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Understanding and Using the HVAC Design review Form
Each of the 32 points of requested information is discussed, and references to the supporting manual are given to substantiate the requirement.
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	County, Town, Municipality, Jurisdiction - Header Information
            Applicable Attachments

Contractor _____________________________________
Manual J1 Form and Worksheet A:
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OEM performance data (heating, cooling, blower):
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Mechanical License # ____________________________
Duct distribution sketch
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IRC Table R301.2 (climatic & geographic design criteria) Yes [image: image14.png]


       No[image: image16.png]


   
Building Plan # __________________________________
Home Address (Street or Lot #, Block, Subdivision) ____________________________________________________________

HVAC LOAD CALCULATION
     (IRC M1401.3)
Manual J Design Criteria and Loads
Location

Summer Design Conditions

Manual J Loads

Elevation
                ft 

Outdoor Cooling Temp
    ____ °F

Total Heat Loss
                Btu

Altitude Correction Factor
 ______ ACF

Indoor Cooling Temp
    ____ °F


Latitude
  ____    ° N
Cooling Temp Diff
    ____ °F

Sensible Heat Gain
                 Btu

Indoor Summer Design RH
  ____   %

Latent Heat Gain
                 Btu
Winter Design Conditions
Coincident Wet Bulb Temp
    ____ °F

Total Heat Gain
                 Btu
Outdoor Winter Temp

    ____ °F
Indoor Winter Temp

    ____ °F
Heating Temp Diff

______ °F
The heat loss / gain was calculated in accordance with ACCA Manual J? c  Y    c N         
HVAC EQUIPMENT SELECTION  
     (IRC M1401.3)
Heating Equipment
Cooling Equipment 
⃣  Furnace          ⃣  Boiler            ⃣ Aux. Heat w/Heat Pump  
⃣  Air Conditioner      ⃣  Heat Pump  
⃣  Single Stage      ⃣  Multi-Stage      ⃣  Modulating
⃣   Air-to-Air   ⃣  Geothermal Open    ⃣  Geothermal Closed

⃣  Single Speed    ⃣  Multi-Stage    ⃣  Variable Speed
Model


Model

Output

Btu

Sizing Value

Btu

Sensible 

Btu

Sizing Value

Btu

Aux. Heat 
Btu

Size Limit

%

Latent 

Btu

Size Limit

%

Load: Capacity

%

Total 

Btu

Load: Capacity

%



   Size Factor is withing Manual S Size Limit?

⃣  Y    ⃣  N

Size Factor is within Manual S Size Limit?
⃣  Y    ⃣  N
HVAC DUCT DISTRIBUTION DESIGN  
     (IRC M1601.1)

Design Airflow

Cfm

Longest Supply Duct

Ft

Duct Materials Used:
External Static Pressure (ESP)

IWC

Longest Return Duct

Ft

Trunk Duct:    ⃣   Duct Board       ⃣   Sheet metal

Component Pressure Loss (CPL)

IWC

Total Effective Length (TEL)

Ft

⃣   Flex    ⃣   Lined Sheet metal      ⃣   Other  

Available Static Pressure (ASP)

IWC

Friction Rate

IWC

Branch Duct:   ⃣   Duct Board     ⃣   Sheet metal

ESP – CPL = ASP
(ASP x 100) / TEL=Friction Rate
⃣   Flex    ⃣   Lined Sheet metal      ⃣   Other  

Ducts are sized per Manual D?

⃣  Y    ⃣  N
I declare the load calculation, equipment selection, and duct system design were rigorously performed based on the building plan listed above and understand the claims made on these forms may be subject to review and verification. 

Contractor’s Printed Name

Date

Contractor’s Signature




Section M1401.3, M1601.1, are R301.2 are copyrighted materials excerpted from the 2024 International Residential Code, Copyright © 2024. International Code Council, Inc. All rights reserved. Reproduced with permission. www.ICCSAFE.org.

Understanding and Using the HVAC Design review Form

These instructions use standard forms and worksheets found in ACCA Manual J and ACCA Manual D. The Authority Having Jurisdiction (AHJ) shall have the discretion to accept information generated by software companies that are approved by ACCA. Such companies must demonstrate to ACCA that their software complies with the procedures in Manual J and Manual D. The current list of ACCA approved software vendors can be accessed by going to the link shown below:
Approved Software - ACCA
Section I:  HVAC Load Calculation:

The purpose of this portion of the form is to ensure that the objective, prescribed, and representative values from the buildings plans/drawings were used in the Manual J load calculation.
1. The ACCA Manual J1 Form accounts for all component loads applicable to the structure’s physical construction details, or the plans for its final condition. If acceptable to the authority having jurisdiction (AHJ), an ACCA-approved software J1 report can be used in lieu of the ACCA J1 Form. 
2. Record the location of the dwelling by selecting the nearest city or town that has climatic conditions as close to those locations listed in Table 1A or 1B from Manual J8 §A5-1. Record the elevation, latitude, and the altitude correction factor using Table 10A from Manual J or established criteria determined by the jurisdiction.  See Figure 1 below as an example.
[image: image17.png]Table 1A
Outdoor Design Conditions for the United States

Location Elevation | Latitude Winter Summer
Feet Degrees Heating Cooling Coincident Des?gn Des?gn Des!gn Daily
North 99% 1% Wet Bulb Grains Grains Grains Range
Dry Bulb Dry Bulb 55% RH 50% RH 45% RH (DR)

Nebraska
Beatrice 1323 40 -2 95 74 28 35 41 M





3. Winter Outdoor Temp:  Ensure this value comes from MJ8 Table 1A or 1B. Manual J8 §A5-1: “Use of this set of conditions is mandatory, unless a code or regulation specifies another set of conditions.” See Figure 1 above, the Winter OD Temperature is -2°F. The same information can also be determined from Table 301.2, Climatic and Geographic Design Criteria, in the International Residential Code – (corrected 2024 edition), as shown below.
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4. Winter Indoor temperature:  70°F.  Manual J8 §A5-3:  “Heating and cooling load estimates shall be based on the indoor design conditions listed below.  Use of this set of conditions is mandatory, unless superseded by a code, regulation, or documented health requirement.”
5. Total Heat Loss:  This value is used to select the heating system, a code official may wish to verify the total represents the sum of the individual loads.  
Section M1401.3, M1601.1, are R301.2 are copyrighted materials excerpted from the 2024 International Residential Code, Copyright © 2024. International Code Council, Inc. All rights reserved. Reproduced with permission. www.ICCSAFE.org.

6. Summer Outdoor Temp:  
7. Summer Indoor temperature:
8. Sensible Heat Gain:  This value represents the amount of dry heat the cooling system must remove.  
9. Latent Heat Gain:  This value represents the amount of moist heat the cooling system must remove.
10. Total Heat Gain:  This value is used to size cooling systems; the total cooling capacity shall equal the sensible and latent heat gains. 
11. Confirm whether the heat loss / heat gain was calculated in accordance with ACCA Manual J. See link above for approved software.  
Section II:  HVAC Equipment Selection:

The purpose of this portion of the form is to ensure the equipment selected meets the heating or cooling requirements calculated in Section I for the home.  Ensure the HVAC designer used the manufacturer’s performance data, and did not exceed the limits prescribed by the recognized national standard. 
Manual J load calculations should not be used to size equipment, only Manual S procedures or ACCA-approved Manual S software. In addition, AHRI certificates or AHRI performance data are not be used in lieu of Manual S OEM performance data and size tolerances.
Refer to the equipment sizing requirements (2021 IRC, Section M1401.3) from Manual S as shown below:
	Overview of Size Limits for Residential HVAC Equipment

	Equipment a Tested and Rated by the AHRI
	Attributes of Local Climate Notes b, c
	Issue
	Minimum (deficient) and Maximum(excessive) Capacity Factors. d

	
	
	Cooling Capacity (Btuh)
	Single-Speed Compressor
	Multi- and Variable-Speed Compressor

	
	
	
	Air-Air
	GLHP e
	GWHP f
	Air-Air
	GLHP e
	GWHP f

	Air-Air and Water-Air Cooling-Only & Heat Pump
	Mild Winter or
Has a Latent Cooling Load
	Total
	0.90 to 1.15
	1.25
	0.90 to 1.20multi or 1.30variable
	1.30m or 1.35v

	
	
	Latent
	Minimum = 1.00. Preferred maximum = 1.50 (may exceed 1.5 if no reasonable alternative).

	
	
	Sensible
	Minimum = 0.90. Maximum determined by total and latent capacities.

	Air-Air and Water-Air Heat Pump Only
	Cold Winter and
No Latent Cooling load
	Total
	Maximum capacity = Manual J total cooling load plus 15,000 Btuh; Minimum factor = 0.90

	
	
	Latent
	Latent capacity for summer cooling is not an issue.

	
	
	Sensible
	Not an issue (determined by the limits for total cooling capacity).

	a) Central ducted; ductless single-split; ductless multi-split equipment. AHRI: Air Conditioning, Heating and Refrigeration Institute.

b) Mild winter: Heating degree days for base 65F divided by cooling degree days for base 50F less than 2.0. Cold winter = 2.0 or more.

c) Latent cooling load: Manual J sensible load divided by Manual J total load less than 0.95. No latent load = 0.95 or more.

d) Minimum and maximum capacity factors operate on the total, latent, and sensible capacity values produced by an accurate Manual J load calculation (per Section 2 of the Eighth Edition of Manual J, version 2.0 or later). Multiply a size factor by 100 to convert to a percentage. For example, 1.15 excess capacity = 115% excess capacity.

e) GLHP: Ground loop heat pump (water in buried closed pipe loop).

f) GWHP: Ground water heat pump (ground water from well, pond, lake, river, etc., flows though equipment and is discarded).

	Electric Heating Coils
	Furnaces;

Heat Pump supplement; emergency
	Load (Btuh)
	Maximum KW
	Minimum Capacity Factor
	Maximum Capacity Factor

	
	
	 15,000
	5.0
	Satisfy Load
	See Maximum KW

	
	
	> 15,000
	See Min and Max
	0.95
	1.75

	Minimum and maximum capacity factors operate on the heating load produced by an accurate Manual J load calculation. Multiply a size factor by 100 to convert to a percentage.

	Natural Gas, Oil, Propane Furnaces
	Duty
	Minimum Output Capacity
	Maximum Output Capacity

	
	Heating-only
	1.00
	1.40

	
	Heating-Cooling Preferred
	
	

	
	Heating-Cooling Allowed
	
	2.00

	Minimum and maximum capacity factors operate on the heating load produced by an accurate Manual J load calculation. Multiply a size factor by 100 to convert to a percentage. For heating-cooling duty, blower performance must be compatible with the cooling equipment.

	Electric, and Fossil Fuel Water Boilers
	Duty
	Minimum Output Capacity
	Maximum Output Capacity

	
	Gravity or forced convection terminals in the space, water coil in duct or air-handler.
	1.00
	1.40

	Minimum and maximum capacity factors operate on the heating load produced by an accurate Manual J load calculation. Multiply a size factor by 100 to convert to a percentage. Refer to OEM guidance when a boiler is used for potable water heat, or snow melting.

	Hot Water Coils
	Duty
	Minimum Factor
	Maximum Factor

	
	Gravity or forced convection terminals in the space.
	1.00
	Two-position 1.25
	Throttling 1.50

	
	Water coil in duct or air-handler.
	
	
	

	Minimum and maximum capacity factors operate on the heating load produced by an accurate Manual J load calculation. Multiply a size factor by 100 to convert to a percentage. Two-position= open-close valve; Throttling = Full modulating 2-way or 3-way valve.

	Electric and Fossil Fuel Water Heaters
	The space heating load is the Manual J load. The total load is the space heating load plus the potable water load. Refer to OEM guidance for selection and sizing guidance.

	Dual Fuel Systems
	Heat pump sizing rules apply, heating equipment sizing rules apply, see Section N2-11.

	Ancillary Dehumidification
	See Section N2-12. May allow +15,000 Btuh excess cooling capacity for cold winter climate.

	Humidifiers (Section N2-13)
	Minimum capacity � humidification load, excess capacity dependent on smallest size available.

	AHAM Cooling and Heat Pump Equipment
	See Section N2-14 for sizing rules.

	Direct Evaporative Cooling Equipment
	See Section N2-15 for sizing rules.


Figure 6: Manual S Sizing Limitations
Heating Equipment Data

11. Equipment Type:  A description of the type of heat source used: furnace, boiler.  If a heat pump is used list the fan coil/air handler and supplemental heater size.    
12. Model:   The model of heater that will be installed.  
13. Heating output capacity:  The amount of maximum OUTPUT heating capacity available from the heater shall be equal to, but not exceed 140% of the heat loss (value from item #14); in Figure 7 the output capacity is 64,000 Btu/h.  Manual S §2-2 states, “…the output capacity of the furnace or boiler must be greater than the design heating load, but no more than 40 percent larger than the design heating load.”  Manual S further states in §2-3, “Always use the output capacity value to size the heating equipment.”  Also see Section N2.4 of Manual S for Multi-stage furnaces.  To obtain a copy of the 2014 edition of Manual S click on the link shown below.
Online Store - ACCA
14. Auxiliary heating output capacity:   The auxiliary heat source that supplements the heat pump.  Manual S §4-8 states that the supplemental heat is based on, “…the difference between the winter design heating load and the capacity the heat pump will have when it operates at the winter design temperature.”  Therefore, when auxiliary heat is used, it shall be based on the difference between the homes heat loss and the heat pump’s capacity. Supplemental heat may also be required by code for circumstances when the heat pump has failed, for example if the compressor in the heat pump fails, then the emergency heat would provide some heating.  Manual S states in §4-8 that emergency heat sizing shall be in compliance with local codes.  
Cooling Equipment Data 
15. Equipment Type:  A description of the cooling equipment that will be installed: air conditioner, heat pump, etc.  
16. Model:  The model of cooling equipment that will be installed.  In Figure 11, the model is an AC -030.
17. Sensible cooling capacity:   The sensible cooling capacity of the equipment should satisfy the sensible cooling requirement (line #15).  If the sensible capacity is insufficient, Manual S §3-10 (Step 4) states that the HVAC system designer is permitted to, “Add half of the excess latent capacity to the sensible capacity…”

18. Latent cooling capacity:  Latent capacity is rarely listed in the manufacturers’ performance data.  However, it can be derived by subtracting the sensible from the total cooling capacities.  The latent cooling capacity is crucial to proper health and safety.  When the cooling equipment lacks the latent capacity, moisture related problems arise: affects to framing, growth of harmful compounds, and organisms.
19. Total cooling capacity:    The amount of maximum cooling capacity available from the equipment shall not exceed 115% of the heat gain.  Manual S §3-4 states,:
a. “Cooling equipment shall be sized so that the total cooling capacity does not exceed the total cooling load by more than 15 percent.”
b. “…heat pump equipment (air source or water source) is installed in a warm or moderate climate, the total cooling capacity shall not exceed the total cooling load by more than 15 percent.”
c. “…heat pump equipment (air source or water source) is installed in a cold climate (where heating costs are a primary concern), the total cooling capacity can exceed the total cooling load by 25 percent.” 
Some cooling equipment is available with two speeds or stages, other cooling equipment can scale its capacity to meet peak and part-load conditions.  These types of cooling equipment, generally, are produced in limited sizes.  Due to the sizing limitations, in these circumstances, the designer should choose the smallest equipment that will meet the total cooling load.  For example, this home has a cooling load of 27,000.  Figure 13 shows the available units, from these, the 3 ton A/C unit should be chosen because it is the smallest unit that can meet the total cooling load.
20. Is the load capacity within the size limit? (heating)

The heating load (heat loss) is determined by the Manual J heat loss calculation.  Per ACCA Manual S, furnace size should stay within the specified limits of Table 2.4 below.  For heat pumps with electric resistance heat, refer to Table 2.3 in Manual S as shown below.
	Size Limits for Fossil Fuel Furnaces

	Output Capacity for Heating- Only
	Single Stage
	Multi Stage
	Modulate Burner

	
	Sizing value to

1.4 x sizing value
	Sizing value to

1.4 x sizing value at full

capacity
	Sizing value to

1.4 x sizing value at full

capacity

	Preferred 3 Output Capacity for Heating and Cooling
	Sizing value to

1.4 x sizing value
	Sizing value to

1.4 x sizing value at full

capacity
	Sizing value to

1.4 x sizing value at full

capacity

	Maximum 4 Output Capacity for Heating and Cooling
	Sizing value to

2.0 x sizing value
	Sizing value to

2.0 x sizing value at full

capacity
	Sizing value to

2.0 x sizing value at full

capacity

	Zone Damper Systems
	Zone damper systems should have as little excess capacity as possible when full capacity is compared to the Manual J block load for the space served.

	a) Applies to natural gas, propane, and oil furnaces.

b) Sizing value = MJ8 block load (heating Btuh) for the space served by the equipment.

c) The 2.0 limit applies when the sizing value is 25,000 Btuh or less, but a need to use this limit indicates that a furnace is incompatible with the application. Consider a furnace that has a staged or modulating burner. Consider a heat pump, or a heating coil in a cooling equipment cabinet or duct, or baseboard heat, or radiant heat.

d) The excess output capacity factor shall range from 1.0 to 1.4 when furnace blower performance is adequate for cooling.

e) The excess output capacity factor may be as high as 2.0 when a larger furnace is the only way to obtain the necessary blower power for cooling.

· This option is exercised after the practitioner has investigated the performance of commonly available products, and found that exceeding the 1.4 limit is necessary and defensible.

· Consider a furnace that has a staged or modulating burner.

· Other solutions may be more compatible with the application. Consider a heat pump, or a heating coil in a cooling equipment cabinet or duct, or baseboard heat, or radiant heat, for example.

f) Minimum capacity = Sizing value


Table N2-4

	Size Limits for Electric Heating Coils

	Heat Pump Supplemental Heat

A balance point diagram determines the maximum amount of electric coil heat required (sizing value) when refrigeration cycle heat is active and functioning properly.

	Sizing Value
	Max KW
	Max Factor
	Min Factor

	15,000 Btuh or less
	5.0
	na
	na

	More than 15,000 Btuh
	na
	1.75
	0.95

	Heat Pump Emergency Heat

When refrigeration cycle heat is not available, the sizing value for emergency heat is 85 percent of the design heating load value, or use the sizing value for supplemental heat when the supplemental heat value is larger than the emergency heat value.

	Sizing Value
	Max KW
	Max Factor
	Min Factor

	15,000 Btuh or less
	5.0
	na
	na

	More than 15,000 Btuh
	na
	1.75
	0.95

	Sole Source of Heat

g) Electric furnace

h) Electric coil in air handler cabinet, duct plenum, or duct run

The design value for the heating load determines the sizing value for electric coil heat.

	Sizing Value
	Max KW
	Max Factor
	Min Factor

	15,000 Btuh or less
	5.0
	na
	na

	More than 15,000 Btuh
	na
	1.75
	0.95

	Zone Damper Systems

Zone damper systems shall have as little excess heating capacity as possible for any non-emergency operating condition.

· Stage heat pump supplemental heat.

· Stage electric coils that are the only source of heat.

	1) Maximum and minimum capacity factors are applied to the sizing value.

2) Electric coils that have a total capacity of 10 KW or more should be staged. Use 2-1/2 to 7-1/2 KW increments, depending on what is possible for the available coil circuiting options (5 KW steps are the desired goal).

3 When staging is available, the maximum number of active stages should be enough to satisfy the minimum heating requirement (95% of the sizing value). Keep additional stages off line.


Table N2-3

21. Is the load capacity within the size limit? (cooling)

The total cooling load is determined by the ACCA Manual J heat gain calculation.  The summer heat gain is made up of the sensible load (outdoor temperature vs indoor temperature) and the latent load (humidity).  Cooling equipment capacity should not exceed the total load more than the values listed in ACCA Manual S (see Figure 6).
Section III:  HVAC Duct Distribution System Design:

The purpose of this section is to ensure the air moving values and capabilities of the equipment selected in Section II are sufficient to meet the resistance offered by additional components and the duct distribution system.  Ensure these values are accurately transcribed from the Manual D Friction Rate Worksheet. Shown below is an example of such a worksheet from Manual D.  The following link contains a list of those who have ACCA approved software for Manual D.  Approved Software - ACCA
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22. Design airflow:  The volume of air delivered by a piece of equipment at a given fan speed, voltage, and amount of pressure (the larger of Heating or Cooling CFM, item 22.  When selecting a blower assembly, the design airflow will be the higher of the two, 1,117 CFM.
23. Static Pressure:  The design static pressure from the air moving equipment’s blower performance table.  

The static pressure is the amount of pressure in inches water column (IWC) the blower can “push” against and still deliver the stated volume of air.  For example, in Figure14, on Med-Low fan speed the FR 80-14 furnace can push 1,117 CFM (interpolated
 between 1,140 CFM and 1,095 CFM) against a constant or “static” pressure of 0.75 (interpolated between 0.7 and 0.8).   This value should not be confused with the Friction Rate which will be discussed later.

24. Component Pressure Losses (CPL):  The total resistance or pressure created by accessories like filters, refrigeration coils, grilles, registers, dampers, and others. For example, in Figure 23 the component pressure loss is 0.40.
25. Available Static Pressure (ASP):  The difference between the external static pressure (item 31) and the component pressure losses (item 24).  This number represents the amount of resistance (or pressure) the ducts can create and still allow the fan to deliver the correct airflow.  This is a major factor in determining the friction rate which will be used to size the ducts. For example, in Figure 16 the ASP is 0.35.
26. Longest SUPPLY duct:  The “effective” length of the longest supply (conditioned air) duct run.  Different duct fittings create different amounts of resistance, the resistance of a 90° elbow may be one foot long, but that elbow may offer as much resistance as thirty feet of straight pipe.  A duct runout may look short, but because of elbows and other fittings it may actually have a long effective length.  For example, in Figure 17 the supply side total effective length (TEL) is 278.  
27. Longest RETURN duct:  The same properties apply to return ducts (that bring room air back to the furnace, fan coil, or air handler). For example, in Figure 17 the return side TEL is 110.
28. Total Effective Length (TEL):  The sum total of the supply and return effective lengths. In Figure 17 the total effective length is 388.
29. Friction Rate (ASP x 100) ÷ TEL = FR]:  The value used to determine the size of duct required to carry a certain volume of air.  It is important to ensure the FR is greater than 0.06 and less than 0.18 to control air velocity.  If the FR is outside this boundary the contractor should justify their design. In Figure 18, the friction rate is 0.09.  The FR is one value used to size the ducts; the other factor in duct sizing is the duct material.  
30. Duct Materials Used: For Trunk ducts ensure the planned materials are listed:  Metal pipe, fiberglass duct board, flexible duct, or other.  Use a friction chart or duct calculator (Figure 20) to verify the size of the ducts considering the friction rate and the duct material.  Do not use a “sheet metal” duct calculator to size flexible ducts.
31. Branch duct: See item 378.
32. Ducts are sized per Manual D? 
See the above requirements from Manual D plus the duct distribution sketch and Figures 19 and 20.
Examine Duct Distribution Sketch:  Verify duct sizes with a duct calculator like the one in Figure 20, and ensure all isolated rooms (like bedrooms) have a low resistance air path (cross over duct / transfer grille) or a ducted return.  Ensure the duct calculator used has the appropriate scale for the duct material used.
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Figure 19:  Example Duct Sketch
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Duct Materials Standard Air
Galvanized metal, wire helix flexible, duct board and duct liner. Sealevel 70°F
INSTRUCTIONS

Use CFM and /100 to size round duct for a given f/100. Use round size and velocity to find CFM in round duct.
Use CFM and velocity to size round duct for a given velocity. Convert round size to a rectangular size with same f/100.
Use CFM and round size to find velocity in round duct, Convert diameter to round area.

Use CFM and round size to find /100 in round duct. See other side for rectangular duct areas and velocities.

'©2005 Datakzer, Adcson, Il www.datalizercom




Figure 20:  ACCA Duct Calculator
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� 	Interpolation is the process of determining a value between two known, prescribed values.





