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Studies Detail the Cost Saving Potential of the  
Water Demand Calculator 

 
Introduction 
 

There is a tremendous need for practical, water-related demand-side water research that helps 
communities safely implement policies related to water and energy efficiency and meet the 
growing list of challenges threatening drinking water quality in the United States. Profound 
concerns about water safety and wasted water and energy resulting from oversized water 
supply pipes in home and buildings, motivated IAPMO to lead a research project along with the 
American Society of Plumbing Engineers (ASPE), the Water Quality Research Foundation (WQ-
RF), and the University of Cincinnati, to develop a new statistically based pipe sizing method. 
This multi-year effort resulted in the development of the Water Demand Calculator (WDC) – the 
most important innovation in pipe sizing in almost a century.1  
 

Along with addressing the primary concerns of water safety and efficiency, applying the WDC 
also provides significant cost reductions resulting from the use of smaller water pipes, fittings 
and related components and from lower utility connection and water use fees. This paper 
discusses the potential economic benefits of applying the WDC over traditional pipe sizing 
methods in the construction of residential buildings2.  
 

Two studies were conducted as part of this project.  

• IAPMO commissioned Stantec Architecture to calculate the material and labor costs 
saving potential of applying the WDC as compared to applying the sizing methods 
contained in baseline plumbing codes, specifically, IAPMO’s Uniform Plumbing Code, 
the International Code Council’s (ICC) International Residential Code (IRC) and the 
ICC’s International Plumbing Code (IPC). 

 

• IAPMO also commissioned the Alliance for Water Efficiency (AWE) to conduct a 
study investigating the cost savings resulting from reduced meter connection fees 
and utility water use fees, which are based on water meter size. Both studies are 
available for download at 
https://www.iapmo.org/media/25249/water_demand_calculator_study-final.pdf  
and https://www.iapmo.org/media/25939/awe-meter-size-connection-fee-
research.pdf . 

 

The results from the two studies show significant cost savings potential associated with 
applying the WDC. For example, the total average savings for a typical 2,379 square foot single 
family home in a high cost labor market can exceed $2,000.00 and can be as high as $5,000.00, 

 
1 Visit https://www.iapmo.org/water-demand-calculator/ to learn the technical details about how the WDC works and how to 
download it. 
 
2 The WDC is currently only applicable for residential buildings. However, currently planned research pertaining to water use 
patterns in non-residential building will allow for the future use of the WDC in non-residential buildings. 

https://www.iapmo.org/media/25249/water_demand_calculator_study-final.pdf
https://www.iapmo.org/media/25939/awe-meter-size-connection-fee-research.pdf
https://www.iapmo.org/media/25939/awe-meter-size-connection-fee-research.pdf
https://www.iapmo.org/water-demand-calculator/
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depending on location. For multi-family apartment buildings, the potential savings are even 
higher and can exceed $100,000.00 on a 45-unit multi-family building, especially where utility 
meter connection fees are high due to water scarcity. 
  

Background 
 

IAPMO’s Water Demand Calculator (WDC) represents the first significant update for water pipe 
sizing in buildings since the development of Hunter’s Curve more than 80 years ago. Of course, 
much has changed in the way Americans use water since 1940, when Dr. Roy Hunter developed 
his namesake method for determining water demand in a building. In fact, plumbing fixtures 
and appliances use only of fraction of the water they consumed since the mid-1980s. See Table 
1. 

Table 1 
Water consumption by water-using plumbing products and appliances – 1980s to 20213 

 

Water-using Fixture 
or Appliance 

1980s Water 
Use  

1990 
Requirement 

EPAct 1992 
Requirement  

Baseline 
Plumbing 

Code 

‘Green Code’ 
Requirements 

% Reduction 
in since 
1980s 

Residential 
Bathroom Lavatory 

Faucet 
3.5+ gpm 2.5 gpm 2.2 gpm 2.2 gpm 1.2 gpm 66% 

Showerhead 3.5+ gpm 3.5 gpm 2.5 gpm 2.5 gpm 2.0 gpm 43% 

Toilet – Residential 5.0+ gpf 3.5 gpf 1.6 gpf 1.6 gpf 1.28 gpf 74% 

Residential Clothes 
Washer 

51 
gallons/load 

No 
requirement 

26 gallons/load 
(2012 standard) 

No 
requirement 

13 gallons/load 
(Energy Star) 

75% 

Residential 
Dishwasher 

14 
gallons/cycle 

No 
requirement 

6.5 gallons/cycle 
(2012 standard) 

No 
requirement 

3.5 gallons/cycle 
(Energy Star) 

75% 

 
 

As a result, the plumbing systems in our single- and multi-family homes and buildings are 
oversized, which results in: 

• increased water aging and declining water quality resulting in an increased risk from 
biofilm development, Legionella and other opportunistic pathogens 

• wasted energy and water 

• unacceptably long hot water delivery times 

• unnecessary material and labor costs during construction; and 

• unnecessarily high water meter connection fees and utility water use fees  
 

The Stantec Architecture, Inc. Study 
 

As mentioned above, Stantec Architecture calculated the material and labor costs saving 
potential of applying the WDC as compared to applying the sizing methods contained in the 
Uniform Plumbing Code, the International Residential Code (IRC) and the International 

 
3 The Drainline Transport of Solid Waste in Buildings, PERC 1 Report - Chart by J. Koeller, P. DeMarco (updated)  
 

GPM = US Gallons Per Minute, GPF = US Gallons Per Flush 
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Plumbing Code (IPC). To ensure a fair comparison of material and labor costs, the Stantec study 
investigated and applied the most the economic design options offered in the entirety of the 
UPC, IRC, and IPC including each code’s appendices.  
 

Three building prototypes were developed for comparison: an average size, 2,379-square-foot 
single family home, a 6-unit multi-family residence, and a 45-unit multi-family residential unit. 
The prototypes were specifically developed to represent typical homes and multi-family 
residences that are currently being constructed.  
 

Construction and labor costs vary regionally in the United States, so three metro areas that 
represent high costs (New York City), mid-range costs (Pittsburgh) and low costs (Oklahoma 
City) were selected for the study. Material costs were calculated using trunk and branch copper 
systems and PEX manifold systems.  
 

Results 
 

Table 2 shows the total material and labor cost savings of applying the WDC based on a U.S. 
dollar / percentage basis as compared to applying the UPC, IPC, or IRC. These values represent 
the cost savings that can be expected when applying the Water Demand Calculator on one 
single-family home or multi-family building.  

Table 2 
WDC Cost Savings (US Dollars / Percent) 

 

High-Cost Area 
(New York City)  

Mid-Cost Area 
(Pittsburgh)  

Low-Cost Area 
(Oklahoma City) 

Single-Family Home 
Savings $ / %  

Single-Family Home 
Savings $ / %  

Single-Family Home 
Savings $ / % 

Savings 
vs. Copper PEX  

Savings 
vs. Copper PEX  

Savings 
vs. Copper PEX 

UPC ($) $401 $56  UPC ($) $299 $48  UPC ($) $277 $287 

UPC (%) 2% 0.3%  UPC (%) 2% 0.4%  UPC (%) 2% 3% 

IRC ($) $1,126 $81  IRC ($) $857 $72  IRC ($) $804 $74 

IRC (%) 4% 0.4%  IRC (%) 6% 1%  IRC (%) 7% 1% 
           
           

High-Cost Area 
(New York City)  

Mid-Cost Area 
(Pittsburgh  

Low-Cost Area 
(Oklahoma City) 

6-Unit Multi-Family 
Savings $ / %  

6 Unit Multi-Family 
Savings $ / %  

6 Unit Multi 
Family–Savings $ / % 

Savings 
vs. Copper PEX  

Savings 
vs. Copper PEX  

Savings 
vs. Copper PEX 

UPC ($) $3,995 $9,482  UPC ($) $3,150 $8,509  UPC ($) $3,037 $7,821 

UPC (%) 3% 8%  UPC (%) 4% 12%  UPC (%) 5% 15% 

IPC ($) $7,602 $9,012  IPC ($) $6,156 $8,212  IPC ($) $6,033 $8,668 

IPC (%) 5% 8%  IPC (%) 7% 12%  IPC (%) 9% 16% 
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High-Cost Area 
(New York City)  

Mid-Cost Area 
(Pittsburgh  

Low-Cost Area 
(Oklahoma City) 

45-Unit Multi-Family 
Savings $ / %  

45-Unit Multi-Family 
Savings $ / %  

45-Unit Multi-Family 
Savings $ / % 

Savings 
vs. Copper PEX  

Savings 
vs. Copper PEX  

Savings 
vs. Copper PEX 

UPC ($) $52,409 $33,154  UPC ($) 40,686 $28,226  UPC ($) 38,800 $28,520 

UPC (%) 8% 5%  UPC (%) 10% 8%  UPC (%) 12% 10% 

IPC ($) $58,877 $26,494  IPC ($) $44,987 $22,535  IPC ($) $42,441 $22,761 

IPC (%) 9% 4%  IPC (%) 11% 6%  IPC (%) 13% 8% 
 

The Stantec report found that:  
 

• Due to reduced GPM requirements, the application of IAPMO’s Water Demand Calculator 
resulted in notable construction cost savings associated with each of the three residential 
prototypes. The primary cost savings are associated with reduced diameter water service 
entrances, interior cold water mains / branches, interior hot water mains / branches, 
fittings, labor, and appurtenances. 

 

• Utilizing the Water Demand Calculator for sizing of residential cold and hot water mains, 
branches and risers will result in: 
o Shorter water dwell times in residential plumbing systems will improve water quality 

and thus, most importantly, improve public health and safety. 
o Reduced water service entrance, interior cold water mains / branches, interior hot 

water mains / branches, fittings, labor, and appurtenances. 
o Faster hot water delivery times throughout the hot water systems, will also save energy, 

water, and reduce utility bills for the entire life of the plumbing system. 
 

The Alliance for Water Efficiency Study 
 

Utility water meter connection fees for new buildings and reoccurring water and sewer service 
fee charges are determined by the size of the building’s water meter, which in turn, are based 
on the building’s calculated water demand. Because the WDC takes modern water usage 
patterns into account, the calculated water demand is reduced, allowing for the installation of 
smaller water meters and plumbing system piping.  
 

AWE collected data related to water connection fees and reoccurring water and sewer service 
charges by meter size for 50 of the fastest growing metro areas in the United States. Figures 1 
and 2 below show the geographic location and regional breakdown of the cities selected for the 
study. The purpose was to build a dataset that would provide information about the difference 
in connection fees and reoccurring charges by water meter size, and the potential cost savings 
that are available due to the emergence of an updated pipe sizing methodology, the Water 
Demand Calculator.     
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Data was collected on common meter size connection fees ranging from 5/8” to 12” and also to 
document water use and sewer fees by meter size for each city.  Additional data was recorded 
for each city including water billing frequency (e.g., monthly, bi-monthly, or quarterly) and 
volumetric water rates.  It should be noted that water supply flows required for fire suppression 
are not considered in the AWE report.  

Figure 1 
 

 

Figure 2 
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Results 
 

As shown in Table 3, the research found extensive variability of connection fees across the 
country. The cost of a connection fee at a certain meter size can differ by mere tens of dollars 
up to hundreds of thousands of dollars.  For example, the connection fee for a 4-inch meter in 
Spokane, WA is $9,857 while in nearby Portland, OR the connection fee for the same meter size 
is $85,311.4 
 

Both the Mean (average) and Median values are shown in Table 3.  While the Mean value 
includes outliers due to the wide variability of connection fees, the Median value better reflects 
the typical cost savings that can be expected when utilizing the WDC. Special attention should 
be placed on the ¾” to 2” meter size connection values, as these will typically apply to single-
family homes.  
 

Table 3 – Summary Statics of Connection Fee by Meter Size 

Meter 
Size 

Min Max Mean Median   
Number of 

Communities 

5/8" $325.00  $5,990.00  $2,228.55  $1,501.84  31 

3/4" $300.00  $8,987.00  $2,581.90  $1,681.00  37 

1" $177.63  $26,551.00  $3,944.90  $2,263.00  48 

1.5" $329.88  $46,212.00  $7,859.89  $5,308.00  44 

2" $600.00  $66,066.00  $11,434.82  $5,400.00  48 

3" $1,300.00  $148,649.00  $33,230.92  $21,968.00  32 

4" $800.00  $297,298.00  $53,351.31  $28,900.00  34 

6" $1,200.00  $776,277.00  $103,603.16  $53,538.00  31 

8" $1,349.95  $541,856.00  $147,516.51  $93,050.00  27 

10" $1,415.93  $748,862.00  $246,413.97  $130,900.00  18 

12" $1,481.90  $1,326,336.00  $351,132.28  $174,800.00  14 
 

For example, in the Stantec study, the meter size and building supply in the prototype single 
family home is one inch when consulting currently utilized fixture unit value pipe sizing 
methods. However, when the WDC is applied, it allows for the building supply and water meter 
to be reduced to ¾-inch. In San Francisco, CA, the city with the highest connection fees 
according to the AWE study, one pipe-size reduction would reduce water and sewer connection 
fees from over $26,000 to $9,000, an incredible savings of over $17,000.  More typical savings 
from reducing meter sizes can be determined from the Median column.  
 

The histogram in Figure 3 shows the distribution of connection fees for 1” meters only. The 
data shows that over 60 percent of 1” meter connection fees exceed $1,500 and over 40 
percent exceed $3,000.  Thus, the majority of single-family homes will realize significant 
connection fees cost reductions in addition to the material and labor savings detailed in the 
Stantec report shown on page 3.   

 
4 Visit https://www.iapmo.org/media/25924/connectionfeematrix.pdf to view the full data set of connection fees from the 
cities selected for the study. 

https://www.iapmo.org/media/25924/connectionfeematrix.pdf
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Figure 3  

 
 

The Savings Potential of the WDC 
 
Combining the cost savings from the Stantec Report and the median value connection fee 
savings from AWE Report provides a conservative estimate of the cost savings potential 
resulting from simply applying the Water Demand Calculator as opposed to applying the 
outdated fixture unit based pipe sizing methods. The examples shown in Table 4A and Table 4B 
show the combined savings as opposed to applying the pipe savings methods found in the 2018 
Uniform Plumbing Code or the International Plumbing Code (IPC). 
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Table 4A - Combined Construction Cost Savings and Annual Water Usage and Sewer Fee Savings 
(Water Demand Calculator vs. IPC / IRC) 

 
Construction Cost Savings 

Single Family Home High Cost Market Medium Cost Market Low Cost Market  

  Copper PEX Copper PEX Copper PEX 

Material and Labor Savings  $       1,126   $              81   $           857   $             72   $          804   $            74  

Median Connection Fees 
Savings (1" to 3/4")  $          887   $            887   $           887   $           887   $          887   $          887  

Totals  $       2,013   $            968   $        1,744   $           959   $       1,691   $          961  

Annual Utility Fee Savings 

Median Combined Water 
Usage and Sewer Fees 

Savings (Annual)   $          209   $            209   $           209   $          209   $          209   $          209  

 
Construction Cost Savings 

Six Unit Multi-family High Cost Market Medium Cost Market Low Cost Market  

  Copper PEX Copper PEX Copper PEX 

Material and Labor Savings  $       7,602   $         9,012   $       6,156   $       8,212   $       6,033   $       8,668  

Median Connection Fees 
Savings (1-1/2" to 1")  $       2,574   $         2,574   $       2,574   $       2,574   $       2,574   $       2,574  

Totals  $     10,176   $       11,586   $      8,730   $     10,786   $       8,607   $     11,242  

Annual Utility Fee Savings 

Median Combined Water 
Usage and Sewer Fees 

Savings (Annual)  $          503   $            503  $           503  $           503  $           503  $           503 

 
Construction Cost Savings 

45 Unit Multi-family High Cost Market Medium Cost Market Low Cost Market  

  Copper PEX Copper PEX Copper PEX 

Material and Labor Savings $     58,877 $     26,494 $     44,987 $     22,535 $     42,441 $     22,761 

Median Connection Fees 
Savings (3" to 1-1/2") $     15,213 $     15,213 $     15,213 $     15,213 $     15,213 $     15,213 

Totals $     74,090 $     41,707 $     60,200 $     37,748 $     57,654 $     37,974 

Annual Utility Fee Savings 

Median Combined Water 
Usage and Sewer Fees 

Savings (Annual) $       2,224 $        2,224 $       2,224 $      2,224 $      2,224 $      2,224 
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Table 4B - Combined Construction Cost Savings and Annual Water Usage Savings 
(Water Demand Calculator vs. UPC) 

 
Construction Cost Savings 

Single Family Home High Cost Market Medium Cost Market Low Cost Market  

  Copper PEX Copper PEX Copper PEX 

Material and Labor Savings  $          401   $             56   $           299   $            48   $          277   $          287  

Median Connection Fees 
Savings (1" to 3/4")  $          887   $           887   $           887   $          887   $          887   $          887  

Totals  $       1,288   $           943   $        1,186   $          935   $      1,164   $      1,174  

Annual Utility Fee Savings 

Median Combined Water 
Usage and Sewer Fees  

Annual Savings   $          209   $           209   $           209   $          209   $          209   $          209  

 
Construction Cost Savings 

Six Unit Multi-family High Cost Market Medium Cost Market Low Cost Market  

  Copper PEX Copper PEX Copper PEX 

Material and Labor Savings  $       3,995   $         9,482   $       3,150   $       8,509   $       3,037   $       7,821  

Median Connection Fees 
Savings (2" to 1")  $       3,820   $         3,820   $       3,820   $       3,820   $       3,820   $       3,820  

Totals  $       7,815   $      13,302   $       6,970   $     12,329   $       6,857   $     11,641  

Annual Utility Fee Savings 

Median Combined Water 
Usage and Sewer Fees 

Annual Savings  $       1,208   $         1,208   $       1,208   $       1,208   $       1,208   $       1,208  

 
Construction Cost Savings 

45 Unit Multi-family High Cost Market Medium Cost Market Low Cost Market  

  Copper PEX Copper PEX Copper PEX 

Material and Labor Savings $     52,409 $     33,154 $     40,686 $     28,226 $     38,800 $     28,520 

Median Connection Fees 
Savings (4" to 1-1/2") $     25,730 $     25,730 $     25,730 $     25,730 $     25,730 $     25,730 

Totals $     78,139 $     58,884 $     66,416 $     53,956 $     64,530 $     54,250 

Annual Utility Fee Savings 

Median Combined Water 
Usage and Sewer Fees 

Annual Savings $       4,405 $        4,405 $       4,405 $      4,405 $      4,405 $      4,405 

 

Note that since the median connection fee values from the AWE report were applied in Table 
4A and 4B, the saving from applying the WDC will be considerably higher in many areas, 
especially in areas where water scarcity has curtailed development. Table 5 details the saving 
resulting from applying the WDC when constructing the model buildings in nine select fast 
growing metro areas.  
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Table 5 – Example Total Savings in Select Fast Growing Metro Areas 
 

Copper Construction 
Atlanta, GA  
(vs. IRC/IPC) 

Bellingham, WA 
(vs. UPC) 

Chapel Hill, NC 
(vs. IRC/IPC) 

Charleston, SC 
(vs. IRC/IPC) 

Labor & Material Costs Applied 
Low Cost 
Market 

Medium Cost 
Market 

Low Cost 
Market 

Low Cost 
Market 

Single Family         

Material and Labor Savings (copper)  $                 804   $                    299   $                  804   $                 804  

Meter Connection Fee  (1" to 3/4")  $              1,608   $                 4,794   $               4,405   $              2,634  

Total  $              2,412   $                 5,093   $               5,209   $              3,438  

6-Unit Multi-Family         

Material and Labor Savings (copper)  $              6,033   $                 3,150   $               6,033   $              6,033  

Meter Connection Fee  
(IPC - 1-1/2" to 1") 

(UPC – 2” to 1”)  $              4,818   $               26,439   $               7,328   $              5,635  

Total  $            10,851   $               29,589   $             13,361   $            11,668  

45-Unit Multi-Family         

Material and Labor (copper)  $           42,441   $               40,686   $             42,441   $            42,441  

Meter Connection Fee  
(IPC - 3" to 1-1/2") 

(UPC – 4” to 1-1/2”)  $           15,324   $               98,099   $             32,267   $            25,340  

Total  $           57,765   $             138,785   $             74,708   $            67,781  

 

Table 5 – Continued 

Copper Construction 

Naples,  
FL 

(vs.IRC/IPC) 

Portland, 
OR  

(vs. UPC) 

San Diego, 
CA  

(vs. UPC) 

San Francisco, 
CA  

(vs. UPC) 

Tamps Bay, 
FL  

(vs. IRC/IPC) 

Labor & Material Costs Applied 
Low Cost 
Market 

High Cost 
Market 

High Cost 
Market 

High Cost 
Market 

Low Cost 
Market 

Single Family           

Material and Labor Savings (copper)  $         804   $        401   $            401   $                401  $            804  

Meter Connection Fee  (1" to 3/4")  $     2,124   $     3,412   $         3,375   $           17,564   $         4,200  

Total  $     2,928   $     3,813   $         3,776   $           17,965   $         5,004  

6-Unit Multi-Family           

Material and Labor Savings (copper)  $     6,033   $     3,995   $         3,995  $             3,995  $         6,033  

Meter Connection Fee  
(IPC - 1-1/2" to 1") 

(UPC – 2” to 1”)  $     3,540   $     18,769   $       19,656   $           37,635   $         3,500  

Total  $     9,573   $     22,764  $       23,651  $           41,630  $         9,533  

45-Unit Multi-Family           

Material and Labor Savings (copper)  $   42,441   $   52,409   $       52,409  $           52,409  $       42,441  

Meter Connection Fee  
(IPC - 3" to 1-1/2") 

(UPC – 4” to 1-1/2”)  $   15,576   $   68,249   $       73,164   $         150,059   $       31,500  

Total  $   58,017   $   120,298   $     125,573  $         202,468   $       73,941  
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Summary 
 
The Water Demand Calculator is a powerful and much needed tool needed to bring pipe-sizing 
methodology into the 21st century. The primary benefits of applying the WDC pertain to 
addressing water quality concerns associated with water aging in oversized plumbing systems 
and in providing for water and energy efficiency. However, the WDC also provides for 
significant construction cost efficiencies and works to increase homeowner satisfaction when 
using modern, efficient plumbing products, making applying the WDC attractive to builders as 
well.  


