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1. Prioritize which performance tests make sense to pursue on 
every project.

2. The difference between ENERGY STAR contractor 
requirements and a HERS Rater.

3. Have an outline of what the first skills your staff and trade 
partners should learn to quickly contribute to heat pump 
success.

4. Top 5 things to communicate to a homeowner about heat 
pumps to avoid complaints and frustration.

Learning Objectives



1. Background on Energy Star program incentives and how they 
are supported

2. What does it mean to have success with Heat Pumps?
1. Role of Building Envelope

2. HVAC Contractor commissioning process 

3. Have an outline of what the first skills your staff and trade 
partners should learn to quickly contribute to heat pump 
success.

4. Top 5 things to communicate to a homeowner about heat 
pumps to avoid complaints and frustration.

Discussion Outline



Drivers for 

Heat Pumps

• Money!

• Compliance

• Benefit (Ratings)

• “In the news”

• Carbon footprint
This Photo by Unknown Author is licensed under CC BY-NC-ND

https://jobnukkad.com/maids-in-mumbai
https://creativecommons.org/licenses/by-nc-nd/3.0/


Money

• Utility Programs

• Tax Credits

• IRA Programs

• Efficiency lending products

Utilities commonly to require “Quality Installation” as 

minimum or bonus

New Con programs typically aligned with ENERGY STAR, 

ENERGY STAR NextGen, DOE ZERH, or similar program

25C = Existing Homes 

Requires CEE highest, non-advanced tier heat pump

CEE recommends full commissioning

45L = New Homes

Requires alignment with ENERGY STAR, ENERGY STAR 

NextGen, or DOE ZERH

Which require Standard 310

HOMES

Modeled savings, typically ENERGY STAR or higher 

equipment 

States recommending or requiring “Quality Installation”

HEAR

Equipment incentives, requires ENERGY STAR

States may choose to require “Quality Installation”



What determines a Quality Install?

https://quality-install-tool.pnnl.gov/ 

https://quality-install-tool.pnnl.gov/


ENERGY STAR New Homes



ENERGY STAR NextGen Certified Homes

• Must meet ENERGY STAR 
version appropriate for 
location

• Must have a Rater perform 
the National Rater Field 
Checklist for NextGen 
Certified Homes



DOE Zero 

Energy 

Ready 

Homes



Air Source Heat Pump Operation

Source:  DOE Energy Star

Cooling Cycle Heating Cycle 



Selecting Heat Pump can be Over-simplified 

Source:  FIXR

Success Factors

Comparable

Initial Cost

Comparable 

Comfort

Comparable 

Operating Cost 

Reduce Energy 

CO2 Consumption

Comparable 

Durability

Source:  FIXR



Source:  FIXR

Success Factors

Comparable

Initial Cost

Comparable 

Comfort

Comparable 

Operating Cost 

Reduce Energy 

CO2 Consumption

Comparable 

Durability

Selecting Heat Pump can be Over-simplified 



What Does it Mean to Have Success?

Homeowner/Contractor Goals

Reduce Energy (Carbon) Consumption

Comparable Comfort

Comparable Initial Cost

Comparable Operating Cost

Comparable Expected Life / Durability

Source:  Energy.gov



Systematic Approach Required for Success

• Heat Pumps can help us achieve 

our goals to deliver comfortable, 

safe, healthy, efficient and durable 

homes.

• Success requires that the 

mechanical system is selected 

(Manual S, D) to support the load 

of the home (Man J).

• This means the building envelope, 

fresh air, ductwork and heat pump 

need to be commissioned to 

perform well together

Envelope

Duct Leakage

Duct Leakage 

to Outside

Air Flow



Example Minneapolis House 
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Heating Cooling

Example Minneapolis House 



Ducted Heat Pumps
New Construction:  HVAC Contractor Process Overview

1. Evaluate the 
Design

2.  Confirm Duct 
Leakage

3. Confirm 
System Airflow

4. Check Power 
Consumption

5. Measure 
Refrigerant 

Charge



Ducted Heat Pump
New Construction:  HVAC Contractor Process Overview

1. Evaluate the 
Design

2.  Confirm Duct 
Leakage

3. Confirm 
System Airflow

4. Check Power 
Consumption

5. Measure 
Refrigerant 

Charge

• Energy Model

• Estimated Load

• Tight Envelope has 

Significant Impact



Example Minneapolis House 

Versions Envelope HVAC TESP
HVAC Air Flow 

(heat)

Duct Leakage to 

Outside

Very Tight Home 1 ACH50 0.5 inH2O 600 cfm 0%

Tight House 2 ACH50 0.5 inH2O 1000 cfm 0%

Leaky House 11 ACH50 0.8 inH2O 900 cfm 8%

Success Factors

Comparable

Initial Cost

Comparable 

Comfort

Comparable 

Operating Cost 

Reduce Energy 

CO2 Consumption

Comparable 

Durability

Let’s Size a Heat Pump for Success!

Retrofit

• 1 Story, ~1500 Sq Ft Home

• 95% Gas Furnace, 2-ton AC

Envelope

Duct Leakage

Duct Leakage 

to Outside

Air Flow



Benefits of Load Reduction Increase in Colder Climates 
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Heating / Cooling Loads and Equipment Capacity 

Heating Design Temp = -8F Cooling Design Temp = 88F

Cooling Load
= 24,480 BTU/hr

Heating Load
= 57,870 BTU/hr

Cooling Load
= 16,100 BTU/hr

Heating Load
= 35,000 BTU/hr

Heating Load
= 18,000 BTU/hr

Cooling Load
= 6,000 BTU/hr

Heating Cooling



Manual J Load Calc Software

Heating Design Temp = -8F

Cooling Design Temp = 88F



ACCA Approved Equivalent – versions may/may not be 
ACCA Approved

Manual J and Equivalent Approaches

23

Free

Man-J v7 equivalent

No low-e, only SHGC

Canadian

F280 compliant

Not free

European

Getting ACCA approved

Great for hydronic



Updated Manual S sizing guidance

Capacity vs Load

24

Equipment Type Heating Size Limit Cooling Size Limit

Single speed AC NA 120%

Two Speed AC NA 125%

SS and TS HPs 120% 120%

Fuel fired furnace/boiler 140% NA

VCHP = Adv HP Dry Climate 150% 130%

Emergency/Back up ER 175% NA



Ducted Heat Pump
New Construction:  HVAC Contractor Process Overview

1. Evaluate the 
Design

2.  Confirm Duct 
Leakage

3. Confirm 
System Airflow

4. Check Power 
Consumption

5. Measure 
Refrigerant 

Charge

• Confirmed by Duct 

Leakage Test

• Duct Leakage to 

Outside has 

Significant Impact



When Does Duct Leakage Matter?

• The big concern is when there are ducts outside the envelope

• When they are – this is a BIG Concern…



BPA Upper Midwest Regional Conference & Trade Show

MIAMI  CASE STUDY –  UNCOMFORTABLE HOME

Confirm Manual J Calc Results

Existing system is correctly sized 

– almost exactly

0
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60,000

4T OEM Equipment Capacity Design Loads - Manual J

Cooling Load and Equip. Capacity

Sens ible Latent (water)

114%

102%



BPA Upper Midwest Regional Conference & Trade Show

M IA M I  C A S E  S T U D Y-  D U C T  L E A K A G E  TO  O U T S ID E

House depressurizing by 2Pa (0.008 inH2O) 

when HVAC is turned on

This is caused by duct leakage

• Depressurizing means from Supply 

Duct

Resulting in increase in infiltration of ~280 CFM 

• Based on Blower Door Test and See 

Stack estimate

• Goes from 102 to 384 CFM.

1400 

CFM

1016 

CFM

384 CFM comes 

into the house 

through leaks

-2 Pa Pressure Change

3230 CFM@50
0 Pa 

Outdoor 

Pressure



BPA Upper Midwest Regional Conference & Trade Show

IS  LEAKING 380  CFM A BIG DEAL –YES IT  IS



How a Bad Duct Impacts the House Load

Manual J Calculation

Windows Walls Ceiling

Infiltration-Sens. Infiltration-Lat. Ducts

Internal Gain Latent Gain (Int.)

Manual J + HVAC Driven Infiltration

Windows Walls Ceiling

Infiltration-Sens. Infiltration-Lat. Ducts

Internal Gain Latent Gain (Int.)

Total 
is 30% 
Bigger


Chart3



Manual J Calculation



Original	Windows	Walls	Ceiling	Infiltration-Sens.	Infiltration-Lat.	Ducts	Internal Gain	Latent Gain (Int.)	11227	2637	2421	3275	7212	5300	7250	3000	





Inifltration Details

																												From the REDCALC Design Infiltration Calculator																		From the ACCA Manual J Spreadsheet

																8.3												CFM50				BTU's (95/75F) 20 degree delta T		BTU/CFM @ 20F Delta T)		Combined (CFM) @ 10F/9ft		BTU's (85/75F) 10 degree delta T		BTU/CFM @ 10F Delta T)												Grains Diff		Cooling Delta T		Sensible		Latent				CFM Implied by Latent		CFM Implied by Sensible

																9.6												500		16		340		21.25		13		140		10.7692307692								Miami AP		Loose		58		15		1120		2678		2.3910714286		67.9		69.1

																												1000		32		690		21.5625		27		290		10.7407407407										Average		58		15		527		1260		2.3908918406		31.9		32.5

																8.95												2000		64		1400		21.875																Tight		58		15		198		473		2.3888888889		12.0		12.2

																												3000		95		2100		22.1052631579		80		860		10.75

																												5000		160		3400		21.25														Miami AP		Loose		58		20		1494		2678		1.7925033467		67.9		69.2

																												7000		220		4800		21.8181818182		190		2000		10.5263157895										Average		58		20		703		1260		1.7923186344		31.9		32.5

																												9000		290		6200		21.3793103448																Tight		58		20		264		473		1.7916666667		12.0		12.2

																												15000		480		10300		21.4583333333		400		4300		10.75

																												20000		640		14000		21.875														Key West AP		Loose		73		20		1494		3370		2.2556894244		67.9		69.2

																												25000		790		17000		21.5189873418																Average		73		20		703		1586		2.2560455192		32.0		32.5

																												35000		1110		24000		21.6216216216		930		10000		10.752688172										Tight		73		20		264		595		2.2537878788		12.0		12.2



																																Average		21.6103816016						10.7148292452								San Diego AP		Loose		13		20		1494		600		0.4016064257		67.9		69.2

																																																		Average		13		20		703		282		0.4011379801		31.9		32.5

																										Looks like this uses 1.08 BTU/CFM/deg F - no heat exchange with the building materials.								1.0805190801						1.0714829245										Tight		13		20		264		106		0.4015151515		12.0		12.2

																																																		Sensible Capacity (Btu/hr) = 1.08 x CFM x (T1db – Tedb)

																																										1000		CFM50						Latent Capacity (Btu/hr) = 0.68 x CFM x (Grains H2O removed per lb. air)																		Grain Diff		BTU

																																										327		CFM																								73		3370		46.1643835616

																																																8246 NE 200 Terr -- 2267 ft^2 house																				58		2678		46.1724137931

																																								Tons		BTU/hr										MADAIR		Man J								228.4779849401						13		600		46.1538461538

																																										7066.5947837241		BTU Sensible								414.4779849401		186		CFM

																																										1		Sensible Discount								16		16		Delta T				MADAIR		Windy		Simple		Avg		High

																																								0.6		7066.5947837241		Sensible								57		57		Grain Diff.				384		102		102		44.2		136		Stack

																																								1.1		12666.8947997411		Latent @ 58 Grains				Tons		BTU/hr diff										156		156		88		62.1		272		Wind

																																								1.6		19733.4895834652		Total				0.32		3887.1795797648		7162.1795797648		3275		Sensible				414.4779849401		186.3866948041		134.7145129524		76.2236839834		304.10524494

																																																0.74		8853.166696278		16065.166696278		7212		Latent																		1200		Air Handler Flow

																																										12896.88																								1.4049773756		2						300		Leakage to Attic

																																																1.06				12740.3462760428																						900		Air Delivered to House

																																										0.3581016299		SHR!!

																																																				35056.1795797648		31169		Total Sensible

																																																				20006.166696278		11153		Total Latent

																																																				0.6366633816		0.7364727565		SHR

																																										4200

																																										9400

																																										13600

																																																1908 ft^2 house

																																								Tons		BTU/hr										MADAIR		Man J														13		600

																																										0		BTU Sensible								223		110		CFM

																																0.0200932326										1		Sensible Discount								16		16		Delta T				MADAIR		Windy		Simple		Avg		High

																																								0.0		0		Sensible								57		57		Grain Diff.				200		45		45		44.2		136		Stack

																																								0.0		0		Latent @ 58 Grains				Tons												100		100		41		62.1		272		Wind

																																								0.0		0		Total				0.16		1952.64		3853.44		1900.8		Sensible				223.60679775		109.6585609973		60.8769250209		76.2236839834		304.10524494										650

																																																0.36		4379.88		8643.48		4263.6		Latent																						350

																																										0																								1.4049773756		2										1000

																																																0.53				6332.52

																																										ERROR:#DIV/0!		SHR!!

																																																				33331.64		31379		Total Sensible

																																																				12091.88		7712		Total Latent

																																																				0.7337969404		0.8027167379		SHR

																																										4200

																																										9400

																																										13600





Combined (CFM) @ 10F/9ft	500	1000	2000	3000	5000	7000	9000	15000	20000	25000	35000	16	32	64	95	160	220	290	480	640	790	1110	BTU's (95/75F) 20 degree delta T	500	1000	2000	3000	5000	7000	9000	15000	20000	25000	35000	340	690	1400	2100	3400	4800	6200	10300	14000	17000	24000	











BTU	

73	58	13	3370	2678	600	







Load - Load revised

				Load component Load														Original		Revised

		1		Window total 284 sqft 10917 Btuh		10		10917 Btuh		10		10917		1		Windows		11227		11227

		2		Wall total 2046 sqft 2637 Btuh		9		2637 Btuh		9		2637		2		Walls		2637		2637

		2		Door total 33 sqft 310 Btuh		8		310 Btuh		8		310		3		Ceiling		2421		2421

		3		Ceiling total 1422 sqft 2421 Btuh		9		2421 Btuh		9		2421		4		Infiltration-Sens.		3275		7162

		4		Infiltration 186 cfm 3275 Btuh		9		3275 Btuh		9		3275		5		Infiltration-Lat.		7212		16065

		6		Internal gain 7250 Btuh		9		7250 Btuh		9		7250		6		Ducts		5300		5300

		5		Duct gain 4359 Btuh		9		4359 Btuh		9		4359		7		Internal Gain		7250		7250

																Latent Gain (Int.)		3000		3000

				Total sensible gain 31169 Btuh		10		31169 Btuh		10		31169						Design Loads - Manual J		Design Loads + HVAC Infiltration		% Difference		Tons Difference

		5		Latent gain(ducts) 941 Btuh		8		941 Btuh		8		941				Sensible		31,169		35,056		12%		0.32

		4		Latent gain(infiltration) 7212 Btuh		9		7212 Btuh		9		7212				Latent		11,153		20,006		79%		0.74

		7		Latent gain(internal/occupants/other) 3000 Btuh		9		3000 Btuh		9		3000				Total		42,322		55,062		30%		1.06

				Total latent gain 11153 Btuh		10		11153 Btuh		10		11153						3.5268333333		4.5885288563

				TOTAL HEAT GAIN 42322 Btuh		10		42322 Btuh		10		42322				House SHR		0.74		0.64				12740.3462760428



												31169										3,887

																System Capacity		47000				8,853

												11153				% Capacity Lost		0.25

												42322				Remaining Capacity		35250

																Real ratio		0.6401833991

																Reduced capacity		35250		11750		0.8535778654

																Reduced Sensible		26700

																Reducded Latent		8550				2.9375

																		0.4273682275																										48000

																																												60000

																		OEM Equipment Capacity		Reduced Capacity		Design Loads + HVAC Infiltration		Design Loads - Manual J

																Sensible		31,169		23376.75		35,056		31,169

																Latent		11,153		8364.75		20,006		11,153

																Total		42,322		31,742		55,062		42,322

														0.0120559396



Manual J Calculation



Original	Windows	Walls	Ceiling	Infiltration-Sens.	Infiltration-Lat.	Ducts	Internal Gain	Latent Gain (Int.)	11227	2637	2421	3275	7212	5300	7250	3000	



Manual J + HVAC Driven Infiltration



Revised	Windows	Walls	Ceiling	Infiltration-Sens.	Infiltration-Lat.	Ducts	Internal Gain	Latent Gain (Int.)	11227	2637	2421	7162.1795797648083	16065.166696278007	5300	7250	3000	



Cooling Load and Equipment Capacity



Sensible	OEM Equipment Capacity	Reduced Capacity	Design Loads + HVAC Infiltration	Design Loads - Manual J	31169	23376.75	35056.179579764808	31169	Latent	OEM Equipment Capacity	Reduced Capacity	Design Loads + HVAC Infiltration	Design Loads - Manual J	11153	8364.75	20006.166696278007	11153	







Cooling Load and Equipment Capacity - Manual S



Sensible	OEM Equipment Capacity	Design Loads - Manual J	31169	31169	Latent	OEM Equipment Capacity	Design Loads - Manual J	11153	11153	










Chart4



Manual J + HVAC Driven Infiltration



Revised	Windows	Walls	Ceiling	Infiltration-Sens.	Infiltration-Lat.	Ducts	Internal Gain	Latent Gain (Int.)	11227	2637	2421	7162.1795797648083	16065.166696278007	5300	7250	3000	





Inifltration Details

																												From the REDCALC Design Infiltration Calculator																		From the ACCA Manual J Spreadsheet

																8.3												CFM50				BTU's (95/75F) 20 degree delta T		BTU/CFM @ 20F Delta T)		Combined (CFM) @ 10F/9ft		BTU's (85/75F) 10 degree delta T		BTU/CFM @ 10F Delta T)												Grains Diff		Cooling Delta T		Sensible		Latent				CFM Implied by Latent		CFM Implied by Sensible

																9.6												500		16		340		21.25		13		140		10.7692307692								Miami AP		Loose		58		15		1120		2678		2.3910714286		67.9		69.1

																												1000		32		690		21.5625		27		290		10.7407407407										Average		58		15		527		1260		2.3908918406		31.9		32.5

																8.95												2000		64		1400		21.875																Tight		58		15		198		473		2.3888888889		12.0		12.2

																												3000		95		2100		22.1052631579		80		860		10.75

																												5000		160		3400		21.25														Miami AP		Loose		58		20		1494		2678		1.7925033467		67.9		69.2

																												7000		220		4800		21.8181818182		190		2000		10.5263157895										Average		58		20		703		1260		1.7923186344		31.9		32.5

																												9000		290		6200		21.3793103448																Tight		58		20		264		473		1.7916666667		12.0		12.2

																												15000		480		10300		21.4583333333		400		4300		10.75

																												20000		640		14000		21.875														Key West AP		Loose		73		20		1494		3370		2.2556894244		67.9		69.2

																												25000		790		17000		21.5189873418																Average		73		20		703		1586		2.2560455192		32.0		32.5

																												35000		1110		24000		21.6216216216		930		10000		10.752688172										Tight		73		20		264		595		2.2537878788		12.0		12.2



																																Average		21.6103816016						10.7148292452								San Diego AP		Loose		13		20		1494		600		0.4016064257		67.9		69.2

																																																		Average		13		20		703		282		0.4011379801		31.9		32.5

																										Looks like this uses 1.08 BTU/CFM/deg F - no heat exchange with the building materials.								1.0805190801						1.0714829245										Tight		13		20		264		106		0.4015151515		12.0		12.2

																																																		Sensible Capacity (Btu/hr) = 1.08 x CFM x (T1db – Tedb)

																																										1000		CFM50						Latent Capacity (Btu/hr) = 0.68 x CFM x (Grains H2O removed per lb. air)																		Grain Diff		BTU

																																										327		CFM																								73		3370		46.1643835616

																																																8246 NE 200 Terr -- 2267 ft^2 house																				58		2678		46.1724137931

																																								Tons		BTU/hr										MADAIR		Man J								228.4779849401						13		600		46.1538461538

																																										7066.5947837241		BTU Sensible								414.4779849401		186		CFM

																																										1		Sensible Discount								16		16		Delta T				MADAIR		Windy		Simple		Avg		High

																																								0.6		7066.5947837241		Sensible								57		57		Grain Diff.				384		102		102		44.2		136		Stack

																																								1.1		12666.8947997411		Latent @ 58 Grains				Tons		BTU/hr diff										156		156		88		62.1		272		Wind

																																								1.6		19733.4895834652		Total				0.32		3887.1795797648		7162.1795797648		3275		Sensible				414.4779849401		186.3866948041		134.7145129524		76.2236839834		304.10524494

																																																0.74		8853.166696278		16065.166696278		7212		Latent																		1200		Air Handler Flow

																																										12896.88																								1.4049773756		2						300		Leakage to Attic

																																																1.06				12740.3462760428																						900		Air Delivered to House

																																										0.3581016299		SHR!!

																																																				35056.1795797648		31169		Total Sensible

																																																				20006.166696278		11153		Total Latent

																																																				0.6366633816		0.7364727565		SHR

																																										4200

																																										9400

																																										13600

																																																1908 ft^2 house

																																								Tons		BTU/hr										MADAIR		Man J														13		600

																																										0		BTU Sensible								223		110		CFM

																																0.0200932326										1		Sensible Discount								16		16		Delta T				MADAIR		Windy		Simple		Avg		High

																																								0.0		0		Sensible								57		57		Grain Diff.				200		45		45		44.2		136		Stack

																																								0.0		0		Latent @ 58 Grains				Tons												100		100		41		62.1		272		Wind

																																								0.0		0		Total				0.16		1952.64		3853.44		1900.8		Sensible				223.60679775		109.6585609973		60.8769250209		76.2236839834		304.10524494										650

																																																0.36		4379.88		8643.48		4263.6		Latent																						350

																																										0																								1.4049773756		2										1000

																																																0.53				6332.52

																																										ERROR:#DIV/0!		SHR!!

																																																				33331.64		31379		Total Sensible

																																																				12091.88		7712		Total Latent

																																																				0.7337969404		0.8027167379		SHR

																																										4200

																																										9400

																																										13600





Combined (CFM) @ 10F/9ft	500	1000	2000	3000	5000	7000	9000	15000	20000	25000	35000	16	32	64	95	160	220	290	480	640	790	1110	BTU's (95/75F) 20 degree delta T	500	1000	2000	3000	5000	7000	9000	15000	20000	25000	35000	340	690	1400	2100	3400	4800	6200	10300	14000	17000	24000	











BTU	

73	58	13	3370	2678	600	







Load - Load revised

				Load component Load														Original		Revised

		1		Window total 284 sqft 10917 Btuh		10		10917 Btuh		10		10917		1		Windows		11227		11227

		2		Wall total 2046 sqft 2637 Btuh		9		2637 Btuh		9		2637		2		Walls		2637		2637

		2		Door total 33 sqft 310 Btuh		8		310 Btuh		8		310		3		Ceiling		2421		2421

		3		Ceiling total 1422 sqft 2421 Btuh		9		2421 Btuh		9		2421		4		Infiltration-Sens.		3275		7162

		4		Infiltration 186 cfm 3275 Btuh		9		3275 Btuh		9		3275		5		Infiltration-Lat.		7212		16065

		6		Internal gain 7250 Btuh		9		7250 Btuh		9		7250		6		Ducts		5300		5300

		5		Duct gain 4359 Btuh		9		4359 Btuh		9		4359		7		Internal Gain		7250		7250

																Latent Gain (Int.)		3000		3000

				Total sensible gain 31169 Btuh		10		31169 Btuh		10		31169						Design Loads - Manual J		Design Loads + HVAC Infiltration		% Difference		Tons Difference

		5		Latent gain(ducts) 941 Btuh		8		941 Btuh		8		941				Sensible		31,169		35,056		12%		0.32

		4		Latent gain(infiltration) 7212 Btuh		9		7212 Btuh		9		7212				Latent		11,153		20,006		79%		0.74

		7		Latent gain(internal/occupants/other) 3000 Btuh		9		3000 Btuh		9		3000				Total		42,322		55,062		30%		1.06

				Total latent gain 11153 Btuh		10		11153 Btuh		10		11153						3.5268333333		4.5885288563

				TOTAL HEAT GAIN 42322 Btuh		10		42322 Btuh		10		42322				House SHR		0.74		0.64				12740.3462760428



												31169										3,887

																System Capacity		47000				8,853

												11153				% Capacity Lost		0.25

												42322				Remaining Capacity		35250

																Real ratio		0.6401833991

																Reduced capacity		35250		11750		0.8535778654

																Reduced Sensible		26700

																Reducded Latent		8550				2.9375

																		0.4273682275																										48000

																																												60000

																		OEM Equipment Capacity		Reduced Capacity		Design Loads + HVAC Infiltration		Design Loads - Manual J

																Sensible		31,169		23376.75		35,056		31,169

																Latent		11,153		8364.75		20,006		11,153

																Total		42,322		31,742		55,062		42,322

														0.0120559396



Manual J Calculation



Original	Windows	Walls	Ceiling	Infiltration-Sens.	Infiltration-Lat.	Ducts	Internal Gain	Latent Gain (Int.)	11227	2637	2421	3275	7212	5300	7250	3000	



Manual J + HVAC Driven Infiltration



Revised	Windows	Walls	Ceiling	Infiltration-Sens.	Infiltration-Lat.	Ducts	Internal Gain	Latent Gain (Int.)	11227	2637	2421	7162.1795797648083	16065.166696278007	5300	7250	3000	



Cooling Load and Equipment Capacity



Sensible	OEM Equipment Capacity	Reduced Capacity	Design Loads + HVAC Infiltration	Design Loads - Manual J	31169	23376.75	35056.179579764808	31169	Latent	OEM Equipment Capacity	Reduced Capacity	Design Loads + HVAC Infiltration	Design Loads - Manual J	11153	8364.75	20006.166696278007	11153	







Cooling Load and Equipment Capacity - Manual S



Sensible	OEM Equipment Capacity	Design Loads - Manual J	31169	31169	Latent	OEM Equipment Capacity	Design Loads - Manual J	11153	11153	











Ducted Heat Pump
New Construction:  HVAC Contractor Process Overview

1. Evaluate the 
Design

2.  Confirm Duct 
Leakage

3. Confirm 
System Airflow

4. Check Power 
Consumption

5. Measure 
Refrigerant 

Charge

• Confirm system Air Flow 

with Flow Grid or 

another method

• Heat Pumps in Heat 

mode will have Higher 

Air Flow requirements 

than Furnaces

• Air Flow impacts how 

much sensible and latent 

work is done by the 

system in cooling mode



Heat Pumps Require Higher Air Flow than 
Furnaces in Heat Mode

95% Furnace

• 80,000 BTU

• Heat Rise = 35 – 50 F

• Air flow = 800 cfm

• TESP = 0.8 inH2O

• ~120 cfm/ton

5-ton Heat Pump

• Design Heat Rise = 20 – 30 F

(Typically lower than gas furnace)

• Required air flow = 2000 cfm

(Typically, requires ~400 cfm/ton)

• ECM motor will try to push 2000 cfm

at 5 inH2O.

• Won’t happen.

• More likely to reach ~1.5 inH2O (or so) 

which will deliver ~1100 cfm (220 cfm/ton)

• May hit refrigerant high-pressure limit and 

shut down heat pump, moving to back-up 

heat.

Placeholder

But what if you 

compared the HP 

to a furnace + 5-

ton AC?



System Performance in Cooling Mode

Example:  The Sensible Heat Ratio Of a Florida House

27,300  Sensible Load

___________________

   32,400      Total Load

= .84 SHR



Is The SHR and SHF Matched? Should They Be?

Finding House SHR +         Setting AC SHF =     Comfort

.88

    .84

.82

*Too little indoor airflow*Driven by the Man J load &

  blower door

.82                                     .84                                     .88 

Sensible Heat Factor

Comfort Efficiency



Is The SHR and SHR Matched?  Should They Be?

Finding House SHR +         Setting AC SHF =     Comfort

*Too much indoor airflow*Driven by the Man J load &

  blower door

Sensible Heat Factor.88

    .84

.82

.82                                     .84                                     .88 

Comfort Efficiency



Is The SHR and SHF Matched? Should They Be?

Finding House SHR +         Setting AC SHF =     Comfort

*Perfect indoor airflow*Driven by the Man J load &

  blower door

Sensible Heat Factor.88

    .84

.82

.82                                     .84                                     .88 

Comfort Efficiency



This is why airflow 

measurement comes first?

Before



Four Accepted Methods
Measuring HVAC Air Flow

• Flow Grid

• Pressure Matching

• Flow Hood

• Static Pressure & Fan Tables



Total External Static Pressure & Fan Table     

Make sure you know the fan speed tap you are using!

P1 P2

P1 + P2 = TESP

*always follow OEM recommendations



TrueFlow® Grid HVAC Air Flow Measurement
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Ducted Heat Pump
New Construction:  HVAC Contractor Process Overview

1. Evaluate the 
Design

2.  Confirm Duct 
Leakage

3. Confirm 
System Airflow

4. Check Power 
Consumption

5. Measure 
Refrigerant 

Charge

• Checking the blower 

watt draw confirms that 

the ducts are not too 

restrictive and that the 

blower motor is 

working correctly.

• Ensure the 

refrigerant 

charge delivers 

the right 

superheat and 

sub-cool 

temperatures to 

match the 

indoor air flow



Joe Medosch and I asked our industry friends:

If you were told you only had 30 minutes or less and you have, a 

smartphone/tablet (w/Apps), a digital manometer and tubing, 

static pressure probes, a flashlight, a ladder, a roll of paper towels, 

and a cordless drill/screwdriver, some additional handheld tools...

What tests or assessments would you make to deliver the most 

value to a home site visit?

This doesn’t matter if you are an HVAC tech/installer, 

Rater, or a builder

Ask the experts!



What did the folks have to say? 

~30 Survey Responses

Special thanks to:

Bruce Manclark

Tim Portman

Steve Rogers

Dustin Coles

Bill Spohn

Corbett Lunsford

Ed Janowiak

Jim Bergmann

Billy Spohn

Bill Fisher

Cody Brasseal

Tim DeStasio

Ben Baca

Alex Meaney

Kenneth Budka

Chris Hughes

Sam Myers

Shawn LeMons

James Jackson

Michael Housh

Kim DeVoe

Chris Conway

Russ King

Rick Hall

Adam Mufich

Rob Minnick

Stephen Rardon

Casey Phillips





What is TESP?

Total External

Static Pressure



High Static Pressure with an ECM

46

With a high 

TESP, fan 

energy 

goes up







measureQuick workflows – manual entry or 

readings with the app!



https://measurequick.com/solving-our-labor-endemic/ 

https://measurequick.com/solving-our-labor-endemic/


Turning this into job descriptions

Tech-Efficiency Specialists (TES)

Could easily be a Rater or Builder!

TES experts are at the forefront of 
enhancing homeowners’ heating and 
cooling experiences. They bridge the 
gap between homeowners and 
contractors, focusing on system 
efficiency and sustainability. 

They advocate for energy-efficient 
solutions, playing a key role in 
transforming maintenance into an 
opportunity for system improvement 
and profitable installations.

Advanced Residential Commissioning 
Specialists (ARCS)

Most likely HVAC tech or Rater

ARCS ensure newly installed HVAC systems 
are finely tuned to design specifications. 
Their work is crucial in validating system 
performance and efficiency.

ARCS are responsible for duct leakage 
testing, precise evacuation, airflow 
adjustment, and accurately setting the 
refrigerant charge. They ensure peak 
system efficiency, contributing significantly 
to system longevity and reliability. 
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National Comfort Institute



Top 5 Items to Communicate to Homeowners

Proper sizing, selection, and air flow lead to longer run times…

1. Longer run times means better destratification

2. Longer run times means better dehumidification

3. Longer run times means less temperature swings

4. Longer run times means better filtration

5. Longer run times means your heat pump runs at most efficient speed

This is WHY we do a comfort consultation/energy audit with existing homes and 
why we commission new systems!



Heat Pump Resources

The “Other”



PUMP UP THE AIR FLOW

GET YOUR HEAT PUMPS COMMISSIONED

Dan Wildenhaus
Senior Technical Manager - Training and Consulting Services, 
Center for Energy & Environment

Bill Graber
Partner, The Energy Conservatory
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