Wireless Sub-metering and Water Conservation – Is It Worth Doing?

By John H.Vogel Jr. and Erickson H. DeOliveira
Introduction

In recent years, water shortages have emerged as a growing problem.  The rapid growth of desert cities like Phoenix and Las Vegas has put great stress on the Colorado River.  An extreme example of things to come is a high-end shopping center in Las Vegas that spends $13,000 per month trucking water in from Canada for its water fountains.  A more immediate and serious problem is the growing shortage of water for basic human needs.  John Gannon, the chair of the National Intelligence Council, recently noted that, “By 2015, nearly half the world's population-more than 3 billion people-will live in countries that are "water-stressed".”

One response to the growing problem and cost of potable water is conservation.  This article will focus on an important aspect of water conservation in the United States.  In the U.S. approximately 60 million people live in multi-family dwellings and consume about 1.6 trillion gallons of water a year.  In most apartment complexes, the residents have little incentive to conserve water because their consumption is not monitored and the landlord pays the cost.  A breakthrough in technology by companies like Wellspring Wireless now makes it possible to meter water usage even in existing apartment complexes.  By analyzing 8 million data records from over 800 multi-family units, we were able to quantify the amount of water that would be saved by this group of renters if they received timely information about their water consumption and if they had to pay for it.  Because of the way the data was collected we were also able to monitor usage at the individual appliance level and look at where the savings were coming from.

Sub-metering Technology 

In most multi-family dwellings, it is much easier to bill tenants directly for electricity, cable, heat, telephone and other services than it is to bill them for their water and sewer usage.  The major reason is that most services enter the apartment unit at a single point so attaching a single meter is cost effective.  In most multi-family apartments, especially multi-story properties, water pipes enter each apartment unit at four or more places with separate hot and cold water lines.  For most existing properties, it would be prohibitively expensive to redo the plumbing so that water enters through one pipe at only one place.  What Wellspring Wireless has come up with are small devices, about the size of a pack of cards, that attach to water pipes near different appliances, monitor the flows and transmit the data to a central computer using radio waves.  A central computer in the apartment building then transmits the data to a central location where it can be aggregated by apartment unit.

In a 2002 Multi-Family Trends article (“The Sub-metering Solution”), Carol Ruiz described how wireless technologies can play three important roles: the direct capture of water consumption information, the potential for leak mitigation, and the indirect influence on water usage and conservation behavior.  A recent Environmental Protection Agency sponsored report supports and extends Ruiz’s analysis in each of these areas.

Cost Capture

The practical capture of information means that consumption can be accurately measured and costs directly attributed to residents.  This is the key element that separates sub-metering from formula-based allocation (sometimes referred to as Ratio Utility Billing Services, or RUBS).  Landlords who use a RUBS system might bill their tenants a proportion of the overall water bill based on the size of their apartment or the number of bedrooms.  The EPA (Environmental Protection Agency) has concluded that while RUBS shifts the cost from the landlord to the tenant, it does not lead to water conservation.  EPA explains this outcome as resulting from the fact that under RUBS, any conservation effort on the part of a resident essentially subsidizes a neighbor’s excess consumption.  In contrast, sub-metering sends a direct price signal to the resident and any reduction in water usage can be passed through as a savings on that person’s water bill.

Leak Mitigation

Because wireless technology allows water consumption to be measured in real-time, it is possible to create an effective leak mitigation program.  Water leaks can be hundreds of times more wasteful and costly than their electrical counterpart.  For example, if a person leaves for work without turning off the lights, they are on for an extra eight hours and usage that day may double.  In contrast, if a faucet is left open for the same duration, the resulting amount of lost water is 960 times the amount used in the 30 seconds it took to fill a tea kettle.  Leaks are usually not as severe as an open faucet, but anecdotal reports from property managers indicate that a leaking faucet in one apartment can produce a water bill that is as large as the bill for the rest of a 220-unit complex.

Quantifying Behavioral Change  

There is evidence that when residents are made aware of their water consumption, they reduce their usage.  Sub-metering technology like Wellspring’s allows property managers to identify the magnitude of the resulting savings – an important piece of information, if the investment in sub-metering devices is to be properly analyzed.  

Moreover, the technology allows for the analysis of the underlying behavior.  Are low flush toilets and other conservation devices working?  Is the resident consuming less water during routine activities?  Do residents shift their behaviour from water intensive activities such as baths to ones that are less so, such as showers?  Our analysis of several properties suggests that all of these changes may take place after sub-meters are installed.

Tuck Analysis of the Wellspring Properties

Existing analysis of water savings from sub-metering rests heavily on models and simulations.  Our analysis, instead of using un-metered buildings as an experimental control population, used a longitudinal study of three apartment communities with a time-series of consumption information during the rollout of sub-meters.  Bristol PA-based Wellspring Wireless – a manufacturer of utility sub-meters – provided us with database records for the study.    

For this study, we examined the 8 million data records taken from Wellspring sub-metering devices across ten different properties.  The properties studied were all multi-family dwellings ranging from 39 to 238 units (104 units on average) with a sub-metering history ranging from 5 to 14 months.  We were particularly interested in three properties where the deployment plan allowed us to analyze a pre-billing period of several months and compare it with post-installation consumption.  The data collected across both periods allowed us to test whether reduced water consumption followed the sub-metering rollout.  We could also determine the amount and percentage of water conservation.

Table 2. Properties of interest in sub-metering study

	Property
	Location
	Number Of Units
	Water Rates
(Per 1,000gal)
	Sewer Rates
(Per 1,000gal)
	Average Annual Water & Sewer Expenses Prior To Sub-metering 

	
	
	
	
	
	(Annual)
	(Per Unit)

	A
	Texas
	238
	$3.00
	$4.00
	$214,716
	$1,016

	B
	Colorado
	111
	$1.49
	$1.95
	$36,024
	$325

	C
	Texas
	155
	$2.00
	$3.00
	$219,636
	$1,417


The Data

The data set collected from these properties included both total monthly water usage for each unit, as well as device-specific consumption.  Wellspring sub-meters track event frequency and intensity, which afforded the opportunity to investigate the role that showers, bathtubs, toilets, sinks and other fixtures play in the overall consumption of water.

In addition to usage, the corresponding occupancy information was available, which is necessary to ensure integrity in the analysis. (Including unoccupied units would introduce a downward bias in consumption information.)  This also allowed for an investigation of whether introducing sub-metering had a measurable effect on occupancy levels. It did not.

The pre-billing phase was part of the introduction of sub-metering at these properties, and was intended to allow residents several months of receiving statements showing usage before water costs were actually charged out.  The practice of pre-billing helps to familiarize residents with the process.  It is noteworthy that simply sending the information about consumption a month or two before actually sending a bill, resulted in a significant drop in consumption.

Results

Our hypothesis was that if the cost of their own water consumption were properly communicated to residents, they would respond in the same way as when higher gas prices at the pump raise awareness of energy costs.  Moreover, a commuter’s gas usage may be relatively inelastic, whereas water usage allows greater opportunities for savings. 

Conventional wisdom holds that water consumption can be divided into indoor and outdoor uses, and that it is outdoor use that constitutes most of the discretionary consumption.  Because apartment dwellers generally do not use water for things like watering the lawn and filling swimming pools, reducing water consumption is more difficult.  Nevertheless, both theoretical and practical experiments suggest that real gains are possible in multi-family dwellings.  One of the few practical experiments was conducted in the city of Seattle in 1995.  The study compared consumption in a sub-metered apartment building with several un-metered buildings, and found an average savings of 27% in the sub-metered building. 
Results from our study closely mirror the Seattle results.  As shown below, for the three apartment properties where we had pre and post-billing data, there were three phases: an initial baseline or installation period, a pre-billing transition period, and a post-billing, steady-state period in which tenants have adjusted their behavior in response to paying for their water.
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Figure 1. Water savings at three properties after Wellspring Wireless introduced sub-metering 

For the three properties with pre- and post-billing submeter histories, our analysis of 504 occupied units showed that there was a meaningful reduction in overall water consumption.  The overall savings ranged from 20.8% to 32.3%, and averaged 27.1% across all these units.

Table 3.  Reduction in water usage at 3 locations with pre-billing sub-metering history

	Property
	Location
	Average pre-billing usage(a)
	Average post-billing usage(b)
	Overall reduction (%)
	Overall reduction

(gal. per unit per day)(c)

	A
	Texas
	3,971
	2,688
	32.3%(d)
	36.8

	B
	Dolorado
	2,664
	2,111
	20.8%(d)
	18.5

	C
	Texas
	4,847
	3,569
	26.4%(d)
	42.6

	EPA report finding(e)
	16.4%(d)
	22.8

	Seattle (1995)(f)
	27%
	n/a


Notes: 

(a) Based on the average monthly consumption, in gallons, per residential units across all occupied units on the property for the first three months of data available for that property.  During this period, residents receive an invoice for their consumption, but are not being charged for water.

(b) Based on the average monthly consumption, in gallons, per residential units across all occupied units on the property for the first last months of data collected at that property.  During this period, residents are paying for their water consumption as determined by sub-meter measurement. 

(c) Daily savings calculated as the difference of pre- and post-billing usage over a 30-day month

(d) Significant at the 95% confidence level 

(e) An analysis of survey respondents found that sub-metered units consumed 16.4% less water in comparison with in-rent buildings

(f) In 1995, Seattle Public Utilities compared water use at a sub-metered property with five in-rent buildings

Conservation Behavior

In addition to the overall savings, we were able to identify specific changes in people’s use of water.  We reviewed device data in aggregate (at the level of the overall property), and identified compelling evidence for specific conservation behavior.  Some examples from properties A and C (where the overall measured reduction in consumption was greatest) are noted below.

Property A

In property A, there was considerable savings in the amount of water flushed down the toilets.  Surprisingly, the amount of water per flush increased from 2.1gallons per flush prior to sub-metering, to 4.8 gpf after sub-metering.  However, the number of flushes fell dramatically, resulting in a significant net reduction in water use.  Discussions with the property owner confirmed that toilets were not replaced at this property, but that residents or property maintenance staff replaced flappers inside the toilet.  This change resulted in less double-flushing and fewer flapper leaks.  (The flapper leaks tended to skew the data, since a flapper leak results in many small flow events to refill the toilet tank.)  Once flapper leakage was eliminated overall consumption dropped 41%. 

Property C

Some changes in behavior at this property were:

· The data indicated a marked decrease in the frequency of toilet flushing (while flush volume remained constant at 3.8 gpf).  Assuming no other changes, one could hypothesize that, after billing began, residents were less likely to flush tissues down the toilet, or otherwise use the toilet as a garbage disposal.


· We also observed a shift from baths to showers. The sub-metering devices indicated that the number of showers increased (from an average of 255 to 367 per week for the complex).  We also noted a reduction in the amount of water used per shower, from 7.6 gallons to 6.0 gallons.  This reduction could be attributed to water saving showerheads or to shorter showers.

The Wellspring data added further support to prior experiments and the recent EPA sponsored study, which concluded sub-metered properties use significantly less water.  In addition to the three properties already discussed, data from five other properties using Wellspring sub-meters was available.  Unfortunately there was no pre-metering information for these five properties so one could not compare the water usage before and after sub-metering. We found, however, that the annual water use at these apartments after sub-metering was well below the national average and in line with the three Wellspring properties where we had pre- and post-installation data.

Table 4.  Reduced water use at sub-metered properties 

	Information source
	In-rent/pre-conversion usage(a)
	Submetered usage(a)

	EPA estimate of average national consumption
	52.35
	43.75

	Wellspring properties - overall
	45.93
	31.74

	properties 
	no. of units
	location
	
	

	A
	238
	TX
	47.7
	32.3

	B
	111
	CO
	32.0
	25.3

	C
	155
	TX
	58.2
	42.8

	D
	105
	IL
	(b)
	25.4

	E
	59
	MN
	(b)
	49.6

	F
	39
	CA
	(b)
	29.7

	G
	71
	IL
	(b)
	28.7

	H
	61
	CA
	(b)
	20.2


Notes: 

(a) In thousands of gal/year, per unit, calculated based on the average consumption of the final three months of post-billing information available

(b) For properties D through H, no sub-metering data was available prior to the inception of billing.  No conclusions can be drawn regarding the water savings achieved as a result of sub-metering these properties; however, we observe that all properties consume less water than the average consumption in in-rent properties, as determined in the EPA study.

Regulatory Obstacles to Conservation via Sub-metering 

Currently about 4% of multifamily properties use sub-metering.  For sub-metering to become more widespread and result in significant water savings, a number of broad issues must be addressed.  First, the impact that sub-metering has on reducing water usage needs to be publicized.  Second, the fragmented regulatory network that oversees water policy across the country must become streamlined and less of an obstacle. Third, sub-metering needs to be adopted by landlords. 

Fragmented Jurisdiction and Confusion

The recent EPA-sponsored study describes a fragmented and highly varied patchwork approach to water utility billing across the country.  Most state regulatory policies permit a choice of sub-metering or RUBS billing as alternatives to in-rent cost recovery, and also allow collection of a service fee.  But this is far from uniform.  In Massachusetts, for example, billing residents directly for water is forbidden.  In Louisiana and California, sub-metering is so heavily regulated that it is difficult to implement. 

The EPA-sponsored study found that a variety of agencies have some jurisdiction in this area in different states including: state drinking water officials, state public utility regulatory commissions, and municipal utilities. Moreover, the State Bureaus of Weights and Measures in California, New York and Delaware regulate sub-meters as a commercial measuring device, and therefore have the potential to inhibit the use of sub-metering devices.  
Government Leadership – Sub-metering is a Pre-requisite to Conservation

Government agencies occasionally inhibit conservation initiatives in more direct ways.  The EPA recently acknowledged that it has inhibited the adoption of sub-metering, by interpreting a provision of the Safe Water Drinking Act to require that sub-metered properties behave and be monitored as public water systems.  In its recent revision to this policy, the EPA noted that it “may have created a disincentive to water conservation,” and that “the use of sub-meters to measure water consumption is a necessary pre-requisite to achieving full-cost and conservation pricing.”

Barriers to Widespread Sub-metering 

In addition to the complexity of water regulation and the number of agencies involved, there are several other obstacles to widespread sub-metering.  Although the top-line savings in water appear compelling, legitimate and perceived obstacles to widespread adoption of sub-metering technologies range from cost to how the benefits are shared.

Installation Cost

There are challenges and costs to sub-metering water use.  In contrast to metering electricity from a single location, water flows into most apartments from many shared supply pipes.  Wireless technologies like Wellspring’s make the data collection easy, but there is a cost to purchasing multiple sub-meters per unit.

There is also a cost to installing sub-meters.  For large complexes, the present value of the savings can be significant. However, this savings comes over time and usually means that someone must find a financial institution willing to fund the upfront costs. 

One established business practice that may serve as a model is laundry facilities.  In this situation, the cost of the washers and dryers is born by a laundry service company, who then shares in the stream of coin-operated revenue. Similarly, with wireless sub-metering, upfront costs to the landlord can be paid out of a share of the savings, but this model needs to be refined, and financial institutions will need to step up and provide the capital.  This is beginning to happen on a small scale, but as a new concept, it will take time for it to become widely accepted.
Fair Distribution of Benefits

One concern associated with sub-metering is potential damage to the landlord’s reputation.  A landlord who simply installs sub-meters without an appropriate communication program may be seen as ‘greedy,’ and may lose existing tenants.  It is important to create a thoughtful rollout where conservation techniques and environmental issues are promoted.  With an expected 27% reduction in water usage, a landlord can share some of the savings so that both the landlord and tenant benefit financially, while feeling good about being environmentally responsible.  For example, if the average cost for water and sewer is $1,000 per unit, then there is $270 per year available to pay for installation, and to then split between the landlord and tenant.
Perceived Impact on Occupancy

Fears that a sub-metered property may be less desirable to prospective residents appear unfounded.  In the three properties where the time-series of available data spanned pre-billing and post-billing time frames, there was no evidence that occupancy rates were adversely impacted by the introduction of water sub-metering.  While a snap-shot of three properties remains largely anecdotal, the favorable occupancy behavior of these 500 units was consistent with the findings of the EPA sponsored study, which found no significant difference in the occupancy rates of sub-metered and unmetered properties.  

Perception that Sub-metering ’s Contribution Is Small

Some owners believe that the water bill for their properties is simply not a large line item compared with other operating expenses.  However, in cities with relatively high water and sewer rates (above $5 per thousand gallons), it is common for water and sewer costs to exceed $1,000 per unit, per year.  As the cost of water increases, perceptions may change (and in some high-cost areas, they already have).  There are transition costs (capital investment for installation, educating tenants about the change) and ongoing maintenance costs.  On balance, however, the incremental profit per apartment usually makes it worthwhile, especially for landlords who own a large number of apartment units.

Summary 

Water sub-metering has the potential to appeal to policy makers, property owners and residents.  Water sub-meters can reduce water needs, improve the profitability of multi-family dwellings, and reward consumers directly for conservation behavior.  In the short term, the biggest incentive to landlords is improved profit per apartment.  A strong secondary appeal is the psychic benefit to the landlords and tenants of being environmentally responsible.  Information can change behaviour and wireless technology is a useful tool for capturing and sharing information.  

When people living in multifamily housing become aware of their water usage, they respond by conserving water.  Interestingly, the data from Wellspring Wireless reveals that the biggest drop in consumption happens as soon as tenants receive information about their water usage – even before they are billed for their water.

Local governments in higher growth areas will also benefit from conservation behaviour from a reduced need to upgrade water infrastructure.  Cities such as New York have recognized that conservation is more cost effective than large capital projects.  

As the population in the Southwest grows, the inter-state disputes over the 1922 compact that allocates the Colorado River’s water have begun to escalate in frequency and intensity.  In an August 16th report, Time Magazine noted that Lake Powell (an artificial body of water created by the Glen Canyon dam on the Colorado River) was 60% below capacity.  And water constraints are not only a western or a southwestern issue in the U.S.  A new compact is currently under negotiation between eight governors in the Great Lakes region to divert 4 million liters per day outside of the Great Lakes basin.  

In the long run, everyone has an interest in not wasting water.  While sub-metering technologies are not the whole answer, they can be a very helpful catalyst to changing behaviour, conserving water, and allocating costs fairly.  Widespread implementation of sub-metering in the US could result in a savings of over 400 billion gallons per year, or enough water to cover three million acres in one foot of water – which is more than “a drop in the bucket.” 
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