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ABSTRACT

The U.S. Environmental Protection Agency identifies two general categories for practices
designed to increase water efficiency: engineering and behavioral. Engineering practices involve
technologies designed to passively reduce water irrespective of the user’ s behavior (e.g., low-
flow showerheads). Behavioral practices refer to changing users' habits irrespective of the
technology being used (e.g. fewer showers). This binary focus overlooks the conceptual area
where technology and behavior influence each other (e.g. showerheads that encourage shorter
showers)—an area that has seen much less attention, and is ripe for development. We present
findings and lessons learned from an inaugural workshop on “ Saving Water Through Behavior
Changing Technologies’ that was hosted by Argonne Nationa Laboratory. The workshop
convened expertsin water efficiency, behavioral sciences, design, engineering and other fields,
along with commercial developers, and others who might significantly contribute to the design,
development and dissemination of behavior-impacting technol ogies that reduce water
consumption for buildings. An overview of trends in domestic water consumption isfirst
provided and technological and institutional barriers to achieving greater efficiency are
discussed. Next, we review characteristics of technologies that are desirable for affecting
behavioral change. We then assess the current challenges and opportunities facing water utility
efficiency programs, comparing and contrasting with the experiences of the electric sector.
Finally, we propose several promising research pathways that may support the development of
promising new technologies with potential to influence consumer behavior and reduce water
consumption in the residential and commercial sectors.

Background

The United States is experiencing a number of key trends that have increased the
imperative to develop and implement comprehensive water conservation efforts (USDOE 2014).
While total domestic withdrawals of both fresh groundwater and fresh surface water have been
roughly constant since 1980 (Maupin et al. 2014), populations are growing the fastest in arid
regions that are more water constrained. At the same time, there has been an increase in the
occurrence of extreme weather events and aso the variability of precipitation patterns, resulting
in less certain freshwater availability. The impact of these precipitation pattern changesis clearly
illustrated by that fact that one-third of the U.S. was affected by severe drought in 2012 (USDOE
2014). The current water scarcity issues plaguing California have perhaps for the first time truly
brought these concerns to the forefront of public attention. Additionally, new energy and water
technol ogies are emerging that have the potential to augment and shift consumption patterns.

The U.S. Environmental Protection Agency (EPA) identifies two general categories for
practices designed to increase water use efficiency and thereby reduce water consumption:
engineering practice and behavioral practice (USEPA, n.d.). Engineering practicesinvolve
technologies designed to passively reduce water irrespective of the user’ s behavior. The EPA
provides numerous examples of such technologies including low-flush toilets, low-flow
showerheads, faucet aerators, and pressure reductions. Behavioral practices refer to changing
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users habits irrespective of the technology being used. Examples include, running a dishwasher
only when it isfull, taking shorter showers, and turning off a faucet while brushing teeth or
shaving. In addition to these two binary approaches to water conservation, there also exists a
conceptual area where technology and behavior influence each other. Thisis an areathat has
seen much less attention, and is ripe for development.

With thisin mind, The U.S. Department of Energy Building Technologies Office
commissioned Argonne National Laboratory to conduct a scoping study of the market landscape
for behavior-changing technologies in the water sector. To inform this scoping study, Argonne
hosted aworkshop that convened water experts and stakeholders from across the country.
Discussions during the workshop were primarily focused on water consumption in and around
residential and commercial buildings. Technologies to improve water consumption efficiency in
industrial and agricultural applications, as well as those for cooling at thermal power generation
units, were not explicitly considered due to the vastly different problem scope in those sectors.
This paper report summarizes the findings developed through background research, stakeholder
outreach, and stakeholder participation in atwo-day workshop that was hosted at Argonnein
April, 2015.

M ethodology

The objective of this study isto identify concrete research pathways that can be
implemented to increase the market penetration of technologies that influence water
consumption behavior, and ultimately reduce water consumption in buildings. Findings were
developed over four distinct stages.

I dentify types of consumer change. We first created aworking definition of consumer change,
and sought to understand how such change could be motivated and evaluated through consumer
actions. Thisresulted in the categorization of three different types of consumer change, and the
decision to focus further research specifically on behavioral change.

| dentify technology characteristics for motivating behavioral change. Through early
outreach and research it was determined that the market for technologies that influence water
consumption behavior is still relatively immature. Therefore, before discussing specific
technological concepts for the water sector, it was important to first broadly identify desirable
technology characteristics with the potential to motivate consumer behavioral change, and
understand how these could be applied to reducing water consumption. We therefore sought to
draw upon lessons learned and best practices from technol ogies that have successfully
transformed behavior in other sectors.

I dentify barriersto behavioral change and market Adoption. We next identified the barriers
that have prevented these technology characteristics and the associated behavioral change from
manifesting themselves in the water sector.

Identify R& D pathwaysto overcome barriers. Finally, we identified a number of research and
development pathways that may be undertaken to overcome the barriersidentified previoudly,
increase the penetration of behavior-influencing technologies in the water sector, and ultimately
reduce water consumption in buildings.
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Types of Behavioral Change

For ced change. Forced change can be implemented through policies, regulations and standards.
For example, EPA maintains national water use efficiency standards for residential and
commercial fixtures and appliances (USEPA 2008). This can be an effective means of achieving
prescribed efficiency gains, successful examplesin other sectorsinclude energy efficiency
standards for refrigerators that were first introduced in the 1970s and the Corporate Average Fuel
Economy (CAFE) standards that have been implemented for vehicle manufacturers. Similarly, in
the water sector enhanced toilet efficiency standards that were implemented in the United States
in 1994 are estimated to have save 18.2 trillion gallons of water; equal to the total water
consumption of New Y ork City, Chicago and Los Angeles over a 20 year period (American
Standard 2014). However, forced change can also lead to consumer resistance and low product
persistence as products will typically be designed only to meet these minimum standards.
Therefore, standards must be updated regularly to encourage continual product advancement, a
process which may not keep pace with the potential for innovation.

Voluntary change. Voluntary change can be implemented through educational programs that
encourage consumers to use water more efficiently. The goal is to have consumers consciously
change their consumption habits, for example, taking shorter showers, shutting off the faucet
while brushing their teeth, or reducing water use for landscaping. The hope is that with time
these behavioral changes will become the norm. This approach has had recent successin
California, where consumers have become much more aware of water scarcity in the region and
have started to adapt their behavior to consume water more efficiently. However, voluntary
change may till encounter consumer resistance as it requires conscious actions that are
disruptive to a consumer’ s routine.

Transformative change. Transformative change is achieved when consumers take actions that
result in decreased water consumption, not because they are consciously trying to reduce their
consumption, but rather because those actions actually add convenience to their daily routine.
For example, many consumers currently turn on their shower and then engage in other activities
(teeth brushing etc.) while waiting for the shower to reach a desired temperature. As aresult,
consumers will naturally get distracted and may |eave the shower running unoccupied well after
the target temperature has been reached. A technology that can instantaneously heat water in the
shower to a particular temperature would completely eliminate this behavior. Consumers will
change their routines not out of a conscious desire to save water, but because they now save time
by not having to wait for the shower to warm up.

Technology Characteristics for Motivating Behavioral Change

Workshop attendants were tasked with identifying technologies that have successfully
transformed behavior in other sectors and industries, enumerating the specific characteristics of
these technol ogies that empowered behavioral change, and then discussing how these
characteristics could be integrated in new technol ogies to achieve the same transformation in the
water sector.

Accessto information on demand. There was a general consensus among workshop
participants that providing users with access to more frequent, high resolution, and easily
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digestible information about their behavior is crucial for effecting behavioral change. In addition
to being of primary direct importance, effective data collection and communication are also
critical enabling components for many of the other characteristics that were discussed. The Nest
Learning Thermostat provides an example of a product that has dramatically improved data
access to consumers within the energy sector where such data has long been inaccessible.
Improved data accessibility is specifically of importance in the water sector, where alack of
awareness is amajor obstacle to influencing behavior. Improved data access will help consumers
understand how and where they are using water so they can make informed decisions and then
measure the impact of these decisions.

Active feedback. Current water bills provide passive feedback that may reach a consumer once
per month at most. Therefore a consumer may not be able to see the impact of any measures that
they have taken until a significant amount of time has passed, and even then such impacts may
be lost in the noise of other consumption. The Fitbit was discussed as one example of a
technology with active feedback, asit can be programmed to sends user reminders to exercise
when it detects periods of inactivity. In the water sector, active feedback could provide users
with adaily summary of their water use or an instant email or phone notification when they
exceed a predefined daily consumption budget. One study has found that consumers who receive
regular home water reports reduce their water consumption by 4.4% to 6.6% more than those
who do not (Mitchell and Chesnutt 2013).

Social interactions and peer accountability. Social interactions have increasingly become an
effective tool for influencing behavior. Consumers can use social media to hold themselves
accountable for actions that they commit to take, and to provide positive feedback when they
achieve specific goals. Workshop participants discussed diet and exercise apps that will
automatically share workout results over social media, or can make “ shaming posts’” when a user
exceeds adaily calorie budget or failsto exercise for a given period of time. Such an approach
could similarly be effective when applied to water consumption. Thiswould similarly enable
consumers to voluntarily share their water usage with friends and family, providing them
encouragement to meet predefined usage goals.

M easur able goals and gamification. It isimportant for consumers to be able to define
measureable goals for themselves and be able to measure their progress towards reaching their
goals. Gamification can be introduced to make achieving these goals more enjoyable, which isan
important component of getting people to make sacrifices or change to their routine in away that
requires effort and causes inconvenience or discomfort. Workshop participants discussed how
dieting and exercising are not in themselves necessarily enjoyable activities for many people.
However, many do find enjoyment in achieving concrete weight 1oss or exercise goals and
participating in friendly competitions with peers.

Seamlessintegration. Finally, it isimportant that new technologies are seamlessly integrated
into everyday life, so that they become standard components of modern appliances rather than
luxury or novelty features. As an example, participants discussed the real-time ‘' miles per gallon’
indicators that are now a standard component of many modern vehicles. These meters are now
seamlessly integrated into car displays so as not to be overly distracting, and do not disrupt
routines or require conscious action. However, they do provide drivers with constant feedback on
how their actions are affecting vehicle efficiency in rea-time. Drivers can instantly see the
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relative impact of accelerating or increasing their average speed. This constant feedback helps
drivers understand how their driving habits affect gasoline consumption, even if on a
subconscious level. Real-time digital water meters on faucets or other appliances can similarly
provide constant, non-disruptive feedback to consumers.

It isaso important that new technological features can be seamlessly integrated into
existing infrastructure and consumer products. Thisis particularly true in the water sector where
infrastructure is deeply integrated into existing cities and buildings, generally in inaccessible
locations (underground, within floors and walls), and is therefore often very costly to replace.

Barriersto Behavioral Change

We now identify several key barriers that have inhibited the increased penetration of
water-saving technol ogies and pose unique challenges toward influencing water consumption
behavior. Potential pathways towards overcoming these issues will be discussed in later sections.

Water istoo cheap. Participants at the workshop were in near uniform agreement that water is
simply too cheap. Consumers are rarely motivated to reduce their water consumption for purely
financial reasons, and similarly, institutional water conservation programs are rarely justifiable
on the basis of economics alone. For avariety of reasons, many consumers also do not fully
internalize the amount that they pay for their water consumption, but rather consider water to
essentially be afree public good. Thisis partially explained by the fact that state and local water
collection, sanitation, and distribution systems are funded through taxes and other mechanisms
that are relatively opague to most consumers. Thisissue is compounded by the fact that many
consumers do not pay the water bill at their residence or place of business. Rather the bill may be
paid directly by abuilding owner or landlord. In such cases, consumers receive no price signals
to motivate change in their consumption behavior.

Water price and consumption data are not readily available. A typical residentia or
commercial water consumer receives data on their water consumption at most monthly,
oftentimes less frequently, and in many cases never. Furthermore, water consumption may be
reported in units that are obscure to atypical consumer, such as CCF (centum cubic feet - one
hundred cubic feet - which is equal to 748 gallons). Even when a more standard unit like the
gallon is used, monthly consumption data are often aggregated into thousand gallon blocks, due
to the widespread use of analog meters. Additionally, fees and charges on residential and
commercial water bills are split into several categories and it is not immediately clear to the
consumer how much money would be saved by reducing their consumption.

Water utilitiesand regulators ar e highly fragmented. According to the EPA there are more
than 50,000 community water systems serving almost 300 million people in the United States.
More than half (55%) of these are very small, serving 500 people or less, while only a small
fraction (8%) serve more than 10,000 people (USEPA 2013). In contrast, there are roughly 3,300
electricity providersin the United States (APPA 2015). These water utilities may also be
overseen and regulated by local boards of elected officials, rather than through a single state
public utility commission, asis more common in the power sector. This high level of
fragmentation in the water sector resultsin a patchwork system of rules, regulations, and
operational practices. It also makesit difficult to design and implement overarching policy that
has the desired impact across all affected entities. The large fixed costs associated with
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developing and implementing water conservation programs may make such programs
prohibitively expensive for smaller utilities with correspondingly small budgets.

At the federa level there are a number of agencies that have some level of interest in
water conservation efforts (e.g. Environmenta Protection Agency, Department of Energy,
Department of Interior, Department of Agriculture, U.S Geological Survey and National Oceanic
and Atmospheric Administration) however there is no single federal agency that is wholly tasked
with addressing water-related issues and developing water policy on a national scale.

Water utilitiesrevenues aretied to sales volume. In the water sector, utility revenues are
generally tied to sales volume. As aresult, conservation programs that reduce water consumption
also reduce utility revenue streams. Therefore, these utilities have no incentive to encourage their
customers to conserve water. As many utility costs are fixed regardless of the quantity of water
delivered, these costs stay constant while revenue decreases with decreasing sales (Beecher
2010; Kenney 2014). As aresult, utilities that do implement conservation programs face a
compounding problem; they are increasing expenditures while decreasing revenue, and as such
may need to increase water ratesin their service territory. This outcome is counterintuitive and
disagreeable for many consumers. Rather than being implemented directly by utilities, efficiency
programs in the water sector are more typically funded by separate entities with a vested public
interest in reducing water consumption such as the California Department of Water Resources.

Resear ch and Development Opportunities

Several promising research pathways were identified to support the development of
behavior-influencing technologies to reduce water consumption. These are segmented into three
different categories, technology opportunities, enabling reforms, and behavioral opportunities.

Technology Opportunities

There was broad consensus among workshop participants that an affordable, next-
generation water meter will be essential for enabling large-scale behavioral change. Such a meter
would facilitate improved access to consumption and cost data for both utility providers and
consumers themselves. Thiswill enable utilities to more efficiently design conservation
programs and evaluate their impacts, and empower consumers to better understand their own
consumption habits. Collecting high-resolution consumption and cost datais avital first step
towards facilitating behavioral change, but such data are only valuable if they can be analyzed
and communicated to stakeholdersin atimely, straightforward and meaningful way. New
software and data standards will be needed to facilitate this process.

The following four key characteristics for this meter were also specifically identified.
While a number of meters are currently available which have one or several of these
characteristics, workshop participants were in agreement that there is no one single technol ogy
that adequately incorporates all of these attributes.

e Plug-and-play. It isimportant that such meters could be quickly and easily installed by
consumers themselves, as the need for professional installation would likely be a
significant barrier to mass-market adoption.
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e Real-time. Currently most water consumption data are recorded and aggregated over
periods of a month or more. Access to high resolution, real-time data would enable
consumers to visualize the water usage of individual appliances asit occurs. In addition
to providing and greater insights into water consumption habits, real-time data would
help both consumers and water providers detect leaks and other accidental water releases
more quickly and efficiently.

e Wireless. The meter would ideally be able to transmit any datait records wirelessly to a
centralized data hub where it can be stored and integrated with software for filtering,
analysis and communication to consumers.

e Affordable. The meter should be cheap enough that it can be ubiquitously applied to a
range of different appliances throughout a household: showers, faucets, toilets, washing
machines, dishwashers etc. A target of $10 per meter was discussed as a price point that
could enable wide-spread usage across a variety of applications, as opposed to limited
penetration as a niche or novelty product.

Next-generation Appliances

While water consumption data can be collected through external, third-party water meters, it will
also be important to devel op smart appliances that can engage in two-way communication with
the data platform and therefore consume water more intelligently. In addition to the general
technological characteristics outlined earlier, several specific ideas for smart water technologies
were discussed.

Programmable shower heads and faucets. Programmable showerheads and faucets would be
able to instantly provide water at atarget temperature and flow rate that could be customized for
each user. Thiswould reduce water waste that occurs while users are fine tuning temperature
settings and could also reduce consumption by allowing consumersto regulate flow rates
according to their preference. A similar system could be implemented for kitchen faucets, with
varying temperature and pressure presets for different uses such as hand washing, dish washing,
drinking water etc.

| nstantaneous water heaters. Instantaneous water heaters would also be an important
component of the programmable showerheads described above. They would enable rapid
delivery of water at a prescribed temperature, reducing losses associated with waiting for
showers to heat up. They also have the advantage of consuming less energy than traditional
centralized hot water heating systems.

Smart landscaping. Over 50% of residential water consumption is used for outdoor
applications, primarily landscaping (Mayer et al. 1999). Smart landscaping systems could be
linked to weather forecast data that enable a more intelligent allocation of water based on
anticipated shortages or surpluses due to precipitation. Sensorsin the ground could detect
moisture content in the soil and adjust the output of sprinklers and other irrigation accordingly.

L eak and defect detection. Losses during water distribution may account for up to 15% of total
water consumption in the United States and leaks in homes alone waste over one trillion gallons
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of water each year (USEPA, n.d.). Leaks can go undetected for days or months, wasting
tremendous amounts of water. Most seals within faucets are made of rubber washers, which
naturally shrink and crack over time during wetting and drying cycles, will eventually defect and
causing leaks. Such leaks result in gradual consumption increases that typically go undetected or
untreated by many consumers. More significant leaks also occur at all levels throughout a utility-
scale water distribution infrastructure. Most water distribution systems are not capabl e of
automatically sensing leaks, instead relying on manual identification of usage spikes that often
are not apparent due to infrequent consumption data reporting.

Enabling Reforms

While the workshop was focused on identifying novel technologies and technological
characteristics with the potential to influence water consumption behavior, it also became clear
that such technological progress does not exist in a vacuum. Participants al so discussed a number
of policy, institutional, and regul atory reforms that could be instituted to help create an
environment that supports the devel opment and deployment of advanced technologiesin the
water sector.

Higher rates. Workshop attendants were generaly in agreement that the water prices paid by
consumers need to be increased in order for significant behavioral change to be realized. The low
price of water compounds many of the issues created by the poor availability of water
consumption data. For example, there are minimal incentives for consumers to invest time and
energy into understanding their imprecise and confusing water bills, as water consumption does
not represent a significant expense in atypical household. Similarly, low prices make it difficult
for consumers to justify personal investmentsin water efficiency measures on a purely economic
basis. Low prices aso result in reduced revenue for water utilities compounding their internal
problems of maintaining and improving their infrastructure.

Increasing block pricing. It is politically challenging to raise water rates due to the complex
competing interests involved. Chief among these is the general belief that water consumption up
to acertain level should be considered a basic human right in modern societies, whereas
consumption beyond that level can be classified as a more standard consumer product. Increasing
block pricing would align economic incentives with this social objective. It was also suggested
that customers could be charged different rates for indoor and outdoor water use, reflecting the
concept that outdoor water consumption is typically more of aluxury good than indoor use.
However, the challenges inherent in implementing and enforcing such an approach make it
highly unlikely to be implemented anytime in the near future. Other revenue stabilizing
mechanisms that appropriately value water based on its short term availability, such as drought
or shortage surcharges, could also be considered.

Revenue decoupling. Water utilities also have minimal incentives to promote more efficient
water usage, as their revenues are tied to the consumption levels of the customers. A similar
problem was identified in the electric sector and has been approached in many jurisdictions
through revenue decoupling (RAP 2011). Through this mechanism, a utility’ srevenue istied to
their ability to serve the needs of their customers as opposed to the amount of energy that they
provide. Thisdistinction empowers electric utilities to invest in efficiency and demand side
management programs that are often cheaper alternatives to further increasing supply through
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investments in new generation units and transmission and distribution infrastructure. These
programs typically offer incentives to consumers who take well-defined measures to reduce their
energy consumption. The resultant reduction in electricity demand negates the need for
investments in new infrastructure. Revenue decoupling for water utilities began for some
customersin Californiain 2008, but thisis still not a widespread practice across the country.

Regulatory and institutional aggregation. Due to the high level of disaggregation among
service providers and regulators in the water sector, individual water conservation programs are
typically limited in their scope and geographic reach. This resultsin high costs and barriersto
entry for each new program. The aggregation of small municipal water providers and utilities
through regional consortia could help to address thisissue by helping coordinate uniform
conservation programs and reduce the associated implementation costs. The disaggregated
institutional landscape is also impacted by the dispersed nature of freshwater as a natural
resource. Groundwater aquifers may span multiple different municipalities, regions, and
regulatory landscapes. Therefore, the water withdrawals made by one municipality may
influence water availability in the entire neighboring region. This “tragedy of the commons”
provides an incentive for each agent to increase their water consumption in the short term for
fear of losing available supply to their neighbors over the long term.

I ntegrated water and ener gy efficiency programs. In 2012 nearly $6 billion dollars were
invested in rate-payer funded energy efficiency programsin the electric sector, which saved over
126 terawatt-hours of electricity (Cooper and Wood 2014). Thislevel of support is simply not
available for similar programs in the water sector. However, as energy isrequired to treat water,
deliver it to consumers and, and collect wastewater after it has been consumed an integrated
efficiency program framework could be implemented to recognize this relationship. Such
programs could draw upon rate-payer funds from the energy sector —where a stronger efficiency

program infrastructure already exits — to finance water efficiency programs that also save energy.

An example of thisframework can be found in Southern Californiawhere in 2012 the Los
Angeles Department of Water and Power and Southern California Gas Company entered a
partnership that allows them to jointly offer efficiency programs to customers in their shared
territories (Drake et al. 2014).

Behavioral Opportunities

Consumer education and communication. A typical residential consumer has little to no
concept of how much water he or she consumes in aday or amonth. Part of thisis due to poor
data availability, as has been discussed previously. However, thisis also partially due to the fact
that consumer awareness and interest in water conservation islow. As an increasing number of
consumers begin to recognize the social imperative to reduce their water consumption,
stakeholders now have an important window of opportunity to provide consumers with the tools
they need to make informed decisions on how to reduce their consumption. For example, the
‘miles per gallon’ (MPG) metric for vehicles has become a pervasive part of our culture. Car
manufacturers advertise MPG ratings on their commercials and many consumers factor MPG
strongly into their choice of purchase. The gallon per minute (GPM) metric smilarly exists for
water products, but it has not reached the same level of public awareness. Manufacturers
typically design their products to meet minimum standards, and offering a product with alower
GPM rating does not provide a competitive advantage as high MPG does in the vehicle market.
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Research is needed to inform the design and implementation of any such education
efforts. Such research would improve stakeholder understanding which approaches to marketing
and consumer education can effectively capture consumer attention and motivate behavioral
change. For example, many consumers don’t respond well to simple messages telling them to
“reduce your water use”. Such amessage is too broad, does not include actionable information,
and implies that some sort of sacrifice is necessary. Research could focus on identifying forms of
water conservation messaging that register more strongly with consumers.

Consumer perception and human psychology. Providing consumers with additional
information tends to increase their knowledge and understanding of an issue but all else equal,
does not generally lead to changesin behavior (WaterSmart 2014). It is human nature to resist
change and maintain the status quo, and it iswell known that there is alarge gap between what
consumers claim to care about and the actions they are actually willing to take. Additional
research is needed to better understand how increased education, communication, and
information availability interact with human psychology, behavioral economics, and behavioral
science to influence actual changesin water consumption behavior. Thiswill provide policy
makers with the tools they need to motivate consumers to make intelligent and efficient water
consumption their default action so that conscious behavioral change is no longer necessary.

Gamification. Natural competitive tendencies can be leveraged to motivate consumers to use
water more efficiently. For example, utilities could pool neighboring homes with similar
consumption profiles and offer asmall financial incentive for the one that consumes the least
water each month. This might be coupled with a user-friendly data reporting interface where
each household could monitor how their usage compares with their neighbors’. Similarly,
contests could be introduced within a single home if each household member were provided a
simple means of logging their water use, i.e. swiping a personalized card before taking a shower
or using the clothes washer. Alternatively, a similar approach could be used to establish and
enforce monthly water budgets for a single household. Homes might be offered lower rates for
committing to stay below a certain consumption threshold, but would face a steep rate increase if
they crossit.

Limiting choices. Consumers can be overwhelmed when presented with too many choices,
which oftentimes |eads to inaction over to the fear of making a sub-optimal decision. This
problem may be exacerbated in the water sector where initial consumer awarenessis already

low. Consumers presented with a number of different potential new water-saving showerheads
may ultimately decline to purchase any of them, preferring instead to maintain the status quo.
Alternatively, if asingle option is presented with a simple actionable messagei.e. “ingtall thisto
save water”, consumers may be more willing to act. Research could be conducted to analyze how
presenting consumers with limited, clear and concise water conservation options impacts the
adoption of these technologies and actions.

Emotional connections. Workshop participants a so discussed the possibility of increasing the
public’s emotional connection to water conservation issues. Similar efforts with climate change
and other environmental issues have had more success making the potential impacts tangible and
connecting with consumers. There is a sense that while water conservation has started to enter
the public consciousness, it still lacks this emotional connection. For example, even during the
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drought conditions currently being experienced in California most people have never directly
suffered from alack of water availability. This makesit difficult for an average consumer to
internalize the long-term externalities associated with inefficient water usage. Research is needed
to understand how to establish this connection with consumers, drive home the potential long-
term impacts of water scarcity, and ultimately effect behavioral change.

Conclusions

This report summarizes the key findings of aworkshop that convened experts from awide range
of water-related disciplines with the goal of identifying technologies that can be developed and
deployed to change water consumption behavior. While efforts to reduce water consumption
have gained momentum in recent years, there are a number of key barriers that have limited the
effectiveness of such efforts. Chief among these is the fact that many consumers have limited
awareness of their water consumption patterns due to poor data availability, and/or are
unmotivated to reduce their consumption due to low costs and split incentives. Without improved
data availability and stronger price signals, it will be difficult to effect true transformative
behavioral change.

This report also reviews a number of technology characteristics that have successfully
motivated behavioral changein other sectors, as well as several technologies that could be
developed specifically for the water sector. Workshop participants discussed how technologies
that provide active feedback, and promote measurable goals and social accountability have
successfully influenced changes in other types of behavior. A range of regulatory and policy
actions that could be implemented to support such efforts are also presented. These include
institutional aggregation, revenue decoupling, and price structure reforms. Finally, several R&D
pathways were proposed, including efforts to identify optima communication strategies and to
better understand consumer perceptions and psychology as they relate to human behavior
regarding water consumption.

The findings presented here can help to inform policy makers and they develop new
policies and seek to support new research to help consumers use water more efficiently. It is our
hope that these findings will also be utilized to prioritize topics for additional follow-up
workshops to address individual issues and barriers more directly and in more detail. The goal of
such future workshops will be to develop specific solutions, research plans, and technology
development pathways that can be undertaken to increase the market penetration of technologies
that effect behavioral change and reduce water consumption.
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