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Rational use of water can be a powerful tool to promote sustainability on university campuses. Other
than resource and financial savings, it aims to support technological and behavior innovation towards a
more balanced relationship between human activities and nature. This work reports on a water saving
program case study, led by a research group at a university in the northeast of Brazil. It describes and
discusses methods used and results obtained. From 1999 to 2008 the program reduced per capita water
use by half at the university. It has brought significant resource savings to the institution. Internal results
foster the implementation of cooperative projects between the university and public and private part-
ners. All these projects involve engineers, social workers and undergraduate students from different
courses. However, internal and external results have been insufficient to guarantee the internalization of
the program in routine activities of the university. The permanence of the program still depends on the
research group that created and manages it. The paper also presents the difficulties faced in sustaining a
program like this at a Brazilian university and discusses future action to be taken to achieve the pro-

gram’s goals.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Sustainability is a long term and complex goal. Universities have
an important role in this process, both in terms of technological and
behavioral innovation, and have been required to assume it. Tech-
nical literature reviews several experiences to seek sustainability in
universities around the globe, describing a variety of administrative
structures and practices (Disterheft et al., 2012; Corcoran and Koshi,
2010; Davidson et al., 2010; Ryan et al., 2010; Juarez-Najera, 2010;
Stephens and Graham, 2010; Macnamara, 2010; Ferrer-Balas et al.,
2008; Sammalisto and Lindhqvist, 2008; Beringer, 2007; Beringer
et al.,, 2007; Blottnitz, 2006; Tauchen and Brandli, 2006; Verbit-
skaya et al., 2002). Launching sustainability initiatives requires the
implementation of short term activities with rapid and noticeable
results. This work reports the case of AGUAPURA, the water saving
program of the Federal University of Bahia, Brazil (UFBA).
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UFBA, located in Salvador, the capital city of the state of Bahia, in
the northeast of the country is linked to Brazil’s Ministry of Edu-
cation. Although in a humid area, with almost 2000 mm)/year of
rainfall, the city is mainly supplied by water from the semiarid
region of the state (which receives less than 800 mm/year of
rainfall). Currently UFBA has an academic population of about
35.000 people. The campuses in Salvador included in the program
consist of about 100 buildings, with almost all of them having an
individual water meter.

AGUAPURA started as an initiative of a group of lecturers at the
Polytechnic School of the university. Initially aimed to organize and
orientate maintenance activities, it soon became clear that
knowledge of each building’s daily consumption and awareness of
the academic community was central to a more rational use of
water. The research group on clean technologies TECLIM, assumed
the responsibility to develop a decentralized control system
involving students and staff from all academic faculties to support
these efforts.

Many university researchers work with environmental issues,
but they are predominantly limited to research and lecture rooms.
They do not integrate university priorities and operational prac-
tices. There was no institutional environment to start a broad
environmental program at the university. Hence, a water saving
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program was launched and managed by a research group as a
research program. More than just saving water, it aimed to
contribute to students’ education and to provoke the university to
incorporate sustainability actions. Despite the significant results
achieved, the program faces continuing difficulties maintaining and
expanding its activities, mainly because it has not been fully
incorporated into the administrative routines of the university and
the institution has no managerial routines which focus on envi-
ronmental goals.

Chapter 2 reviews some of these approaches and experiences
found in literature, referring both to implementation of sustain-
ability programs and water saving efforts at Higher Education In-
stitutions (HEIs), to allow a better comprehension of how
AGUAPURA relates to similar programs around the world. The
program itself is depicted in chapter 3. As water saving actions and
research is an ongoing effort of the TECLIM research group, initial
hypothesis and strategies are continually reviewed as positive re-
sults and difficulties to overcome, are clarified. This chapter in-
cludes a presentation of the main factors identified to be decisive to
attain a more rational use of water in universities and other public
premises. Chapter 3 also includes a brief description of the set of
actions developed to act on these factors. Until now, the program
has not been able to effectively intervene on all these factors,
nevertheless, significant results have been obtained.

The experience developed in the university attracted the in-
terests of other public institutions, allowing the program to expand
its frontiers out of the campuses. Chapter 4 brings a synthesis of
these new partnerships. Chapter 5 presents a discussion of the
experience developed and the conclusions of this work. The pos-
sibility of a specific water saving program to support broader
environmental efforts is also discussed here, as well as the barriers
that need to be overcome.

2. Environmental practices and water conservation in higher
education institutions

Universities have been required to assume a leadership role
towards sustainable development. Several international declara-
tions, signed by Higher Education Institutions (HEIs), show the
amplitude of the commitment. As well as providing good envi-
ronmental education and research opportunities, universities
should also be an example of what they teach. They should include
good environmental practices in all courses, expand environmental
issues in society as a whole and underpin a general move towards
sustainability (Halifax Declaration, 1991; Talloires Declaration,
1990; Thilisi Declaration, 1977).

HEIs around the world deliver millions of graduates to the work
force each year. Among them there are both environmental spe-
cialists, as well as professionals with a strong possibility to generate
environmental impacts. Campuses themselves may generate sig-
nificant environmental impacts as a result of their activities and
operations (Alshuwaikhat and Abubakar, 2008; Bonnet et al., 2002;
Viebahn, 2002).

Lack of consideration or lack of awareness of environmental
issues in HEIs is contradictory to education and recognition of the
role of such institutions by society. Both theoretical learning and
the incorporation of new patterns of behavior to reduce stress on
the environment are more effective if developed in an environment
where what is taught is what is practiced (Bonnet et al., 2002;
Viebahn, 2002). Moreover, practices of sustainability on campus
can boost cooperative research with industry and governmental
partners. (Adomssent, 2011; Lehmann et al., 2009). Lack of sus-
tainable practices transmits a message to society that universities
do not value and are not able to implement sustainability (Bekessy
et al., 2007).

Research on official university internet sites shows that some
universities refer to sustainability as essential for social re-
sponsibility, academic excellence in learning and research, insti-
tutional valorizations and recognition and a trend in growth and
qualification towards sustained academic leadership. There are
explicit references to the commitment to “do what we say”
(University of Cardiff, 2012; University of Lund, 2012; University of
Gothenburg, 2012) and the university as a “living laboratory of
environmental issues” (University of British Columbia, 2012;
University of Harvard, 2012). The “Liinenburg Approach”
(Adomssent et al., 2008) is especially highlighted by the emphasis
on incorporating sustainability at all levels of training (Beringer,
2007; Barth, 2008).

Despite the fact that sustainability is relevant for society in
many aspects, only a few universities worldwide are facing the
challenge to strive for it (Adomssent et al., 2008) and to imple-
menting a holistic institutional change (Thompson and Green,
2005; Barth, 2013). However, subscription to statements does
not ensure compliance. Several universities did this but do not
necessarily seek to fulfill their goals (Bekessy et al., 2007; Wright,
2002). Predominant focus in literature reviewed, is on campus
operation: materials, water and energy saving and waste disposal
(Alshuwaikhat and Abubakar, 2008).

There are several difficulties in introducing changes in complex
institutions such as HEIs. Universities function in non-hierarchical
ways giving a high degree of individual freedom to their re-
searchers and lecturers. This makes it difficult to guide the imple-
mentation of new practices. Some barriers towards sustainability
include: lack of knowledge and interest on the part of the academic
community and usually their upper management; short time
available for academics; staff resistance to new attitudes and
procedures and; lack of pressure from society (Karatzoglou, 2011;
Ferrer-Balas et al., 2008; Thompson and Green, 2005; Viebahn,
2002).

Considering this predicted resistance and difficulties, incre-
mental changes may reduce conflicts related to wider changes due
to a centralized decision. Each incremental step should be accom-
panied by communication and participation of the academic
community some specific greening actions may deliver rapid and
visible results that contribute to the success of other steps (Lozano,
2006). Daily operations change and new routines incorporate sus-
tainable principles as “business-as-usual” (Barth, 2013).

Actions of individuals and small groups may help induce the
process. This includes addition of new partners and widening the
scope of action. This is accomplished by leading by example,
provocations and results achieved (Davidson et al., 2010; Ferrer-
Balas et al., 2008). When there is no strong administrative leader-
ship on the subject, the process may involve a relatively small group
that has to work with a variable support group, depending on the
number of partners it can find for each action. In this case, it is
important to identify means to involve the administration in a
sustainability agenda, step by step, building political capital by
creating programs and projects which include other members of
the academic community (Thompson and Green, 2005). Imple-
mentation of sustainability into universities is a learning process.
There are many ways to initiate it. Barth (2013) suggests the
importance to strengthen partnerships and to gradually expand
what has already been achieved.

Restricted sustainability actions also predominate at Brazilian
HEIs. Publications mostly register isolated water or energy saving
and waste management projects. Very few universities express an
environmental policy or perform broad environmental manage-
ment systems. Environmental issues are predominantly limited to
research and specific courses or disciplines. Various authors
(Karatzoglou, 2011; Ferrer-Balas et al., 2008; Thompson and Green,
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2005; Viebahn, 2002) recognize that in HEIs, other priorities and
traditional academic work, leave no time for the insertion of
cleaner practices.

Bonnet et al. (2002) describe the application of a method for
water and energy auditing in HEIs, tested at the University of
Bordeaux campus. This method, based on the Eurocampus Euro-
pean Collaboration project, included: upper management
commitment, use of internal abilities, involving students in the
auditing activities considering their areas of research and consid-
eration of all accounted flows on the campus. The main difficulties
identified by these authors were the lack of proper measuring and
the wide variety of activities performed in the buildings. Substan-
tial consumption differences were found between similar units and
activities. They found that research and development (R&D) activ-
ities were the most water and energy demanding.

The wide differences reported in the Bordeaux research confirm
results found in other experiences. Authors report that water and
energy consumption data obtained from research at 14 universities
in 7 countries of the Ecocampus collaboration project showed large
discrepancies due to characteristics related to different countries,
institutions and facilities.

Mendes (2006) presents information on water consumption at 6
universities in Brazil and 5 in the United States. Among the Bra-
zilian universities, only one, the University of Sdo Paulo, the most
prestigious in the country, informs its per capita consumption
(70 L/person day). Among the American universities consumption
records only data for Stanford University and the University of
Virginia (558 and 209 L/person day, respectively) were published.
The University of Brasilia’s internet site reports that in a 16 year
effort, a 73% reduction was achieved. Current per capita water
consumption is 21 L/person day (UNB, 2012).

Such a wide variation in per capita consumption highlights the
difficulty in comparing these numbers. Significant differences be-
tween these universities may explain this variation in consumption
patterns. However, these are not readily available. Multiple activ-
ities are developed on campuses: teaching, research, catering,
housing, sports and gardening. They may include large irrigated
areas, including farming activities and sport centers with large
fields. Consumption is influenced by each of these activities and
total consumption depends on their relative magnitude and, above
all, on the level of water waste and losses.

Also in R&D, which, according to Bonnet et al. (2002) and
Mendes (2006), has the most intensive use of water and energy,
there are large differences due to the sizes and types of laboratories
and experiments. Any comparison depends on a detailed knowl-
edge of each institution, their activities and the existence of
adequate indicators. The differences in the values obtained make
reliable comparisons very difficult. Published data mainly refers to
absolute water consumption and reductions obtained at a specific
institution. For this reason, in this paper, quantitative results ob-
tained by Aguapura, could not be compared to other results.

The apparent efficiency of water consumption reduction pro-
grams carried out at Brazilian universities may indicate a wide-
spread previous situation of high levels of consumption. Lack of
proper monitoring and control and poor maintenance practices are
determining factors for this.

3. Water conservation program at the federal university of
BAHIA — AGUAPURA

The program has been developed since 2001 by TECLIM, the
Clean Technology research group at the school of engineering with
no external funding. Simultaneously TECLIM has developed water
savings projects in intensive water consuming industrial plants.
The industrial projects received funding from industry and national

research agencies allowing the group to organize a technical and
administrative team capable to support Aguapura’s operations and
computational demands.

Although environmental issues are considered in a large variety
of undergraduate and graduate courses and research programs,
very few initiatives linked academic environmental activities to the
campuses administration and life. There has not been an institu-
tional atmosphere leading to the implementation of a compre-
hensive environmental management system at the university.

Given these conditions, TECLIM’s professors started an inter-
vention as a research and academic extension program with the
expectation that results could lead to its insertion into the uni-
versity’s routine. The strategy was to start with what was possible
and gradually expand the actions according to the possibilities.

As a precise monitoring of water consumption was not in place,
it was assumed that there was a high level of waste and leakages.
Without a strong commitment from the university’s higher
administration, and depending on funds from other projects, the
program started with just a team of four plumbers. There was not,
at that time, a consistent basis for establishing quantitative targets
or administrative support to adopt rigorous planning, tracking and
assessment actions (as STARS, AISHE or SMART propose). The initial
goal was to prove that a significant water consumption reduction
could be achieved leading to substantial economic savings.

Results achieved during these 12 years of activities, proved the
initial assumption to be correct. They included a significant water
consumption reduction, training of students of various courses,
raising a network of voluntary collaborators across the academic
units and the development of cooperative projects with external
institutions. Broader actions have only recently begun to be incor-
porated by the central administration of the university.

3.1. Factors identified to affect water consumption in universities
buildings

During the program’s development, a number of factors where
confirmed as important to define water consumption in public
buildings. These are indicated in the figure in Appendix 1. Under-
standing the way these factors occur supports the development of
proper action.

Knowing the consumption practiced by the institution and each
of its units is a significantly important factor that influences how
water is consumed. As all the community members take part in
water consuming actions, this knowledge has to be widely spread
to allow a move towards more responsible attitudes. Controlling
water consumption depends on having access to this knowledge
and is mainly a voluntary attitude. The more decentralized and
closer to the user the water metering devices are, the better the
control can be, allowing better information to users about the
consequences of their actions.

A second factor that is a relatively subjective debate, that needs
to be addressed, is what here has been denominated as “legiti-
mate demand”. This is the water required to satisfy basic needs as
well as conscious desires of the user. It is widely accepted that
washing hands before lunch is important to maintain good health
conditions. This illustrates a basic need. However, individuals may
feel the need to wash hands more than 5 times during working
ours, as this makes them feel more comfortable. If this con-
sumption decision is consciously taken, it cannot be considered as
waste, as it satisfies a user’s desire. However, it is a wasteful
attitude, for example, to keep water running from the tap while
brushing teeth. The amount of water wasted depends on the
user’s attitude as well as the hydraulic or sanitary device used.
These attitudes, considered as the third factor, may be improved
by means of information spreading as well as choosing water
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saving devices. Where applicable, water charges, may strongly
influence waste reduction.

The fourth factor consists on the quality of the hydraulic and
sanitation piping system and its maintenance. Good quality devices
and maintenance lead to less water losses. This factor does not
depend on the users, but on institutional decisions and capabilities.
The fifth factor refers to the environmental quality of the building
and how environmental friendly it is. Here are considered the ex-
istence of rain water harvesting devices, gray water reuse, low
water consuming gardening and landscaping and other solutions.
Water consumption in some situations may depend on few users,
such as in labs and restaurant kitchens. In others, such as toilets,
they will depend on a wider and less defined population. The closer
the information goes to each user, the more effective consumption
control tends to be. A higher level of environmental consciousness
will support more rational attitudes.

The program worked with the hypothesis that by building up a
collective knowledge on how water was being wasted and lost, and
the financial costs due to this condition, a more sustainable
behavior could be fostered among the academic community.
Moreover, initial earnings obtained by a stricter water consumption
control will be able to support the implementation of more effec-
tive maintenance work and the gradual substitution of hydraulic
devices for more economic ones. Stepwise, environmental friendly
construction patterns could be adopted for new buildings and in
refurbishing existing ones.

To sustain this process, water consumption control should be
publicized as much as possible. Instead of centralized closed control
systems, the program prioritized the development of a public
control system using the Internet and widespread disclosure of
information. Undergraduate students take an important part in this
process by encouraging staff of the various buildings to feed daily
water consumption data into the control system and interacting
with them to understand how water was being consumed, wasted
or lost.

3.2. Actions developed

The following actions where gradually implemented as insti-
tutional conditions allowed for:
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3.2.1. Improved water consumption control by daily monitoring

From 2001 to 2004 consumption monitoring was poorly per-
formed using monthly data from the water bills. In 2004 an internet
based site dedicated to receiving data from each of the buildings’
water meters began to be developed and implemented. Gradually
water consumption monitoring became a daily activity for each of
the 90 university buildings. The data was instantly processed and
expressed as histograms.

Today, the system, which can be visited at http://teclim.ufba.br/
aguapura, provides easy access to several functions, such as data
insertion, on line daily and monthly water consumption, wide
spread disclosure of information, communication between unit
teams, supervisors and program coordination, installation and
maintenance operations recordings, historic consumption, on-line
training for users of the system, level of participation of all units
in terms of data insertion and others (TECLIM, 2012a,b). Figs. 1 and
2 show the graphical interface that presents daily and monthly
histograms of one of the University buildings.

An official at each building, indicated by the unit’s director, was
made responsible for inserting in the system the water meter
reading every day at the same hour. After inserting the daily data, a
screen is displayed showing the histogram. This provides an instant
view of the unit’s consumption so that any wrong insertion or a big
leakage event can be rapidly identified at unit level. Manual data
insertion is intentional. It forces the unit to perform consumption
information insertion at least once a day. It also enables the pro-
gram organizers to visualize the units participation.

Data is supervised and interpreted by a group of students. These
are recruited among low income students who receive a scholar-
ship to help them to pursue their academic career. They act as links
and supervisors, each one responsible for a number of units,
requiring regularity in data insertion from the units and the
interpretation of any significant events. The system allows obser-
vations to be posted by either, the official responsible for a unit, or
his/her student supervisor.

3.2.2. Preventive screening and leak correction

Two teams of plumbers (each including a plumber and an as-
sistant) were mobilized to perform preventive and corrective work.
These included programmed checking and regular tests to identify
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Fig .1. Daily water consumption in m3/day as shown on the site (clear bars denote consumption on weekends).
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Fig. 2. Monthly consumption in m>/day.

leaks using defined procedures. As these leaks could be running for
years they would not appear as consumption changes and there-
fore, would not be easily detected by the monitoring system.
Maintenance teams were also mobilized for any abnormal con-
sumption identified by the unit operator or the student supervisors.
The plumbers work included the substitution of about 200 con-
ventional toilets for 6 L per flush toilets.

3.2.3. Electronic cadastre

Lack of updated technical information concerning the university
premises and installations is very common at the university. To
overcome this difficulty an electronic registering system was built
in the site. The field teams using information collected during
maintenance operations fill in this register.

3.2.4. Mobilization of the unit teams and communication

Periodic meetings with the unit staff involved with the program
have been organized. These were more necessary during the first
two years of the program. As the system became more familiar to
the unit representatives these mobilizations became less frequent.
As the information system is fully disclosed in the electronic site, it
may be easily accessed by the academic community through the
university’s home page. Highlights are posted on the university’s
electronic journal.

3.2.5. Undergraduate research and publications

Students from different courses, although mainly from engi-
neering, who act as supervisors, are encouraged to produce scien-
tific work related to their experience in the program. As a result,
several publications have been presented in the university’s yearly
student research seminar. A range of subjects including, operational
activities, technical difficulties, unexpected results and behavioral
and administrative barriers, have been reported in these events and

Table 1
Consumption variation from 1999/2000 to 2011.

publicly discussed. Contributions received are incorporated to the
program when possible.

3.3. Program outputs and results

As the variables affecting the program’s objectives could not be
effectively controlled, the coordinators not established quantitative
targets. The program started very small, and has been gradually
expanding taking advantage of institutional opportunities that
occasionally opened. Nevertheless a substantial reduction in water
consumption has been achieved. The number of academic units,
students and staff from various areas gradually grew and the pro-
gram became better known in the university. The program’s team
experience allowed the development of cooperative projects
outside the university.

3.3.1. Water use reduction

To present the obtained water use reduction, recent data was
compared to the average water consumption and academic popu-
lation (students, faculty and staff) of 1999 and 2000.

A 26% reduction in water consumption was achieved during the
“maintenance stage” from 2001 to 2004, despite the very small
field team and precarious monthly measurements (34,600—
25,700 m>/month — annual monthly average). From 2004 to 2008,
consumption was further reduced from 25,700 to 21,400 m?/
month, namely an additional reduction of 12%, totaling 38% in
relation to the 1999/2000 references.

However, from 1999/2000 to 2008 the university experienced a
population increase from about 25 to 30 thousand persons. Per
capita consumption, therefore, fell by 49.5% (Table 1).

In 2009, a national ambitious expansion program was launched
in Brazil's federal higher education system. Many buildings
have been and are being built or refurbished. UFBA’s academic

Year Academic population Water Consumption Per capita consumption Reduction compared
(faculty + students + (m3/month) (liters/person.day) to 1999/2000 (%)
staff) (annual average)

1999/2000 24,738 34,600 46.6 -

2004 26,360 25,700 319 31.7

2008 30,272 21,400 23.6 49.5

2011 33,500 26,900 26.8 42.6

Considering that between 1999 and 2011 both, water tariffs and the university population, increased, financial savings provoked by per capita reduction of water consumption
were very significant. Having per capita patterns of 1999 been maintained, the university’s annual water bill of 2011 would have been US$ 2.1 million higher. This value
represents 6.4% of all maintenance costs of the university for 2011. Per capita consumption patterns of 1999 would have produced an increase in water bills of US$ 12.4 million

from 2001 to 2011.
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population has increased by 11% and will continue to grow in the
years to come. During this growth an increase in water consump-
tion from 21,400 to 26,900 m>/month has been verified. Insufficient
water control on the construction sites has significantly contributed
to this. Consumption by the construction sites was not monitored
or controlled because the building contracts did not required that
water should be measured.

Despite the expansion process, total water consumption in 2011
remained 22% below the baseline reference of 1999/2000. Per
capita consumption in 2011 was 26.8 1/person.day, which repre-
sents 42.6% of the initial reference value (see Table 1).

It is worth noting that the participation of the university units is
still voluntary. Only 42% of them actively participate, recording
daily consumption and taking rapid corrective actions. Another 50%
participate irregularly and 8% do not participate at all.

3.3.2. Academic community and institutional involvement

Incorporation of the project goals and principles of rational use
of natural resources by the operating structure of the university
has yet to be achieved. The project remains dependent on the
research program that created it. It is TECLIM’s structure that
provides administrative support, manages the teams and the
monitoring of consumption and raises external funds. The uni-
versity administration contributes with the field staff, a supervisor
and four workers, materials and equipment replacement. It also
provides scholarships for students. Nevertheless, TECLIM is
obliged to present a project proposal to compete for funding every
year.

The fact that the program has not been incorporated by the
university’s operational structure implies that an ongoing effort for
its maintenance has to be made. Moreover, this has delayed the
implementation of more advanced actions such as rain water har-
vesting, water reuse and exploitation of the local aquifer for non-
potable uses. More environmental actions could have been ach-
ieved, including other resource saving advances.

As the program has not been made mandatory for the units, a
reduction in the participation of academic units has occurred. In
2009, 42% of the units kept a regular daily record of the water
consumption measurements. Of these, 50% did not do it on a
regular daily basis and 8% did not record them at all. In 2011these
numbers changed to 38, 16 and 46% respectively. In the more
involved units which were strongly committed to the project, the
reduction in participation was considerably lower (from 42 to
38%). However, in those less committed units, who have been
demanding greater action from the supervision team, the
reduction in participation has been very large (46% ceased to
record the measurements of daily consumption). This means
that voluntary motivation cannot be the only stimulus for
these kinds of initiatives and that it is necessary that actions to
reduce consumption be incorporated into routine maintenance
practices.

Despite this, some advances are beginning to show. In 2010 the
university elected a new principal that publicly declared the
commitment of the new administration to sustainability. An Envi-
ronment Coordination was created in 2012 and has started some
new environmental projects.

4. Expansion of the program outside the university

The water rationalization experience developed at the univer-
sity is being applied in administrative and commercial buildings in
Salvador, the capital of Bahia. These include the premises of the
Bahia State government, public schools, public hospitals, the city’s
international airport and a commercial mall. All these projects
involve engineers, social workers and undergraduate students from

different courses. Financial resources from research partners and
official research funds have enabled the allocation of bigger teams
than those used at the university. The initiatives at the airport and
at a commercial mall have been published elsewhere (Kiperstok
et al,, 2011; TECLIM,2011). Financial resources for these actions
were obtained through national research tenders oriented to foster
research on water consumption reduction from the Brazilian
Research Council (CNPq).

4.1. Administrative premises of the Bahia state government

The State Government of Bahia established a program to in-
crease the efficiency of public spending. Within this perspective,
TECLIM presented a proposal to reduce water and electricity con-
sumption in governmental buildings. This project has been devel-
oped under a contract with the State Government of Bahia,
including Government departments and other public agencies. The
procedures and routines developed and used in the university were
expanded to include energy consumption reduction.

Water consumption reduction obtained has varied from pre-
mises to premises, depending on the leadership, commitment and
participation of staff. Despite being mandatory, involvement with
the project varies from enthusiastic participation to neglectful at-
titudes. Overall consumption reduction over a two year period, was
about 33%, resulting in a reduction in expenditure of U$ 1 million
without significant financial investments apart from training and
monitoring activities.

The three agencies that performed the best achieved water use
reductions of 82%, 72% and 55% respectively in this period of time.
These achievements were made possible because actions planned,
were effectively introduced, and equipment and installations
improved. Other agencies only partially implemented the project
directives and therefore, achieved more timid results. Large re-
ductions achieved can also be explained by the rapid identification
of existing leaks, and improvement of correction procedures. Water
consumption related to improper irrigation of turf areas were also
controlled (TECLIM, 2012c).

The possibility of large energy and water consumption re-
ductions evidenced by the project led the State Governor to sign an
act establishing a program for the rational use of water and energy
in the state’s public premises. The contract between the university
and State Government was recently renewed for another two years
to include public schools, hospitals and other public premises.

More detailed research work was developed on the premises of
one public company. This work was possible because an engineer at
this company was involved in his master’s research project (Santos,
2010; Kiperstok and Garcia, 2011).

For about two years water consumption on these premises was
monitored, and different actions were taken by the engineer/stu-
dent. Four different patterns of consumption were identified in this
work as can be seen in Fig. 3. During the first phase, daily water
consumption was monitored, without involving the building
maintenance team. In the second phase, this team was trained and
was responsible for feeding daily data into the Aguapura moni-
toring system. With this monitoring system in operation hydro
sanitary equipment was replaced and water saving equipment was
installed (consumption pattern 3). In the fourth phase, the main-
tenance team was replaced as a result of a decision unrelated to the
study, thus losing the monitoring methodology and maintenance
action-oriented team that developed it earlier. The consumption
resumed its erratic behavior, initiating a growth phase. (Kiperstok
and Garcia, 2011). This highlights the importance of monitoring
and control action. Despite the recent installation of water saving
devices, consumption rose again when the control measures where
deactivated.
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Fig. 3. Monitoring water consumption in a public company building, impact of measures to monitor and control, 2007—2009. Source: (Santos, 2010).

Initiatives involving public schools and hospitals have been
started, but are still at their initial stages and results have not been
fully analyzed yet.

5. Discussion and conclusions

Rationalization of water use at the Federal University of Bahia
project has been successful in three aspects directly depending
on its management team: substantial reduction in consumption,
participation of students from different courses and develop-
ment of varied cooperative projects also with student partici-
pation. Cost savings are very significant in all actions. At the
university, resource savings reached 6.4% of the total operating
expenses in 2011. To achieve this, a very low investment was
necessary.

On the students training side, the program created a new
learning space that allowed dozens of undergraduate and graduate
students the opportunity to develop research work on this topic.
They worked in groups with researchers, students and staff from
different training areas. The program provided access to different
aspects of consumption rationalization, from simple physical in-
terventions to behavioral and administrative changes needed to
face institutional difficulties. Papers on these topics have been
presented in annual seminars or in courses projects. Environmental
issues were presented in courses that do not usually address them.
The experience generated useful information to facilitate further
interventions.

Cooperative projects with external partners brought the issue of
reducing the demand for inputs and the feasibility of its imple-
mentation in other institutions. An act from the State Government,
made it mandatory for public premises to implement procedures
leading to the rationalization of natural resources use. The contract
with the university has been renewed and new actions are being
initiated. Action in public schools has an especially significant po-
tential, including environmental, educational and social aspects,
especially for low-income communities.

The project was also successful in supporting further research
financing from national development agencies. Financial resources
were obtained through national research tenders to reduce water
consumption in other institutions such as airports and commercial
malls.

However, despite the proven results and internal and external
recognition, one may not affirm that the project has been fully
incorporated into the university administrative and operational
routines. Continuity of work remains dependent on the research
program that proposed it. TECLIM’s management team is still
burdened with administrative efforts, coordination of maintenance
teams and consumption monitoring, as well as permanently look-
ing for additional funding.

It has not yet been possible to introduce broader reforms of
existing facilities, including adaptations for reuse and use of alter-
native sources (rain water or ground water). Very little has been
achieved in terms of incorporating environmental requirements in
construction and expansion of university premises. Difficulties
described in technical literature referring to sustainability building
in universities, have also been experience by this program, despite
the obvious benefits achieved.

Incorporation of the program into the university routines faced
an additional difficulty. The shift towards sustainability in Federal
University of Bahia, of which the water use rationalization project
intends to be an embryo, faced an adverse competition with many
other changes.

From 2002 to 2010, university underwent a major expansion
and reform process due to internal and external actions. In 2007, an
expansion project of the federal public universities was discussed
and approved, which began to be implemented in 2009. By 2013
the number of students will have grown about 70% above 2007
numbers. All this has been occurring amid great internal and na-
tional political conflicts. Internalization of the new courses,
personnel contracting and physical expansion work are still in
progress.

An institutional atmosphere of important changes could have
been an adequate circumstance to induce sustainability practices in
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the university. However, thus far, this did not happen because
administrative and academic instances were overwhelmed by new
compromises and demands. This situation generated great stress
on the university, in academic, administrative and political terms.
Considering the diversity of interpretations that prevails on pursuit
of sustainability, the insertion of additional challenges was out of
the range of capabilities that could be fully adopted by the
institution.

Only in March 2012, was the water reduction project officially
presented to the University Board as an opportunity generated by
the discussion related to the creation of the Coordination of Envi-
ronment. The higher administration requested TECLIM to pursue a
comprehensive water and electricity use rationalization project,
which is being finalized.

If this project is accepted the water consumption reduction
effort will have fulfilled its role of a precursor action towards the
insertion of sustainability practices in the university.

The initial hypothesis, which referred to the significant impor-
tance of water consumption knowledge and monitoring, has been
proved correct.

Aguapura created conditions for the participation of students
and staff from areas that had not previously focused on sustain-
ability. The program created conditions for significant water sav-
ings at the university and developed projects with public and
private partners which have serious prospects for expansion. Sus-
tainability actions will be officially incorporated in the University’s
operational practices when the water and electricity rationalization
consumption plan, at the moment being finalized, is approved. In
this way, Aguapura will have fulfilled a significant role as a pre-
cursor on inducing the university to a commitment towards
sustainability.

Acknowledgments

The authors would like to acknowledge the higher management
of UFBA, Permanecer Program, PET Program and CNPq (National
Research Council) for the support given to the water consumption
rationalization program, AGUAPURA. This article consolidates and
corrects data reported in previous works, and presented in local
research seminars by undergraduate students.

Appendix
I WATER CONSUMPTION INBUILDINGS |
\L Metering, level of
consciousness, water
charges

Legitimate gh Waterwaste ofls | Leaks and gk Environmental
demand losses quality of the

building

User
Hydraulic
Basi and
asic

needs sanitary
>| Conscious devices
desires

Devices and

piping, (age,
characteristics)

Fig. 4. Main factors that influence water consumption in buildings.

References

Adomssent, M., 2011. In search of the knowledge triangle for regional sustainable
development. In: Barton, A., e Dlouhd, j. (Eds.), Multi-actor Learning for Sus-
tainable Regional Development in Europe: a Handbook of Best Practice. Gros-
venor House Publishing Ltd, Surrey, UK, pp. 5—18.

Adomssent, M., Godemann, J., Michelsen, G., 2008. “ Sustainable University” —
empirical evidence and strategic recommendations for holistic transformation
approaches to sustainability in higher education institutions. In: Proceedings of
the 4th International Barcelona Conference on Higher Education, vol. 7. Higher
education for sustainable development. Available at: http://www.guni-rmies.
net (accessed 13.08.11.).

Alshuwaikhat, H.M., Abubakar, I, 2008. An integrated approach to achieving
campus sustainability: assessment of the current campus environmental
management practices. Journal of Cleaner Production 16, 1777—1785.

Barth, M., 2008. Introduction of Interdisciplinary Sustainability Studies for All First
Year Bachelor Students at the University of Liineburg, 2008. Available at: http://
www.znf.uni-hamburg.de/presentation10.pdf (accessed 09.11.11.).

Barth, M., 2013. Many roads lead to sustainability: a process-oriented analysis of
change in higher education. International Journal of Sustainability in Higher
Education 14, 160—175.

Bekessy, S.A., Samson, K., Clarkson, R.E., 2007. The failure of non-binding declara-
tions to achieve university sustainability. A need for accountability. Interna-
tional Journal of Sustainability in Higher Education 8 (3), 301-316.

Beringer, A., 2007. The Liineburg sustainable university project in international
comparison: an assessment against North American peers. International Journal
of Sustainability in Higher Education 8, 446—461.

Beringer, A., Wright, T., Malone, L., 2007. Sustainability in higher education in
Atlantic Canada. International Journal of Sustainability in Higher Education 9,
48—67.

Blottnitz, H., 2006. Promoting active learning in sustainable development: experi-
ences from a 4th year chemical engineering course. Journal of Cleaner Pro-
duction 14, 916—923.

Bonnet, ].E, Devel, C., Faucher, P., Roturier, J., 2002. Analysis of electricity and water
end-uses in university campuses: case-study of the University of Bordeaux in
the framework of the Ecocampus European Collaboration. Journal of Cleaner
Production 10, 13—24.

Corcoran, P.B., Koshi, K.C., 2010. The Pacific way: sustainability in higher education
in the South Pacific Island Nations. International Journal of Sustainability in
Higher Education 11, 130—140.

Davidson, C.I, Hendrickson, C.T., Matthew, H.S., Bridges, M.W., Allen, D.T,
Murphy, CF, Allenby, B.R,, Crittenden, J.C., Austin, S., 2010. Preparing future
engineers for challenges of the 21st century: sustainable engineering. Journal of
Cleaner Production 18, 698—701.

Disterheft, A., Caeiro, S.S., Ramos, M.R., Azeiteiro, U.M., 2012. Environmental Man-
agement Systems ( EMS ) implementation processes and practices in European
higher education institutions — top-down versus participatory approaches.
Journal of Cleaner Production 31, 80—90.

Ferrer-Balas, D., Adachi, J., Banas, S. Davidson, C.I, Hoshikoshi, A., Mishra, A.,
Motodoa, Y., Onga, M., Ostwald, M., 2008. An international comparative analysis
of sustainability transformation across seven universities. International Journal
of Sustainability in Higher Education 9, 295—313.

Halifax Declaration, 1991. Halifax Declaration,. Available at: http://www.iisd.org/
educate/declarat/halifax.htm (accessed 05.08.11.).

Juarez-Najera, M., 2010. Sustainability in Higher Education — an Explorative
Approach on Sustainable Behavior in Two Universities. PhD thesis. Erasmus
University. Available at: http://repub.eur.nl/res/pub/19411/MJN%20PhD%
20Thesis.pdf (accessed 15.08.11.).

Karatzoglou, B., 2011. Critical perspectives from the literature review on the
contribution of universities. In: Barton, A., Dlouh4, ]. (Eds.), Multi-actor Learning
for Sustainable Regional Development in Europe: a Handbook of Best Practice.
Grosvenor House Publishing Ltd, Surrey, UK, pp. 19—46.

Kiperstok, A., Garcia, A., 2011. Mudangas Climdticas e o Abastecimento de Agua:
Uma reflexdo sobre papel da gestio da demanda na Bahia. Bahia Andlise &
Dados 2 (2), 465—480. Salvador, Brasil.

Kiperstok, A., Freire, M.T,, Kalid, R.A., 2011. Tecnologias Poupadoras de agua: Ino-
vagdo, Aspectos Sécio-Culturais, Manutengdo. In: Sousa Jr., W., Ribeiro, E. (Eds.),
Uso eficiente de dgua em aeroportos. Rima Editora, Sdo Carlos, Brasil, pp. 215—
246.

Lehmann, M., Christensen, P., Thrane, M., Herreborg, T.H., 2009. University
engagement and regional sustainability initiatives: some Danish experiences.
Journal of Cleaner Production 17, 1067—1074.

Lozano, R., 2006. Incorporation and institutionalization of SD into universities:
breaking through barriers to change. Journal of Cleaner Production 14,
787—796.

Macnamara, K.H., 2010. Fostering sustainability in higher education: a mixed-
methods study of transformative leadership and change strategies. Environ-
mental Practice 12, 48—58.

Mendes, C.F., 2006. Estudos exploratérios de uso racional da dgua em instituicoes
de ensino superior e a pré-implantagdo no anel vidrio do campus do vale da
Universidade Federal do Rio Grande do Sul. Master dissertation. Available at:
http://www.lume.ufrgs.br/handle/10183/8959 (accessed 23.04.12.).

Ryan, A., Tilbury, D., Corcoran, P.B., Abe, O., Nomura, K., 2010. Sustainability
in higher education in the Asia-Pacific: developments, challenges, and

Please cite this article in press as: Marinho, M., et al., Water conservation as a tool to support sustainable practices in a Brazilian public
university, Journal of Cleaner Production (2013), http://dx.doi.org/10.1016/j.jclepro.2013.06.053



http://refhub.elsevier.com/S0959-6526(13)00453-8/sref1
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref1
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref1
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref1
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref1
http://www.guni-rmies.net
http://www.guni-rmies.net
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref3
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref3
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref3
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref3
http://www.znf.uni-hamburg.de/presentation10.pdf
http://www.znf.uni-hamburg.de/presentation10.pdf
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref5
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref5
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref5
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref5
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref6
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref6
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref6
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref6
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref7
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref7
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref7
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref7
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref8
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref8
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref8
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref8
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref9
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref9
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref9
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref9
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref10
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref10
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref10
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref10
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref10
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref11
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref11
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref11
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref11
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref12
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref12
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref12
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref12
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref12
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref13
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref13
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref13
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref13
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref13
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref13
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref14
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref14
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref14
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref14
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref14
http://www.iisd.org/educate/declarat/halifax.htm
http://www.iisd.org/educate/declarat/halifax.htm
http://repub.eur.nl/res/pub/19411/MJN%2520PhD%2520Thesis.pdf
http://repub.eur.nl/res/pub/19411/MJN%2520PhD%2520Thesis.pdf
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref17
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref17
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref17
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref17
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref17
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref18
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref18
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref18
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref18
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref19
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref19
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref19
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref19
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref20
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref20
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref20
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref20
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref21
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref21
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref21
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref21
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref22
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref22
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref22
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref22
http://www.lume.ufrgs.br/handle/10183/8959
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref24
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref24

M. Marinho et al. / Journal of Cleaner Production xxx (2013) 1-9 9

prospects. International Journal of Sustainability in Higher Education 11,
106—119.

Sammalisto, K., Lindhqvist, T., 2008. Integration of sustainability in higher educa-
tion: a study with international perspectives. Innovative Higher Education 32,
221-233.

Santos, L.A., 2010. Gestdo da agua em edificagdes publicas: a experiéncia no prédio
da Empresa Baiana de Aguas e Saneamento S.A. Master dissertation — Engen-
haria Ambiental Urbana. Universidade Federal da Bahia.

Stephens, J.C., Graham, A.C., 2010. Toward an empirical research agenda for sus-
tainability in higher education: exploring the transition management frame-
work. Journal of Cleaner Production 18, 611—618.

Talloires Declaration, 1990. Available at: www.ulsf.org/programs_talloires_td.html/
(accessed 02.02.12.).

Tauchen, J., Brandli, L.L., 2006. A gestdo ambiental em institui¢des de ensino su-
perior: Modelo para implantagdo em campus universitario. Gestdo da Produgdo
13, 503—515.

Thilisi Declaration, 1977. Onu Final Report. Available at: http://www.gdrc.org/uem/
ee/EE-Tbilisi_1977.pdf (accessed 28.02.12.).

TECLIM, 2011. Aeroshopping — Relatério Técnico Preliminar para o CNPq,
September 2011.

TECLIM, 2012a. Aguapura.
(accessed 09.03.12.).

TECLIM, 2012b. Aguapura — Consumo. Available at: http://teclim.ufba.br/aguapura/
sistema/common/tabela_consumo.php?programa=1&tipo=1(accessed 09.03.12.).

Available at:  http://teclim.ufba.br/aguapura

TECLIM, 2012c. Racionalizagio do Consumo de Agua e Energia nos Prédios Ptblicos
Estaduais: Etapa 2. Relatério Final, 2012.

Thompson, R., Green, W., 2005. When sustainability is not a priority: an analysis of
trends and strategies. International Journal of Sustainability in Higher Educa-
tion 3, 7—-17.

UnB, 2012. Informativo da Agéncia da UnB. Available at: http://www.unb.br/
nioticias/unbagencia/unbagencia.php?id=1774# (accessed 27.06.12.).

University of British Columbia, 2012. Sustainability. Available at: http://strategicplan.
ubc.ca/the-plan/sustainability/ (accessed 28.02.12.).

University of Cardiff, 2012. Sustainability. Available at: http://www.cardiff.ac.uk/
sustainability/index.html (accessed 13.02.12.).

University of Gothenburg, 2012. Sustainability. Available at: http://www.mls.adm.
gu.se/sustainability (accessed 08.02.12.).

University of Harvard, 2012. Office for Sustainability. Available at: http://green.
harvard.edu/ofs/mission (accessed 22.02.12.).

University of Lund, 2012. About Us. Available at: http://www.lunduniversity.lu.se/
about-lund-university (accessed 14.02.12.).

Verbitskaya, L.A., Nosova, N.B., Rodina, LL. 2002. Sustainable development in
higher education in Russia: the case of St Petersburg State University. Inter-
national Journal of Sustainability in Higher Education 3, 279—288.

Viebahn, P., 2002. An environmental management model for universities: from envi-
ronmental guidelines to staff involvement. Journal of Cleaner Production 10, 3—12.

Wright, T.S., 2002. Definitions and frameworks for environmental sustainability in
higher education. Higher Education Policy 15, 105—120.

Please cite this article in press as: Marinho, M., et al., Water conservation as a tool to support sustainable practices in a Brazilian public
university, Journal of Cleaner Production (2013), http://dx.doi.org/10.1016/j.jclepro.2013.06.053



http://refhub.elsevier.com/S0959-6526(13)00453-8/sref24
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref24
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref24
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref25
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref25
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref25
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref25
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref26
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref26
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref26
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref26
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref27
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref27
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref27
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref27
http://www.ulsf.org/programs_talloires_td.html/
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref29
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref29
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref29
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref29
http://www.gdrc.org/uem/ee/EE-Tbilisi_1977.pdf
http://www.gdrc.org/uem/ee/EE-Tbilisi_1977.pdf
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref31
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref31
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref31
http://teclim.ufba.br/aguapura
http://teclim.ufba.br/aguapura/sistema/common/tabela_consumo.php?programa=1%26tipo=1
http://teclim.ufba.br/aguapura/sistema/common/tabela_consumo.php?programa=1%26tipo=1
http://teclim.ufba.br/aguapura/sistema/common/tabela_consumo.php?programa=1%26tipo=1
http://teclim.ufba.br/aguapura/sistema/common/tabela_consumo.php?programa=1%26tipo=1
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref34
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref34
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref35
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref35
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref35
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref35
http://www.unb.br/nioticias/unbagencia/unbagencia.php?id=1774#
http://www.unb.br/nioticias/unbagencia/unbagencia.php?id=1774#
http://www.unb.br/nioticias/unbagencia/unbagencia.php?id=1774#
http://strategicplan.ubc.ca/the-plan/sustainability/
http://strategicplan.ubc.ca/the-plan/sustainability/
http://www.cardiff.ac.uk/sustainability/index.html
http://www.cardiff.ac.uk/sustainability/index.html
http://www.mls.adm.gu.se/sustainability
http://www.mls.adm.gu.se/sustainability
http://green.harvard.edu/ofs/mission
http://green.harvard.edu/ofs/mission
http://www.lunduniversity.lu.se/about-lund-university
http://www.lunduniversity.lu.se/about-lund-university
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref42
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref42
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref42
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref42
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref43
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref43
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref43
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref44
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref44
http://refhub.elsevier.com/S0959-6526(13)00453-8/sref44

	Water conservation as a tool to support sustainable practices in a Brazilian public university
	1 Introduction
	2 Environmental practices and water conservation in higher education institutions
	3 Water conservation program at the federal university of BAHIA – AGUAPURA
	3.1 Factors identified to affect water consumption in universities buildings
	3.2 Actions developed
	3.2.1 Improved water consumption control by daily monitoring
	3.2.2 Preventive screening and leak correction
	3.2.3 Electronic cadastre
	3.2.4 Mobilization of the unit teams and communication
	3.2.5 Undergraduate research and publications

	3.3 Program outputs and results
	3.3.1 Water use reduction
	3.3.2 Academic community and institutional involvement


	4 Expansion of the program outside the university
	4.1 Administrative premises of the Bahia state government

	5 Discussion and conclusions
	Acknowledgments
	Appendix Appendix
	References


