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This paper presents the Solid Waste Management Index (SWaMI) for Higher Education Institutions (HEIs).
The main objectives are to present how SWaMI was developed, to apply the Index in three different uni-
versities in Brazil and one in United States, to statistically compare the results and to present an analysis
of these HEIs under the SWaMI assessment dimensions perspective. The SwaMI fills a gap regarding a
specific waste management tool for HEIs decision makers, considering the responsibility of educating
and training future leaders and the need to insert the sustainable waste management discussion in its
end activities. Criteria were selected through literature review and divided in dimensions, further
weighted according to their significance in waste management. These weights were discussed and stip-
ulated based on expert opinion using the Budget Allocation Process (BAP) weighting method. The individ-
ual indexes for each dimension were further combined into a composite index through the Linear
Aggregation Method. Main findings shows that when comparisons were deployed between HEIs, no sta-
tistical significance was noticed when the means were compared between universities using ANOVA with
Tukey test. Nevertheless, when comparing each dimension within each HEI, there was significant differ-
ence between the Policy and Management dimension and the other three dimensions of the evaluation
criteria at USP. Researchers concluded that the SWaMI provides decision makers with graphic results
concerning HEIs solid waste management situation, hence, it allows the creation of a baseline data on
how the current system works, pointing out the dimensions that present the greatest weakness allowing
to perform benchmarking between buildings, institutes, and even between HEIs.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Decision makers have labored to make Higher Education Insti-
tutions’ (HEIs) sustainable best practices role models (Liedtke
et al., 2012), inserting social-environmental premises in manage-
ment and operations through a transversal and integrated way
(Levy and Marans, 2012). In this context, solid waste management,
one of society’s main problems, must be discussed in HEIs’
research, teaching and outreach activities (Taghizadeh and
Ghassemzadeh, 2012).

Strategies have been adopted by HEIs to insert social-
environmental aspects in their daily management and operational
processes, which have proven effective in this transition towards
sustainability. However, these decision spaces need support tools,
deploying diagnosis and monitoring, and presenting results in a
concise form. Composite indicators are a major environmental
assessment tool, supporting self-reporting and further analysis
regarding HEIs’ sustainable aspects (Moldan et al., 2012).

This paper presents the Solid Waste Management Index
(SWaMI) for Higher Education Institutions, which fills a gap
regarding a specific waste management tools for HEIs decision
makers, considering the responsibility of educating and training
future leaders and the need to insert the sustainable waste man-
agement discussion in its end activities. If applied longitudinally,
the SWaMI is able to identify weaknesses in educational (teaching,
research and outreach), management and operations aspects
where decision makers should focus efforts and graphically show-
ing dimension behavior and tendencies.

The SWaMI can be calculated through a criteria framework that
addresses a HEIs Educational, Engagement, Operational, and Policy
and Management major aspects. The criteria of the composite
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index were selected through an extensive literature review regard-
ing solid waste management, containing data from scientific arti-
cles, sustainability reports, certification standards, Brazilian laws
and norms, and other HEIs’ best practices throughout the world.

HEIs’ waste management must deal with an enormous diversity
of activities, such as teaching and research laboratories, housing,
conference buildings and restaurants which affect their potential
negative environmental impacts if not properly managed (Zhang
et al., 2011), In this sense, diagnosis and monitoring tools, such
as indexes, to support decision making concerning waste manage-
ment are of paramount to a sound public health.

The use of indexes as information support tools enhance
decision-making regarding solid waste management, researchers
conclude that the use of this type of tool contributes to a systemic
and temporal view, allowing to perform benchmark comparisons
(Mendes et al., 2013) between HEIs and by creating a baseline that
can be compared over the years.

This paper aims to present how the Solid Waste Management
Index for Higher Education Institutions was developed and its
application.
2. Waste management at Higher Education Institutions

The implementation of sustainability at HEIs decision-making
and operational processes has gained strength in the last decades
as a response to the pressure over the environment, one of the
main problems that have been tackled is the exponential growth
of waste generation and inadequate disposal (Felder et al., 2001;
Mason et al., 2003; Rouse, 2006; Malakahmad et al., 2010;
Baldwin and Dripps, 2012; Thomas et al., 2012; Lim et al., 2015).

HEIs have the potential to generate large quantity and diversity
of waste accordingly to their research and teaching profiles (Zhang
et al., 2011), hence, in some cases may not have an environmen-
tally adequate disposal. A study deployed by the University of Bra-
silia has identified that from 278 university laboratories, 144 use
chemical products, 61% throw their waste ‘‘down the sink” or in
trash cans. Araujo and Viana show in their study, in the University
of São Paulo’s School of Arts, Sciences and Humanities (EACH -
USP), that in one day, 233 kg of waste were generated in the
restaurant located in the unit, of which 84% corresponded to
organic matter, the authors highlight how these values underline
the need to implement awareness programs concerning how waste
must be managed by students, researchers, faculty and staff, and
how important is the role that they execute in this process.

Many studies show the potential environmental risk of waste
generation within HEIs (Morrissey and Browne, 2004; Ramírez
Barreto, 2008; Suttibak and Nitivattananon, 2008; Baldwin and
Dripps, 2012; Taghizadeh et al., 2012; Tu et al., 2015). Additionally,
data shows the lack of standardization of waste management pro-
cesses in HEIs. It is worth mentioning that waste management var-
ies according to HEIs financial, social, cultural, population, size, and
teaching, research and extension profiles (Zain et al., 2012).
Botelho (2012) states that HEI waste management, when poorly,
done can lead to the deterioration of public health.

HEIs are tackling social-environmental issues by adopting Envi-
ronmental Management Systems (EMS) (Iojă et al., 2012; Ramos
et al., 2015), and Sustainability Certification (Ceulemans et al.,
2015). In Brazil, the University of Passo Fundo, implemented an
EMS based on the International Organization for Standardization
(ISO 14000) set of standards, significantly reducing its negative
impacts on the environment (Tauchen and Brandli, 2006). The
University of Monterrey adopted a sustainability reporting system,
based on the Global Reporting Initiative postulating goals to
encourage the entire university community to reduce natural
resource consumption (Bremer and López-Franco, 2006).
Sustainability certifications for HEIs are also successful strategies
to pursue sustainability, e.g. Sustainability Tracking, Assessment
& Rating System (STARS) and Green Metrics, however, these tools
do not specifically address waste management, hence they are
not sensitive enough to support decision making regard waste pre-
vention, and recycling.
3. Methods

3.1. Solid waste management index for Brazilian Higher Education
Institutions

The Index is specific for Brazilian universities since it uses speci-
fic legislations in its construction and criteria selection. Through
field research and literature review, several criteria were selected
and must be considered when discussing waste management at
HEIs. These criteria are divided into items that can positively foster
and that can strengthen the university’s transition towards
sustainability.

This set of criteria aims to provide the right questions on how to
proceed to enhance HEIs’ waste management systems, such as: Are
we discussing waste management in all our possible means of
communication? Are we concerned about engaging our commu-
nity? What are we doing to minimize our impacts on natural
resources? What can we do to tailor waste management to a more
environmentally friendly bias?

Applying these criteria will allow for a type of diagnostic view.
It will replace the creation of basic data on the performance of the
environmental and sustainability aspects of the HEI before the
implementation of the framework, as well as advising on how
the institution pursues and manages these aspects.

For the criteria selection, articles concerning sustainable waste
management were selected and studied according to literature
review. Data from ISO 14000 EMS series, Global Reporting Initia-
tive self-reporting framework, and Green Metrics and Sustainabil-
ity Tracking Assessment & Rating System (STARS) HEIs
sustainability certification, and specific Brazilian legislation were
used.
3.2. Dimensions criteria assessment descriptions

Four dimensions were considered in this work Engagement,
Educational, Operational and Policy & Management. These can be
further divided in sub dimensions as will be shown in Section 4.1.

The Education (Teaching, Research and Outreach) Dimension is
a key part of the Index, and it assesses how the HEI integrates envi-
ronmental issues in its students training pillars. It is paramount to
understand that the HEIs, different than other institutions, have
the obligation to build knowledge and to train its community to
serve society challenges, such as climate change, and to tackle a
more sustainable development.

The Engagement Dimension criteria were selected to picture
HEIs’ responsibility to prepare new leaders, based on sustainability
principles, given the opportunity for raising awareness and sus-
tainable culture by engaging its community in daily activities, by
preparing them to see daily challenges and solve it through more
sustainable approaches.

The Operational Dimension pictures a diagnosis of the waste
management initiatives promoted by the HEIs concerning its oper-
ational daily activities, its criteria tackle to assess what and how
much is being generated?

The Policy & Management criteria asses if there is any policy to
support waste management initiatives, or if the higher manage-
ment focuses in transitioning or strengthening the HEI to a sustain-
able waste management.
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3.3. Composite index elaboration

The composite index was deployed following the framework
postulated by Nardo et al. (2005). The first step was to select
the assessment criteria, based on waste management best prac-
tices, on which the index was build. Each criterion is answered
with a Boolean response, where 1 means Yes, the HEI has
adequate management, and 0 means No, the HEI does not
have adequate management. These criteria were aggregated in
Education, Engagement, Operations and Management & Policy
dimensions.

The second step was a dimensions weighting process. The
selected criteria were divided in dimensions, further weighted
according to their significance in waste management. These
weights were discussed and stipulated based on expert opinion
using the Budget Allocation Process (BAP) weighting method
(Nardo et al., 2005; Zhou et al., 2010). Surveys with dimensions
description and criteria were sent to a total of 40 experts from uni-
versities in Brazil, 18 of them answered, they estimated an impor-
tance factor for each dimension by following a five-points Likert
scale, from unimportant to highly important. Experts, distributed
throughout Brazil, were selected according to their background
in HEIs waste management. Each of the selected experts has held
or still holds a position concerning the implementation of policies,
plans or programs inside the HEI. The weights were then calculated
as normalized median importance factors.

The overall value of the index ranges from 0 to 10, with 10 rep-
resenting the most adequate HEI waste management system.

The Dimension Indexes, IDi, are calculated by the equation:

IDi ¼ 1
n

Xn

j¼1

Pj

where: j = Dimension; Pji = i� th individual criteria for each dimen-
sion j (j ¼ 1; :::; n; i ¼ 1; :::;m).

The IDi, will further be combined into a composite index through
the Linear Aggregation Method (Nardo et al., 2005; Zhou et al.,
2010). The SWaMI Index (ISWaMI) can be calculated by applying
the following formula:

ISWaMI ¼ 1
n

Xn

j¼1

Xm

i¼1

Pjiwi

Xm

i¼1

wðeducatinalÞ ¼ 2;6

Xm

i¼1

wðengagementÞ ¼ 2;0

Xm

i¼1

wðoperationalÞ ¼ 2;9

Xm

i¼1

wðPolicy&managementÞ ¼ 2;5;

wi P 0;

where: wi = i� th practice indicators weight.
Similar to the SWaMI Individual Management Practice Index,

IIWMP values may vary between 0 and 1, representing the worst
and best possible result, respectively.

Where:

A = area (ED, EN, OP, PM)
ACAn = Adequate criteria (1) by area n
CAn = Total number of criteria for the dimension P
Wn = Criteria weight for P

The index can be calculated and expressed annually, where uni-
versities will annually report on the application of this index with a
descriptive analysis of each dimension explaining themain projects
executed, highlighting their results, potentialities and weaknesses.

3.4. Case studies

To demonstrate the potential of the SWaMI, four case study uni-
versities were chosen: University of São Paulo – São Carlos Campus
(USP-SC), São Paulo, Brazil, the West of Paraná State University
(UNIOESTE), Paraná, Brazil, the University of Santa Maria (UFSM),
Rio Grande do Sul, Brazil, the University of Michigan, Michigan,
United States. The case study universities where the index was
applied were selected according to the data availability and access
to data by the researchers. The authors’ familiarity with the waste
management of the case studies was paramount for selection of
the universities and to fill the criteria for the index calculation.
Data to fill the criteria table was gathered in interviews with waste
management responsible staff, universities waste management
reports, and universities websites.

3.5. Case study data analysis

Researchers used the Statistical Package for Social Sciences
(SPSS) software and Bonferroni statistical test for statistical
analysis.

In Section 4, the manuscript brings a descriptive analysis con-
cerning each index dimension and a sensitivity assessment to the
case studies.
4. Results and discussion

4.1. Solid waste management index evaluation applied to case study
universities

This set of criteria will provide decision-makers data by apply-
ing the Solid Waste Management Index for deploying diagnosis of
solid waste management and operation key issues. The application
of these criteria creates baseline data on the environmental and
sustainability performance, as well as advising information on
how the institution pursues and manage solid waste. The index
was applied in 2017.

The Table 1 presents the evaluation results for four different
universities with data from 2016.

Table 2 presents the summarized results for the Index
application:

According to Table 2, no statistical significance was noticed
when the means were compared between universities using
ANOVA with Tukey test (p < 0.05).

Table 3 shows statistical tests dimensions interactions for each
university. Means were compared crossing dimensions of each uni-
versity, but not between universities.

Table 3 shows that there was significant difference between the
Policy and Management dimension and the other three dimensions
of the evaluation criteria at USP. Which means, in general terms,
that the set of evaluation criteria is sensitive enough to assess if
the dimensions have influence over another dimensions’ perfor-
mance. For example, if you change Policy and Management at
USP, changes will probably be noticed inside other dimensions.

A graph presentation of the summarized results is shown in
Fig. 1. The SWaMI provides decision makers with graphic results
regard HEIs solid waste management situation allowing an



Table 1
Evaluation of Criteria for SWaMI of four universities with data from the year 2017, where if the HEI have the adequate management fill with 1; when HEI does not have the
adequate management fill with 0; and when the HEI that does not have to deal with this kind of waste fill with -.

Category Theme Criteria Evaluation

USP-
BR

UofM-
US

UNIOESTE
- BR

UFSM
- BR

Educational (Teaching,
Research and
Outreach)

Sustainability
implementation

1. Outreach projects focusing on waste management 1 1 1 1
2. Research projects focusing on waste management 1 1 1 1
3. Undergraduate courses that discuss waste management in
their curricula

1 1 1 1

4. Graduate courses that discuss waste management in their
curricular

1 1 1 1

Engagement Community (Students,
Researchers Faculty and Staff)

5. Advertising campaigns promoting waste reduction, reuse and
recycling initiatives

1 1 0 1

6. Educational programs for faculty and staff focusing on
sustainable waste management

1 1 1 1

7. Activities promoted by faculty and staff related to solid waste
management

1 1 1 1

8. Technical training, lectures, courses and cultural interventions
focused on sustainable solid waste management

1 1 0 1

Operational Disposable products (e.g.
paper and plastic)

9. Initiatives of paper and paperboard waste prevention 1 1 1 1
10. Initiatives of plastic waste prevention 1 1 1 1

Electronics 11. Programs for electronic waste reuse 1 1 0 0
12. Programs for electronic waste adequate disposal 1 1 1 1

Sustainable buildings 13. Adequate lamp disposal 1 1 0 1
14. Construction waste adequate disposal 1 1 0 1

Food 15. Programs of cafeterias food waste prevention 1 1 0 1
Campus 16. Programs of organic waste composting 1 1 0 0
Biological and Healthcare
Services Waste

17. Biological Waste and Health Services adequate disposal 1 1 1 1

Water 18. Program to reduce water consumption 1 1 0 1
19. Consortium with municipality to treat effluents generated on
campus

1 1 0 0

20. Greywater reuse 0 0 0 0
Transports 21. Reuse of auto parts 1 0 0 0

22. Adequate oil disposal 1 1 0 1
23. Adequate Tire Disposal 1 1 0 1

Waste 24. Waste Reduction, Reuse and Recycling Engagement
Programs

1 1 1 1

25. Space for community participation in waste management
decision making

0 1 1 1

Management and Policy Sustainable Policy 26. Waste management policies, plans and programs 0 1 1 1
27. Sustainable planning with short, medium and long-term
goals

0 1 0 1

28. Committee for waste management 0 1 0 1
Sustainable Management 29. Publication of waste management and operational data

reports
0 1 0 1

30. Transparency in the storage and final disposal of hazardous
waste

0 0 1 1

31. Participation of stakeholders in of waste management
Policies, Plans and Programs elaboration

1 0 0 1

Table 2
Summarized results for the Index application for University of São Paulo - Brazil (USP), University of Michigan - US (UofM), Federal University of Santa Maria - Brazil (UFSM), and
Western Parana State University - Brazil (UNIOESTE).

Dimension USP UofM UFSM UNIOESTE

IDi IIWMP IDi IIWMP IDi IIWMP IDi IIWMP

Education 2.60 6.88 2.60 8.80 2.60 9.10 2.6 5.44
Engagement 2.00 2.00 2.00 1.00
Operational 1.87 2.55 2.04 1.02
Management & Policy 0.41 1.64 2.46 0.82
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objective presentation of the Index application results. To display
the results for each assessment dimension through a graph permits
easier interpretation and understanding of how each dimension
need more efforts.

4.2. Waste management descriptive analysis

The descriptive analysis is presented within each of the five
dimensions in this section.
It is worth mentioning that USP has developed its Environmen-
tal Policy, which aims to give the character, identity and describe
the mission of the university regarding its position to socio-
environmental aspects, where each unit, institute and museum
should elaborate their Environmental management plans, unfold-
ing them within specific themes such as waste management, envi-
ronmental education, energy, water, etc.

According to the general score of each of the universities, in
general, UofM presents the best performance of the three



Table 3
Statistical tests for dimensions interactions for each university. Means were compared crossing dimensions of each university, but not between universities.

Dimension University

USP UofM UFSM UNIOESTE

(I) (J) Sig. Sig. Sig. Sig.

Educational Engagement 1.000 1.000 0.913 1.000
Operational 1.000 1.000 0.133 0.929
Policy & Management 0.000* 0.834 0.243 1.000

Engagement Educational 1.000 1.000 0.913 1.000
Operational 1.000 1.000 1.000 0.929
Policy & Management 0.001* 0.834 1.000 1.000

Operational Educational 1.000 1.000 0.133 0.929
Engagement 1.000 1.000 1.000 0.929
Policy & Management 0.000* 1.000 1.000 0.589

Policy & Management Educational 0.000* 0.834 0.243 1.000
Engagement 0.001* 0.834 1.000 1.000
Operational 0.000* 1.000 1.000 0.589

* Significance with (p < 0.05).

Education

Engagement

Operational

Management and e
Policy

USP UofM UFSM UNIOESTE

Fig. 1. Graph presentation for the Index application summarized results.
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universities, it must be emphasized that the university stands out
in the dimension of Management and Politics.

The descriptive analysis is presented within each of the five
dimensions in the following section:
4.2.1. Education (teaching, research and extension)
It must be reinforced how the Educational dimension is

transversal to all other dimensions. The SWaMI differs from other
performance assessment tools because it is part of a greater frame-
work which aids HEIs transition to a more sustainable path. A key
element, or peculiarity, that HEIs must use in its favor is the aca-
demic community potential, that by engaging in teaching, research
and outreach that uses the campus as a living laboratory will build
a culture of sustainability.

The SWaMI assessment flow goes from educational dimension,
through engagement, and aims to assess the integration of these
first two with operational, and policy and management dimen-
sions, by teaching using practical examples within the campus
for solid waste prevention, reuse and recycling, to use research to
tackle campus daily challenges, and build innovation to deal with
solid waste, to insert research on management processes and
deploy strategies to support decision making.

According to Ometto et al. (2014) there is a project in progress,
since 2013, financed by the National Council of Scientific and Tech-
nological Development in partnership with the University of the
Rio dos Sinos Valley - Rio Grande do Sul and the University of
the Vale do Itajaí - Santa Catarina, to analyze curricular documents
of undergraduate courses, identify approaches and methodologies
related to sustainability, define criteria, indicators, strategies and
actions applicable to HEI”.

The example of the Production Engineering course at the School
of Engineering of São Carlos (EESC), which is implementing sus-
tainability aspects within its disciplines, according to Ometto
et al. (2014), has 13% of its environmental subjects, 12 out of a total
of 91 subjects offered in the course.

As for extension programs, several can be cited in this dimen-
sion, such as USP Recicla and the Participative Learning Program,
which are focused on activities for students and staff seeking train-
ing in environmental issues.

The University of Michigan has 639 sustainability-focused
courses, and in its fiscal year 2015 invested $2 million in the Third
Century Initiative, which subsidizes two long-term projects
designed to foster its students’ educational experience with related
Sustainability topics.

The university recycled 30% of all its waste in the year 2015, in
addition to composting more than 460 tons of waste. Compost is
intended for both university gardens and community initiatives
in Ann Arbor.
4.2.2. Engagement dimension analysis
Jacobi et al. (2009) report their experiences at USP with the

insertion of the socio-environmental theme in the universities
and support the importance of the engagement of actors from
the different spheres of these institutions to contemplate the
expected advances. Through exploratory research within USP -
São Carlos, the researchers realized that the commitment and
sense of belonging in activities are of fundamental character for
the efficiency, effectiveness and continuity of actions within the
universities.

Concerning waste management, most of the activities that
direct their actions to this theme were initiated by teachers and
employees, and only materialized and consolidated by their com-
mitment. USP has a long and proactive walk towards waste man-
agement that adopts concepts and actions being promoted and
continued due to the participation of its community. Under the
recommendations of the Superintendence of Environmental Man-
agement, in 2014 the institution started discussions on the postu-
lation of the Solid Waste Policy, which aims to propose goals with
the preparation of Plans and Programs for Solid Waste
Management. This Policy is based on the Federal Law that
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institutes the National Policy on Solid Waste, and should act in har-
mony with it.

At the University of Michigan, several student volunteers partic-
ipate in the Food Recovery Network, which in partnership with
UofM restaurants, make efforts to withdraw food from the waste
stream by donating it to the Food Harvesters and serving the city’s
low-income population. Until December 2015, the initiative
donated more than 6 thousand kilos of food, equivalent to a supply
for 10 thousand families. In April 2015, the E-Waste event was
held, coordinated by teachers and employees, where 220 kilos of
electronic waste were collected for recycling.

4.2.3. Operational dimension analysis
The São Carlos Campus respects all the criteria proposed in the

table.
Since the middle of 1990, the University of São Paulo has had

several initiatives to manage its waste.
All health and laboratory wastes are taken to the campus’s

Chemical Waste Laboratory. The laboratories, in addition to taking
necessary measures, provide management and final disposal, and
perform the recovery of several solvents returning them to didactic
laboratories. However, according to exploratory research and
interview data, some laboratories do not accept these recovered
solvents, so the LRQ team assigns them to laboratories that accept
them, if there is an excess, the laboratories responsible for the
waste must bear the costs of Disposal through incineration.

The recovery of these chemical residues is an initiative of the
LRQ itself, lacking institutional support, which weakens the whole
initiative. In addition, the LRQ team provides lectures to under-
graduate and graduate students to inform them of good practices
related to chemical residues, according to interview data, these lec-
tures should be requested by the course coordinators, however,
these Invitations are not being made, and when they are, it is not
widely publicized and few people come.

Batteries are collected at the São Carlos School of Engineering,
São Carlos Institute of Chemistry and the Institute of Mathematical
and Computer Sciences, the latter still collecting CDs and DVDs
then destined for the LRQ, where they are stored and destined to
companies that carry out the appropriate final disposal.

All laboratories follow a routine of work, always acting in accor-
dance with the legal instruments of federal, state and municipal
scopes. Aiming at standardizing the laboratory activities, the USP
Solid Waste Policy was prepared, an action coordinated by the
SGA and that composes the major initiative that is the elaboration
of USP’s Environmental Policy. This policy is in final processing,
and until 2018 will be published. All units should prepare their
Solid Waste Management Plans and present it to the SGA, the plan
includes reuse, reduction, recycling, and re-education initiatives,
respecting the peculiarities of each unit.

The University of Michigan Recycling Program (UofM) currently
operates under the supervision of the Custodial and Grounds
department, which are responsible for the buildings and open
spaces that make the Ann Arbor campus unique. This department
is responsible for more than 26 million square meters of property.

The department’s mission is as follows:

‘‘Our mission is to serve, with excellence, offering maintenance
services, pest management, waste management and recycling,
land maintenance and landscaping services in support of mak-
ing the campus a safe, functional and attractive environment.”
The activities of the University of Michigan Recycling Program
are carried out by the Waste Reduction & Recycling Office (WRRO),
which strives to provide operational and educational waste reduc-
tion and recycling programs that reduce the University’s
environmental footprint within the community. WRRO also
encourages students, faculty, staff, and visitors to apply the skills
learned through these programs on and off campus, now and in
the future.

Unlike the University of São Paulo, the University of Michigan
has an integrated program to recycle its waste with the city of
Ann Arbor’s waste recycling program. The programs work together
to improve the quality of recycling services. It should be noted that
the reality of UofM’s university campus is completely different
from the realities of the campuses of Brazilian universities. The
UofM buildings are distributed throughout the city, there are no
delimitations of where the campus begins and ends. Recyclable
waste baskets identified with the university symbol can be found
distributed throughout the city.

4.2.4. Policy and management dimension analysis
The University of São Paulo and UM started an initiative that

made all bureaucratic processeses environmentally friendly by
reducing the use of paper. The initiative operates in the same
way in both universities, through digital channels, where through
a page within the intranet system it is possible to make requests
for goods and services without the use of paper.

On the campus of São Carlos, the activities of the Sustainable
EESC Program began in 2014, which divided into several commis-
sions, stimulated the discussion of sustainability within the cam-
pus of São Carlos in 2016, with the change of the board of the
EESC. Called the Sustainability Commission, among its activities
may be cited as a mini-course of Sustainable Events, which assists
organizational committees in designing and executing projects of
events that use the least natural resources. We can also present
the ICMC Program of Socio-Environmental Management of the
Office of Planning and Management, created in 2013 which is a
strong supporter of socio-environmental initiatives within the unit
of the Institute of Mathematical Sciences and Computing. Promote,
in articulation with the other ICMC agents, the encouragement of
the incorporation of values, attitudes and behaviors that are envi-
ronmentally adequate the encouragement of minimization of
waste generation. At the Institute of Chemistry of São Carlos, the
Environmental Ethics Commission was created in 2008 with the
goal of contemplating sustainability-oriented and environmentally
friendly management, through the initiative of its employees,
teachers and students.

In 2010, the University of Michigan created its sustainable uni-
versity identity in governance, with the support of the President of
the University where the University’s goals and objectives were
defined to ensure that sustainability aspects are an integral part
of decision-making, as to foster the integration of staff and stu-
dents into educational and practical activities to build a culture
of sustainability across the campus.

The process was supported by the Graham Institute for Sustain-
ability and the Campus Sustainability Office to integrate academic
activities with campus operational activities. Thus, the Integrated
Sustainability Assessment project, which engages employees,
teachers and students, aims to monitor and act as a decision-
making tool in the areas of Buildings, Sources of Energy, Trans-
portation, Water, Food, Purchasing and Recycling, and Culture.

4.2.5. SWaMI and decision making
The SWaMI offers a tool to diagnose and monitor waste man-

agement systems by assessing community’s waste prevention,
reuse, and recycling culture, support policy deployment and deci-
sion making.

By applying the index, decision makers can raise the discussion
of how waste management is being handled inside HEIs and to
identify possible trade-offs and to prevent negative impacts to
public health. Furthermore, SWaMI is a sensible tool to address
HEIs’ environmental policy elaboration, which includes
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diagnostics, objectives, prognosis, targets, indicators, monitoring
and evaluation of environmental policy deployment process.

One key aspect is to integrate HEIs’ daily activities and opera-
tional challenges, with educational and engagement aspects,
fomenting students, faculty and staff to participate in management
and decision making spaces to shape strong sustainability
leaderships.

5. Conclusion

When comparisons were deployed between HEIs, no statistical
significance was noticed when the means were compared between
universities using ANOVA with Tukey test. Nevertheless, when
comparing each dimension within each HEI, there was significant
difference between the Policy and Management dimension and
the other three dimensions of the evaluation criteria at USP.

The SWaMI also provides an assessment of how the frameworks
is behaving, regard education dimension. Once the commission
implemented the framework, this Index must be periodically
updated, in this sense it will be possible to present the community
the framework implementation results concerning how HEIs’ sus-
tainability initiatives on solid waste management are being
efficient.

The SWaMI provides decision makers with graphic results
regard HEIs solid waste management situation, hence, it allows
the creation of a baseline of data on how the current system works,
pointing out the dimensions that present the greatest fragility
allowing to perform benchmarking between buildings, institutes,
and even between HEIs.

Furthermore, the SWaMI brings an efficient tool to support
waste management decision making by exploring transversally
HEIs’ Educational, Engagement, Operational and Policy & Manage-
ment dimensions interfaces. Also, by using the campus as a living
laboratory, HEIs turn in optimum spaces to deploy and apply
new strategies to face society main challenges.

This was a prospection work to present the SWaMI deployment
and application, thus, further applications must be conducted to
assess a broader sample of universities in Brazil. Researchers are
invited to contribute with new criteria, bring different perspectives
and innovations to the index, and to the assessment method.
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