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Do you know anyone who:
• 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?

Today we are going to discuss ways to make great buildings 
(elegant, affordable, environmentally friendly)

that are “infrastructurally efficient”



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
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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 energy

than we currently waste running water down the 
drain and

wasting no more than 1 cup

waiting for the (hot) water to arrive. 



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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0.25	gpm 0.5	gpm 1	gpm 1.5	gpm 2	gpm 2.5	gpm
2 4 1.9 0.9 0.6 0.5 0.4

4 8 4 1.9 1.3 0.9 0.8

8 15 8 4 2.5 1.9 1.5

16 30 15 8 5 4 3

24 45 23 11 8 6 5

32 60 30 15 10 8 6

64 120 60 30 20 15 12

Volume	in	
the	Pipe	
(ounces)

Minimum	Time-to-Tap	(seconds)	at	Selected	Flow	Rates

128 240 120 60 40 30 24

1
  2
  4
  8
12
16
32
64



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%



Stockton Initial Design

Effect of Right-Sizing:
Same Lengths. Less Volume



Stockton House: Clustered Design

Effect of Right-Sizing:
Same Length. Less Volume

Effect of Clustering:
Less Length. Less Volume



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
2. Cold: 8 feet per second
3. Twigs: 8 feet per second

2. Residual Pressure
1. Minimize Pressure Loss in Piping, Fittings, Fixtures and Appliances
2. Higher residual pressure will increase 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/
https://www.iapmo.org/water-demand-calculator/


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.

CPC/UPC Appendix M codifies the Water Demand Calculator.

Data was collected during the period of 2019 to 2022; 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. 

The WDC design flow 
rates are between 2 and 
6 times the observed 
peak hot water flow 
rates in 22 multifamily 
buildings. 

22



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) 24

https://localenergycodes.com/content/reach-codes/energy-plus-water-1
https://localenergycodes.com/content/reach-codes/energy-plus-water-1
https://localenergycodes.com/content/reach-codes/energy-plus-water-1
https://localenergycodes.com/content/reach-codes/energy-plus-water-1
https://localenergycodes.com/content/reach-codes/energy-plus-water-1
https://localenergycodes.com/content/reach-codes/energy-plus-water-1
https://localenergycodes.com/content/reach-codes/energy-plus-water-1
https://localenergycodes.com/content/reach-codes/energy-plus-water-1
https://localenergycodes.com/content/reach-codes/energy-plus-water-1
https://localenergycodes.com/download/1461/file_path/fieldList/2024%20CPC%20Appx%20M-Alternative%20Calc%20Water%20Demand.pdf
https://localenergycodes.com/download/1461/file_path/fieldList/2024%20CPC%20Appx%20M-Alternative%20Calc%20Water%20Demand.pdf
https://localenergycodes.com/download/1461/file_path/fieldList/2024%20CPC%20Appx%20M-Alternative%20Calc%20Water%20Demand.pdf


Stockton House:
Estimating Peak Demand – Benefits of Right-Sizing

Effect of Right-Sizing:
Smaller Pipe Diameters
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Using the UPC Nomographs

Appendix I
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Determining Pipe Diameters

Appendix I

Total

Cold

Hot

WSFU

Appendix I

Total
Cold
Hot

WDC



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. 



Summary Data

You can use these numbers to get percent reductions for any combination of these options 



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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Flow Rate vs Pressure at a 2.0 GPM Showerhead

Fixed Orifice

Pressure-Compensating Orifice-High Performance

Pressure-Compensating Orifice-Good Performance

Pressure at which 

the maximum flow 
rate  is determined

98% of rated flow

85% of rated flow

Which one 
do you want?



Which one do 
you want?
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Flow Rate vs Pressure at a 2.0 GPM Faucet

Fixed Orifice

Pressure-Compensating Orifice-High Performance

Pressure-Compensating Orifice-Good Performance

Pressure at which 

the maximum flow 
rate  is determined

94% of rated flow

78% of rated flow

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!



Minimizing Backsplash

In addition: aim the faucet away from the drain, and from the user.
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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.

There are analogs for the other mechanical systems



Questions?

Thank you!
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