


LOW LOAD HOMES AND EQUIPMENT 
SELECTION

SINGLE STAGE

VS

2 STAGE

VS 

FULL MODULATION

What's the difference???
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Zones 6-7 NEAR NET ZERO HOMES

ZONE 6-7



A STUDY IN EQUIPMENT SELECTION FOR LOW LOAD HOMES



A STUDY IN EQUIPMENT SELECTION FOR LOW LOAD HOMES



SINGLE 
STAGE

TWO 
STAGE

MODULATI
NG



Preferred AC choices

• Outdoor condenser 
matched to indoor coil

• SEER ratings of 14+

• High efficiency blower 
motors - ECM

• Two - stage cooling

• Dehumidification cycles

• Inverter for simple 
connection to solar
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New Realities in HVAC Design & 
Performance

High Performance homes need more efficient motors!

• Capable of meeting small loads, part loads and full loads!
• Use 1/5 of original PSC motor types.
• Run efficiently at a variety of speeds (Modulation)
• Equipment lasts longer
• Enables balanced temperatures throughout home
• Enhances Ventilation “Effectiveness”



ECM Product Features: Efficiency
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ECM Product Features: Constant Airflow
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What about Heat Pumps?

• Is it the first thing to do?

• Reliance on electric grid

• Can do Ground, Water or Air

• High Performance homes help 
reduce capital cost



Energy Efficiency

• Heat pumps are hard to 
overlook

• Low ambient temperature 
units: COPs of 2 to 4

• Be mindful of HSPF rating 
points and operating 
conditions – cold weather:

• Zone 5+  + 8.6 HSPF+

• Dual Fuel /Auxillary back up 
as gas vs electric.



• Enables “smart” use of 
Electrical or Gas

• Balance point can be 
either Operational OR 
Economic

• Provides resilience

HVAC NET ZERO HOME LESSONS LEARNED: 
EQUIPMENT 



HVAC NET ZERO LESSONS LEARNED:
Low loads change the game.
Low ambient heat pump study



Select Heat Pumps for both Cooling & Heating Capacity



New Low Temperature Heat Pumps can be very effective
- when properly sized and selected



Select Heat Pump Capacity based on Outside Temperature 



Example of a different strategy
- Ductless opportunities

• Provides zoning

• Can target specific high load areas



Mini-Split Systems - with Low Temp. capabilities

• In very high performance homes, it could provide 
all heating & cooling needs



3) Design the 
ducts correctly

ACCA Duct Design



Manual D provides a duct sizing schedule to 
deliver the air to the space intended



Manual D provides a duct sizing schedule to 
deliver the air to the space intended



Example- Duct Design for Bedroom #3

5”⌀

4”⌀7”⌀

ST-1 10”x10”

S-3
4”x10”
49 CFM

The air required is calculated by the formula:
CFM =   BTU/hr___________           

1.1 x Temp. rise across furnace



Heat & Air Distribution
BTU/hr Carrying Capacity 

Duct 
size

Airflow
CFM

25 0F
Cooling

45 0F
Heating

55 0F
Heating

4” 30-40 800 -1100 1485 -1980 1815 - 2420

5” 50-60 1300 -1650 2375 - 3960 3025 - 3630

6” 90-110 2475 -3025 4455 - 5445 5445 - 6710
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Example of Calculations
- Typical 2275 sq.ft. house-

1990 Code IECC 2012 ZERH

Load 70,000 BTUs
3.0 tons

36,000 BTUs
2.0 tons

26,000 BTUs
1.5 tons

Air Flow 1200 CFM 750 CFM 600 CFM

Duct sizes
• Mains
• Branch

8”x28”
5” – 6”

8” x 18”
5”

8” x 12”
3”- 4”

ZERH	=	LOW	LOAD	HOMES
DISTRIBUTION	SIZING	AND	SELECTION



Distribution Systems

• HVAC contractor must use the heat loss/gain 
calculations to properly size duct work
• It is critical to consider the entire system and process.

• Layout & location of distribution system

• Materials used - flexible duct or sheet metal, insulated or non-
insulated

• Impact on pressurization of rooms or spaces

• Effective occupant comfort control



HVAC by Design
•Properly size system

•Optimize duct layout

Traditional

Advanced



Ducts & equipment 
in conditioned 
space

A closet & dropped 
ceiling

Use direct vent 
equipment



Ducts in conditioned space will be cooler in 
summer, warmer in winter



Conditioned attics are an option

It can raise the 
value of a home



A dropped ceiling in the 
hallway can be effective

Place the ducts in conditioned 
space



Ducts are now properly 
insulated and any duct 
leakage is to the interior



Properly sized and located grilles “throw” 
air to the perimeter windows and walls



Open web floor joist systems



Layout your floors to accommodate duct 
work
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Buried Ducts are an Option



105

Seal Ducts

■Mastic with a brush is quickest & best

Mastic with a brush is quickest & best



Sealing Ducts Matters!!!

• Getting air where you need it

• Allowing balancing & seasonal 
adjustment to work

• Empowers zoning to work



Low Load Homes suffer from lack of air 
flow-THROW and MIXING!

(Not lack of Returns)







Choose Proper Diffusers with Velocity and “Throw” in Mind



Zoning is becoming (almost) a requirement in 
some low load home designs

• Matching seasonal load adjustments

• Example – basements

• Accurate delivery of part loads in 3 
story higher density townhome 
designs

• Making best use of equipment 
capacity

• Efficiency and cost savings? Cooling 
= 20% savings - +



Ducted Returns
will become 
expected

• A good choice is to hard duct returns...strategically to 
a centralized location
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Return Air Paths

Graphics Courtesy of Building Science Corp.







A single return requires 
transfer grilles to provide 
a return path, and avoid 
pressurizing bedrooms

Note: not an IECC requirement
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