noise 
§  Occupant discomfort / 

dissatisfaction 
 

Health 
§  Increased potential for mold 

growth 
§  Potential to contribute to 

asthma and other respiratory 
conditions 

Equipment 
§  Larger ducts installed 
§  Increased electrical circuit 

sizing 
§  Excessive part load operation 

§  Frequent cycling 
§  Shorter equipment life 

§  Nuisance service calls 
 

Economic 
§  Higher installed costs 
§  Increased operating expense 
§  Increased installed load on the 

public utility system 



But Doing A Load Calculation Is 
Just A Guessing Game… 



§  Gather most of what you need by doing a proper survey 
§  Personal knowledge of local building practices, including 

historical information 
§  MJ8 tabular values for calculating composite R-values 
§  Comparison to known code requirements 
§  Infrared thermography 

Use all of these methods to develop your own library of MJ8 
templates for specific historic building types in your area. 

No! It’s Not A Guessing Game 



Technical bulletins:   
§  Residential Air Barrier and Vapor Retarder Retrofit Primer 
§  Ensuring ASHRAE 62.2-2013 Ventilation Compliance for 

Residential Structures 
§  Determining Insulation Values in Existing Homes 
§  Understanding CAZ Depressurization Testing 
§  Temperature Differences in Residential Applications 
 

members.acca.org/download 

Helpful ACCA Materials 



More Helpful ACCA Materials: 
ANSI Standards 

ACCA 5 QI Standard  
HVAC Quality Installation 
Specification 
 

ACCA 12 QH 
Standard  
Home Evaluation 
and Performance 
Improvement 
 



Consumers are becoming more and more savvy. 
 
There’s a wealth of information for them online from 
manufacturers, green advocates, government 
agencies, etc..  They’re not hesitant to tell the 
consumers what’s up. 

Think Strategically! 





Many consumers are now aware  
that a load calculations is the first step  
in a proper installation / replacement.   
 
Position your company to be a trusted source of information and develop 
that personal relationship. 
 



§  Improved comfort (minimize room-to-room and 
floor-to-floor temperature differences) 

§  Humidity control during part load conditions 
§  Right-sizing can lead to lower initial equipment 

costs 
§  Less equipment cycling - longer equipment life 
§  Improved IAQ 
§  Lower energy usage 

Value for Consumers 



Energy Usage Impact of Oversizing 
(Summer-only AC) 
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Efficiency, Load, & Fan 

Efficiency & Load 

Efficiency 

•  EFFICIENCY component: Lower efficiency due to airflow and cycling losses 
•  LOAD component: More duct leakage (higher duct ESP), more fan heat, 

higher dehumidification (due to lower SHR),  
•  FAN component:  {above} plus more fan power (higher duct ESP) 

Source: NIST Technical Note 1848 
Available at www.acca.org/quality  
 
Technical Note 1848: 
Sensitivity Analysis of Installation 
Faults on Heat Pump Performance  



§  Gain advantage over competition 
§  “Has any other contractor done a load calc to show 

you the size of equipment you need?” 
§  “Have they assessed the conditions of your ducts?” 
§  “Well, were they going to at least pull permits.” 
§  Builds trust and demonstrates competence 

 
Positions your company to offer whole home 

solutions to their comfort needs 

Value for Contractors 



§  ACCA analysis of building envelope changes on heating 
and cooling loads 

§  Two locations: 
§  Heating loads: Chicago, IL 
§  Cooling loads: Miami, FL 

§  Base case for each followed by individual changes to: 
wall insulation, windows, internal shading, ceiling 
insulation, roof color, floor insulation, crawlspace 
insulation, infiltration 

Example: Impact of Thermal 
Envelope Improvements 



BR-1

BR-2

Kitchen

Bath

BR-3

Base Simulation 
Single zone: 2405 ft2      Locations:  Miami (clg), Chicago (htg) 
Conditions: 75F/50% RH (clg), 70F/30% RH (htg); [1% clg / 99% htg] 

 
Walls: Filled core block, brick veneer, wood frm, no brd insul,  R-15 
Windows:  Operable, 2-pane clr glass (U=0.57, SHGC = 0.65), 33% 

roller shades (white), 100% OD insect screens, 1.5’ overhangs, 
TOW = 1’ below eves, glass = 12% of flr area (18% of wall area), 

Ceiling:  Under vented attic, no radiant barrier, white roofing tile, ceiling 
height = 8’, R-19 

Floor: Carpeted flr over tight enclosed crawl space (R-11 blkt, R-4 wall) 

Infiltration:  Avg constr. quality 
Doors:    Metal, polystyrene core, 

no storms, 7’ x 3’ 
Occupants: Four 
Compass:  Worst case orientation 
Fireplaces:  None   
Appliance load: 1200 Btu/h 



Analysis Methodology 
Wall insul:  R-0, R-11, R-13, R-15, R-19, R-21 
Windows:   Single pane (U=0.90, SHGC = 0.74) 

        Double pane (U=0.57, SHGC = 0.65)   
        Triple pane (U=0.44, SHGC = 0.61) 
        2-pane, low-e (U=0.38, SHGC = 0.32) 

Int. shades:  0%, 33%, 70%, 100%  closed 
Ceiling insul:  R-0, R-7, R-11, R-13, R-19, R-25, R-30, R-38, 

R-50 
Roof color:  White, light, dark 
Floor insul:  R-0, R-4, R-9, R-11, R-15, R-19, R-30 
Crwl insul:  R-0, R-4, R-11, R-19 (wall) 
Infiltration:   Loose (0.6ach), avg (0.25ach), tight (0.10ach) 

Base Simulation 
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Results 

0.0% 20.0% 40.0% 60.0% 80.0% 100.0% 120.0% 140.0%

% of Baseline Total Load

Walls
Windows
Ceilings

Floors
Infiltration

Heating Loads - Chicago

Baseline = 55,849 BTU/h

tight loose avg 

R-0 R-19 R-50 

R-11 

R-21 R-0 R-15 

R-11 
2P 1P 

3P 

2Pe 

R-7 

R-11 

R-30 

 R-38 
R-0 R-30 

 R-13 

R-13 



For existing homes it makes most sense to optimize the 
envelope in the following ways (cost effective): 
§  Infiltration 

§  Weather proofing and weather stripping 
§  Insulation 

§  Added insulation on the ceilings 
§  Windows 

§  Using internal shades, upgrading to low-emissivity windows, 
addition of external awnings 

 
That’s without even analyzing duct leakage and location! 

Analysis Conclusions 



By conducting a load calculation, you will be able to show 
the homeowner exactly how any suggested upgrades will 
affect the loads in their house, and lead to a smaller system 
that provides better comfort. 
 

But you have to do the load calc first. 
 

What happens if you don’t… but your competition does? 

Case for Load Calculation 



Questions? 
 

Luis Romeo Escobar 
Manager of Codes & Standards 
luis.escobar@acca.org  
703-824-8870 


