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Best	Management	Practices	in	EZ	Guide	2.0	

1.0 Introduction	

EZ Guide 2.0 water conservation evaluation software (www.conservefloridawater.org) relies on 
estimates of the current and future water use options along with their associated costs as 
important elements of the overall program. This paper presents the results of our literature 
review and research to determine reasonable estimates of these parameters. The estimates for 
each Best Management Practice (BMP) have been divided into the following categories: 

• Cold and hot water utilization rates 

• Initial cost for purchase and installation and expected annual operation and maintenance 
costs 

• Service life in years 

• Sources of the estimates 
• Whether the BMP qualifies for Water Sense or Energy Star recognition 

• Which of the 64 EZ Guide sectors are applicable for this BMP 

This information is presented in the following three categories: 

• Indoor residential BMPs 
• Indoor nonresidential BMPs 

• Outdoor BMPs 

EZ Guide presents water use estimates for 64 land use sectors as defined by the Florida 
Department of Revenue. The major sector groupings are shown in Figure 1.1. At the upper level, 
the 64 land uses are divided into 9 residential and 55 commercial, industrial, and institutional 
(CII) categories. The nine residential categories are divided into four single family and five 
multi-family land use codes. The CII sector is divided into 28 commercial, 11 industrial, and 14 
institutional categories. Other water conservation models only have a few sectors with the CII 
category often aggregated into one large group called non-residential.  
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Figure 1.1. Major land use sectors in EZ Guide 
 

BMP evaluations are done for the following options across some or all of these 64 sectors as 
appropriate: 

• Indoor options 
o Toilets-existing BMP for the Residential group, new for CII group 
o Clothes washers- existing BMP for the Residential group 
o Faucets - existing BMP for the Residential group, new for CII group 
o Showerheads- existing BMP for the Residential group, new for CII group 
o Urinals-new BMP for the CII group 
o Pre-rinse spray valves-new BMP for selected CII sectors 

• Outdoor options 
o Soil moisture sensors-new BMP for the Single Family group 
o Irrigation audits-new BMP for the Single Family group 
o Switch to non-potable irrigation (reuse)-new BMP for the Single Family group 

In addition to greatly expanding the choice set from 2 or 3 to 64 land use sectors, EZ Guide 
calculates water use and savings for various combinations of retrofits from existing to new 
devices. For example, instead of using a single average savings rate for single family residential 
of X gallons per day, EZ Guide determines savings rates for 108 combinations of options of 
switching from an existing device to a more efficient option. Thus, we have gone from 1 to 108 
savings rates depending on the selected options that EZ Guide selects based on cost-
effectiveness. These savings rates are calculated at the parcel level that also accounts for 
differences in savings rates due to the persons per house that is estimated at the Census Block 
scale (average of about 20 to 40 houses). 
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Table 1.1. 108 Savings rate combinations for single family residential sector for indoor BMPs 

         Gal./use Options   
Sector BMP  Fixtures/house Rate Units From To Combinations 
SFR Toilets 1,2,3,4 Gal./flush 5.0, 3.5, 1.6 1.6, 1.28, 0.8 36 

SFR 
Clothes 
Washers 1 Gal./ load 56, 51, 41 41, 27, 14 9 

SFR Showerheads 1,2,3 Gal./min. 6.5, 3, 2.5 2.5, 2.0, 1.5 27 
SFR Faucets 2,3,4,5 Gal./ min. 5, 2.8, 2.2 2.2, 1.5, 0.5 36 

          Total 108 

2.0 General Principles	

2.1 Service Lives	

The service lives of devices can be divided into four categories (Sullivan et al. 2009): 

• Economic life-period of time that results in the minimum equivalent uniform annual cost 
of owning and operating an asset 

• Ownership life-period of time between acquisition and disposal by a single owner 
• Physical life- period of time between acquisition and disposal by all of the owners of this 

asset 
• Useful life-period of time that an asset is kept in productive service 

An aggregate estimate of service life, L, for a device can be obtained knowing the current stock 
of this item, V, and the annual sales rate, Q. The simple equation for L is: 

 L = V/Q                                           (2.1) 

Information on the expected service lives for the following indoor devices are discussed next. 

• Toilets-Toilets and urinals are important water users. Historically, toilets and urinals have 
lasted for long periods of time. Estimates of their service lives seen in the literature range 
from 20 years to infinity. The number of toilets in the United States as of 2003 was in the 
range of 300 to 350 million (http://answers.google.com/answers/threadview?id=194870). 
An estimated 8.5 million toilets were sold in 2003 according to the same source. Using 
this data, L = 325/8.5 = 38.2 years. The useful service lives of toilets and urinals can be 
expected to decrease due to the significant improvements in performance that have 
occurred in recent years and the intensified efforts to reduce water use by these devices. 
Accordingly, an average service life of 25 years will be used for toilets and urinals for the 
CII sector. The service life of residential toilets is assumed to be 40 years. 

• Clothes Washers and Dish Washers- Information on life expectancies of major appliances 
is available based on sales and inventory data for the United States (Appliance Magazine 
2011). They estimate that the life expectancies of clothes washers range from 7 to 14 
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years with an average of 11 years. The corresponding range for dish washers is 3 to 18 
years with an average of 11 years. 

• Showerheads-Based on a variety of literature sources shown in the Fixture Library Table, 
showerheads are expected to have a service life of 8 years. 

• Faucets- Based on a variety of literature sources shown in the Fixture Library Table, 
faucets are expected to have a service life of 15 years. 

• Pre-rinse spray valves-Assumed service life = 5 years based on EPA WaterSense 2011. 

Information on the expected service lives of outdoor devices is presented next. 

• Soil moisture sensors-5 years 

• Irrigation audits-5 years 
• Switch to non-potable irrigation sources (reuse)-A switch to reuse eliminates essentially 

all of the customer’s use of potable water for outdoor use. This change is long-term. A 
service life of 25 years is assumed. 

2.2 Unit Cost of Water Saved	

2.2.1 Present value of total life cycle costs	

The unit cost per 1,000 gallons of water saved, c, is calculated using the following equation: 

 c = C/V where                                               (2.2) 

Where: c = average cost, $/1,000 gallons 

       C = present value of the cost to the entity doing the conservation evaluation, and  

       V = total water saved over the life of the retrofit in 1,000 gallons. 

At least three cost perspectives can be used to estimate the present value of the costs: 

1. The customer evaluating whether he or she will save money from investing in a water 
saving device. In this case, 

         C = P+I +M*[P/A, i, n] – S/(1+i)n        (2.3) 

Where: C = present value of the life cycle costs, $ 

       P = initial device cost, $ 

       I = installation cost, $ 

      M = annual operation and maintenance cost, $/yr. 
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[P/A, i, n] = present worth factor = PV (i, n, A) in Excel = 
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Where: i = discount rate/year 

      n = project life, years 

      A = annual cost 

      S = salvage value at the end of the project 

2. Utility who is offering a one-time rebate on the initial cost of the device, R. In this case,  

                 C = R         (2.5) 

3. Other water agency such as a water management district that is offering a rebate in 
cooperation with the utility. In this case, the result is the same as Case 2. 

A typical EZ Guide evaluation is done from the perspective of the utility. Thus, cost as defined 
in Option 2 is the appropriate cost to use. 

2.2.2 Total water saved	

For a given study year such as 2010, the total water saved by a retrofit depends on the: 

• remaining service life of the existing device 
• difference, if any, between the water use of the customer with a conventional 

replacement device and the water use with a more efficient device that was specified as 
part of an incentive program.  

Example: A person has a 20 year old, 3.5 gallon per flush, toilet as of the year 2010. This toilet is 
used by 2 persons who flush it a total of 10 times per day. Thus, its daily water use is 3.5*10 = 
35 gallons per day. Absent an incentive, the owner is expected to replace this toilet at the end of 
its 25 year service life with a standard 1.6 gallon per flush (gpf) model. After the toilet exchange, 
the toilet will use 1.6*10 = 16.0 gallons per day. A toilet retrofit program is proposed that would 
encourage this person to replace the existing toilet with a 1.28 gpf model. If implemented, the 
savings per day would be 35-12.8 = 22.2 gallons per day for the remaining five years of the 
service life, a total savings of 22.2*365*5 = 40,515 gallons. In this case, the added savings over 
the 25 year life of the new toilet are the added daily savings of (1.6-1.28)*10*365*20 for the 
remaining 20 years= 23,360 gallons. Thus, the total water savings attributable to the incentive 
program is 63,875 gallons. The general equation is: 

  V = R1 + R2                                (2.6) 

Where: V = total water saved     
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        R1 = reduction in water use during the remaining service life of the existing device 

R2 = added savings from having the customer use a better than conventional new toilet 
for the remaining service life of the new toilet 

2.2.3 Cost per 1,000 gallons of water saved	

The costs of the water efficiency activity need to specify who is paying the costs as described 
earlier. The primary group in this case is the utilities who are providing financial incentives in 
the form of rebates to customers. The cost per 1,000 gallons of water saved, c, is 

           c = P/R          (2.7) 

Where: P = present value of the financial incentive, $100 in this example, and  

        R = water saved, 1,000 gallons (kgal) 

Using the toilet example with P = $100, and R = 63.875, 

      c = 100/(63.875) = $1.57/kgal 

2.3 Population Estimates	

Persons per dwelling unit are estimated using 2010 U.S. Census Data that are available at the 
Census Block level of aggregation.  There are about 20-40 houses per Census Block so the 
estimate is highly disaggregated. The Census Block data distinguishes between single and multi-
family dwelling units. EZ Guide calculates separate persons per dwelling unit for single and 
multi-family units. Vital information on actual dwelling units per multi-family unit is also 
provided. Thus, the population estimate should be quite accurate. A similar parcel-level method 
of GIS Associates (2012) is used in Saint Johns River and Southwest Florida Water Management 
Districts to estimate population served. When these population models include forecasts, they 
assign the growth to empty parcels. Thus, the parcel-level methodology extends directly to the 
forecasting case. 

3.0 BMPs in the Commercial, Industrial, and Institutional Sectors 

3.1 Introduction 

A true benefit-cost analysis of water conservation best management practices (BMPs) requires an 
end use inventory of water using devices, along with estimates of their water use efficiency and 
frequency of use. Most studies regarding commercial, industrial, and institutional (CII) water use 
have focused on presenting baseline usage for a select number of sectors. Dziegielewski et al. 
(2000) carried out a detailed analysis on five CII sectors: schools, hotels/motels, office buildings, 
restaurants, and food stores. They developed water use coefficients for these sectors using a 
variety of measures of size, and through submetering, disaggregated total water use down to the 
general end uses (e.g., domestic, cooling, landscaping). Also, they presented benchmarks for 
efficiency based on the 25th percentile of customers sampled. This approach allows for 
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comparison of water use across customers, but provides little insight into the effectiveness of 
actual BMPs.  

The Pacific Institute’s Waste Not, Want Not: The Potential for Urban Water Conservation in 
California (Gleick et al. 2003) also documented baseline water use for eight CII sectors and end 
use breakdowns. This study provided sector estimates of potential savings associated with 
various BMPs. Their methodology relied on survey data regarding the efficiency distribution of 
water end-use devices within a given sector. For example, toilets in the commercial sector were 
found to use an average of 3.0 gallons per flush (gpf). By retrofitting to a 1.6 gpf toilet, the 
potential savings for the sector is 1.4 gpf. By multiplying this end-use potential savings by 
estimates of frequency of use (total number of annual flushes per sector based on employment 
and visitors), the annual potential savings of BMPs for various sectors were quantified. This 
study provides a means to quantify a BMP’s potential impact on water use, but provides limited 
insight into which sector BMPs are most cost effective to implement. 

In order to overcome gaps in CII BMP end-use evaluations, this section presents a methodology  
to estimate the number of toilets, urinals, faucets, showerheads, and pre-rinse spray valves; their 
water use efficiency; and frequency of use at the parcel level for 28 commercial, 11 industrial, 
and 16 institutional sectors. In addition, sector-specific water use coefficients will be reported to 
estimate how much of a sector’s water use is attributable to these selected fixtures. This approach 
allows for the incorporation of site-specific water audits applied to the remaining water use, thus 
accounting for all achievable water savings within a given CII establishment.  

3.2 Data Driven Approach 

Bottom-up estimates of end use devices require parcel-level information. For this methodology, 
the Florida Department of Revenue (FDOR) provides parcel-level data. FDOR maintains a 
database of legal, physical and economic property-based information, which is publicly available 
free of charge from the FDOR file transfer protocol site (ftp://sdrftp03.dor.state.fl.us/), that is 
audited and updated annually. FDOR provides data for each of the 9 million parcels of land in 
the state of Florida, of which 215,000 are commercial, 69,000 are industrial, and 42,000 are 
institutional. The State’s 67 Florida County Property Appraisers (FCPAs) provide the parcel 
information to FDOR annually, allowing for a statewide land-use database with a consistent 
definition of terms. The following attributes from the FDOR database are of interest: parcel 
identification (ID) number, land use code, effective year built, effective building area, and parcel 
area. Similar county property appraiser data may be available in other areas. 

The parcel ID number is a unique identifier to a plot of land. The FDOR land use code is a two-
digit classification system that identifies the primary use of the land by its economic activity. The 
28 commercial, 11 industrial, and 16 institutional sectors in this study are determined using 
FDOR land use codes. Effective year built is defined as the effective or actual year built of major 
improvements for a building. The year built provides valuable time series information to estimate 
trends, and is an essential tool in forecasting number of accounts, building and parcel 
characteristics, types of end use device, and water use rates.  

The effective or adjusted building area field, defined as the total effective area of all floors of all 
buildings on a given parcel, is not a true area, but rather a calculated field. Effective area 
incorporates economic factors to weight the various building area types found within a parcel 
differently. Unlike effective area, heated area is a true area of a building, defined as all areas 
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under climate control. Parcel-level heated area data is available from FCPA. Previous studies 
(Morales et al. 2011, Palenchar 2009), have investigated the relationship between effective and 
heated building area. These results indicate that effective and heated building areas are highly 
correlated across all CII sectors. Hence, effective area to heated area conversion coefficients 
were developed using the ratio of the means approach at the FDOR sector level. These area 
conversion coefficients are used to estimate water use per heated area.   

Parcel area is a derived field from the FDOR database, which provides polygon shapefiles 
delineating every parcel in the State. Using standard GIS tools, the area of each parcel can thus 
be calculated, and joined to the other parcel information provided in the FDOR attribute data. 
Besides parcel dimensions, these polygon shapefiles also offer the spatial location of every 
parcel in the State. This allows simple spatial queries to determine which parcels are within the 
service boundaries of a given utility. South Florida Water Management District (WMD), St. 
Johns River WMD, Southwest Florida WMD, and Suwannee River WMD provide the water 
service area boundaries of utilities in their districts as polygon shapefiles available on their 
respective websites to be viewed in GIS. The parcels are identified by a unique parcel ID number 
which can be related to the FDOR database to find the attributes for the parcels in the utility 
being analyzed. 

3.3 Select Water End Uses 

3.3.1 Fixture count 

The heterogeneous nature of CII facilities makes it difficult to account for and estimate the 
number of end-use devices. A methodology by which to estimate the number of toilets, urinals, 
faucets, showerheads, and pre-rinse spray valves in each of the 28 commercial, 11 industrial, and 
16 institutional FDOR sectors is presented in this section. This methodology uses Florida 
building and plumbing code information on minimum floor area and plumbing fixtures required 
per occupant for various facility types (Florida Building Commission 2007). The Florida 
building and plumbing codes used in this study are derived directly from the International Code 
Council, a non-profit organization whose mission is to develop national standardized 
construction codes. As of 2011, the building codes of the International Code Council have been 
adopted by all U.S. states and territories, while the plumbing codes have been adopted by 36 
states (including Florida), Washington D.C., and Puerto Rico. Thus, these fixture count estimates 
should be applicable throughout most of the U.S. and a similar approach can be replicated using 
other building and plumbing codes. 

The Florida plumbing code provides minimum toilet, faucet, and showerhead fixture 
requirements for 24 building types. The normalization parameter for the derived coefficients is 
building occupancy, except for hotels/motels where the coefficients are in terms of the number of 
rooms. In order to relate these coefficients to FDOR, fixture count coefficients require 
normalization based on heated building area. The Florida building code provides the conversion 
from occupancy to square footage for 42 building types. By linking the FDOR land use codes to 
the appropriate facility type categories in the Florida building and plumbing codes, fixture count 
estimates per square foot of heated building area can be developed for the 55 CII FDOR sectors. 
Morales et al. (2011) identified the top CII sectors in the state of Florida in terms of water use. 
The fixture count coefficients for these sectors are presented in Table 3.1. Some of these 
coefficients are limited to facilities below a certain square footage as described in the table 
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footnotes. The hotel/motel (FDOR 39) coefficient assumes that the average hotel room is 250 ft2, 
with a gross-to-net ratio of 1.1, where gross area is the total area of a building, and net area is the 
“usable” area of a building. Hence, this coefficient assumes that an average room accounts for 
275 ft2 in a hotel/motel. Pre-rinse spray valves are estimated at either one, or two for restaurants 
(FDOR 21) greater than 4,000 ft2.  

The fixture per square footage coefficients are intended to be applied at the parcel level, allowing 
for estimates of fixture counts to be rounded to the nearest integer. To estimate the number of 
urinals, the Florida plumbing code states that a maximum of 67% of single-use toilets for 
assembly or educational establishments are replaceable by urinals; all other facility types are 
allowed a 50% maximum replacement, as shown in the Table 3.1 footnotes. Detailed 
mathematical formulations of how the coefficients in Table 3.1 are applied to arrive at parcel-
level fixture count estimates are provided in Equations 3.1-3.8. 
 
The coefficients presented in Table 3.1 provide estimates of fixture counts based on minimum 
construction codes. These coefficients can be refined through the use of known parcel-level 
fixture counts. The Seminole County Property Appraiser (SCPA) in central Florida reports the 
total number of fixtures (combined count of all toilets, urinals, bidets, faucets, and showerheads 
within a parcel) for all CII parcels in their county. A sample size of 1,086 CII parcels in 
Seminole County was thus used to calibrate the fixture count coefficients presented in Table 3.1. 
Calibration was done at the individual FDOR level by minimizing the mean absolute deviation 
(MAD) between the estimated total number of fixtures (sum of estimated toilet, urinal, faucet, 
and showerhead counts) and fixture counts provided by SCPA for all the parcels within a given 
FDOR code. This optimization was carried out using the Evolutionary Solver built into Excel 
2010. The MAD mathematical objective function is shown in Equation 3.9. The optimizer was 
set to minimize MAD for a given FDOR code by changing a factor that proportionally adjusted 
the fixture coefficients (e.g., TCj, TCOj, FCj, FCOj) in Table 3.1. This optimization scheme 
allowed for the fixture count estimates to more accurately portray actual building practices, while 
still maintaining the same mix of end-use devices specified by the Florida Plumbing Code. The 
calibrated coefficients are presented in Table 3.2. 
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Table 3.1. Number of restroom fixture and functional population coefficients normalized using 
heated area for the top 10 commercial and 3 institutional sectors in Florida (Florida Building 
Commission 2007, Nicholas 2010, Tindale-Oliver 2007, Duncan 2007). 

FDOR, j Description 
TCj, 

Toilets 
per ft2  

MTCj, 
Mixed-

Use 
Toilets 
per ft2 

FCj, 
Faucets 
per ft2 

SCj, 
Shower-

heads 
per ft2 

FPj, 
Functional 
Population 

per ft2 

11 
Stores, One-

Story 
6.67E-5 3.33E-5 4.44E-5  3.44E-3 

16 
Community 
Shopping 
Centers 

6.67E-5 3.33E-5 4.44E-5  3.44E-3 

17a 
Office, One-

Story 
4.00E-4 2.00E-4 2.50E-4  1.64E-3 

18a 
Office, Multi-

Story 
4.00E-4 2.00E-4 2.50E-4  1.64E-3 

19a 
Medical 
Office 

4.00E-4 2.00E-4 2.50E-4  1.70E-3 

21b Restaurant 8.08E-4 4.04E-4 3.03E-4  7.43E-3 

22b 
Fast-Food 

Restaurants 
8.08E-4 4.04E-4 3.03E-4  7.90E-3 

23a 
Financial 

Institutions 
4.00E-4 2.00E-4 2.50E-4  1.94E-3 

27a 
Auto Sales / 

Repair 
4.00E-4 2.00E-4 2.50E-4  4.93E-4 

39 
Hotels / 
Motels 

3.64E-3 1.82E-3 3.64E-3 3.64E-3 1.27E-3 

71b Churches 6.06E-4 4.04E-4 3.03E-4  5.33E-4 

74 
Homes for the 

Aged 
1.67E-3 8.33E-4 1.67E-3 5.56E-4 6.67E-4 

83b Public County 
Schools 

3.33E-4 1.67E-4 3.33E-4  9.79E-4 
a
 Toilet and faucet coefficients limited to a building's first 5,000 ft

2
 (TALj) and 8,000 ft

2
 (FALj), respectively. For 

building areas over these limits, the toilet (TCOj) and faucet (FCOj) coefficients are half of TCj and FCj. 
b Maximum of 67% of male toilets for assembly or educational establishments are replaceable by urinals, all other 

sectors correspond to a 50% male toilet to urinal maximum replacement rate (MaxUrinalP). 
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���������	
� =	 ����� 	≤ ����	 → ��� ∗ ����	⋀	���� 	> ����	 → ����	 ∗ ��� +

	���� − ����	� ∗ ������		 (3.1) 
 
 
���� !�
� =	 "����������	
� − ����� 	≤ ����	 → ��� ∗ #����	⋀	���� 	> ����	 →

����	 ∗ #��� +	���� − ����	� ∗ #������� ∗ #!$��� !��%  (3.2) 
 
 
�#�$�&�
������	
� =	 '���� !�
� = 0 →	���������	
�)	⋀	����� !�
� > 0 →

	����� 	≤ ����	 → ��� ∗ #����	⋀	���� 	> ����	 → ����	 ∗
#��� +	���� − ����	� ∗ #�������  (3.3) 

 
 
�*� +���
������	
� =	���������	
� − ���� !�
� − �#�$�&�
������	
�	  (3.4) 
 
 
������	
� =	�#�$�&�
������	
� + �*� +���
������	
� (3.5) 
  
Where: 
 
���������	
� = �����,� !��-		����		.�/ 		�
	�,!	�	0��	1!�.��	� 
���� !�
� = 	��� !�	.�/ 		�
	�,!	�	0��	1!�.��	� 
NMixedUseToiletsi=	Count	estimate	of	toilets	used	by	both		women	and	men	for	parcel	i �*� +���
������	
� = 	��/ 		�
	�,!	�	�0		����	
	/
�&	
� +�-	K-	,� 	0��	1!�.��	� 
������	
� = 	��	!�		����		.�/ 		�
	�,!	�	0��	1!�.��	� 
 
��� = 	��!	�&	K/��&� +	!��!	0��	1!�.��	�	'0	L) 
���� = 	�����		!��!	��,�		0��	MN�O	�! &	/
�	.�&�	P	.����
1� &� +		�	1!�.��	�	'0	L) 
TCj	=	Toilet	count	coefficient	for	FDOR	land	use	code	j	corresponding	to	parcel	i	'toilets/ft2) 
TCOj	=	Toilet	count	coefficient	applicable	to	building	areas	over	TALj	for	FDOR	land	use	code	j	 

corresponding	to	parcel	i	'toilets/ft2)  
MTCj	=	Mixed	use	toilet	count	coefficient	for	FDOR	land	use	code	j	corresponding	to	parcel	i	 

'toilets/ft2) 
MTCOj	=	Mixed	use	toilet	count	coefficient	applicable	to	building	areas	over	TALj	for	FDOR	 

land	use	code	j	corresponding	to	parcel	i	'toilets/ft2)  
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�M!/.�	
� =	 ��*� +���
������	
� = 1		 ⋀ 	����� 	≤ M���	 → ��� ∗ M���	⋀ 	���� 	>
M���	 → M���	 ∗ M�� +	���� − M���	� ∗ M����� = 1 →
	2�	⋀	��*� +���
������	
� ≠ 1		 → 	 ����� 	≤ M���	 → ��� ∗
M���	⋀ 	���� 	> M���	 → M���	 ∗ M�� +	���� − M���	� ∗ M������   (3.6) 

�*ℎ�_��ℎ�!&
� =	 ���� ∗ *��� (3.7) 

��O* �̀ =	 '��� 	< 4000	 → 1)	⋀	'��� 	≥ 4000	 → 2) (3.8) 

Where: 

�M!/.�	
� = 	M!/.�		.�/ 		�
	�,!	�	0��	1!�.��	� 
NShowerheadsi	=	Showerhead	estimate	for	parcel	i NPRSVi=Pre-rinse	spray	valve	count	estimate	for	parcel	i 
M��� = 	M!/.�		!��!	��,�		0��	MN�O	�! &	/
�	.�&�	P	.����
1� &� +		�	1!�.��	�	'0	L) 
FCj	=	Faucet	count	coefficient	for	FDOR	land	use	code	j	corresponding	to	parcel	i	'faucets/ft2) 
FCOj	=	Faucet	count	coefficient	applicable	to	building	areas	over	FALj	for	FDOR	land	use	 

code	j	corresponding	to	parcel	i	'faucets/ft2)  
SCj	=	Showerhead	count	coefficient	for	FDOR	land	use	code	j	corresponding	to	parcel	i	 

'showerheads/ft2) 
 

#�N = 	 hi∑ kl� − lm�k�  (3.9) 

Where:  

MAD	=	Mean	absolute	deviation	'total	number	of	fixtures)		
n=Number	of	parcels	within	a	given	FDOR	code 

Yi=Total	number	of	fixtures	reported	by	SCPA	for	parcel	i 
Yoi=Total	number	of	fixtures	estimated	for	parcel	i	using	coefficient	methodology	in	this	report	 
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Table 3.2. Calibrated number of restroom fixture and functional population coefficients 
normalized using heated area for the top 10 commercial and 3 institutional sectors in Florida. 

FDOR
, j 

Sample 
Size, n 

Fixture 
Calibr
a-tion 
Coef. 

MAD 
(total 

number 
of 

fixtures) 

TCj, 
Toilets 
per ft2  

MTCj, 
Mixed-

Use 
Toilets 
per ft2 

FCj, 
Faucet
s per 

ft2 

SCj, 
Shower-

heads 
per ft2 

FPj, 
Functional 
Population 

per ft2 

11 143 8.0 4.4 5.35E-4 2.68E-4 3.57E-4  3.44E-3 
16 27 8.3 10.4 5.50E-4 2.75E-4 3.67E-4  3.44E-3 
17a 95 2.7 2.9 1.10E-3 5.49E-4 6.86E-4  1.64E-3 
18a 21 2.7 3.6 1.10E-3 5.48E-4 6.85E-4  1.64E-3 
19a 64 3.5 3.2 1.41E-3 7.05E-4 8.81E-4  1.70E-3 
21b 36 1.5 3.1 1.25E-3 6.25E-4 4.69E-4  1.59E-2 
22b 21 2.6 2.5 2.11E-3 1.06E-3 7.92E-4  1.69E-2 
23a 16 2.4 1.0 9.46E-4 4.73E-4 5.91E-4  1.94E-3 
27a 67 1.4 3.0 5.77E-4 2.88E-4 3.61E-4  4.93E-4 
39 8 0.5 62.5 1.78E-3 8.91E-4 1.78E-3 1.78E-3 3.40E-3 
71b 84 1.3 5.7 7.87E-4 5.24E-4 3.93E-4  5.33E-4 
74 10 0.6 54.2 9.55E-4 4.78E-4 9.55E-4 3.18E-4 6.67E-4 
83b 10 2.1 28.5 6.95E-4 3.47E-4 6.95E-4  9.79E-4 

a
 Toilet and faucet coefficients limited to a building's first 5,000 ft

2
 (TALj) and 8,000 ft

2
 (FALj), respectively. For building areas over 

these limits, the toilet (TCOj) and faucet (FCOj) coefficients are half of TCj and FCj. 
b Maximum of 67% of male toilets for assembly or educational establishments are replaceable by urinals, all other sectors 

correspond to a 50% male toilet to urinal maximum replacement rate (MaxUrinalP). 
  

3.3.2 Frequency of use 

 
The proposed method for approximating how often restroom fixtures are used is presented in this 
section. This determination is made possible given that restroom frequency of use is driven by 
people. By estimating how many, and for how long, people are in a building, one can estimate 
frequency of use. This estimate is complicated by the fact that CII facilities have arrival and 
departure rates that vary widely depending on the mix and type of customers and employees. To 
overcome these challenges, functional population coefficients are proposed.  

Functional population is a building’s population normalized to 24 hours per day, and 7 days per 
week (Nelson and Nicholas 1992). For example, if 24 people visit a store for an hour each day, 
this corresponds to a functional population of one. Functional population coefficients are 
available for many facility types from impact fee studies specific to Florida (Nicholas 2010, 
Tindale-Oliver 2007, Duncan 2007). These coefficients are derived from transportation modeling 
statistics on employment, visitor trips, and length of stay, and can be mapped to FDOR (Table 
3.1). The functional population coefficients for the restaurant sub-sectors (FDOR 21 and 22) as 
well as hotels/motels (FDOR 39) were adjusted to better agree with the literature on the 
breakdown of their water use (SWFWMD 1997, Seneviratne 2007, EBMUD 2008). These 
coefficients (Table 3.2) were adjusted upwards, and reflect intuitively-reasonable higher 
frequency of domestic water use by users at these types of establishments. Functional population 
coefficients are normalized by heated building area, and thus apply directly to FDOR parcel-
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level data. Similar transportation statistics are available throughout the U.S. allowing for 
geographic-specific estimates of frequency of use. 

Since functional population is a standardized measure across all land uses, regardless of the land 
use dependent variability in employment/transient population, this allows for the application of 
generic human frequency of restroom use estimates. Mayer et al. (1999) gathered data indicating 
that the average person in a single family residence flushes a toilet 5.1 times per day. Assuming 
this statistic is based on a 16-hour period, its 24-hour equivalent would be 7.65 flushes per 
person per day. Following this procedure, single-use (fixtures used solely by men) and mixed-
use (fixtures used by both women and men) frequency of use coefficients per end-use fixture are 
presented in Table 3.3. The single-use coefficients assume that when applicable, urinal use 
occurs thrice as frequently as toilet use. Faucet use is arrived by assuming 15 seconds of faucet 
use following every toilet or urinal event. Toilet and urinal coefficients are expressed in flushes 
per person per day, while faucet and shower use is in minutes per person per day. Pre-rinse spray 
valves were taken to be used an average of 1.44 hours/day (EPA 2011).3.3.3 Fixture water use 
efficiency 
 

The final piece of information required to estimate the water use for restroom end uses is fixture 
water use efficiencies. The previous section described a method to estimate total daily frequency 
of use in a building using functional population, and estimates of uses per person per day. The 
uses presented in Table 3.3 are flushes for toilets and urinals, minutes for faucets and showers, 
and hours for pre-rinse spray valves. To estimate water use, gallons per fixture use are required. 
Florida’s plumbing code mandates water use efficiencies. Through this regulatory information, a 
fixture’s efficiency is thus a function of a building’s year built and a fixture’s service life. The 
historical water use efficiencies for toilets, urinals, faucets, showerheads, and pre-rinse spray 
valves, required by the Florida plumbing code, are provided in Table 3.4 (Friedman et al. 2011, 
NCDENR 2009). The 1995-present faucet efficiency is taken to be 1.5 gpm given the frequent 
installation of 2.2 gpm faucets in commercial establishments despite the maximum flow rate 
standard for public (non-residential) faucets being 0.5 gpm (AWE 2010).  
 
For CII establishments, the service life of toilets and urinals is estimated to be 25 years based on 
valve life cycle analysis, while faucets have a service life of 15 years, showerheads have a 
service life of 8 years, and pre-rinse spray valves and site specific water audit are taken to have a 
service life of 5 years (Scheuer et al. 2003, Santa Clara Valley Water District 2008). A 
Lagrangian approach to estimating service lives is used since it is important to retain the identity 
of the fixtures over time. The last fixture change out year for each fixture type within each parcel 
is calculated using Equation 3.10. The last fixture change out year is used to arrive at the 
efficiency of each fixture within a given parcel using Table 3.4. The alternative approach of 
estimating fixture replacement using replacement rates (e.g., 5% of the urinals are replaced each 
year) causes the identity of an individual fixture to be lost. For example, a CII establishment built 
in 1983 would replace its toilets and urinals in 2008, and thus have toilet and urinal water use 
efficiencies corresponding to the 1995-present fixture efficiency group.  
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�M�l�p =	 "'l� − lq�)/*�p% ∗ *�p + lq� (3.10) 
 
Where: 
LFCYif	=	Last	change	out	year	of	fixture	f	in	parcel	i	'e.g.,	2010)	
YA	=	Year	of	water	conservation	analysis	'e.g.,	2012)	
YBi	=	Effective	year	built	of	parcel	i	'e.g.,	1985)	
SLf	=	Service	life	in	years	of	fixture	f	'e.g.,	25	years)	
 

Table 3.3. Single-use and mixed-use frequency of fixture use coefficients per 24-hour period 
(adapted from Mayer et al. 1999, EPA 2011). 

  
Single-

Use 
Mixed-

Use 
Toilet (flushes/person/day) 1.91 7.65 
Urinal (flushes/person/day) 5.74 N/A 
Faucet (minutes/person/day) 1.89 
Shower (minutes/person/day) 5.6 
Pre-rinse spray valve (hours/unit/day) 1.44 

 

Table 3.4. Fixture water use efficiency coefficients per age group (adapted from NCDENR 
2009). 

Fixture Efficiency 
Group 

Toilets 
(gal/flush) 

Urinals 
(gal/flush) 

Faucets 
(gal/min) 

Showerheads 
(gal/min) 

Pre-rinse 
Spray Valves 

(gal/min) 
Pre-1983 5.0 2.5 5.0 6.5 5.0 

1983-1994 3.5 1.5 2.8 3.0 3.5 
1995-Present 1.6 1.0 1.5 2.2 1.6 

 
The methodology described in the previous sections allows for the estimation of water use per 
end-use device at the parcel level. Knowing how much water a given device currently uses, it is 
possible to derive the water saved through retrofitting such a device. The calculation to estimate 
water use per end-use device is shown in Equation 3.11. 

�My��p�z = ���� ∗ M��� ∗ M��p ∗ M{�p/�M�p� (3.11)
 Where: 

CFWUifj		=	Current	fixture	water	use	of	fixture	type	f	in	parcel	i	which	corresponds	to	FDOR	
code	j	and	fixture	efficiency	e	'gallons/fixture/day)	
HAi	=	Heated	building	area	for	parcel	i	'ft2)		
FPj	=	Functional	population	coefficient	for	FDOR	code	j	'functional	population/ft2)	
FOUf	=	Frequency	of	use	for	fixture	f	as	shown	in	Table	3.3	'flushes	or	
minutes/person/day)	
FEif	=	Fixture	efficiency	as	determined	by	Eq.	3.10	and	Table	3.4	'gallons/flush	or	minute)	
NFifj	=	Number	of	fixtures	f	on	parcel	i	corresponding	to	FDOR	code	j	as	determined	by	
Eqns.	3.1-3.8	
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3.4 CII BMP Evaluations 

 
Water use and end-use device estimates, along with economic data on cost of retrofits and water, 
allow for evaluation of water conservation BMPs. The cost-effectiveness of a retrofit will 
increase for more water efficient end-use devices and with increased utilization of the device. 
For example, a 3.0 gpf toilet flushed 20 times a day will be more cost effective to retrofit than a 
similar toilet flushed 5 times a day. The available retrofits for each fixture type are presented in 
Table 3.5, along with an estimate of their total present worth cost in Table 3.6. If the evaluation 
is being done from the utility’s perspective, the cost is the upfront financial incentive the utility 
provides the customer to induce them to retrofit a fixture now. For example, the present worth of 
the total cost of a new fixture from a customer’s perspective might be $300. The utility might 
offer a $100 rebate to defray part of this cost. The cost from the utility’s perspective is $100, not 
$300.  

Table 3.5. Best management practice fixture water use efficiency coefficients per retrofit 
efficiency group.  

Retrofit 
Fixture 

Efficiency 
Option 

Toilets 
(gal/flush) 

Urinals 
(gal/flush) 

Faucets 
(gal/min) 

Showerheads 
(gal/min) 

Pre-rinse 
Spray 
Valves 

(gal/min) 

Site-
specific 
Water 
Audit 

Conventional 1.6 1.0 0.5 2.2 1.6 15% 
Better 1.28 0.5 - 2.0 1.25  

Best 0.8 0.0 - 1.5 1.0  
 

Table 3.6. Best management practice fixture initial capital cost per retrofit efficiency group.  
Retrofit 
Fixture 

Efficiency 
Group Toilets  Urinals  Faucets  Showerheads  

Pre-rinse 
Spray 
Valves 

Site-
specific 
Water 
Audit 

Conventional $150 $320 $45 $30 $50 $0.27 / 
heated 
square 
footage 

Better $180 $375 - $31 $60 

Best $300 $275 - $33 $70 
 

BMP evaluations are carried out at the FDOR, fixture type, and current fixture efficiency level 
(Eq. 3.12). Following Equation 3.13, it is relatively straightforward to calculate the water use for 
a given retrofit since only variable in the equation is the water use efficiency of the fixture. The 
water use savings calculation, as shown in Equation 3.14, is slightly more complex, since it is 
important to account for the natural replacement of fixtures. This approach is consistent with the 
service life methodology outlined previously, relying on an average service life remaining prior 
to natural replacement (Equation 3.15). Hence, a fraction of the savings is taken to be associated 
with retrofitting from a current efficiency to the retrofit efficiency level (the service life 
remaining savings period). The remainder of the savings, past the remaining service life, is 
associated with retrofitting from a conventional fixture efficiency to the retrofit efficiency level 
selected. BMP cost effectiveness is calculated by dividing the retrofit option cost by its 
associated water savings (Equations 3.16-3.18), resulting in a $/kgal value which can be used to 



22 
 

compare between BMP options, water production costs, and even alternative water supplies. The 
$/kgal for each retrofit option, r, is computed so that only the most cost-effective option (lowest 
$/kgal) is attributed to a given FDOR code, j, with fixture type, f, and efficiency class, e. These 
$/kgal values are then ranked to identify the most cost-effective CII BMP options .  

The final CII BMP outlined in this section is the site-specific water audit. The water savings 
associated with this BMP are taken to be the total water use of a given CII parcel, as determined 
through the application of a CII water use coefficient (Morales et al. 2011), minus the water 
attributable to the other fixtures outlined in this paper, times an assumed savings of 15% (Table 
3.5). The total cost of this BMP is taken to be $0.27 per heated building square footage, with a 
service life of 5 years. The cost of water audits was estimated using the water savings and costs 
associated with toilets, urinals, faucets, showerheads, and pre-rinse spray valves, along with the 
assumed 15% additional savings associated with site-specific water audits. Given the 
heterogeneous nature of CII water end uses, the use of site-specific water audits allows for the 
evaluation of other more industry-specific water uses to be evaluated for conservation. With the 
savings and costing mechanism described, those parcels using water most intensively per heated 
square footage, will prove to be those most cost effective to retrofit. The water savings available 
through a water audit are also dependent on the percentage of water use not associated with 
toilets, urinals, faucets, showerheads, and pre-rinse spray valves. This percentage of water use 
varies significantly across sectors (Table 3.7).  

 
�My�p�z = ∑ ��My��p�z ∗ �M�p��/�Mp�z�  (3.12) 

Where:	
CFWUfje	=	Current	fixture	water	use	of	fixture	type	f	which	corresponds	to	FDOR	code	j	and	
fixture	efficiency	e	'gallons/fixture/day)	
NFfje	=	Number	of	fixtures	f	in	FDOR	code	j	with	fixture	efficiency	e	
	
OMy�p�z� = �My�p�z ∗ 	OM{p�/M{pz (3.13) 

Where:	
RFWUfjer	=	Retrofit	fixture	water	use	for	fixture	f	in	FDOR	code	j	with	current	fixture	
efficiency	e	for	retrofit	option	r	'gallons/fixture/day)	
RFEfr	=	Retrofit	fixture	efficiency	for	fixture	type	f	and	retrofit	option	r	as	shown	in	Table	
3.5	'gallons/flush	or	minute)		
FEfe	=	Current	fixture	efficiency	for	fixture	type	f	and	fixture	efficiency	e	as	shown	in	Table	
3.4	'gallons/flush	or	minute)		 
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OMy�*p�z� = ���My�p�z −	OMy�p�z�� ∗ �*�O�pz/*�p� +	���My�p�z ∗ ����
���� −

OMy�p�z�	� ∗ �*�p − �*�O�pz�/*�p�  (3.14) 

	
�*�O�pz =	 �∑ �l� −	�M�l�p�� �/���z 	 (3.15) 
	
Where:	
RFWUSfjer	 =	 Retrofit	 fixture	water	 use	 savings	 for	 fixture	 f	 in	 FDOR	 code	 j	with	 current	
fixture	efficiency	e	for	retrofit	option	r	'gallons/fixture/day)	
ASLRjfe	=	Average	service	life	remaining	before	next	natural	replacement	of	fixture	f	in	
FDOR	code	j	with	current	fixture	efficiency	e	'years)	
PCje	=	Number	of	parcels	in	FDOR	code	j	with	current	fixture	efficiency	e	
CFEf	=	Conventional	fixture	efficiency	for	fixture	f	'gallons/flush	or	minute)	
	
Oy�*p�z� =	OMy�*p�z� ∗ 	�Mp�z (3.16) 

 
O�p�z� =	�Mp�z	 ∗ MO�p�/'*�p ∗ 365) (3.17) 

�{p�z� = 	Oy�*p�z�	/	O�p�z� ∗ 1000 (3.18) 

Where: 

RWUSfjer	 =	 Retrofit	 option	 water	 use	 savings	 for	 fixture	 f	 in	 FDOR	 code	 j	 with	 current	
fixture	efficiency	e	for	retrofit	option	r	'gallons/day)	
RCfjer	 =	 Retrofit	 option	 cost	 for	 fixture	 f	 in	 FDOR	 code	 j	 with	 current	 fixture	
efficiency	e	for	retrofit	option	r	'$/day)	
FRCfr	=	Fixture	retrofit	cost	as	shown	in	Table	3.6	'$/fixture)	
CEfjer	=	Cost-effectiveness	of	retrofit	option	r	fixture	f	in	FDOR	code	j	with	current	
fixture	efficiency	e	'$/kgal)	
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Table 3.7. Count of toilets, urinals, faucets, showerheads, and pre-rinse spray valves in 
Gainesville Regional Utilities and Hillsborough County Water Resources Services, their 
associated water use, and percentage of total water use for the top 10 commercial and 3 
institutional sectors. 

FDOR Description 

Total Number of 
Toilets, Urinals, 

Faucets, Showerheads, 
and Pre-rinse Spray 

Valves 

Total Estimated 
Monthly Water Use 

for Selected 
Fixtures (MG) 

Total Sector 
Monthly 

Water Use 
(MG) 

Selected 
Fixtures % 

of Total 
Water Use 

11 
Stores, One-

Story 
2,176 3.81 6.15 62% 

16 
Community 
Shopping 
Centers 

10,150 20.28 31.45 64% 

17 
Office, One-

Story 
3,737 2.02 9.14 22% 

18 
Office, 

Multi-Story 
2,436 2.00 4.71 42% 

19 
Medical 
Office 

3,824 1.75 9.44 19% 

21 Restaurant 1,301 5.44 13.26 41% 

22 
Fast-Food 

Restaurants 
973 2.45 5.85 42% 

23 
Financial 

Institutions 
765 0.52 5.53 9% 

27 
Auto Sales / 

Repair 
1,149 0.40 5.22 8% 

39 
Hotels / 
Motels 

9,024 5.48 11.72 47% 

71 Churches 5,704 1.35 6.75 20% 

74 
Homes for 
the Aged 

3,166 0.84 4.29 20% 

83 
Public 
County 
Schools 

10,864 4.22 15.00 28% 

 

BMP evaluations can be carried out using the proposed methodology and four bits of 
information: heated area, effective year built, and land use code, available from FDOR, and the 
study year. EZ Guide estimates the quantity and mix of fixtures based on the study year. Water 
use per end-use device can thus be calculated and BMPs evaluated for cost effectiveness. With 
the cost of certain alternative water supplies exceeding $5/kgal, water conservation options in the 
CII sectors can prove to be attractive alternatives to meet water demands. The restroom end uses 
for the 55 CII sectors addressed in this study allow for the evaluation of 1,768 BMPs given three 
current fixture efficiencies and available retrofit types (Table 3.8). This methodology can be 
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applied so that these 1,768 CII BMPs can be analyzed for cost effectiveness at the parcel level 
for any utility. 

Table 3.8. Best management practices for select fixtures in the 28 commercial, 11 industrial, and 
16 institutional sectors of water use.  
 

  
Applicable 
CII Sectors 

Current Water 
Use Efficiency* 

Possible Retrofits 
Types* 

Number 
of BMPs 

Single-Use 
Toilets 55 5, 3.5, 1.6 gpf 1.6, 1.28, 0.8 gpf 495 

Mixed-Use 
Toilets 55 5, 3.5, 1.6 gpf 1.6, 1.28, 0.8 gpf 495 
Urinals 55 2.5, 1.5, 1 gpf 1.0, 0.5 and 0.0 gpf 495 
Faucets 55 5, 2.8, 1.5 gpm 0.5 gpm 165 

Showerheads 6 6.5, 3, 2.2 gpm 2.2, 2.0 and 1.5 gpm 54 
Pre-rinse Spray 

Valves 1 5, 3.5, 1.6 gpm 1.6, 1.25, 1.0 gpm 9 
Site-specific 
Water Audit 55 - 15% reduction 55 

Total - - - 1,768 
*gpf = gallons per flush; gpm = gallons per minute 

3.5 Summary and Conclusions 

 
This section presents a methodology by which to estimate the number, efficiency, and frequency 
of use, of toilets, urinals, faucets, showerheads, and pre-rinse spray valves for each of the 28 
commercial, 11 industrial, and 16 institutional sectors classified by FDOR. In addition, the paper 
describes an approach by which to estimate the savings and costs associated with a site-specific 
water audit. This BMP parcel-level methodology allows for water conservation evaluations 
based on cost effectiveness, is applicable nationwide, and the default coefficients should provide 
reasonable estimates throughout the U.S. By estimating water use at the end-use level, this 
methodology offers a major improvement over past studies by addressing a large number of CII 
sectors and allowing for a data-driven evaluation of water conservation BMPs for cost 
effectiveness.  

4.0 Outdoor Water Use BMPs 

4.1 Overview 

This report was prepared to demonstrate how outdoor single family residential (SFR) water use 
and conservation potential can be estimated using EZ Guide. As an illustrative example, this 
report shows analysis of SFR outdoor conservation potential for the Central Florida Water 
Initiative (CFWI) study area that is shown in Figure 1.1. The CFWI Water Supply Team wanted  
a consistent methodology for determining conservation potential in CFWI.  The CFWI study area 
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includes land in Lake, Orange, Osceola, Polk, and Seminole counties (http://cfwiwater.com/) and 
in parts of three of Florida’s five water management districts.  These methodologies can be 
applied in a similar manor to any utility or planning region in Florida. 
 

 

Figure 4.1. The CFWI study area (http://cfwiwater.com/). 
 
EZ Guide is designed to evaluate water use and water conservation potential options for 
individual utilities.   Uncalibrated EZ Guide runs were made for six utilities in CFWI: Orlando 
Utilities Commission, Orange County Utilities, Seminole County, Polk County, Toho, and St. 
Cloud. No water billing data were used for this analysis. Thus, a major source of error is the 
estimate of the proportion of customers who irrigate using potable water from the utilities. The 
default estimate is that the CFWI utilities have the same percentage of customers who irrigate as 
the benchmark GRU utility. The importance of this assumption will be evaluated later in this 
report. Comparative statistics for CFWI and GRU are shown in Table 4.1.  Average water use for 
the six CFWI utilities is 190 mgd, over eight times larger than the GRU average of 22.8 mgd. 
The estimated percentages of this total water use for SFR indoor and outdoor water use, 
commercial, industrial, institutional, and unaccounted sectors for CFWI and GRU, shown in 
Table 4.1, indicate that the sectors are similar in relative importance.   

SFR outdoor water use is the subject of this report.  SFR outdoor water use estimates for CFWI 
and GRU are 24.3 mgd and 3.35 mgd respectively.  If all of these SFR customers switch to non-
potable irrigation options, then all outdoor use would be eliminated. Thus, upper limits for SFR 
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outdoor water savings for CFWI and GRU are 24.3 and 3.35 mgd. If some of these users opt for 
irrigation audits or application rate reduction for water use above a specified base level, then the 
savings can be calculated as a function of the application rate reduction and the number of 
customers in this category. This calculation requires a more thorough analysis. 

SFR outdoor water use depends on the age of the housing stock. The average year built for 
CFWI and GRU are very similar, 1984 and 1983, respectively.  The actual average irrigation 
application rate for GRU is 13.2 inches per year.  Romero and Dukes (2011) have developed 
estimates of irrigation needs for numerous cities in Florida including Gainesville, Orlando, and 
Tampa. The results are 19.9 inches per year for Gainesville, and an average of 25.5 inches per 
year for Orlando and Tampa. The actual average annual irrigation use for CFWI is estimated by 
multiplying the Gainesville measured rate of 13.2 inches per year by 25.5/19.9 to yield an 
estimate of 17.0 inches per year.  Using the Clearinghouse data base for all parcels in Florida, the 
estimated irrigable areas for CFWI and Gainesville are 9,050 and 12,300 square feet, 
respectively.  Thus, the higher application rate in CFWI, 128% of Gainesville, is offset by the 
smaller average irrigable area for CFWI, 73.6 % of Gainesville.  The net effect is a slight 
decrease in the outdoor water use rate for CFWI, 94.2% of the Gainesville outdoor water use 
rate.  
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Table 4.1.  Comparative statistics for CFWI and GRU. 

 

The outdoor water use evaluation methodology is described in the next section. 

4.2 Outdoor BMP Introduction 
The following three outdoor BMPs are evaluated for the largest Single Family Residential (SFR) 
land use code (DOR Land Use Code 01): 

• Soil moisture sensors  
• Irrigation audits 
• Switch to irrigation off  the potable water system (Non potable source rebates) 

 
These three BMPs represent general classes of outdoor water usage practices. The soil moisture 
sensor BMP is representative of irrigation controller strategies, the irrigation audit BMP may 
refer to any strategy aimed at improving irrigation efficiency which may include recommending 
irrigation controllers. Switching customers to irrigation off the potable water system generally 
refers to using reuse water for irrigation. Each of these BMP classes consists of several possible 
control options. Many irrigation control technologies exist including smart controllers, soil 
moisture sensors, rain sensors, ET controllers, etc. Irrigation audit strategies may include fixing 
leaks, adjusting settings on existing controllers, changing landscape, etc. These controls are not 
consistently defined and therefore vary widely in application making it difficult to predict water 

Category Legend CFWI GRU

Water use Average use, mgd* 190 22.8

Water use SFR indoor 33.4% 32.0%

Water use SFR outdoor 12.8% 14.7%

Water use % SFR outdoor customers** 50% 52.7%

Water use MRF 13.1% 18.0%

Water use Commercial 16.7% 12.7%

Water use Industrial 1.5% 0.7%

Water use Institutional 12.5% 11.3%

Water use*** Unaccounted for*** 10.1% 10.7%

Total 150.0% 100.0%

Customers Single fam. res. 600,000       30,903              

Customers Avg. year built 1984 1983

Irrigation Measured irr., in./yr. # 17.0 13.2

Irrigation IFAS irrig. estimate, in./yr.* 25.5 19.9

Irrigation Irrig. area, 1,000 sf## 9.05 12.3

*CFWI water use is the sum for the six utilities.

**Assumed 50% for CFWI.

***Unaccounted for water estimate is based on a nominal rate of 10%.

#CFWI is prorated based on AR(CFWI)/AR(GRU)

##Average of NIR for Orlando and Tampa
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savings from each of the listed individual practices. Therefore, aggregation into three BMP 
classes was deemed appropriate for outdoor BMP analysis. 

Two outdoor BMP scenarios were evaluated: 1) all three of the above options as mutually 
exclusive choices, and 2) Soil moisture sensors and Irrigation audits only as mutually exclusive 
options, excluding reuse. The “do nothing” option was also considered for both scenarios, as not 
all customers were required to have a conservation implementation. Detailed evaluations of 
outdoor water use in the other SFR, multi-family residential (MFR) and CII sectors indicated 
much more diverse irrigation patterns and typically a much lower relative importance for these 
sectors (Palenchar 2009 and Morales 2010). These other sectors devote a larger proportion of 
their property to buildings, parking, and stormwater ponds than is the case for SFR. Thus, their 
irrigable area is much smaller relative to the heated area. It is possible to separate indoor and 
outdoor water use for the SFR sector since indoor water use is quite homogeneous and 
predictable, and each SFR parcel is metered. This is not the case for the other sectors. While 
some of the users in the MFR and CII sectors may be large irrigators, e.g., an office park, they 
can be evaluated on an individual basis. The evaluation methods for outdoor BMPs in the SFR 
sector are presented in the next section. 

4.3 Outdoor SFR Water Savings Potential 

Water use at any spatial scale can be partitioned into its indoor and outdoor water components. A 
total of 1,402 SFR GRU customers have dual meters. This billing data can be used to depict the 
nature of indoor and outdoor water use patterns as shown in the left part of Figure 4.2. The total 
water use of the 1,402 dual metered customers is shown in the left figure.  The monthly indoor 
water use is relatively stable at about 180 gallons per account per day (gpad). On the other hand, 
outdoor water use varies widely from month to month ranging from a low of about 200 gpad in 
January to about 750 gpad in May with an annual average of about 600 gpad.  For GRU, 
seasonal residents do not have a significant impact on seasonal water use patterns for indoor 
water users. Seasonal outdoor water users with in-ground irrigation systems can continue to use 
water while they are gone to maintain their landscapes.  It seems safe to assume that the vast 
majority of SFR outdoor water use is for irrigation. 

The indoor and outdoor water use patterns for the 29,501 single meter SFR residences show a 
dramatically different blend of indoor and outdoor water use with outdoor water use constituting 
an average of only about 10% of indoor water use as shown in the right portion of Figure 4.2.  
Customer billing data are essential to determine which customers have significant outdoor water 
use.  However, this information is only available for a few utilities. The assessment of outdoor 
water use patterns presented in this section is based on a detailed analysis of outdoor water use 
billing and customer attribute data for the GRU SFR customers. These benchmark results are 
used to supplement available information regarding outdoor water use for CFWI. 
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Figure 4.2. Average indoor and outdoor water use for 1,402 dual metered (left figure) and 29,501 
single metered (right figure) SFR accounts in GRU  for water year 2008 (Palenchar 2009). 
 

Outdoor water use by the ith customer, QO(i), is simply the product of irrigated area multiplied 
by the application rate, or: 

  QO(i) = k*AR(i)*AI(i)                                                    (4.1)   

                              

Where:   QO(i) = irrigation water use by the ith account, gallons per account per day (gpad) 

                       k = 1.708 conversion factor 

               AR(i) = irrigation application rate, in./yr.                 

      AI(i) = irrigable area, 1,000 square feet 

The irrigable area for each parcel is estimated using FDOR data on parcel area and impervious 
area. The proportion of the irrigable area that is irrigated ranges between 0 and more than 1 with 
a default value of 1.0. EZ Guide estimates irrigable area for each parcel. Customer billing data 
for GRU are used to estimate the annual application rate, knowing the total water use and the 
estimated indoor water use. A study year of 2008 was selected to estimate indoor water usage to 
be consistent with the time period of the available billing data.  A study of 2,294 homes in 
California indicates that about 53% of the properties over-irrigate (Mayer and DeOreo 2010). 
Soil moisture sensors were installed in all of these California homes. The net effect of increasing 
water use for 47% of the California properties that were under-irrigating and reducing water use 
on the 53% of the homes that were over-irrigating was a reduction in water use of only 6.1%. 
Thus, it is important to identify the subset of the irrigators who are over-irrigating and evaluate 
the efficiency of outdoor BMPs only for this group.  
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4.4 Defining the Nature of Irrigation Practices 

The potential market for outdoor BMPs consists of the percentage of total SFR customers who 
irrigate from the potable system. As shown in Mayer and DeOreo (2010), the water savings 
potential of outdoor BMPs for this market is directly associated with current application rates. 
All customers who do not irrigate from the potable system would not save water or possibly 
increase water usage with implementation of outdoor BMPs and are therefore not considered. 

An irrigator is defined as a customer whose total water use – estimated indoor water use is ≥ 1 
inch per year, or 

QO(i) = QT(i) – QI(i)                                                                                                   (4.2) 

Where QO(i) = daily outdoor water use by the ith customer (gpad), 

             QT(i) = daily total water use by the ith customer (gpad), and 

             QI(i) = daily indoor water use by the ith customer (gpad) 

A lower bound irrigation application rate of one inch per year is used since many customers have 
a positive, but very small, application rate. Similarly, a few customers have application rates that 
exceed 100 inches per year and are treated as outliers.  Analogously, minimum and maximum 
bounds were placed on the irrigable area (IA) with a minimum of 1,000 square feet and a 
maximum of 100,000 square feet.  The joint frequency distribution of GRU irrigation customers 
in each of the bins with increments of 1 for both IA and AR is shown in Figure 4.3. The 
highlighted horizontal line shown on Figure 4.3 designates a selected target irrigation rate for an 
outdoor BMP to achieve. In this case, the BMP would reduce all application rates above 40 
inches per year down to 40 inches per year. This rate was provided to us by the CFWI water 
planning team. Switching customers to other sources of irrigation water, e.g., reuse, eliminates 
all outdoor water use. In this case, the target irrigation rate would be zero. 

The total potential daily water savings, SP, is simply the sum over the n irrigators of the 
difference between individual outdoor water usage before BMP implementation, QO(i)1, and 
individual outdoor water usage after BMP implementation QO(i)2 or  

*� = 	∑ '��'�)h − ��'�)L��i��h )                                                             (4.3) 

Three classes of outdoor BMPs considered in this evaluation are: 

1. Non potable source rebates 
2. Soil moisture sensors 
3. Irrigation audits 
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These BMPs reduce outdoor irrigation demand by decreasing application rate by a set amount on 
a fixed irrigable area. Therefore, potential savings can be simply expressed as the net difference 
in application rate before, AR(i)1, and after implementation AR(i)2 shown by Equation 4.4.  

SP = k*[(AR(i)1-AR(i)2)*IA(i)]       (4.4)  

For non-potable source rebates, AR(i)2 is zero since these customers no longer irrigate from the 
potable system. Therefore, maximum conservation potential is equal to current potable outdoor 
usage for all irrigators. 

For soil moisture sensors and irrigation audits, AR(i)2 reflects a target minimum application rate 
to reduce potable irrigation to. Based on Equation 4.4, only irrigators who currently irrigate 
above this threshold are considered since savings is positive for only this subgroup. 

 

Figure 4.3. Annual application rates and irrigable areas for 16,303 irrigators served by GRU. 
 
The number of irrigators eligible for SMS and irrigation audits as well as estimated savings 
potential is highly dependent on the selected target irrigation rate. The number of irrigators 
eligible for SMS and irrigation audits as a function of the minimum application rate for GRU is 
shown in Figure 4.4. Using the two database filters, 1,000 ≤ AI ≤ 1,000, and 1 <=AR<=100, 
reduces the 30,903 SFR customers to 16,303 irrigators. If the benchmark application rate is 
increased to 5 inches/ year, then the number of irrigators of interest drops to 11,385.  If a cutoff 
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of 40 inches/year per year is used, the number of affected irrigators drops to 1,070, only about 
7% of the original total. The number of irrigators as a function of the minimum application rate 
for GRU is shown in Figure 4.4.  

The estimated maximum savings potential for outdoor BMPs as a function of minimum 
application rate is shown in Figure 4.5. Switching customers from the potable water system to 
irrigating with reuse water could affect all 16,400 of the irrigation users as an upper bound. SMS 
and audits are designed to reduce higher application rates above a specified value as shown in 
Figure 4.3. As a result, far fewer customers are affected by such programs. Correspondingly, the 
maximum potential savings decreases significantly as MAR increases as shown in 4.5. 

 

Figure 4.4. Number of affected irrigators as a function of the selected minimum application rate. 
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Figure 4.5. Maximum savings potential for outdoor BMPs as a function of the selected minimum 
application rate. 
 
As the minimum application rate (MAR) increases, the average irrigable area (AIA) decreases 
significantly as shown in Figure 4.6. The average irrigable area if MAR =1 is over 12,000 square 
feet. This average drops significantly to 6,000 square feet if MAR = 40.  AIA continues to 
decrease to as low as 4,000 square feet as MAR approaches 90.   

 

 

Figure 4.6. Effect of selected minimum application rate on average irrigable area for GRU. 
 

The relationship between MAR and AAR is shown in Figure 4.7. Over the range of 1 ≤ ARmin ≤ 
60, AAR remains stable in the range of 14 to 16 inches per year. However, it is apparent from 
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Figure 2.4 that the potential savings become very small if MAR is beyond 60 so this upper range 
is not that important.  

 

  

Figure 4.7. Effect of minimum application rate on the average application rate for GRU. 
 

4.5 Probability Density Functions and Correlation Between AIA and AAR 

Monte Carlo simulation with @Risk (Palisade Corp. 2012) was used to estimate the probability 
density function (pdf) of outdoor water use as the product of the pdf’s of AIA and AAR.  The 
probability density function for AIA for ARmin = 1 inch/year (N= 16,303) is shown in Figure 
4.8. The mean AIA is 12,300 square feet.  The lognormal distribution was selected because it is a 
good fit and has convenient analytical properties. 
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Figure 4.8. Histogram and lognormal distribution fit for AIA with ARmin = 1.0 inches/year. 
 
The pdf for AR is shown in Figure 4.9. The exponential pdf is the best fit for this MAR of 1 
inch/year and for all of the higher MAR’s up to an MAR of 60 inches per year. The mean AAR 
for this case is 14.24 inches per year. 



37 
 

 

Figure 4.9. Exponential pdf fit for annual application rate with MAR = 1 inch/year. 
 
It is important to account for the effect of the correlation between AIA and AAR if it exists.  The 
Spearman rank order correlation for the GRU data is -0.37 for an MAR of 1 inch/year and the 
associated database of 16,308 irrigators.  Monte Carlo simulation calculates the outdoor water 
use based on taking a large number of samples, 1,000 in this application.  For each iteration, a 
sample value of AR is selected. Then, a sample value of AI is selected that accounts for the 
correlation. For example, a negative correlation indicates that higher values of AR would be 
more likely to occur with lower values of AI and vice versa.  The resulting exponential pdf of 
outdoor water use is shown in Figure 4.10.  Various combinations of lognormal and exponential 
distributions were evaluated to find the best overall approximation. 
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Figure 4.10. Exponential pdf fit to estimating the pdf of outdoor water use as the product of a 
lognormal pdf for AIA and an exponential pdf for AAR with a correlation coefficient = -0.37. 
 
The results of these simulations can be evaluated to calculate a calibration factor, w, that can be 
added to equation 4.1 to get a more accurate estimate of the outdoor water use. The values of w 
as a function of MAR are shown in Figure 4.11.  The calibration factor ranges from 0.75 to 0.99 
as MAR varies from 1 to 60, the primary range of interest. 
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Figure 4.11. Values of the calibration factor, w, as a function of the minimum application rate 
based on the Gainesville analysis. 
 

4.6 Trends in Average Irrigable Area 

 
The procedures described previously to analyze outdoor BMP savings potential are done for a 
single pre-specified analysis year. This section analyzes housing trends related to outdoor water 
usage to evaluate historical and future outdoor water usage demands. For some utilities, direct 
information on the prevalence of in-ground irrigation systems is available from the county 
property tax assessor’s database. An example for GRU is shown in Figure 4.12. For GRU, in-
ground sprinklers have gone from being installed in less than 10% of new homes to the present 
pattern of having them installed in nearly 90% of the new homes. This trend can be expected to 
have a major impact on water demand if these homes are using potable water from the utility. 
For GRU, about 27% of the houses now have in-ground irrigation systems as shown in Figure 
4.12. The GRU data in Figure 4.12 regarding the market penetration of in-ground sprinkling 
systems can be used to estimate the prevalence of in-ground systems in other utilities in Florida. 
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Figure 4.12. Long-term trends in the popularity of in-ground sprinkler systems in Gainesville, 
Florida 
 
Temporal trends in average irrigable area (AIA) for the Gainesville houses with in-ground 
sprinklers can be calculated for the houses that are listed as having in-ground irrigation systems.  
The results, shown in Figure 4.13, show a dramatic decrease in AIA from about 11,000 square 
foot in 1980 to about 4,500 square feet in 2008, a 60% reduction.  This decrease in AIA helps to 
offset the increased AAR for homes with in-ground sprinkling systems. 
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Figure 4.13. Trends in average irrigable area for GRU homes built in the indicated year. 

 

4.7 Final Potential Savings Curves for GRU 

The maximum potential water savings is the total water savings in gallons per day if all irrigation 
above a specified minimum application rate (MAR) is eliminated.  This amount is calculated 
using equation 4.5. The results for scenarios based on preselected values of AR min of 40 inches 
per year are shown in Figure 4.14. These figures are developed by sorting the savings rate per 
customer from highest to lowest values. The maximum potential savings rate from equation 4.5 
is the value if all customers are included.  

�̀�� = � ∗ _ ∗ ����� ∗ '�O����� − �O��i)*N                                                       (4.5) 

Where ̀��� = maximum potential water savings, gallons per day, 

            k = units conversion factor = 1.708 

             w = calibration factor to account for correlation between AI and AR 

          AI��� = average	irrigated	area, 1,000	square	feet   
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         �O����  = average application rate, inches/year 

								�O��i = minimum specified application rate, inches/year 

         N = number of irrigators above ARmin 

 

Figure 4.14. Water savings potential curves for GRU for ARmin = 40 inches per year 
 
The results for maximum savings potential are shown in Table 4.2.  The data in Table 4.2 show 
the sensitivity of the results to each of the input parameters.  The most critical parameter is the 
number of irrigators that decreases from 16,303 for an MAR of 1 in./yr. to 1,070 for an MAR of 
40 in./yr.,  a 93% decrease in the potential market of irrigators.  AIA is the second most sensitive 
parameter with a decrease from 12,310 square feet for an MAR of 1 to 5,870 square feet for an 
MAR of 40, a 52% decrease.  By contrast, the average application rates and the calibration 
factors remain relatively constant.  The net result is that the maximum savings potential 
decreases by 96% from 3.3 mgd to 0.137 mgd.  This result shows that reducing outdoor water 
use down to a pre-specified level that corresponds to an estimate of over irrigation, has  
relatively limited impact on potential water savings as compared with switching irrigators off the 
potable water system (ARmin =1 in./yr. case) where the potential number of customers is much 
larger.  The last column of Table 4.2 shows the average daily savings potential that is the 
maximum savings potential divided by the number of irrigators. This average potential decreases 
as MAR increases. 
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Table 4.2. Values of independent variables used to calculate the maximum savings potential for 
GRU.  

 

The maximum potential water savings is the cost-effective solution only for the rare case that it 
is costless to implement outdoor water BMPs.  The cost-effective solution depends on the value 
of the water saved, p, and the cost of saving this water, c, as will be described in the following 
section. 

4.8 Cost-Effective Solution for Outdoor BMPs  

The outdoor potential water savings function can be combined with a benefit-cost objective 
function to find the optimal water savings as described in Friedman et al. (2011) and Heaney et 
al. (2011).  The optimization problem can be set up as follows: 

Maximize Z = p*V-c*x 

Subject to: 

                V = f ( x) 

               V, x ≥ 0                                                                                                     (4.6) 

 Where Z = net savings, $/day 

              p = unit value of water saved, $/1,000 gallons 

             V = 1,000 gallons of water saved/day 

             c = unit cost of water saved, daily $/customer   

             x = number of customers    

The performance function, Z, can be approximated by an exponential function of the form: 

` = 	 �̀�� ∗ '1 −	����)                                                                                   (4.7) 

A simple optimization problem is solved to find the value of k that minimizes the mean squared 
error between the measured data and the equation estimate based on various values of k.  
Equation 4.7 can be presented in normalized form to develop dimensionless values of k as shown 
in Figure  4.15.  Any performance function can be expressed in this normalized form to derive a 

Average Daily 

Savings 

Potential, 

Gal./Customer

1 16,303 12.31 14.24 0.75 1.708 3,660,873 225

25 2,746 6.95 15.72 0.90 1.708 461,178 168

40 1,070 5.87 15.31 0.96 1.708 157,673 147
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value of �i���.  Representative values of  �i���	 can be used to develop general performance 
curves.   

 

Figure 4.15. Y. Normalized curves for y = 1 – exp(-kx)  where 0 ≤ y ≤1 and 0 ≤ x ≤1. 
 
The optimal solution can be found by solving for the necessary condition that: 

dV/dx = c/p                                                                      ( 4.8) 

For the CFWI analysis, the assumed savings value is p = $2/ 1,000 gallons.  The average slope of 
the performance function, dV/dx, can be used to estimated dV/dx.   

Thus, 
��
�� =	 �̀��/$���                                                  (4.9) 

The values of p and dV/dx can be used to calculate the unit cost, c. However, the unit cost should 
be estimated directly. A review of estimates in the literature reveals wide variability due to the 
ambiguity in defining the precise nature of outdoor BMP’s e.g., what constitutes an irrigation 
audit and how are the associated water savings measured?  The costs of a reuse retrofit or 
installation also vary widely. At the low end, the customer is located in an area that is already 
served by a reuse system, and only has to hook up to this system.  At the upper end, the customer 
and his neighbors need to pay to have a reuse system brought to their neighborhood from a 
considerable distance. Also, it is difficult to estimate the service lives of these BMPs. Our best 
estimate of the service lives and range of unit costs are shown in Table 4.3.  The costs shown in 
Table 4.3 are estimated maximum contributions of the utility to these options. These defaults can 
be changed within EZ Guide to reflect utility specific conditions. 
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Table 4.3.  Estimated daily costs of three outdoor BMPs 

BMP 
Service Life, 
years 

Total Daily Cost 
($/customer) 

Soil Moisture Sensor 5 $ 0.10 to $0.50 
Irrigation Audit 5 $0.01 to $0.15 
Non-potable Source Rebate (Reuse) 25 $ 0.10 to $0.70 
 

 

The shape of the performance function can be expressed as a function of the rate constant, k, by 

normalizing the performance function by plotting )/(/ maxmax xxfyy = as shown in Figure 4.15. 

If k is varied, the shape of the performance function changes as shown in Figure 4.15. The k for 
GRU is 3.6 for MAR = 25. Thus, retrofitting 20% of the customers yields about 50% of the 
potential savings. A popular generic rule of thumb is that 80% of the benefits can be obtained by 
expending 20% of the total effort. This corresponds to a k of about 8. This normalization 
provides a very nice general guideline. Higher k values are preferable because that indicates that 
a smaller number of customers can be targeted to achieve a given savings goal. These lift curves 
are popular in the marketing science and data mining fields (Shmueli et al. 2010). In general, 
higher values of k correspond to having relatively more productive savings opportunities 
available. The value of k will vary from utility to utility depending upon their unique mix of 
irrigable areas and application rates. The value of k can also be expected to vary as a function of 
MAR.  

4.9 Optimal Blend of Outdoor BMPs for CFWI  

This section describes the procedure used to find the least costly blend of outdoor BMPs for 
CFWI as an illustrative example. This methodology can be used to evaluate any utility or 
planning region in Florida. The presented methodology generalizes well since irrigable area can 
be determined for any parcel in Florida, and application rate is adjusted based on local 
conditions. A key assumption is the percent of homes which irrigate from the potable system. 
This can be determined for a given utility by examining billing data as shown for GRU, or with 
direct records if available. 

Two scenarios were evaluated; one including and one excluding reuse as an outdoor water use 
conservation BMP in addition to soil moisture sensors and irrigation audits. This analysis 
assumes that these three outdoor BMPs are mutually exclusive. Thus, a customer can choose no 
more than one of these options.  It is possible to model the case where more than one option can 
be selected but it greatly complicates the analysis.  The results for the three BMPs individually 
and the combined results are presented in the next sections. 
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4.9.1 Soil moisture sensors 

The cumulative savings from soil moisture sensor retrofits for the 28,119 out of 610,536 (4.6%) 
who irrigate above 40 in./yr. in CFWI is shown in Figure 4.16, with the normalized version 
shown in Figure 4.17. 

 

Figure 4.16. Cumulative savings from soil moisture sensor retrofits for 28,119 CFWI irrigators 
above 40 in./yr. 
 

 

Figure 4.17. Normalized cumulative savings from soil moisture sensor retrofits for 28,119 CFWI 
irrigators above 40 in./yr. 
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Exponential functions were fit to the cumulative savings estimates by minimizing the mean 
squared error between the measured and calculated values, expressed as a nonlinear program in 
Equation 4.10 
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(4.10) 

Where yi = cumulative estimated water savings (gal/day) 
ymax=maximum water savings( conservation potential) if all over-irrigators are retrofit with 
SMS’s. (gal/day) 
xmax= cumulative 1,000 ft2 available to retrofit all over-irrigators with SMS’s 
k= rate constant that minimizes MSE 
MSE= mean squared error 
 
For CFWI, xmax is 28,119 accounts, and ymax is 3,494,087 gal/day. The rate constant k was 
determined from Equation 4.10 as 2.2409E-4. The approximate water savings production 
function for CFWI is shown in Equation 4.11. Similarly, the normalized water savings 
production function is shown in equation 4.12. 

)1(087,494,3 42409.2 xEey −−−⋅=              0 ≤ x ≤28,119                                                               

(4.11) 

)1( 06.6 xey −−=    0 ≤x ≤1            

(4.12) 

Given the performance function for soil moisture sensor retrofits , the unit cost of a soil moisture 
sensor retrofit per day of service life (c) and the associated unit utility savings (p), it is possible 
to find the optimal number of soil moisture sensor retrofits.  This problem can be formulated as a 
nonlinear program as follows: 

Maximize Z= p*y-c*x 
Subject to: 

)1(max kxeyy −−⋅=                                                                                                                            
(4.13) 

x ≤ xmax 
x ≥ 0 
 
Where:  
Z=total benefits-total costs, $/day 
p=value of water saved, $/gal 
y= quantity of water saved, gal/day 
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c=unit cost of a soil moisture sensor retrofit, $/account/day 
x=number of accounts to retrofit with an SMS, with an upper bound of xmax 
Soil moisture sensors are assumed to have a 5 year service life. (SWFWMD (2011) and 
SJRWMD (2011).  

This optimization problem can be solved explicitly by finding x such that dy/dx = c/p as follows:  
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Unit cost estimates for soil moisture sensors vary widely, thus making it difficult to select a 
single cost. An alternative methodology is to select the “knee of the curve” to approximate the 
optimal solution. This can be approximated as the point which has a slope equal to the average 
savings. For the normalized performance curve shown in Figure 4.15, the knee of the curve 
solution is to retrofit 30% of eligible accounts which yields 84% of the physically attainable 
savings. From this assumption, a unit cost can be determined based on a given value of p, by 
solving the explicit solution for c. 

Assuming p = $2/kgal/day, c = $0.22/account/day or $446/account assuming a 5 year service 
life, the optimal solution is to perform SMS retrofits on 30% of eligible accounts (8,436 of 
28,119), saving 84% of the physically attainable savings (2,935,033 gal/day) with the net 
benefits being Z =$38 per day.  

The graphical solution to this problem is shown in Figure 4.15. The budget line is plotted on 
Figure 4.15 and then moved parallel until it is tangent to the performance function. The budget 
line has a slope of c/p. The optimal solution occurs where c/p = dy/dx. 

4.9.2 Irrigation audits 

An irrigation audit typically refers to any evaluation of existing irrigation practices for a 
particular water user. Irrigation audit evaluation procedures may vary widely since no uniform 
procedures exist to define what entails a properly conducted audit. Furthermore, specific 
recommendations could vary widely from customer to customer, making it challenging to predict 
parcel level water savings without directly measured data from conducted audits. A typical 
average savings rate for irrigation audits can be assumed to be 25% of net application rate 
(SWFWMD 2011) between current application and minimum application rates. Water savings 
potential from irrigation audits therefore equal to 25% of SMS potential. The production function 
for irrigation audits is also simply the SMS production function multiplied by 0.25. 
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The cumulative savings from irrigation audits for the 28,119 out of 610,536 (4.6%) who irrigate 
above 40 in./yr. in CFWI is shown in Figure 4.18, with the normalized version shown in Figure 
4.19. 

 

Figure 4.18. Cumulative savings from irrigation audits for 28,119 CFWI irrigators above 40 
in./yr. 
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Figure 4.19. Normalized cumulative savings from irrigation audits for 28,119 CFWI irrigators 
above 40 in./yr. 
 
Exponential functions were fit to the cumulative savings estimates by minimizing the mean 
squared error between the measured and calculated values, expressed as a nonlinear program in 
Equation 4.10 

 
For CFWI, xmax is 28,119 accounts, and ymax is 873,522 gal/day (1/4 that of SMS potential). 
The rate constant k was determined from Equation 4.10 as 2.2409E-4. The approximate water 
savings production function for CFWI is shown in Equation 4.15. Similarly, the normalized 
water savings production function is shown in equation 4.16. 

)1(522,873 42409.2 xEey −−⋅=               0 ≤ x ≤28,119                                            (4.15) 

)1( 06.6 xey −−=    0 ≤x ≤1      (4.16) 

Given the performance function for irrigation audits, the unit cost of an irrigation audit per day 
of service life (c) and the associated unit utility savings (p), it is possible to find the optimal 
number of irrigation audits.  This problem can be formulated and solved using the Excel Solver 
as a nonlinear program as described in the previous section for soil moisture sensors. 

Assuming p = $2/kgal/day, c = $0.06/account/day or $112/account assuming a 5 year service 
life. The optimal solution is to perform irrigation audits on 30% of eligible accounts (8,436 of 
28,119), saving 84% of the physically attainable savings (733,758 gal/day) with the net benefits 
being Z = $9.50 per day.   

The graphical solution to this problem is shown in Figure 4.16. The budget line is plotted on 
Figure 4.16 and then moved parallel until it is tangent to the performance function. The budget 
line has a slope of c/p. The optimal solution occurs where c/p = dy/dx. 

4.9.3 Reuse 

An estimated 50% (304,214 of 610,536) SFR parcels in CFWI irrigate from the potable system. 
However, only a small fraction of these customers can be practically hooked up to the reuse 
system. It was assumed that only 10% of these customers were eligible for reuse. According to 
the 2010 FL DEP Reuse Inventory, about 12% of the residential water needs of the CFWI area 
are met by reuse. Thus, the cumulative savings from switching customers to reuse for the 30,421 
out of 610,536 (5%) who irrigate and are eligible for reuse in CFWI is shown in Figure 4.20, 
with the normalized version shown in Figure 4.21. 
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 Figure 4.20. Cumulative savings from reuse for 30,421 CFWI irrigators  
 

 

Figure 4.21. Normalized cumulative savings from reuse for 30,421 CFWI irrigators 
 
Exponential functions were fit to the cumulative savings estimates by minimizing the mean 
squared error between the measured and calculated values, expressed as a nonlinear program in 
Equation 4.10 
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For CFWI, xmax is 30,421 accounts, and ymax is 5,493,904 gal/day. The rate constant k was 
determined from Equation 4.10 as 1.94E-4. The approximate water savings production function 
for CFWI is shown in Equation 4.15. Similarly, the normalized water savings production 
function is shown in equation 4.16. 

)1(904,493,5 494.1 xEey −−−⋅=              0  ≤ x ≤ 30,421                                            (4.15) 

)1( 90.5 xey −−=    0 ≤x ≤1      (4.16) 

Given the performance function for reuse, the unit cost of reuse per day of service life (c) and the 
associated unit utility savings (p), it is possible to find the optimal number of accounts to switch 
to reuse.  This optimization problem can be formulated as a nonlinear program in the same 
manner as used for SMSs and irrigation audits. 

Assuming p=$2/kgal/day, c=$0.36/account/day or $3,311/account assuming a 25 year service 
life. The optimal solution is to perform reuse retrofits on 30% of eligible accounts (9,126 of 
30,421), saving 84% of the physically attainable savings (4,614,879 gal/day) with the net 
benefits being Z =$58 per day.  . 

The graphical solution to this problem is shown in Figure 4.20. The budget line is plotted on 
Figure 4.19 and then moved parallel until it is tangent to the performance function. The budget 
line has a slope of c/p. The optimal solution occurs where c/p = dy/dx. 

4.9.4 Supply curve for outdoor BMP water savings 

The least cost mix of soil moisture sensor retrofits, irrigation audits, and reuse to achieve a 
desired reduction in water use (gal/day) can be found by solving following the nonlinear 
program: 

Minimize Z= c1*x 1+c2*x 2+c3*x 3 
Subject to: 
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(4.17)                                                     

xi  ≤  xmaxi 
y ≥  Q 
x ≥ 0 
 
Where:  
Z= total costs, $/day 
y= quantity of water saved, gal/day 
Q= water savings target, gal/day 
c=unit cost of bmp, $/account/day 
x=number of accounts to retrofit with an upper bound of xmax 
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The relevant coefficients for this nonlinear program are in presented in Table 4.4  

Table 4.4. Parameters for the outdoor BMP optimization. 

 
 

 
The supply curve for water savings from SFR outdoor BMPs can be obtained from running this 
program with varying values of Q as shown in Table 4.5 and Figure 4.22. An exponential fit to 
the total cost curve using trend line in Excel is also shown in Figure 4.22.  The marginal cost 
curve is shown in Figure 4.23. Based on table 4.5, and Figure 4.22, a target conservation savings 
of 8.3 MGD saves 87% of the maximum total potential for all three outdoor BMPs, resulting in 
26,211 out of 86,659 (30%) of accounts being retrofitted, with a relatively even distribution of 
soil moisture sensors, irrigation audits, and reuse. This target conservation plan is the least cost 
solution if the value of the saved water is $2.00 per kgal., the shadow price of water for Q = 8.3 
mgd. 

Table 4.5. Least costly combination of the three outdoor BMPs to meet a specified target savings 
for CFWI. 

 

Soil moisture sensors Irrigation audits Reuse

0.5 151$            623 235 0 858 0.32$           

1 321$            986 599 189 1774 0.35$           

3 1,115$         2,127 1,739 1,508 5374 0.40$           

5 2,185$         3,661 3,280 3,285 10226 0.60$           

7 3,830$         6,029 5,641 6,016 17686 1.00$           

8 5,166$         7,948 7,560 8,232 23740 1.70$           

8.3 5,711$         8,730 8,342 9,139 26211 1.99$           

9 7,558$         11,378 10,999 12,208 34585 3.60$           

9.2 8,378$         12,567 12,176 13,563 38306 4.70$           

9.4 9,496$         14,175 13,768 15,420 43363 6.70$           

9.6 11,260$      16,703 16,331 18,348 51382 12.00$         

9.7 12,756$      18,855 18,457 20,834 58146 19.00$         

9.8 15,753$      23,162 22,777 25,808 71747 50.50$         

9.83 17,829$      26,119 25,807 29,263 81189 99.00$         

#Marginal cost is the shadow price (dual variable) with  the respect to the specified minimum amount of water.

Target conservation 

savings, Q (MGD)

Total cost 

($/d)

Accounts to retrofit Total 

accounts

Marginal 

cost 

($/kgal)*

BMP c(i) ymax(i) k(i) xmax(i) 

Soil moisture sensors 

(x1)  0.22 3,497,087 2.241E-04 28,119 

Irrigation audits (x2) 0.06 873,522 2.241E-04 28,119 

Reuse (x3) 0.36 5,493,904 1.940E-04 30,421 

Total n/a 9,864,513 n/a 86,659 
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Figure 4.22. Total minimum cost curve for CFWI as a function of the required cumulative water 
saved. 
 

 

Figure  4.23. Marginal cost curve as a function of outdoor water saved for CFWI. 
 

4.10 Supply Curve for Outdoor BMP Water Savings Excluding Reuse 

This section shows the total and marginal cost curves for the least costly mix of outdoor BMPs 
for CFWI excluding reuse as a BMP option. The least costly mix of soil moisture sensor and 
irrigation audit implementations was determined by using the nonlinear program shown in 
Equation 3.10 and parameters shown in Table 3.2, but excluding reuse as an option.  
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The supply curve for water savings from SFR outdoor BMPs excluding reuse can be obtained 
from running this program with varying values of Q as shown in Table 4.6 and Figure 4.24. An 
exponential fit to the total cost curve using trend line in Excel is also shown in Figure 4.24.  The 
marginal cost curve is shown in Figure 4.25. Based on Table 4.6, and Figure 4.24, a target 
conservation savings of 3.75 MGD saves 86% of the maximum total potential for all three 
outdoor BMPs, resulting in 17,227 out of 56,238 (31%) of accounts being retrofitted, with a 
relatively even distribution of soil moisture sensors and  irrigation audits. This target 
conservation plan is the least cost solution if the value of the saved water is $2.00 per kgal., the 
shadow price of water for Q = 3.75 mgd. 

Table 4.6. Least costly combination of soil moisture sensors and irrigation audits to meet a 
specified target savings for CFWI. 
 

 

 

Soil moisture sensors Irrigation audits

0.5 151 623 235 858 $0.32

1 324 1,240 853 2,093 $0.37

2 764 2,815 2,415 5,230 $0.50

3 1,450 5,260 4,876 10,136 $0.91

3.5 2,018 7,291 6,909 14,200 $1.40

3.7 2,346 8,458 8,085 16,543 $1.87

3.75 2,443 8,810 8,417 17,227 $2.00

3.8 2,549 9,188 8,791 17,979 $2.20

4 3,091 11,124 10,736 21,860 $3.40

4.2 4,073 14,635 14,217 28,852 $7.50

4.3 5,207 18,696 18,232 36,928 $18.50

*Marginal cost is the shadow price (dual variable) with respect to the specified minimum amount of water.

Marginal cost 

($/kgal)*

Accounts to retrofitTarget conservation 

savings, Q (MGD)

Total cost 

( $/d)
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Figure 4.24. Total minimum cost curve for CFWI as a function of the required cumulative water 
saved, excluding reuse as an option. 

 

Figure 4.25. Marginal cost curve as a function of outdoor water saved for CFWI, excluding reuse 
as an option. 
 

4.11 Summary and Conclusions 

 

This report was prepared to demonstrate how outdoor single family residential water use and 
conservation potential can be estimated for any Florida utility using the EZ Guide, with the 
Central Florida Water Initiative study area as a case study. Two scenarios were evaluated; one 
including and one excluding reuse as an outdoor water use conservation BMP in addition to soil 
moisture sensors and irrigation audits. This task was done by determining the number of single 
family customers who irrigate within CFWI and the associated irrigable area and application 
rates for these customers based on parcel level property appraisal data and detailed outdoor usage 
evaluations from GRU where billing data was available. An estimated 50% (304,214 of 610,536) 
of CFWI single family customers were assumed to irrigate from the potable system.  

For the scenario including reuse as an outdoor BMP option, the optimal blend of outdoor BMPs 
for a $2/kgal value of water saved, a minimum application rate of 40 in./yr., and 10% market 
potential for reuse was to independently retrofit a total of 8,730 customers with soil moisture 
sensors, 8,730 with irrigation audits, and 9,139 with reuse saving 8.3 MGD for a total cost of 
5,711 $/day. This optimal solution achieves 87% of the maximum total potential for all three 
outdoor BMPs, with 30% of possible irrigators being retrofitted.  
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For the scenario excluding reuse as an outdoor BMP option, the optimal blend of outdoor BMPs 
for a $2/kgal value of water saved, and a minimum application rate of 40 in./yr., was to 
independently retrofit a total of 8,810 customers with soil moisture sensors, and 8,417 with 
irrigation audits saving 3.75 MGD for a total cost of 2,443 $/day. This optimal solution achieves 
87% of the maximum total potential for all three outdoor BMPs, with 30% of possible irrigators 
being retrofitted. 

Individual homes to target can be determined by analyzing household water usage patterns using 
billing data similarly to the analysis performed for GRU. 
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5.0 Indoor Fixture Library	

5.1 Introduction  

The purpose of this section is to provide brief descriptions of the performance and estimates of 
the initial and annual costs for water using devices in urban water systems. The data are 
presented so that both water utilities and their customers can determine which costs are relevant 
to their situation. From an economic perspective, customers evaluate the costs that they incur to 
purchase and operate the device. Customers would also be interested in determining the 
monetary savings from switching to a fixture that uses less water. Then, they can do a benefit-
cost analysis to see if the investment is worthwhile. Water utilities can offer financial incentives 
to customers to encourage them to purchase devices that use less water. These financial 
incentives range from providing a partial or total rebate of the initial cost of the device including 
installation costs. Utilities incur an additional cost to administer the incentive program. These 
costs vary depending on the level of service that is provided. One financial incentive for the 
utility to provide rebates to their customers is that they will have to provide less water and their 
operation and maintenance costs will decrease. Another incentive for a utility to offer retrofits is 
that they may be able to defer or eliminate the need for a capacity expansion by reducing their 
projected average and/or peak water demand. A disincentive for utilities is that they will sell less 
water which may impact their ability to meet their fixed obligations to pay for the water system. 
Utilities can use this information to evaluate whether it is worthwhile for them to invest in such 
programs.  

Information for customers and utilities on costs for selected water use fixtures is developed in the 
form of a Fixture Library. The next section describes the primary data sources for fixture water 
use rates and associated costs. Then, information from these sources which support the use rates 
and costs in the Fixture Library are presented along with summary tables. 

5.2 Description of Data Sources 

5.2.1 Categories and flow rates of fixtures 

The Residential End Uses of Water Study (REUWS) was the first large-scale study to measure 
individual water using events for the single family residential sector (Mayer et al. 1999) using 
high frequency (10 second) data that identifies individual water using events. This report 
represents a baseline time and place snapshot of how water is used in single-family homes for a 
sample of 1,200 homes in 12 different cities. Indoor and outdoor water use for these homes is 
reported by end use fixture. A follow-up high frequency study by Aquacraft of 96 homes in three 
cities was conducted to provide comparative information on before-and-after indoor retrofit 
water use patterns (EPA 2005). This study included separate meters to measure hot water usage 
in some of the houses. The results represent conventional indoor residential end use patterns and 
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the potential impact of best available technology with respect to water conservation in single 
family homes.  

The Handbook of Water Use and Conservation is a guide for developing a strategic conservation 
plan. It contains information on fixture efficiency levels for historical time periods (Vickers 
2001). A report on national standards for water-using fixtures includes current and proposed 
efficiency standards for the EPAct 1992, EPAct 2005, Water Sense and Energy Star (Koeller et 
al. 2010). The Energy Star program provides lists of qualified dishwashers (EPA and DOE 
2011a) and clothes washers (EPA and DOE 2011b) which contain water use rates for these 
models. 

5.2.2 Costs of fixtures	

The American Water Works Association (AWWA) published a guidebook on Water 
Conservation for Small- and Medium-Sized Utilities to assist utilities that are considering 
implementation of water conservation programs (Green 2010). This guidebook contains data on 
the purchase price, installation cost and the service life of available efficient technologies. The 
California Urban Water Conservation Council (CUWCC) has researched the cost-effectiveness 
of devices and activities which are potentially applicable for their BMPs (A&N 2005) and 
continue to develop their Cost Effectiveness spreadsheet model. Through the Energy Star 
program, the EPA and DOE have developed water and energy savings calculators to estimate 
household savings if current fixtures, like dishwashers (EPA and DOE 2010) or clothes washers 
(EPA and DOE 2009), are replaced with qualified Energy Star products. This calculator provides 
cost estimates on Energy Star products. Koeller and Company (2005) developed the MaP toilet 
testing protocol to verify the waste removal effectiveness of high efficiency toilet fixtures, and is 
currently developing a similar system for urinals. A report analyzing the effectiveness of very 
high efficiency toilets and urinal includes a cost analysis for MaP tested products (Koeller and 
Company 2005).  

5.3 Evaluations of Indoor Fixtures 

5.3.1 Introduction 

The Indoor Fixture Library is the database of residential and commercial end use fixtures which 
are used to determine current water use and a cost-benefit analysis of a retrofit to a higher level 
of water use efficiency. The types of fixtures in the database are toilets, clothes washers, 
dishwashers, faucets and faucet aerators, showerheads, and urinals.  

Different efficiency levels exist for each type of fixture and are measured by their flow rate. Two 
of the efficiency levels represent the estimated average flow rates for the historical time periods 
of pre-1983 and 1983-1994. The break in historical periods represents major changes in fixture 
efficiency as determined by plumbing standards. In 1982, the State of Florida adopted a standard 
plumbing code and in 1994 the U.S. Energy Policy of 1992 went into effect which set water use 
standards for toilets, faucets, showerheads and urinals (Koeller et al. 2010). The 1995-present 
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efficiency level is the modern conventional fixture water use rate. For toilets, faucets, 
showerheads and urinals this is determined by the U.S. Energy Policy Act and for dishwashers 
and clothes washers this is determined by best available information from the literature. This 
category is labeled as conventional because this is the default level for new construction starting 
in 1994. Higher efficiency levels are in the Best Management Practice (BMP) category because 
the goal of a retrofit is to improve the efficiency level of a fixture above the conventional level.  

The attributes of each fixture are the flow rate, hot water flow rate, fixture cost, installation cost, 
maintenance cost, and device life. The flow rate is the rated water use of the fixture per usage. 
The usage units are flushes per toilet or urinal, flow rates in gallons per minute for faucets and 
showerheads, and load per dishwasher or clothes washer. Hot water constitutes a percentage of 
the total rated flow and depends on the type of fixture. The cost of the fixture is the purchase 
price of a single unit in the retail market. The installation cost is the expense of specialized labor 
to install the new plumbing fixture. The fixture and installation costs in the Fixture Library are 
estimates based on ranges found in the previously mentioned data sources. Annual maintenance 
costs are estimated to be 10% of the fixture cost. The fixtures with outdated efficiency levels 
have maintenance cost equal to that of the conventional efficiency level. The service life is the 
time period in which to expect the fixture to perform at the rated flow rate. An expired fixture 
may operate at a higher flow rate, or fail to function. The service life is also estimated from the 
previously mentioned data sources. 

The next section presents the documentation for the values of the selected water use rates and 
costs in the Fixture Library. For each fixture, first the types of models available on the market 
are presented, and then their expected cost. These estimates are used as default values within EZ 
Guide and can be changed to reflect local conditions. 

5.3.2 Toilets  

Information regarding toilet fixtures is contained in Table 5.1 and subsequent discussion 
regarding the elements of the table. 

Table 5.1. Toilet Types in the Fixture Library 

Toilet Fixture 
Description 

Category 

Rated 
Flow 
Rate 
(gpf) 

Hot 
Water 
Flow 
Ratef 

(gpf) 

Fixture 
Cost, 
$/unit 

Installation 
Costd, 
$/unit 

Maintenance 
Cost,  
$/year 

Device 
Life 

(years) 

5-gpf Pre-1983 5a 0 - - 15 25 or 40 

3.5-gpf 1983-1993 3.5a 0 - - 15 25 or 40 

1.6-gpf 
1994-Present 

(Conventional) 
1.6b 0 150c 175 15 25 or 40 

1.28-gpf  Better 1.28c 0 180 175 18 25 or 40 

0.8-gpf Best 0.8e 0 300 175 30 25 
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a. Vickers (2001) b. Koeller et al. (2010) c. Koeller & Company (2005) d. Green (2010) e. 
Niagara (2009) f. EPA (2005) 

5.3.2.1 Types 

Based on the results of the REUWS study, Vickers (2001) estimates that toilets installed before 
1980 have an average water use rate of 5-gpf and toilets installed between 1980 and 1994 use 
3.5-gpf. This is the basis for the water use rates of the Pre-1983 and 1983-1993 toilets in the 
Fixture Library. In 1994, the maximum allowable water use for toilets became 1.6-gpf (Koeller 
et al. 2010). This is the basis for the water use rate of the conventional toilet.  

The California Urban Water Conservation Council (CUWCC) defines a High-Efficiency Toilet 
(HET) as a fixture that flushes 20% below the maximum allowable flow rate of 1.6 gpf, or 1.28-
gpf (Koeller & Company 2005). WaterSense certified products may not have a flush volume 
greater than 1.28-gpf (EPA 2010a). One other category of HETs toilet is the Stealth (0.8-gpf). 
Niagara has also developed a 0.8-gpf Stealth toilet which flushes by vacuum assistance (Niagara 
2009). Toilet flushing does not have a hot water component (EPA 2005).  

5.3.2.2 Costs	

Green (2010) estimates a 1.6-gpf residential toilet could cost in the range of $100 to $350. 
Through the WaterSense program, the EPA estimates that HETs are not much more expensive 
than "regular" toilets (2010a). In the cost analysis for MaP tested products, the full purchase cost 
of the fixture (both 1.0 and 1.6-gpm) is estimated at $150 (Koeller & Company 2005). He notes 
that conventional fixtures in the study cost between $60 and $120, while HETs are in the range 
of $150 to $300. The Fixture Library uses Koeller’s assumption of $150 for the 1.6-gpf toilet, 
and raises the cost of the 1.28-gpf to $180. The Stealth Toilet is more expensive because the 
technology is new and there is only one manufacturer of this model. Green (2010) estimates the 
installation cost for a low flow toilet to be in the range of $100 to $250 (average $175).  Annual 
maintenance costs are estimated to be 10% of the fixture cost.  

5.3.2.3 Service lives 

Toilets and urinals are important water users. Historically, toilets and urinals have lasted for long 
periods of time. Estimates of their service lives seen in the literature range from 20 years to 
infinity. The number of toilets in the United States as of 2003 was in the range of 300 to 350 
million (http://answers.google.com/answers/threadview?id=194870). An estimated 8.5 million 
toilets were sold in 2003 according to the same source. Using this data, the estimated average 
service life of a toilet is 325 million/8.5 million = 38.2 years. The useful service lives of toilets 
and urinals can be expected to decrease due to the significant improvements in performance that 
have occurred in recent years and the intensified efforts to reduce water use by these devices. 
Accordingly, an average service life of 25 years will be used for toilets and urinals for the CII 
sector. The service life of residential toilets is assumed to be 40 years. 
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5.3.3 Clothes Washers	

Information regarding clothes washer fixtures in the Fixture Library is contained in Table 5.2 
and subsequent discussion regarding the elements of the table. 

Table 5.2. Clothes washers in the Fixture Library 

Clothes 
Washer 
Fixture 

Description 

Category 

Rated 
Flow 
Rate 
(gpl) 

Hot 
Water 
Flow 
Ratec 
(gpl) 

Fixture 
Cost, 
$/unit 

Installation 
Coste, 
$/unit 

Maintenance 
Costs, $/year 

Device 
Lifee 

(years) 

56-gpl  Pre-1983 56a 15.5  -   -  45 11 

51-gpl  1983-1993 51a 14.2  -   -  45 11 

41-gpl  
1994-Present 

(Conventional) 
41a 11.4 450 100  45  11 

        

27-gpl  Better 27b 7.5 550 100  55  11 

        

14-gpl  Best 11b 3.0 750d 100  75  11 

a. Vickers (2001) b. EPA and DOE (2011b) c. EPA (2005) d. EPA and DOE (2009) e. Appliance 
Magazine (2011) 

5.3.3.1 Types 

Based on the distribution of clothes washer volume loads in the REUWS study, Vickers (2001) 
estimates that clothes washers from pre-1980 are rated at 56-gpl, clothes washers installed 
between 1980 and 1990 are rated at 51-gpl, and non-high efficiency models from 1990 to 2001 
average at 41-gpl. These three estimates are the basis for the Pre-1983, 1983-1993, and 1994-
Present flow rates in the Fixture Library. 

The EPA and DOE Energy Star program promotes efficient clothes washers for large potential 
water and energy savings. Energy Star clothes washer models have a water factor (WF) in the 
specifications of the machine rather than the total water use. The WF standardizes the total water 
use by the volume capacity of the machine.  

yM = 	�	!�	_!	��	/
�	1��	.-.��
���/,�	.!1!.�	-	�0		ℎ�	.��	ℎ�
	_!
ℎ�� = �+!�0	�� = +.0 

The proposed Federal standard is to have a maximum WF of 9.5-gcf and the Energy Star 
standard is that a clothes washer must have a WF no greater than 7.5-gcf (Koeller et al. 2010). 
The EPA has published a list of Energy Star qualified residential clothes washers with the known 
volume capacities. The median volume of these machines is 3.6-cf and the standard deviation is 
0.6-cf (EPA and DOE 2011b). The median volume is multiplied by the two water factor 
standards to produce the expected number of gallons per load for two of the BMPs in the Fixture 
Library.  
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Many of the models listed in the Energy Star qualified products list have a combined capacity 
and water factor that puts the machine’s total water use below 27.0-gpl as described above.  The 
14.8-gpl BMP represents the 75th percentile of Energy Star clothes washer machine’s total water 
use (EPA and DOE 2011b). Hot water comprises 27.8% of total water use by clothes washers 
(EPA 2005).  

5.3.3.2 Costs 

There is a higher capital cost for an Energy Star unit compared to a conventional fixture, where 
the anticipated savings is in the operating costs. The Energy Star Clothes Washer Calculator 
estimates that a conventional unit will use 31-gpl and cost $492 to purchase and an Energy Star 
unit will use 14-gpl and cost $750. Both are estimated to have a lifespan of 11 years (EPA and 
DOE 2009). The device life is reported to be $100 to install (Green 2010). 

5.3.3.3 Service lives 

Information on life expectancies of major appliances is available based on sales and inventory 
data for the United States (Appliance Magazine 2011). They estimate that the life expectancies 
of clothes washers range from 7 to 14 years with an average of 11 years. The corresponding 
range for dish washers is 3 to 18 years with an average of 11 years. Thus, 11 years will be used 
as the service life for clothes washers.  

5.3.4 Showerheads 

Information regarding showerheads in the Fixture Library is contained in Table 5.33 and 
subsequent discussion regarding the elements of the table. 
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Table 5.3. Showerhead fixtures in the Fixture Library 

Showerhead 
Fixture 

Description 
Category 

Rated 
Flow 
Rate 

(gpm) 

Hot 
Water 
Flow 
Ratec 
(gpm) 

Fixture 
Costd, f, 
$/unit 

Installation 
Coste, 
$/unit 

Maintenance 
Costs, $/year 

Device 
Lifed 

(years) 

6.5-gpm Pre-1983 6.5a 3.14 - - 3  8 

3.0-gpm 1983-1993 3a 1.45 - - 3  8 

2.5-gpm 
1994-Present 

(Conventional) 
2.5b 1.21 30 13  3  8 

2.0-gpm Better 2b 0.96 31 13  3  8 

        

1.50-gpm Best 1.5 0.72 33 13  3  8 

a. Vickers (2001) b. Koeller et al. (2010) c. EPA (2005) d. Green (2010) e. A&N (2005) f. Allen 
et al. (2010) 

5.3.4.1 Types 

Based on the distribution of shower flow rates in the REUWS study, Vickers (2001) estimates 
that showerhead fixtures from pre-1980 are rated at 6.5-gpm and fixtures installed between 1980 
and 1994 are rated at 3-gpm. These two estimates are the basis for the Pre-1983 and 1983-1993 
flow rates in the Fixture Library. The conventional maximum flow rate established by the EPA 
in 1994 is 2.5-gpm (Koeller et al. 2010). A showerhead that is certified by the EPA WaterSense 
program must use 2-gpm or less (Koeller et al. 2010). There are a variety of flow rates below 2-
gpm in the WaterSense list of certified products (EPA 2010b). The 1.5-gpm fixtures were 
selected for the Fixture Library to illustrate the higher levels of efficiency available. Hot water 
comprises 73.1% of total water use by showers (EPA 2005).  

5.3.4.2 Costs 

The Pacific Institute uses Consumer Reports data that 2.5-gpm models cost in the range of $20 to 
$190, 2.0-gpm models cost $50, 1.75-gpm models cost in the range of $35 to $80, and 1.5-gpm 
models cost in the range of $30 to $55 (Allen et al. 2010). Green (2010) provides a range of $10 
to $50 for low flow showerheads (Green 2010), and the average of this range is $30. The prices 
for showerheads in the Fixture Library start at $30 for the conventional fixture and show a very 
mild gradient for more efficient models to be more expensive. The Pacific Institute points out a 
claim by the Energy Star program that the costs of low flow showerheads vary widely and costs 
are largely driven by features unrelated to efficiency (Allen et al. 2010). 

The installation cost for showerheads is reported to range from $10 to $15 (A&N 2005). A $15 
installation cost is applied to all showerhead fixtures. Annual maintenance costs are estimated to 
be 10% of the fixture cost.  

5.3.4.3 Service lives 

The lifespan is estimated by Green (2010) to be 5 to 10 years (average 8 years).  



65 
 

5.3.5 Faucets 

Information regarding faucets in the Fixture Library is contained in Table 5.4 and subsequent 
discussion regarding the elements of the table. 

Table 5.4. Faucets in the Fixture Library 

Faucet 
Fixture 

Description 
Category 

Rated 
Flow 
Rate 

(gpm) 

Hot 
Water 
Flow 
Rated 

(gpm) 

Fixture 
Cost, 
$/unit 

Installation 
Coste, 
$/unit 

Maintenance 
Costs, $/year 

Device 
Lifef 

(years) 

5.0-gpm  Pre-1983 5a 3.6  -   -  4 15 

2.8-gpm  1983-1993 2.8a 2.0  -   -  4 15 

2.2-gpm  
1994-Present 

(Conventional) 
2.2b 1.6 45  22  4  15 

1.5-gpm  Better 1.5b 1.1 55  22  5  15 

0.5-gpm Best 0.5c 0.4 70 22 7 15 

a. Vickers (2001) b. Koeller et al. (2010) c. AWE (2010) d. EPA (2005) e. Chandler (2000) f. 
Peterson (2007) 

5.3.5.1. Types 

Based on the distribution of faucet flow rates in the REUWS study, Vickers (2001) estimates that 
faucet fixtures from pre-1980 are rated at 5-gpm and fixtures installed between 1980 and 1994 
are rated at 2.8-gpm. These two estimates are the basis for the Pre-1983 and 1983-1993 flow 
rates in the Fixture Library. The maximum flow rate for residential bathroom and kitchen faucets 
allowed by the EPA is 2.2-gpm at 60 psi and a WaterSense fixture may not exceed 1.5-gpm at 
20-psi (Koeller et al. 2010). The maximum flow rate for non-residential faucets is 0.5-gpm 
although enforcement continues to be an issue (AWE 2010). Hot water comprises 72.7% of total 
water use by faucets (EPA 2005). 

5.3.5.2 Costs 

The literature does not provide reliable estimates of fixture price, installation cost, or device life. 
The Pacific Institute cites the major home-repair retailers that a faucet with a 2.2-gpm flow rate 
can cost in the range of $41 to $712 and a faucet with a 1.5-gpm flow rate can cost in the range 
of $47 to $355 (Allen et al. 2010). Starting with the lower range of the estimates in the literature, 
the Fixture Library uses a moderate gradient for higher efficiency technology to cost more. 

The installation of a faucet is estimated to cost $22 (Chandler 2000). Annual maintenance costs 
are estimated to be 10% of the fixture cost.  

5.3.5.3 Service lives 

A lifespan of 15 years is used for all faucets (Peterson 2007).  
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5.3.6 Faucet aerators 

Information regarding faucet aerators in the Fixture Library is contained in Table 5.5 and 
subsequent discussion regarding the elements of the table. 

Table 5.5 Faucet aerators in the Fixture Library 

Faucet 
Aerator 
Fixture 

Description 

Category 

Rated 
Flow 
Rate a 
(gpm) 

Hot 
Water 
Flow 
Rate b 
(gpm) 

Fixture 
Cost a, 
$/unit 

Installation 
Cost c, $/unit 

Maintenance 
Costs, $/year 

Device 
Life a 

(years) 

5.0-gpm Pre-1983 5 3.5     0.7 5 

2.8-gpm 1983-1993 2.8 2.1     0.7 5 

2.2-gpm  
1994-Present 

(Conventional) 
2.2 1.6 7 2 0.7 5 

1.5-gpm  Better 1.5 1.1 5 2 0.5 5 

0.5-gpm  Best 0.5 0.4 2 2 0.2 5 

a. Green (2010) b. EPA (2005) c. A&N (2005) 

5.3.6.1 Types 

A faucet aerator restricts the flow of water at the nozzle of the faucet. It is easy to install on a 
high flow fixture to achieve water savings. Green (2010) reports that kitchen and laundry faucet 
aerators have a 2.2-gpm flow rate. The percentage of hot water is assumed to be the same as for 
the faucet, which is 72.7%. 

5.3.6.2. Costs 

The capital costs are $3 for the kitchen aerator and $7.50 for the laundry aerator (Green 2010). 
The Fixture Library uses the higher estimate that the 2.2-gpm aerator is $7. Bathroom faucet 
aerators range from 0.5- to 1.5-gpm flow rate (average 1.0-gpm) with an average capital cost of 
$2 (Green 2010). 

The CUWCC cites the plumbing retrofit costs from HUD (2002) to be $2 to install a low-flow 
faucet aerator (A&N 2005). This installation cost is extended to all of the faucet aerators. Annual 
maintenance costs are estimated to be 10% of the fixture cost.  

5.3.6.3. Service lives 

Green (2010) reports the device life is 5 years for all faucet aerators.  

5.3.7 Dishwashers 

Information regarding dishwashers in the Fixture Library is contained in Table 5.6 and 
subsequent discussion regarding the elements of the table. 
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Table 5.6. Dishwashers in the Fixture Library 

Dishwasher 
Fixture 

Description 
Category 

Rated 
Flow 
Rate 
(gpl) 

Hot 
Water 
Flow 
Rate c 

Fixture 
Cost, 
$/unit 

Installation 
Cost e, 
$/unit 

Maintenance 
Costs, $/year 

Device 
Life e 

(years) 

14-gpl Pre-1983 14.0a 14.0  -   -  40  11 

11-gpl 1983-1993 11.0a 11.0  -   -  40  11 

8.8-gpl 
1994-Present 

(Conventional) 
8.8a 8.8 400 a 200  40  11 

5.8-gpl Better 5.8b 5.8 500 e 200  50  11 

        

1.6-gpl Best 1.6b 1.6 600 e 200  60  11 

a. Vickers (2001) b. EPA and DOE (2011a) c. EPA (2005) d. EPA and DOE (2010) e. Appliance 
Magazine (2011) 

5.3.7.1 Types  

Vickers (2001) estimates that dishwashers made between 1980 and 1990 use 14-gpl, those made 
between 1990 and 1995 use an average of 11-gpl, and non-high efficiency models made between 
1997 and 2001 use an average of 8.8-gpl. These three estimates are the basis for the Pre-1983, 
1983-1993, and 1994-Present flow rates in the Fixture Library.  To earn an Energy Star label, a 
dishwasher must use less than 5.8-gpl for standard size fixtures and use energy at a rate less than 
324 kWh/year (Koeller et al. 2010). The Energy Star program published a list of qualified 
dishwashers; the water use rates are in the range of 1.6- to 5.8-gpl and the average is 4.2-gpl 
(EPA and DOE 2011a). Hot water comprises 100% of total water use by dishwashers (EPA 
2005). 
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5.3.7.2 Costs 

Vickers estimates that 6.0- to 7.0-gpf models retail for $300 to $690 and are cost-competitive 
with less efficient models (Vickers 2001). The EnergyStar Energy Savings Calculator has the 
price of an EnergyStar unit to be $550 and a conventional unit to be $538 (EPA and DOE 2010). 
Green (2010) reports the Efficient Dishwasher to have a capital cost in the range of $500 to 
$900. Green (2010) reports a dishwasher costs $200 to install. Annual maintenance costs are 
estimated to be 10% of the fixture cost.  

5.3.7.3 Service lives  

Information on life expectancies of major appliances is available based on sales and inventory 
data for the United States (Appliance Magazine 2011). They estimate that the life expectancies 
of clothes washers range from 7 to 14 years with an average of 11 years. The corresponding 
range for dish washers is 3 to 18 years with an average of 11 years. Thus, 11 years will be used 
as the service life for clothes washers and dish washers.  

5.3.8 Urinals 

Information regarding urinals in the Fixture Library is contained in Table 5.7 and subsequent 
discussion regarding the elements of the table. 

 
Table 5.7. Urinals in the Fixture Library  

Urinal 
Fixture 

Description 
Category 

Rated 
Flow 
Rate 
(gpf) 

Hot 
Water 
Flow 
Rate 
(gpf) 

Fixture 
Cost, 
$/unit 

Installation 
Cost d, $/unit 

Maintenance 
Costs, $/year 

Device 
Life 

(years) 

5.0-gpf  Pre-1983 5.0a 0  -   -  25  25 

3.0-gpf  1983-1993 3.0a 0  -   -  25  25 

1.0-gpf  
1994-Present 

(Conventional) 
1.0b 0 325  100  32  25 

0.5-gpf  Better 0.5b 0 375c 100  38  25 

        

0-gpf Best 0c 0 275c 100 80e 25 

a. Vickers (2001) b. Koeller et al. (2010) c. Koeller & Company (2005) d. Green (2010) e. 
Stumpf (2007) 
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5.3.8.1 Types  

Vickers (2001) estimates that urinals installed before 1980 are rated at 5.0-gpf and those from 
between 1980 and 1994 are on average rated at 3.0-gpf. These two estimates are the basis for the 
Pre-1983 and 1983-1993 flow rates in the Fixture Library. The EPA maximum standard is 1.0-
gpf and WaterSense urinals may use no more than 0.5-gpf (Koeller et al. 2010). Urinals do not 
use hot water. 

5.3.8.2 Costs 

Koeller & Company (2005) estimates the average cost for the 0.5- gpf models is $375, which 
includes the requisite flush valves. The same report also estimates the average cost for a non-
water urinal is approximately $275. Green (2010) reports both a 1.0-gpf fixture and a 0.5-gpf 
fixture have a capital cost of $600 and an installation cost of $100 to $400. An installation cost 
of $100 was extended to all urinal fixtures.  

Annual maintenance costs are estimated to be 10% of the fixture cost, except for 0-gpf 
(waterless) urinals. Waterless urinals require a cartridge that houses a sealant liquid to trap waste 
and odor in the drainage pipe. Stumpf (2007) estimates the annual maintenance cost of a 
waterless urinal is between $45 and $120. A value of $80/year is used. 

5.3.8.3 Service lives  

Urinals are assumed to have the same service life as for toilets of 25 years. 
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Appendix-U. of Florida BMP Device Library 

 
 

Table A. Descriptions and cost information for BMPs in EZ Guide 2.0. All costs are in 2011$.

Fixture 

Description
Category

Rated 

Flow 

Rate

Hot 

Water 

Flow 

Rate

Fixture 

Cost, 

$/unit

Installation 

Cost, $/unit

Maintenance 

Costs, $/year

Device 

Life 

(years)*

Source(s)
Water 

Sense

Energy 

Star

Toilet 5-gpf Pre-1983 5 0 - - 15 25 or 40 1, 3, 6, 7

Toilet 3.5-gpf 1983-1993 3.5 0 - - 15 25 or 40 1, 3, 6, 7

Toilet 1.6-gpf 1994- (Conventional) 1.6 0 150 175 15 25 or 40 3, 6, 7, 8

Toilet 1.28-gpf Better 1.28 0 180 175 18 25 or 40 3, 6, 7 Y

Toilet 0.8-gpf Best 0.8 0 300 175 30 25 or 40 5, 6, 7 Y

Clothes Washer 56-gpl Pre-1983 56 15.5  -  - 45 11 1, 6, 7, 17

Clothes Washer 51-gpl 1983-1993 51 14.2  -  - 45 11 1, 6, 7, 17

Clothes Washer 41-gpl 1994- (Conventional) 41 11.4 450 100 45 11 1, 6, 7, 17

Clothes Washer 27-gpl Better 27 7.5 550 100 55 11 6, 7, 13, 17

Clothes Washer 14-gpl Best 11 3.0 750 100 75 11 6, 7, 13, 14, 17

Showerhead 6.5-gpm Pre-1983 6.5 3.14 - - 3 8 1, 2, 4, 6, 7

Showerhead 3.0-gpm 1983-1993 3 1.45 - - 3 8 1, 2, 4, 6, 7

Showerhead 2.5-gpm 1994- (Conventional) 2.5 1.21 30 13 3 8 2, 4, 6, 7, 8

Showerhead 2.0-gpm Better 2 0.96 31 13 3 8 2, 4, 6, 7, 8 Y

Showerhead 1.5-gpm Best 1.5 0.72 33 13 3 8 2, 4, 6, 7 Y

Faucet 5.0-gpm Pre-1983 5 3.6  -  - 4 15 1, 6, 10, 11

Faucet 2.8-gpm 1983-1993 2.8 2  -  - 4 15 1, 6, 10, 11

Faucet 2.2-gpm 1994- (Conventional) 2.2 1.6 45 22 4 15 6, 8, 10, 11

Faucet 1.5-gpm Better 1.5 1.1 55 22 5 15 6, 8, 10, 11 Y

Faucet 0.5-gpm Best 0.5 0.4 70 22 7 15 6, 9, 10, 11 Y

Faucet Aerator 5.0-gpm Pre-1983 5 3.6 - - 1 5 4, 6, 7

Faucet Aerator 2.8-gpm 1983-1993 2.8 2 - - 1 5 4, 6, 7

Faucet Aerator 2.2-gpm 1994- (Conventional) 2.2 1.6 7 2 1 5 4, 6, 7

Faucet Aerator 1.5-gpm Better 1.5 1.1 5 2 1 5 4, 6, 7 Y

Faucet Aerator 0.5-gpm Best 0.5 0.4 2 2 1 5 4, 6, 7 Y

Dishwasher 14-gpl Pre-1983 14 14  -  - 40 15 1, 6, 7, 17

Dishwasher 11-gpl 1983-1993 11 11  -  - 40 15 1, 6, 7, 17

Dishwasher 8.8-gpl 1994- (Conventional) 8.8 8.8 400 200 40 15 1, 6, 7, 17

Dishwasher 5.8-gpl Better 5.8 5.8 500 200 50 15 6, 7, 12, 17 Y

Dishwasher 1.6-gpl BMP 1.6 1.6 600 200 60 15 6, 7, 12, 17 Y

Urinal 5.0-gpf Pre-1983 5 0  -  - 25 25 1, 3, 7

Urinal 3.0-gpf 1983-1993 3 0  -  - 25 25 1, 3, 7

Urinal 1.0-gpf 1994- (Conventional) 1 0 325 100 25 25 3, 7, 8

Urinal 0.5-gpf Better 0.5 0 375 100 38 25 3, 7, 8 Y

Urinal 0-gpf Best 0 0 275 100 80 25 3, 7, 16 Y

Pre- rinse Spray Valves 5-gpm Pre-1983 5 3.5  -  - 5 5 18

Pre- rinse Spray Valves 3.5-gpm 1983-1993 3.5 2.5  -  - 5 5 18

Pre- rinse Spray Valves 1.6-gpm 1994- (Conventional) 1.6 1.1 50 10 5 5 18

Pre- rinse Spray Valves 1.25-gpm Better 1.25 0.9 60 10 6 5 18

Pre- rinse Spray Valves 1.0-gpm Best 1 0.7 70 10 7 5 18

CII Water Audit 15% reduction Better N/A N/A $0.10/sf N/A N/A 5 18

Irrigation Audit Better N/A 0 $0.06/sf N/A N/A 5 18

Switch to Reuse Better N/A 0 $0.50/sf N/A $0.50/kgal. 25 18

Switch to Private Well Better N/A 0 $0.50/sf N/A $0.50/kgal. 25 18

Soil Moisture Sensor Better N/A 0 $0.10/sf NA $0.02/sf/yr. 5 18

* Device life for residential toilets is 40 years, and device life for non residential toilets is 25 years

Sources                    Reference

1 Vickers (2001)

2 Allen et al. (2010)

3 Koeller & Company (2005)

4 A&N (2005)

5 Niagara (2009)

6 EPA (2005)

7 Green (2010)

8 Koeller et al. (2010)

9 AWE (2010)

10 Chandler (2000)

11 Peterson (2007)

12 EPA and DOE (2011a)

13 EPA and DOE (20011b)

14 EPA and DOE (2009)

15 EPA and DOE (2010)

16 Stumpf (2007)

17 Appliance Magazine (2011)

18 Main Report (2012)


