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Who’s Here?



Topics for Discussion

• What’s different in high performance homes?
• The building science connection to mechanical systems
• The right decisions in the right order for all systems

• The right size
• Integrated design
• Equipment alternatives
• Getting installation right
• Commissioning
• Expectation education



How we build has changed
How we live in homes has changed 8

Environment

Enclosure Mechanical

Occupants



The original 800-1200 sq.ft 
starter home

160 MBH 40 MBH



The new 800-1200 sq.ft starter home

30 MBH 180 MBH



New Mechanical Priorities

HERs 100 HERs 50



Tighter Buildings …… Larger Exhausts
9



Larger windows …. Opened less
9



NEW CODES, NEW ZERH, NEW 
DESIGNS…

Irrational Enclosure Design       =      Irrational Mechanical 

It’s about finding the economical and sustainable balance between 
Passive vs Active systems (Goldilocks scenario)



Lower sensible loads  … higher % latent loads

9



More lights, appliances, hot water



Advanced systems … higher expectations



Codes are Changing - Continual Improvement
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NOTE: Renewable Energy Becomes More Cost Effective



Energy 
Efficiency 
Scale

• Every 1 point 
reduction is 
equal to a 1% 
reduction in 
energy use

20
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Code adoption as of March, 2017



30 years ago….

Hot water 15%

Heating 75%

Lights / 
Appliances 
10%



IECC 2015….
SMALLER TOTAL CIRCLE

LOAD PROFILE HAS CHANGED



NET ZERO / ZERH….

Heating 13%

Hot Water 12.5%

Occupant /Baseload 67.5%

Air Conditioning 3%

HRV /Fans 4%
Occupants /Base loads



Are we ready 
for the 
changes?



Be Aware…

• Energy Efficiency ≠ 
Comfort

• Builders typically have 
more comfort complaints 
than high bill complaints

• If you can’t provide 
comfort, energy efficiency 
could be set back 20 
years 

• Need to remember 
comfort fundamentals



Let’s Start with Defining Comfort
• Air temperature

• Humidity

• Air speed - drafts

• Surrounding surface 
temperatures

• Gender, age, activities 
of occupants

• Metabolic rate & 
clothing
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Comfort – Finding the sweet spot

Applies to Operative 
Temperature 



1. Air	Temperature(Ambient)
2. Surrounding	Surface	

Temperature(MRT)
3. Humidity

PERSONAL	FACTORS:
1. Air	movement-Drafts(Air	Speed)
2. Occupant	Activity	AND	

Sensitivity(Metabolic	Rate	and	
Clothing	)

ASHRAE	55….”Mean	Radiant	
Temperature”
http://comfort.cbe.berkeley.edu/

THERMAL	COMFORT	DEFINED:
ASHRAE	55(	40	years	old)



How	does	the	body	lose	
(transfer)	heat?

• 15%	humidity/perspiration
• 35%	convection/air	

movement
• 50%	radiation	heat	

exchange.

The	Temperatures	of	the	surrounding	walls	,floors	
and	windows	impacts	comfort	MORE	than	air	
temperature(Thermostat).



Operative Temperature

Operative temperature:
• The average of the mean radiant

and ambient air temperatures, 
weighted by their respective heat 
transfer coefficients. 

• Thermostats respond to air 
temperature

• Human thermal comfort
responds to operative temperature 



Can we meet the expectations of our customers?

ACCA Comfort Guidelines
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Comfort – A starting point

Parameter Setting Range

Temperature
Summer
Winter

75 0F
72 0F

+/- 3 0F
+/- 3 0F

Humidity
Summer
Winter

50%
35%

+/- 5%
+/- 5%

Foot Comfort 63 0F +/- 3 0F



Heating & Cooling Systems

Fuel choices
• Electric
• Gas
• Oil
• Wood
• Solar
• Combinations

Distribution choices
•Central Forced air
•Radiant

• In-floor
•Baseboard

•Ductless
•Space heaters



1) Get heating 
& cooling 
capacity right

ACCA Sizing Standards
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Heat Flow Formulas

Conduction heat flow (through walls, ceilings, floors)

= (Surface Area x Temp. Diff.) / R-value

Radiant flow (through glass) 

= Surface area x Solar incidence x Solar Heat Gain Coefficient

Heat flow by air (via air leakage or ventilation) - Sensible

= Volume of air (CFM) x Temp. Diff. x 1.1



HEATING – Get the Size Right

• Do Room-by-Room heat 
loss & gain calculation

Based on:

• Design Day - Winter
• Conduction losses through 

enclosure
• Air leakage through 

enclosure
• Heat losses through ducts 

in unconditioned space 



Madison, WI 
- design conditions

Condition ASHRAE 99% / 1%
Winter, design dry bulb (F) -9°F

Summer, design dry bulb (F) 90°F 
Summer, design wet bulb (F) 74.4°F

Degree days-heating 7197
Degree days-cooling 608

Precipitation 31”
Solar incidence - South, July 100
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Lets do a one room example

Conductive Heat Loss/ Gain
• 2 exposed walls
• One exposed ceiling
• One window
Radiant Heat Gain (Cooling)
• Solar gain through window
+ Internal loads
+ Air leakage & ventilation

Participants complete the example 
on your worksheet
Assume 10’ high ceilings
Assume window SHGC = 0.3

5’ x 4’ Window

10’

15’



HVAC Sizing

Component Surface	area x Temp.	Diff. / R-value = BTUs/Hr

Ceiling:
Winter
Summer

_________	sq.ft. R30

Walls:
Winter
Summer

________	sq.ft. R15

Windows:
Winter
Summer

_______	sq.ft. R3



HVAC Sizing

Component Surface	area x Temp.	Diff. / R-value = BTUs/Hr

Ceiling:
Winter
Summer

150	sq.ft. R30

Walls:
Winter
Summer

250	sq.ft. R15

Windows:
Winter
Summer

20	sq.ft. R3



HVAC Sizing

Component Surface	area x Temp.	Diff. / R-value = BTUs/Hr

Ceiling:
Winter
Summer

150	sq.ft. 60
20

R30 300
100

Walls:
Winter
Summer

250	sq.ft. 60
20

R15 1000
333

Windows:
Winter
Summer

20	sq.ft. 60
20

R3 400
133

Solar gain (South) = 20 x 100 x 0.3 SHGC = 600 BTUs/hr   

Solar gain (West) = 20 x 160 x 0.3 SHGC = 960 BTUs/hr   



Air leakage / ventilation heat loss
= CFM x temp. difference x 1.1
= 60 x 60 x 1.1= 3960 BTUs/hr   

HVAC Sizing

Definition - 1.08 is the product of the specific heat (0.24 BTU x Air Density x minutes in an hour (60)



Air leakage / ventilation heat loss
btu/hr = CFM x temp. difference x 1.1
= 60 x 50 x 1.1= 3300 BTUs/hr   

HVAC Sizing

Definition - 1.08 is the product of the specific heat (0.24 BTU x Air Density x minutes in an hour (60)



Proper Manual J Calculations

• Numerous software packages exist
• All rely on proper data input and 

appropriate assumptions
Common Errors:
• Fudging design day conditions
• Using default values for air tightness, 

windows, insulation
• Using improper ventilation rates

Don’t tolerate oversizing, Manual J 
compliant programs have safety 
factors built in already



Impact of Improper Sizing

• Short cycling
• Poor humidity control
• Poor temperature control
• Noise
• Extra cost for equipment & duct work
• Possibly higher energy bills



An Example 
House



Parameter Actual Traditional
Design Temp (W)
Design Temp (S)

-15 0F
91 0F

Its cold here:      -22 0F
Its getting hotter: 97 0F

Indoor Design (W)
Indoor Design (S)

70 0F
75 0F

People are picky: 72 0F
72 0F

Orientation North Front Worst Case - East Front

Windows
From NFRC label

U=0.28, SHGC=0.28
Overhangs used

Default
U=0.41, SHGC=0.32
Overhangs not used

Air tightness Actual 2.0 ACH50 Default 7.0 ACH50

Insulation
R50     ceilings
R25     walls
R 15    foundation

R44     ceilings
R19     walls
R 10    foundation

Ventilation ERV - 75 CFM Exhaust fans - 75 CFM

Example Design Decisions



An Accurate 
Manual J



Heating Loads- HP Home Versus Standard
50

Walls 
31% 

Wind
ows 
& 

Door
s…

Ceilin
gs
6%

Floors
5%

Infiltration

14%
Ventilation

10%
Walls 
30% 

Windows 
& Doors

33%

Ceiling
s

4%

Floors…

Infiltrati
on

28%

Ventilat
ion
0%

0
20000
40000
60000
80000

ENERGY STAR HOME TRADITIONAL DATA ENTRY

49,275 79,304



Cooling Loads- HP Home Versus Standard
51

Walls 
11% 

Windows & 
Doors
50%Ceilings

8%Floors
0%

Infiltration
3%

Ventila
tion
9%

Internal
14%

Ducts
5%

Walls 
15% 

Windows & 
Doors
57%Ceilings…

Floors…

Infiltration
9%

Ventilation
0%

Internal
10%

Ducts
4%

0
12500
25000
37500
50000

ENERGY STAR HOME TRADITIONAL DATA ENTRY

22,357 46,687

Cooling - Sensible + Latent Loads
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DP 30



The most 2 important numbers

• SHGC indicates how much incident solar 
radiation is admitted through a window as heat 
gain. The higher the number, the higher the  
solar gain.

• U factor describes the rate of heat transfer 
(i.e. how well the window insulates). The lower 
U factor, the better the window or door 
insulates.

• SHGC and U factor should be chosen 
carefully to optimize window performance in 
different climates.

NOTE : SHGC affects 50%+ of most 
Heat Load calculations(Tonnage)



• Fastest	growing	peak	load
• Most	costly	comfort	investment	in	any	

home
• Trickle	down	effect:	HIGH	SHGC	

WINDOWS	=		Increasing	cooling	loads	
=	larger	Duct	sizing	and	air	
handler(furnace	blower	motor)

Single	biggest	factor	
in	cooling	loads:	

WINDOWS!(SHGC)

WHY DUCT SIZING IS INCREASINGLY DRIVEN BY 
COOLING LOADS…EVEN IN THE NORTH!



Windows Solar Gain(SHGC) and Air 
Conditioning

Window Case Study

■ Standard Clear Double Glazed

■ SHGC = .68

■ 4.0 Ton AC Unit

■ Double Glazed Low-e, Low SHGC

■ SHGC = .32

■ 2.5 Ton AC Unit….1.5 Ton reduction!



Amount	of	Glass	in	New	Homes	:	More	or	Less?

2000	or	before:																																						8	to	10%...

2010	to	2016:																																											12%	to	17%....

2016	New	product	showing:																	17%	to	25%+

SHGC AND COOLING LOADS



Tread cautiously with higher SHGC. Comfort and Energy implications 



HOW MUCH HEAT/COOLING FOR A LOW LOAD ZERH? 
(1800 SFT)

EXISTING	HOME

HOME	TYPE

2012-2015	IECC	BUILT	HOME

ZERH



Provide your Contractor with Good Information

• Insulation levels
• Wall and attic insulation levels

• Foundation insulation

• Window data - use NFRC ratings
• Solar heat gain coefficients

• U values

• House Air leakage - (this is often the single biggest variable)

• Provide blower door test values



Approved Software Guides Better Inputs



Approved Software Guides Better Inputs



You can check the numbers 
against the detailed Heat 
Loss / Gain Report

Check them against your 
HERs raters reports too



Results can help 
you make better 
decisions



2) Select the  
right equipment

ACCA Equipment Selection



Good System Selection

Heating and cooling systems come in specific sizes

(2, 2.5, 3 ton, or 45, 70, 90 Thousand BTUs for example)

• For heating it is acceptable to select a system that is within 110% 
-125% of the design load - slightly oversized

• For cooling choose a system that is between 90% - 110% of 
design load 

• Other issues:
• Equipment location (garage, attic, crawl…)
• Blower type (ECM, PSC, HV…)
• Filtration needs



Good System Selection

• Use manufacturer’s technical manuals to match:

• Required heat output

• Required cooling output

• Sensible & latent (moisture) loads

• Fan / airflow delivery capacity and static pressure  



• Safer
• Healthier
• Comfortable
• Durable
• More efficient

Their Goals ???

Use real fan specs.



Preferred furnace choices

• Sealed combustion chamber

• Venting system decoupled 
from house pressures

• Efficiencies of 90%+

• High efficiency blower motors 
- ECM

• Two/multi stage heating

68
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Always Choose Direct Vent



LOW LOAD HOMES AND EQUIPMENT 
SELECTION

SINGLE STAGE

VS

2 STAGE

VS 

FULL MODULATION

What's the difference???

70



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

75
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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
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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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