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Do you know anyone who:
• Waits a long time to get hot water after they turn on a tap?
• Thinks a tankless water heater will deliver hot water more quickly than 

a storage water heater?
• Is concerned that some of the hot water system requirements in 

Passive House are difficult to implement?
• Wonders why buildings that are efficient to operate are so expensive to 

construct?
• Would like to know ways to make these buildings less expensive to 

construct?
• Wants hot water to arrive in less than 15 seconds?

Today we are going to discuss ways to make great buildings (elegant, 
affordable, environmentally friendly)
that are “infrastructurally efficient”
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Provisions Related to Hot Water

Concerns for Phius:
Minimum room volume for HPWH
Space for future HPWH
Controls for Hot Water Recirculation Systems
Wall thickness of pipe insulation
Limit waste waiting for hot water to arrive: 
 Why are SF and MF different? Conflicting?
 Volume in Pipe: 0.5 gallons
 Volume until Hot:  ≤ 0.6 gallons down drain, ≥ 10F rise
 Volume in Pipe: 1.8 gallons
 Volume until Hot:  ≤ 2.0 gallons down drain, ≥ 10F rise

DOE Efficient New Homes
Multifamily National Program Requirements
Version 2 (Rev. 2)

Single Family National Program Requirements
Version 2 (Rev. 3)

SF, MF

SF



Efficient Water Delivery
1. Reduce the distance from source to use
2. Improve estimates of peak flow rates to right-size the piping
3. Select pipe sizes that optimize velocities and residual pressure
4. Improve the performance of faucets and showerheads
5. Optimize volume of things that store water

There are many parallels to HVAC and Electrical systems

Integrated Air-Source Heat Pump Water Heaters
1. Size the heat rate to meet the daily load within 16 hours
2. Match the temperature of the source air to the refrigerant's capabilities
3. Exhaust and intake air should share one pressure zone
4. Exhaust air usually falls below the dew point. Manage it accordingly!



Key Principles



The Ideal
Hot Water Distribution System

• Has the smallest volume (length and smallest “possible” diameter) of 
pipe from the source of hot water to the fixture or appliance.

• Sometimes the source of hot water is the water heater, sometimes a 
trunk line.

• For a given layout (floor plan) of hot water locations the system will 
have:
• The shortest buildable trunk line
• Few or no branches
• The shortest buildable twigs
• The fewest plumbing restrictions
• Continuous insulation on all hot water pipes

Trunk

Twig

Twig

Branch
Twig

Applies equally to cold water piping!



The Challenge

Deliver (hot) water
to every (hot) water outlet

wasting no more than 1 cup
waiting for the (hot) water to arrive. 

And do so using the least amount of energy!



Time-to-Tap and Volume-until-Hot
More water than is in a pipe comes out of it before water hot enough to shower 
or wash dishes in (105-110F) arrives. How much more?

• Carl Hiller measured this in the early 2000s for 3/8 to 
3/4-inch copper, CPVC and PEX piping

• Yanda Zhang reviewed the data in 2018 and found that for flow rates of 0.5 to 2 gpm in 
3/4-inch pipe, 1.5-2.5 times the pipe volume comes out before hot water (>105F) comes 
out the other end. Roughly 2:1.

We need to decide what is an “acceptable” time-to-tap or volume-until-hot and 
work backwards to determine the maximum allowable in the pipe between the 
source and the use.
Conclusion: if you want hot water to arrive within 10 seconds, make sure there is 
no more than 5 seconds of volume in the pipe between the source of hot water 
and the use.

To reach the water heater temperature : 3-5 times the volume is needed!



How Long Do You Want to Wait for Hot Water?

Cut the pipe volume in half to get these times
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Volume Per Foot of Piping
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UPC

IPC



Reduce the Distance



Reduce the Distance from Source to Use 
• The shorter the pipe, the less time it takes.

• The smaller the pipe diameter, the less time it takes too!
• But, the lower the flow rate, the longer it takes.
• How long is too long?

• We need to decide what is an “acceptable” time-to-tap or volume-until-hot and 
work backwards to determine the maximum allowable in the pipe between the 
source and the use.

1. Water, energy and time efficient hot water systems start with deciding how 
long we want people to wait.

2. The decision on the location of the wet-room(s) and the mechanical room(s) is 
made by the architect. 

3. Better floor plans can lead to better hot water system performance. 
4. Better floor plans decrease the residence time in the premise plumbing system 

(hot and cold) too!



Best 1-Story So Far…
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In the beginning:

1 Story
3 Br/2 Ba
1,619 sq ft

Stockton, CA

~80%
(1,279 sq ft)

Best 1-Story to Date:
Water 
heater
Hot water 
“rectangle”

Where are the “wet-rooms? Where are the “wet-walls?



(Hot) Water System “Rectangle”
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Clustered
HW Rectangle = 0.8%

Initial Floor Plan
HW Rectangle = 80%

Plumbing Wall 
Looks like an

I-beam

Fewer feet of Drain, Waste, and Vent too!



43 feet

114 feet

157 feet

368 feet

170 feet

198 feet



Right-Size the Piping



Improve estimates of peak flow rates to right-size the piping
1. Improve Estimates of Peak Flow Rates

1. Measure flow rates in similar occupancies before designing new ones

2. Utilize Modern Peak Flow Rate Estimation Tools
1. For mains and branches – match to modern flow rates and probabilities of 

simultaneous use
2. Twigs – match to the flow rates of the fixture/appliance that is attached

3. Select Pipe Sizes that Optimize Velocities and Residual Pressure
1. Velocities

1. Hot: 5 feet per second (continuous)
2. Cold: 8 feet per second (continuous)
3. Twigs: 8 feet per second (intermittent, maybe even higher?)

2. Residual Pressure
1. Minimize Pressure Loss in Piping, Fittings, Fixtures, and Appliances
2. Higher residual pressure increases performance and customer satisfaction



Estimating Peak Flow Rates

https://www.iapmo.org/water-demand-calculator/ 

What if we could use real data for different occupancies?

2. Appendix M
(2024 IAPMO UPC & CA CPC):

Water Demand Calculator

1. IPC/IRC and UPC
Standard Method: 

Water Supply Fixture Units 
(WSFU)

• Values date from the 1940s
• Not directly tied to actual flow rates
• Assumes most occupancies act like 

theaters with lines during intermission

https://www.iapmo.org/water-demand-calculator/
https://www.iapmo.org/water-demand-calculator/
https://www.iapmo.org/water-demand-calculator/
https://www.iapmo.org/water-demand-calculator/
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Based on the analyzed 
actual hot flow rates 
from multifamily 
buildings ranging from 8 
to 384 apartments,

Standard Practice WSFU 
design flow rates are 5 
to 27 times larger than 
the observed peak hot 
water flow rates.

Credits: Observed peak flow rate data was collected and provided by the Association for Energy Affordability, Ecotope, Frontier Energy, E2G 
Solar, and the University of California Davis Western Cooling Efficiency Center.

Water Supply Fixture Units = WSFU 
California Plumbing Code (CPC)/Uniform Plumbing Code (UPC) Appendix A codifies the standard practice WSFU method.
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Credits: Observed peak flow rate data was collected and provided by the Association for Energy Affordability, Center for Energy and Environment, E2G Solar, Ecotope, Frontier Energy, and the University of 
California Davis Western Cooling Efficiency Center. Data collection for the Minnesota buildings was supported by a grant from the Minnesota Department of Commerce, Division of Energy Resources.

The WDC design flow rates are between 2 and 6 times the observed peak hot water flow rates 
in 24 multifamily buildings. 

CPC/UPC Appendix M codifies the Water Demand Calculator.
Data was collected during the period of 2019 to 2025; monitoring period ranged from 9 days to over 2 years, and logging interval ranged 
from 1 to 60 seconds. Observed peak flow rate is the 99th percentile of non-zero flow rates observed over each study’s duration. 



92-Unit Apartment 
Building

Savings

Time-to-Tap Increased Satisfaction

Right Size Piping $5,000

Right Size the Rest of the 
Plumbing

$5,000

Right Size the Water Heater $30,000

Right Size the Water Meter $16,000 – $68,000

Total First Cost Savings $58,000 – $108,000

First Cost 
Savings/Apartment

$600 – $1,200

Annual Operational 
Savings (Does not include 

energy and sewer)

$1,800 - $3,600

Benefits of Right-Sizing
in Multi-family

Reduce the 
Time-to-Tap

Right Size the Piping

Right Size the Rest of the 
Plumbing

Right Size the 
Water Heater

Right Size the 
Water Meter

Ongoing Operational 
Savings

Time-to-Tap is the Tip of the Iceberg



For more information, 
access the report 
summarizing the 
analysis that compared 
design flow rates to 
actual data for hot water 
flow rates in 20 
multifamily buildings. 

Source: 
https://localenergycodes.com/content/reach-codes/energy-plus-water-1 
(to access the report, click “VIEW AND DOWNLOAD RESOURCES” for the “require alternative method for sizing water pipes in residential buildings” measure)
https://localenergycodes.com/download/1461/file_path/fieldList/2024%20CPC%20Appx%20M-Alternative%20Calc%20Water%20Demand.pdf (direct download link) 23
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6.42 
gal

2.95 
gal

3.47 
gal

4.65 
gal

2.16 
gal

2.49 
gal

3.93 
gal

0.44 

3.49 
gal

2.10 
gal

0.42

1.68 
gal



Combining Clustering and Right-Sizing

If we optimized the diameter of the twigs, the percent reductions in volume
would be increased to 59% cold, 95% hot and 75% total. 



Best 2-Story So Far…
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2 Story, 4Br / 3Ba, 2,709 sq ft
Gaithersburg, MD  ~12% (325 sq ft)

Enjoyable houses to live in 
are possible with compact 
plumbing (and mechanical) 
cores.

Architects: We Need You!
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Courtesy: Betsy Pettit, and NIST



Improve Performance of 
Fixtures



Stream Patterns for Faucets
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Aerated Non-Aerated
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Which one 
do you want?



Which one do 
you want?

Select Good or High-Performance Faucet 
Aerators to Increase Customer Satisfaction.

Flow Rate (GPM)

0.375

1.2

1.5

1.75

2.2

0.5

1.0

All faucet flow 
regulators are now 

available in
dual-core!



Integrated Air-Source HPWH

In principle, much more efficient…



The Big Problem: 
Poor Installations Have Consequences

📌 Unintended issues from poor HPWH installation

Health and Safety Risks
❌ Cold air impacts surface → condensation, moisture damage & mildew and mold on surface
❌ Cold air trapped → condensation & mold inside building cavities

Lower Operating Efficiency
❌ Limited airflow → reduced efficiency & higher costs
❌ Limited airflow → reduced efficiency & higher costs

    Real-World Case Studies…
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From 2025: https://buildingscience.com/documents/building-science-insights/bsi-150-
alice-cooper-does-heat-pump-hot-water-heatersc

https://heatinghelp.com/systems-help-center/air-source-heat-pump-water-heaters/ 
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Garage Install Failure

✅ Plenty of air exchange
    ❌ Cold discharge air impacts air handler and 

ductwork
    ❌ Humid garage air condensed on air handler 

and supply ductwork, causing mold
     ❌ Equipment was removed

🚨 Lesson Learned: Plan exhaust direction & 
airflow carefully!

Issue: Installation instructions say that the space volume 
is large enough. However, the instructions do not 
address where the exhaust air is directed, or the 

potential to create condensation on exposed surfaces.

Richmond, VA
Resulted in Mold Growth 

AHU
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Indoor Closet Install Failure
Richmond, VA

Resulted in Mold Growth
✅ Plenty of air exchange through louvered 

door 
    ❌ Cold discharge air impacts back wall
    ❌ Humid air condenses on back wall
    ❌ Dehumidifier was added as part of the 

mold mitigation effort

🚨 Lesson Learned: Don’t cool surfaces 
below the dew point!

Issue: Installation instructions say that the full louvered 
door provides enough airflow and require minimum 

spacing to the back wall, which appears to have been 
met. However, the  instructions do not address the high 

humidity/dewpoint of the incoming air. 36



Garage Installation
Sacramento, CA February 2, 2025
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Condensation on the 
outside of the duct



Mechanical Room

Hotel
• Room temperature in the 

40-50ºF range
• Condensation on cold air 

exhaust pipe

Los Angeles, CA
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Condensation on the 
outside of the duct



External Closet

Garden apartment complex
Needs much larger openings

Sacramento, CA
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Intake and Exhaust Air Flows:
need to match and be proportional to the number of 

water heater and the CFM of the blowers.

Intake ExhaustCollar
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“We are continuing to have condensation issues with the exhaust duct kit,
which sweats at certain times of the year, creating water that runs downhill, 
hits the water heater, and goes into drain pan, which then shuts
down the water heater. ” Apartment Building Owner

Internal Closet
Rancho Cucamunga, CA

Condensation 
on the 

Duct 
and on the 

Take-off boot
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Protect Health and Safety of the 
Building and Its Occupants

High Low
En

er
gy

 
Ef

fic
ie

nc
y High

Low

Increased Energy Efficiency Cannot Come at the 
Expense of Protecting Public Health and Safety

To protect health and safety,
HPWH installations need to minimize the potential for moisture to 

condense on surfaces inside the building. 

Doing so minimizes the risk of moisture damage, mildew , and mold.

Yes! Why gamble?

Absolutely not!Why gamble?



HPWH Installed in 
Interior Enclosure

Limited access to new thermal resources. No new intake 
and exhaust stays in the room. New energy can only get 

into the enclosure via conduction.

45ºF

≤ 50ºF

70ºF

Surrounding Space Air Conditions:
• Dry Bulb Temp: 70ºF
• Relative Humidity: 50%
• Dew Point Temp: 50.5ºF

42

Best case is that this enclosure is surrounded on 
all 6-sides by other rooms at 70ºF or higher. 

This is very rarely the case!

Enclosure

Surrounding Space

Enclosure Air Conditions:
• Dry Bulb Temp: 45ºF
• Relative Humidity: Low

• HPWH removes moisture 
from the air



Surrounding Space Air Conditions:
• Dry Bulb Temp: 70ºF
• Relative Humidity: 50%
• Dew Point Temp: 50.5ºF

Enclosure Air Conditions:
• Dry Bulb Temp: 45ºF
• HPWH removes 

moisture from the air
70ºF

45ºF

≤ 50ºF 

Temperature Gradient The temperature differential has the Potential 
to Create Condensation on Surfaces that 

Results in Moisture Damage and Mold Growth

Issue: Installation instructions do not address the potential for moisture 
to condense on surfaces inside the walls, floors and ceilings.

Recommended Reading: The Perfect Wall by Joseph Lstiburek. 
https://buildingscience.com/documents/insights/bsi-001-the-perfect-wall 43

Temperature: Low

Temperature: High

https://buildingscience.com/documents/insights/bsi-001-the-perfect-wall
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70ºF

45ºF

≤ 50ºF

Vapor Pressure Gradient
Part 1

The vapor pressure differential also has the 
Potential to Create Condensation on Surfaces 

that Results in Moisture Damage and Mold 
Growth

44

2nd Surface is in the 
cavity that surrounds 
the HPWH enclosure 

When a surface temperature is below the dew point, moisture vapor will:
1. condense on solid surfaces, not on fibrous insulation in the cavity. 
2. condense on the coldest surface it sees.

1st Surface is inside 
the HPWH 
enclosure



70ºF

45ºF

≤ 50ºF

Vapor Pressure Gradient
Part 2

The vapor pressure differential also has the 
Potential to Create Condensation on Surfaces 

that Results in Moisture Damage and Mold 
Growth

45

Vapor Pressure: Low

Vapor Pressure: High

Moisture vapor always goes from regions of high vapor pressure to regions 
with low vapor pressure. Transport mechanisms include: 

1) air that enters the enclosure
2) diffusion through the materials of the enclosure’s envelope

2nd Surface 1st Surface
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Closed Spaces
Location Daily Hot Water Use 

(GPD)
COP

Large Room 
(conditioned)

55
84
135

3.7
3.5
3.1

1,000 ft3
Closed

55
84
135

3.2
2.6

700 ft3
Closed

55
84
135

3.2

2.9

450 ft3
Closed

55    (50 gal HPWH)
84    (50 gal HPWH)
84  (80 gal HPWH)

3.3
2.7
3.3

200 ft3
Closed

55
84
135

2.3
1.9

Small Closets
Location Daily Hot Water 

Use (GPD)
COP

84 ft3
Closed

55
84
135

1.2

1.1

84 ft3
Closed, Down 
Elbow

55
84
135

1.1

84 ft3
Fully Louvered 
Door

55
84
135

3.1

84 ft3
High-Low 
Grilles

55
84
135

3.2

84 ft3
Ducted Exhaust

55
84
135

3.3

Summary of COPs



84 ft3 Closets: Effect of Ventilation Strategies
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1.2 – Closed 
COP at 84 ft3 without 
intervention 

3.45 – Open
 COP with unlimited air

3.0 – Minimum
         CoP Target
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Large Room (Conditioned) – 135 GPD

48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

≅ 5 hours ≅ 5 hours ≅ 4 hours

Run Time in HP mode:
≅ 15 hours/day

When the room is 
conditioned, and the 

exhaust air is well mixed, 
the surfaces of the room are 

not at risk unless RH is 
greater than 80%

3.1 COP
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Surfaces at risk 
when RH is 
above 55%

700 ft3 Closet – Closed, 135 GPD

≅ 6 hours ≅ 10 hours

48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

Run Time in HP mode:
≅ 16 hours/day

2.9 COP



≅ 3.5 hours ≅ 0.5 hr ≅ 1.5 hrs≅ 2 hrs
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450 ft3 Closet – 55 GPD

Surfaces at risk 
when RH is 
above 50%

48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

Run Time in HP mode:
≅ 7.5 hours/day

3.3 COP



≅ 3 hours ≅ 3.5 hours ≅ 3.5 hours
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450 ft3 Closet – 84 GPD

Surfaces at risk 
when RH is 
above 45%

48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

Run Time in HP mode:
≅ 10 hours/day

2.7 COP



≅ 6.5 hours ≅ 4 hours ≅ 3.5 hours
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450 ft3 Closet – 84 GPD

Surfaces at risk 
when RH is 
above 45%

48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

Run Time in HP mode:
≅ 14 hours/day

3.3 COP



84 ft3 Closet – Closed, 55 GPD

Surfaces at risk 
when RH is 
above 30%.

53

Note the short heat 
pump run times. And 
surface temperatures 

below freezing. 

48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

1.2 COP



84 ft3 Closet – Fully Louvered Door, 55 GPD

≅ 3.5 hours ≅ 2.0 hours ≅ 2.0 hours

Surfaces at risk 
when RH is 
above 45%.
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48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

Run Time in HP mode:
≅ 7.5 hours/day

3.1 COP



84 ft3 Closet – High and Low Grilles, 55 GPD

≅ 3.5 hours ≅ 2.0 hours ≅ 1.5 hours
Surfaces at risk 

when RH is 
above 50%.
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48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

Run Time in HP mode:
≅ 7 hours/day

3.2 COP
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84 ft3 Closet – Closed, 135 GPD

Surfaces at risk 
when RH is 
above 35%

Note the short heat 
pump run times. And 
surface temperatures 

below freezing. 

48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

1.1 COP



84 ft3 Closet – Ducted Exhaust, 55 GPD

≅ 3.5 hours ≅ 1.5 hours ≅ 2.5 hours
Surfaces of the 

HPWH 
enclosure are 

not at risk.
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48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

Run Time in HP mode:
≅ 7.5 hours/day

3.3 COP
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Large Room (Conditioned) – 135 GPD

48 (50% RH)

53 (60% RH)

58 (70% RH)

61 (80% RH)

Dew Point (F) 
@ 67.5F

42 (40% RH)

35 (30% RH)

≅ 5 hours ≅ 5 hours ≅ 4 hours

Run Time in HP mode:
≅ 15 hours/day

When the room is 
conditioned, and the 

exhaust air is well mixed, 
the surfaces of the room are 

not at risk unless RH is 
greater than 80%

3.1 COP
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Closed Spaces

Location
Daily Hot 

Water Use 
(GPD)

COP Run Time 
(hrs/day)

Large Room 
(conditioned)

55
84
135

3.7
3.5
3.1 15

1,000 ft3
Closed

55
84
135

3.2
2.6

6

700 ft3
Closed

55
84
135

3.2

2.9 16

450 ft3
Closed

55 (50 gal)
84 (50 gal)
84 (80 gal)

3.3
2.7
3.3

7.5
10
14

200 ft3
Closed

55
84
135

2.3
1.9

Small Closets

Location
Daily Hot 

Water Use 
(GPD)

COP
Run Time 
(hrs/day)

84 ft3
Closed

55
84
135

1.2

1.1

84 ft3
Closed, Down 

Elbow

55
84
135

1.1

84 ft3
Fully Louvered 

Door

55
84
135

3.1 7.5

84 ft3
High-Low Grilles

55
84
135

3.2 7

84 ft3
Ducted Exhaust

55
84
135

3.3 7.5

Two Installation Methods Protect Public 
Health and Safety, and Increase Efficiency

When
Conditioned:

1. Any room 
volume and 

2. up to 24-hour 
runtimes in 
heat pump 
mode
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Protect Health and Safety of the 
Building and Its Occupants

High Low
En

er
gy

 
Ef

fic
ie

nc
y High

Low

There is No Conflict:
Protecting Public Health and Safety and Increased 

Energy Efficiency Go Together!

To protect health and safety,
HPWH installations need to minimize the potential for moisture to 

condense on surfaces inside the building. 

Doing so minimizes the risk of moisture damage, mildew , and mold.

Yes! Why gamble?

Absolutely not!Why gamble?



Option 1. The integrated air-source HPWH:
1. Is installed in a conditioned space (65F or warmer), and
2. The exhaust air is not allowed to short circuit into the intake, and 
3. The exhaust of the HPWH is well mixed and warmed up above the dew 

point before it reaches any surface in the room
Option 2. The integrated air-source HPWH:

1. Is installed in an enclosure that is not space conditioned, and
2. The exhaust air is not allowed to short circuit into the intake, and 
3. The exhaust of the HPWH is ducted out of that enclosure to a location that 

is space conditioned (65F or warmer), and
4. The exhaust is well mixed and warmed up above the dew point before it 

reaches any surface in the conditioned space.
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Operating Efficiency will be High Too!

Public Health and Safety are Protected When:



How to Get Installations Right, Part 1:

✅Manage the Cold Exhaust Air to Prevent Moisture Issues
• Never trap the HPWH exhaust air in (small) enclosed spaces
• Raise the cold exhaust air above the dewpoint temperature as quickly as 

possible. Strategies include reheating, mixing or ducting to a safe location
• Keep the air in the room well-mixed; cold air settles, increasing the risk near the 

floor
• Use R-8 insulated & vapor-sealed ducts

Manage the Cold Exhaust Air to Protect Health and Safety and Increase Efficiency
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How to Get Installations Right, Part 2:

✅ Provide Sufficient Warm Air
1. Never trap the HPWH exhaust air in (small) enclosed spaces
2. Conduction into the space with the HPWH is not sufficient
3. A thermal resource is essential. 

1. It must be in the room or be brought into the room for use by the HPWH. 
2. To enable 24-hour operation, the thermal resource must be greater than or 

equal to the capacity of the heat pump. 
3. For example, if the CoP is 4, and the capacity of the heat pumps is 4,000 

BTU/hour, the air must provide 3,000 BTU/hour. This is approximately 1 
kW/hour.

4. Prevent the cold exhaust air from short circuiting into the intake.
5. If the intake air temperature will be below 40F for long periods of time, select 

a unit that has a defrost cycle

Manage the Cold Exhaust Air to Protect Health and Safety and Increase Efficiency

63



Possible Locations of HPWH Intakes and Exhausts

Intake Exhaust

Top Top

Side Side

Back Back
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Typical Water Heater Locations
Basement
Garage

Attic
Mechanical Room

Closet
Crawl Space
Podium
Others?

Closets, of any size, are the most confined locations.

Ensuring the safe discharge of 
the cold exhaust air in the most 

confined locations while 
simultaneously providing warm 
intake air needs to be our focus.
Protecting health and safety 

will lead to increased 
efficiency.

65



Rear Exhaust: Interior of closet 4’ x 4’
• Side ports for plumbing, T&P, condensate
• Installation and service space
• Duct exhaust to a curved blade register
• Double door with filter grille on each door

12
” 

   
   

   
   

24
” 

   
   

   
   

12
”

12”                    24”                12”
• HVAC Supply 

Register

• Front View

• Insulated 
Duct

• Top View

• HVAC Filter 
Grille



Side Exhaust: Interior of closet 3’ x 3.5’
• Side ports for plumbing, T&P, condensate
• Installation and service space
• Duct exhaust to a curved blade register
• Single door with large filter grille

9”
   

   
   

   
   

24
” 

   
   

   
3”

6”               24”                    12”
• HVAC Supply 

Register

• Insulated 
Duct

• Front View

• Top View

• HVAC Filter 
Grille



9”
   

   
   

   
   

24
” 

   
   

   
3”

6”                 24”            6”

Top Exhaust: Interior of closet 3’ x 3’
• Top ports for plumbing, 
• T&P and condensate drain on side
• Installation and service space
• Duct exhaust to a curved blade register
• Single door with large filter grille

• HVAC Supply 
Register

• Insulated 
Duct

• Front View

• Top View

• HVAC Filter 
Grille



Insulated and Vapor Tight Ducting

https://zehnderamerica.com/products/ducting/comfopipe/ 

Currently available in 125-200 mm diameters

https://zehnderamerica.com/products/ducting/comfopipe/


Managing the Air Flow: Part 1
Large areas with full access to warm air
• Do not allow the exhaust air to short circuit into the intake
• Raise the cold exhaust air above the dewpoint temperature as quickly as 

possible. 
• Discharge cold air away from surfaces.
• Ensure that the exhaust air is thoroughly mixed with surrounding air 

before it becomes intake air

Small areas with limited access to warm air
• Duct cold discharge air out of the enclosure into larger area to mix thoroughly 

before it becomes intake air
• Bring intake air back through a large filter grille. The surface area of the return 

grille needs to be 2-4 times the cross-section area of the inside  diameter of the 
exhaust duct

• The lower the intake air temperature, the lower the CoP

Install oversized MERV 13 filters for the intake air
• As part of a filter grille in the door or wall to the small enclosure; or
• In a filter box that is ducted to the intake of the HPWH
• Provides better protection for the coils and less frequent filter maintenance
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Managing the Air Flow: Part 2
Integrate the HPWH with the HVAC system
• Install an HVAC return to pull air through the HPWH. 
• Consider ducting the HPWH exhaust into the return plenum. 
• If needed, install a transfer grille into the space where the HPWH is 

located.
• Use the HVAC system to distribute and mix all air
• Run the HVAC fan at low watts and 150-200 cfm continuously or link the 

fan to come on whenever the HPWH is running
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Conclusions
1. There are many benefits to reducing the volume!!!

1. Costs less to build.
2. Improves health and safety
3. Hot water will arrive much more quickly
4. Increases energy efficiency
5. Decreases embodied and operational carbon
6. Anything else?

2. These two decisions last the life of the building!
1. Distance is an architectural decision.
2. Volume is a plumbing decision.

3. Integrated Air-Source HPWH
1. Don’t allow the cold exhaust air to bring surfaces below the dew point



Questions?

Thank you!

Contact information:
Gary Klein
gary@garykleinassociates.com
916-549-7080

mailto:gary@garykleinassociates.com


Appendix



DOE Efficient New Homes
Single Family National Program Requirements
Version 2 (Rev. 3)

Provisions Related to Hot Water





Hot Water Distribution Part 1: Footnote 20



Issue: Conflicting Provisions
Volume in Pipe: 0.5 gallons
Volume until Hot:  ≤ 0.6 gallons down drain, ≥ 10F rise

Volume in Pipe: 1.8 gallons
Volume until Hot:  ≤ 2.0 gallons down drain, ≥ 10F rise

Hot Water Distribution Part 1: Footnote 20, cont.



Hot Water Distribution Part 2: Footnote 21



DOE Efficient New Homes
Multifamily National Program Requirements
Version 2 (Rev. 2)

Provisions Related to Hot Water





Issue: Room volume for HPWH



WaterSense: Same as SF

Hot Water Distribution Part 1: Footnote 25 



Issue: 1.8 gallons Stored,  ≤ 2.0 gallons down drain, ≥ 10F rise

Hot Water Distribution Part 2: Footnote 26: 



Issues: Pump controls, On-demand, adaptive, no timer or temp
insulation wall thickness

Hot Water Distribution Part 3: Footnotes 27,28



Issues: Space for future HPWH, Drain for water heater

Hot Water Distribution Part 4: Footnotes 38, 39



WaterSense: Same as MF

Hot Water Distribution Part 3: Footnote 22 


