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Date:  February 9, 2011 

To: Karen Kansfield, Ameren Illinois  

From: Robert Huang, The Cadmus Group Inc. 

Re: Domestic Hot Water Savings Analysis Addendum to PY2 Multifamily 
and Home Energy Performance Reports 

 

In January 2010, Cadmus developed an engineering estimate of unit savings for domestic hot 

water (DHW) measures in follow up to the PY1 Home Energy Performance and Multifamily 

program evaluations. The purpose of this memo is to describe how these results, shown in 

Table 1, were calculated. 

Table 1. Domestic Hot Water Unit Savings Summary 

DHW Default Savings Estimates 

Type of Water 
Heater 

Faucet Aerator Low Flow Showerheads Pipe Insulation 

Single Family Multifamily Single Family Multifamily 
Single and 
Multifamily 

Savings Per Savings Per Savings Per Savings Per Savings Per 

Electric (in kWh) 30 aerator 37 aerator 240 
shower-
head 

264 
shower-
head  

51 
insulation 
job 

Gas (in therms) 1.2 aerator 1.6 aerator 10.6 
shower-
head  

11.7 
shower-
head  

2.3 
insulation 
job 

 

Aerators 

We calculated energy savings by assuming a decrease in flow rate through the aerators in both 

kitchen and bathroom faucets. This decrease in flow led to energy savings calculated for electric 

and gas water heaters, shown in Equations 1 and 2 below, respectively: 

Equation 1:  

Annual Electric DHW Savings (in kWh) per Person for bathroom and kitchen aerators = 

(8.33*1*TFRb*TIME*((TFRb-TFRe)/TFRb)*(Tin-Tout)*DAYh/3,413)/EFFelec 

Equation 2:  

Annual Gas DHW Savings (in therms) per Person for bathroom and kitchen aerators = 

(8.33*1*TFRb*TIME*((TFRb-TFRe)/TFRb)*(Tin-Tout)*DAYh/100,000)/EFFgas 

Where the constants in the equation are: 

• 8.33 lbs per gallon 

• 3,413 BTUs per kWh 
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• 100,000 BTUs per therm 

• 1 BTU/lb-degree F = amount of energy to raise 1 lb of water 1 degree F 

The inputs into Equations 1 and 2, as well as the results of the savings calculation, are shown in 

the Table 2. We then weighted the annual DHW savings per person by the ratio of kitchen to 

bathroom aerator PY1 installs. We multiplied the annual weighted DHW savings per person by 

the number of people living in the home and divided by the number of sinks per home to derive 

an annual per aerator savings for either single or multifamily homes in the Ameren Illinois 

service territory. 

Table 2. Assumptions Used in Aerator Calculation 

Estimate of Default Saving for Aerators 

Type of Water Heater Electric Gas 

Measure Name 
Kitchen 
Aerator 

Bathroom 
Aerator 

Kitchen 
Aerator 

Bathroom 
Aerator 

Number Installed at AIU 5 38 59 680 

Efficient Aerator Throttled Flow Rate (TFRe) 1.84 1.48 1.84 1.48 

Baseline Aerator Throttled Flow Rate (TFRb) 2.13 1.87 2.14 1.85 

Water Heater Recovery Efficiency (EFF) 100% 100% 77% 77% 

Tin (in oF) 53.9 53.9 53.9 53.9 

Tout (in oF) 80 80 80 80 

Length of Use (in min) per day per person 
(TIME) 

5 5 5 5 

Days per Year at Home (DAYh) 352.25 352.25 352.25 352.25 

Annual DHW Savings per Person 32 kWh 44 kWh 1.5 therms 1.8 therms 

Annual DHW Savings per Person Weighted 42.40 kWH 1.79 therms 

People per SF Home 2.67 people 2.67 people 

Sinks per SF Home 3.83 sinks 3.83 sinks 

Annual Savings per Aerator in SF Home  30  kWH  1.2  therms 

People per MF Home 2.14 people 2.14 people 

Sinks per MF Home 2.46 sinks 2.46 sinks 

Annual Savings per Aerator in MF Home  37  kWH  1.6  therms 

 

Showerheads 

We calculated energy savings by assuming a decrease in flow rate through low-flow 

showerheads. This decrease in flow led to energy savings calculated for electric and gas water 

heaters, shown in Equations 3 and 4 below, respectively: 

Equation 3:  

Annual Electric DHW Savings (in kWh) per Person for showerheads = 

(8.33*1*TFRb*TIME*((TFRb-TFRe)/TFRb)*(Tin-Tout)*DAYh/3,413)/EFFelec 
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Equation 4:  

Annual Gas DHW Savings (in therms) per Person for showerheads = 

(8.33*1*TFRb*TIME*((TFRb-TFRe)/TFRb)*(Tin-Tout)*DAYh/100,000)/EFFgas 

Where the constants in the equation are: 

• 8.33 lbs per gallon 

• 3,413 BTUs per kWh 

• 100,000 BTUs per therm 

• 1 BTU/lb-degree F = amount of energy to raise 1 lb of water 1 degree F. 

The inputs into Equations 3 and 4, as well as the results of the savings calculation, are shown in 

Table 3. We then multiplied annual savings per person by the number of people living in the 

home and divided by the number of sinks per home to derive an annual per aerator savings for 

either single or multifamily homes. 

Table 3. Assumptions Used in Low-Flow Showerhead Calculation 

Estimate of Default Saving for Low-Flow Showerheads 

Type of Water Heater Electric Gas 
Efficient Aerator Throttled Flow Rate (TFRe) 1.82 1.82 

Baseline Aerator Throttled Flow Rate (TFRb) 2.26 2.26 

Water Heater Recovery Efficiency (EFF) 100% 77% 

Tin (in oF) 53.9 53.9 

Tout (in oF) 105 105 

Length of Shower (in min) per day per person (TIME) 8.2 8.2 

Days per Year at Home (DAYh) 352.25 352.25 

Annual Savings per Person 161 kWh 7.1 therms 

People per SF Home 2.67 2.67 

Showers per SF Home 1.79 1.79 

Annual Savings per Showerhead in SF Home  240 kWh  10.6 therms 

People per MF Home 2.14 2.14 

Showers per MF Home 1.30 1.30 

Annual Savings per Showerhead in MF Home  264 kWh  11.7 therms 

 

Hot Water Pipe Insulation 

We calculated heat loss per area of pipe for insulated and non-insulated water pipe via  

Equations 5 and 6 below: 

Equation 5:  

Q/Ains = (T pipe – T amb)/Rins 

Equation 6:  

Q/Aunins= (T pipe – T amb)/Runins 
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Where: 

• Q/A = heat loss per area of pipe (BTU/hr-ft
2
) for non-insulated and insulated pipe 

• R = R-value of insulated and non-insulated pipe (hr- ft
2
-degreeF/Btu) 

• Tpipe = temperature of copper pipe 

• Tamb = temperature of ambient air 

The inputs into Equation 5 and 6, as well as the results of the heat loss per area calculation, are 

shown in Table 4 below.  

Table 4. Assumptions Used in Low-Flow Showerhead Calculation 

Pipe Heat Loss Assumptions 

Temperature of copper pipe ( Tpipe) 122 oF 

Temperature of ambient air (Tamb) 67.5 oF 

R-value of un-insulated pipe (Runins) 0.86 hr-ft2-oF/Btu 

R-value of insulated pipe (Rins) 2.79 hr-ft2-oF/Btu 

Efficiency of electric hot water heater (EFFelectric) 100%  

Efficiency of gas hot water heater (EFFgas) 77%  

AREApipe 0.46 ft2 

Calculation 

Q/A ins 19.47 Btu/hr-ft2 

Q/A unins 63.18 Btu/hr-ft2 

Conversion to Gas and Electric Water Heater Savings 

Pipe Insulation Annual Electric and Gas Water 
Heater Savings 

51 kWh 

2 therms 

 

We calculated annual savings with Equations 7 and 8 below: 

Equation 7: 

Pipe Insulation Annual Electric Water Heater Savings = (Q/Aunins - Q/Ains) * AREApipe * 

8,760)/EFFelectric /3,413 

Equation 8: 

Pipe Insulation Annual Gas Water Heater Savings = (Q/Aunins - Q/Ains) * AREApipe * 

8,760)/EFFgas /100,000 

Where the constants in the equation are: 

• 3,413 BTUs per kWh 

• 100,000 BTUs per therm 

• 8,760 hours per year  

The inputs into Equation 7 and 8, as well as the results of the annual savings calculations, are 

shown in Table 4 above.  




