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Abstract For the past 25 years, academics and practitioners have raised concerns
on the measurement of environmental sustainability performance. Addressing these
issues has become paramount for organizations worldwide. In the healthcare sector,
especially in hospitals, measuring environmental performance relates to the
reduction of environmental impact and continuous improvements in the quality of
processes and outcomes. Considering this context, the study seeks to identify how
concerns on environmental sustainability and performance measurement have
pervaded the healthcare operations management literature. A two-tier systematic
review of literature included: (1) a literature review on performance measurement,
environmental sustainability and healthcare operations management; (2) a biblio-
metric review of literature, which evaluated published studies (1988–2013),
focusing on citation numbers, country of origin, main journals, authors and themes.
The study highlighted concerns on the lack of strategic focus of performance
indicators, relevance and robustness of metrics and difficulties for the deployment
of measures within different hierarchical levels. Furthermore, the bibliometric
review emphasized the scarcity of published research addressing the environmental
performance measurement in the healthcare setting, especially in the context of
developing countries. New frameworks are necessary to define relevant and
meaningful indicators for monitoring and assessing environmental performance if
healthcare systems and operations are to be improved.
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1 Introduction

For the last 25 years, organizations have been urged to internalize concerns related
to the use of their productive resources and how to rationalize the impact of their
processes on the environment (Kleindorfer et al. 2005). Environmental sustain-
ability1 has become an important competitive factor that influences strategies,
demanding the adoption of ‘best practices’. Developing robust performance mea-
surement frameworks to evaluate environmental sustainability has become a con-
tinuous learning process. Sustainable development indicators translate sustainability
issues into quantifiable environmental performance measures. Using meaningful
indicators to evaluate performance allows monitoring and reflection on the mea-
surement process (Bourne et al. 2000), since their main goal is to assist with the
search and achievement of superior performance (Scerri 2010).

According to Porter (2010), enhanced improved performance in any sector
depends on the existence of a common goal for the activities and interests of
different stakeholders. In the healthcare sector, this goal is associated with the
definition of value represented by the patients’ health outcomes by the unit of
currency invested in the process. If this value is improved, patients, managers,
service providers and suppliers can benefit from it while the sustainability of the
healthcare system is also improved (Porter 2010).

Performance measures also encompass concerns on the quality of healthcare
services (Kanji and Sá 2003). Quality improvements may lead to less waste of
resources, improved patient satisfaction and medical care effectiveness (Maki et al.
2008). In the past, the incineration of waste in local hospitals was common practice
(Department of Environment (DoE) 1990). New regulations have forced these
organizations to solve this problem through a more systematic and selective manner
(Tudor et al. 2005) to promote environmental sustainability. Nowadays, healthcare
services providers should consider an efficient mobilization of resources in their
blueprints (Vilaça and Oliveira 2008). A healthcare system includes activities and
structures, whose primary purpose is influencing health. The health of the popu-
lation is determined by several factors and among these factors is the provision of
healthcare services. Healthcare organizations that ‘embrace’ environmental sus-
tainability tend to gain significant performance improvements and decrease costs
related to waste disposal (Jarousse 2012). Efforts to improve sustainability indi-
cators may also raise awareness and generate consistent attitudes to preserve
resources.

1 The terms environmental and sustainability are used interchangeably and in combination in the
study.
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Healthcare indicators correspond to measurable and explicitly defined items
related to the structures, processes and outcomes of the provision of services
(Campbell et al. 2001). They represent statistical instruments that monitor perfor-
mance, analyzing the resources deployment within these systems without neces-
sarily judging value on quality.

The combination of the internalization of concerns on environmental sustain-
ability, the importance of an efficient management of resources and the improve-
ment in service quality raise questions such as:

• How have the concerns on environmental sustainability pervaded the healthcare
operations management?

• What are the main environmental performance measurement frameworks used
within healthcare organizations?

• What are the main themes being discussed in the context of healthcare
organizations?

The study seeks these answers through a systematic review of literature. The
paper is divided in five main sections. Section 2 discusses the research methods and
strategy adopted in the study. Section 3 analyzes the application of performance
measurement frameworks and metrics/indicators used to address environmental
sustainability within the healthcare context. The Brazilian legal framework related
to healthcare and current practices are also briefly evaluated. Section 4 presents the
results of the bibliometric review of literature. Section 5 summarizes final con-
siderations on the study findings while approaching the next steps of the research.

2 Research Methods

Initially, a literature review on performance measurement, environmental sustain-
ability and healthcare operations management was conducted. The main objective
was to identify essential terms that convey knowledge across published studies
(Krauthammer and Nenadic 2004). Moreover, the literature review indicates what
has been learned about the topics and where research gaps are present (Webster and
Watson 2002). After this initial step, the bibliometric technique was chosen as
research strategy. Bibliometric methods indicate research impact (Wallin 2005; Van
Raan 1996; Van Raan and Van Leeuwen 2002). Four databases were selected for
the search: Web of Science®, Medline Complete® (EBSCO), Wiley Online
Library® and Scopus® (Elsevier). Web of Science was chosen due its multidisci-
plinary and comprehensive nature. It includes Science Citation Index Expanded
(SCI-EXPANDED), Social Sciences Citation Index (SSCI), Arts & Humanities
Citation Index (A&HCI), Conference Proceedings Citation Index-Science (CPCI-S)
and Conference Proceedings Citation Index—Social Science and Humanities
(CPCI-SSH). Medline complete was selected for two reasons: (a) focus on Health
Sciences/Biomedical publications that cover healthcare operations; (b) consistent
reputation by being associated with the US National Library of Medicine.
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Wiley Online was chosen mainly because of its comprehensiveness; it is regarded
as the world’s ‘broadest multidisciplinary resources’. Finally, Scopus was selected
because of the emphasis placed on the peer-review process of its resources and the
inclusion of articles in press and conference proceedings.

The searches were conducted between January and March of 2013. The com-
bination of terms found in the literature review guided these searches. The fol-
lowing terms were combined: ‘Hospital’, ‘Operations’, ‘Environment*’ (the
asterisk symbol was used to obtain results that included environment and envi-
ronmental), ‘Indicators’, ‘Performance’, ‘Sustain*’ (the asterisk symbol was used to
obtain results that included sustainable and sustainability), ‘Framework’, ‘Quality’,
‘Health’ and ‘Care’ (the terms were combined in the searches, since both Healthcare
and Health Care are found in literature). Papers/articles published between 1988
and 2013 were included (25 years), since the publication of ‘Our Common Future’
(1987) represents an important milestone that defined terms currently used to
approach concerns on the environment and raise awareness on the importance of the
issue (Atkinson 2000; Kleindorfer et al. 2005; Linton et al. 2007). The combina-
tions of terms were used as topics to be found in the Abstracts of the articles.

In order to avoid researcher bias, two independent searches took place: one by
the first author and another by one of the co-authors. The coding of different themes
followed the rationale: Title of the article→Abstract→Keywords. To avoid bias,
the coding process followed the same strategy with two independent analyses.
Similar results were obtained in both cases.

3 The Measurement of Environmental Performance
in Healthcare Organizations

3.1 Performance Measurement and Environmental
Sustainability

The first step for the measurement process refers to the conception of performance
measures. According to Medori and Steeple (2000), Gomes et al. (2004) and Neely
(2004), several frameworks have been proposed in literature:

• The performance measurement matrix (Keegan et al. 1989);
• The SMART model (Cross and Lynch 1989);
• Performance measurement for World Class Manufacturing created by Maskell

(1989);
• The performance measurement questionnaire (Dixon et al. 1990);
• The framework proposed by Beischel and Smith (1991);
• The model based in services of Fitzgerald et al. (1991);
• The Balanced Scorecard (Kaplan and Norton 1992);
• The Business Excellence Model developed by the European Foundation for

Quality Management (EFQM 2013);
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• The model of organizational macro processes proposed by Brown (1996);
• The dynamic integrated performance measurement system (Ghalayini et al.

1997);
• The performance measurement record sheet (Neely et al. 1997); and
• The performance PRISM (Neely et al. 2002).

Even though a number of performance measurement frameworks can be found, a
gap between the application and validation of the concepts within these models has
been observed (Pinheiro De Lima et al. 2013). Gomes et al. (2004) found, after an
extensive review of literature on performance measurement, little evidence that
these measures are formalized and connected with organizational strategy and
efficiency. Kaplan and Norton (2004) highlight the need for a correlation between
strategy and performance measurement. Only through a consistent connection
among these elements, strategies can be translated into actions to achieve strategic
goals (Kaplan and Norton 2004; Otley 1999; Wongrassamee et al. 2003) could not
find any specification as how to formulate these goals within known models.

Feng and Joung (2011) searched for an appropriate model to evaluate the three
dimensions of sustainability in manufacturing organizations: economic, social and
environmental. In their study, Feng and Joung (2011) found that the focus tends to
be on the perception of external stakeholders (reporting) rather than in getting
required information for the decision-making to improve performance. Table 1
presents some of these models. The information contained in Table 1 was com-
plemented with additional frameworks reviewed by the authors of the present paper.

Table 1 Frameworks/models for sustainable performance measurement

Frameworks Number of indicators

Corporate Sustainability Index (ISE) 14 criteria

Dow Jones Sustainability Index (DJSI) Index based on 12 criteria

Eco-indicators 1999 Indicator based on three factors

Environment Performance Index (EPI) 19 indices

Environmental Sustainability Index (ESI) 68 indicators

European Union Environmental Pressure Indicators (EUEPI) 60 indicators

Ford Product Sustainability Index (FPSI) 8 indicators

Global Reporting Initiative (GRI) 91 indicators

GM Metrics for Sustainable Manufacturing 30 indicators

ISO 14031 Environmental Performance Evaluation 155 indicators (examples)

OECD Core Environmental Indicators 46 indicators

The Earth Charter 16 principles

The ETHOS Program 7 dimensions

The Global Compact 10 principles

The Millennium Development Goals 8 objectives

UNCSD Indicators of Sustainable Development 96 indicators

Walmart Sustainable Product Index (WSPI) 15 questions
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In addition to the models mentioned in Table 1, researchers have suggested the
combination of existing frameworks. For instance, Nikolaou and Tsalis (2013)
combined the Balanced Scorecard rationale with the indicators proposed within the
Global Reporting Initiative (GRI). Nonetheless, after reviewing the frameworks,
some difficulties reported in literature can be cited:

• Deployment of performance measures: studies on sustainable performance
measurement reveal difficulties in considering context-specific features in terms
of the definition of indicators and deployment of performance measures for each
hierarchical level within the organization;

• Prevalence of subjective judgements: in general, the delineation of performance
measures is associated with a significant subjective component. Measures that
are useful for one type of organization may be superfluous for another;

• Scoring methods: Feng and Joung (2011) highlighted the excessive simplicity of
scoring methods proposed in the models. Essential aspects related to corporate
strategy, changes that may occur in the strategic path of a company/business unit
and required trade-offs are consistently disregarded.

3.2 Healthcare Operations and Performance Measurement

Bertrand and De Vries (2005) indicate that a number of characteristics differentiate
healthcare operations from manufacturing settings. Healthcare operations are
regarded as complex and employing performance evaluation techniques used in
manufacturing is described as troublesome. Bertrand and De Vries (2005) highlight
the delicate balance of power among different stakeholders: managers, medical
experts and nurses. Each group has different expectations on organizational per-
formance goals. Service providers are highly trained professionals, who give
instructions and received instructions from final consumers (patients). Healthcare
services are not commodities that can be stored; they are associated with the
management of limited resources. As healthcare organizations are included in more
complex healthcare systems containing hospitals, private clinics, hospices and ca-
rers, the performance measurement task is also magnified (Curtright et al. 2000).
Table 2 summarizes some of these differences.

Table 2 Comparison between manufacturing and healthcare operations (Bertrand and De Vries
2005)

Characteristics Manufacturing Healthcare

Object Materials flow Patients flow

Final product specification Previously specified Subjective and vague

Means of production Equipment/staff Equipment/staff

Protection Inventory/lead time Waiting Time/lead time

Financial goal Profit Control of costs

Market environment Market competition Limited market competition
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Yearly, the United Kingdom National Health Service (NHS) produces
600.000 tons of clinical, pharmaceutical, infectious and domestic waste at a cost of
42 million pounds (approx. 64 million dollars) (Coote 2002). The healthcare sector
has been urged to demonstrate efficiency and effectiveness in service provision
(Weir et al. 2009). Healthcare (hospitals, private clinics, etc.) is an open system,
which is subject to several influences: social, economic, political and technological
that can benefit or negatively affect their services (Oliveira 2003). People under-
going treatment, materials and equipment, specialized healthcare services and
supporting activities such as laundry, maintenance, Information Technologies
represent the inputs of this system. The process is composed by the diagnosis and
treatment of patients, that is, activities performed for the provision of medical
services. Treated/cured people, the knowledge acquired through research and
process wastes represent the outputs (Oliveira 2003). In the healthcare sector, the
provision of public and private healthcare services coexists. Healthcare service
providers represent ‘the intermediate’ between those who finance the healthcare
system and those who pay and use these services (Swayne et al. 2006). These
organizations are responsible for managing resources on behalf of those who utilize
their services. Nonetheless, as healthcare operations evolve, much attention has
been paid to the ‘healthcare business’ instead of focusing on quality improvements
(Swayne et al. 2006). Growing pressures for cost reduction and quality improve-
ment have been associated with stricter rules and regulations. This has forced
healthcare professionals and managers to reexamine the way performance is eval-
uated (Castañeda-Méndez et al. 1998).

3.3 Difficulties in Measuring Sustainability—Metrics
and Indicators

In spite of the efforts related to obtaining environmental sustainability in the
healthcare sector, the outcomes of these initiatives have been unsatisfactory
(Phillips et al. 2002). Volumes of waste generated in the healthcare have pro-
gressively risen (Woolridge et al. 2005). Several policy weaknesses have been
highlighted. Tudor et al. (2008) conclude that a more effective participation in the
recycling and waste management in the healthcare sector can be achieved through
the incorporation of sustainability concepts into the organizational policies; a
comprehensive communication plan; training programs and professional develop-
ment; and emphasis on the benefits from sustainable practices.

A profusion of frameworks have tried to overcome the complexity of the per-
formance measurement process. Difficulties related to the quantification of infor-
mation and disregard for performance measurement systems already in place have
been reported by the literature. A multiple stakeholder perspective is indicated as
one of the most important characteristics that contribute to the success of the
application of performance evaluation models given the complexity of the health-
care operations (Tawfik-Shukor et al. 2007).
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In addition to existing frameworks, other tools have been proposed for the
evaluation of environmental sustainability. Paju et al. (2010) suggested the use of
the Sustainable Manufacturing Mapping (SMM), which is a combination of Value
Stream Mapping (VSM), Discrete Event Simulation (DES) and Life Cycle
Assessment (LCA). The US Environmental Protection Agency has introduced a set
of evaluation tools that aimed to improve the environmental performance of
American companies (Environmental Protection Agency 2007). Hardi and Pinter
(1995) show that indicators that aggregate heterogeneous dimensions are not
readily available to be considered in the decision-making process. Indicators cur-
rently used by organizations aggregate dimensions that are not comparable and,
when they are, the evaluation based on the perception of stakeholders should be
careful. Moreover, a process for the selection of indicators focused on specific
issues may not compose a balanced view of sustainability issues (Hardi and Pinter
1995). Organizational decision processes guided by a reduced set of indicators may
require substantial structural changes. This restrictive process may lead to the
selection of indicators related to very specific, less meaningful and non-represen-
tative targets. Performance indicators should have specific characteristics to mea-
sure performance and represent a source for benchmarking and strategy planning
(Feng and Joung 2011). Such characteristics include:

• Measurability: an indicator should be capable of measuring quantitatively or
qualitatively multidimensional perspectives;

• Relevance: an indicator should be present an useful meaning for the evaluation
processes;

• Clarity: an indicator should be easily understood by the community, especially
those that are not experts;

• Reliability: information proposed by an indicator should be reliable and useful;
• Data accessibility: an indicator should be based on accessible data;
• Opportunity: the measurement of an indicator should happen with the frequency

that allows an informed and well-timed decision making process;
• Long term view: an indicator should be compatible with an open pattern that

supports the need for recorded information for future generations.

Moreover, the definition of performance indicators depends on the answers to
three fundamental questions (Weir et al. 2009):

• Who should be involved in the development of performance indicators?
• Who is the audience for the performance indicators (stakeholders)?
• What level of performance should be measured?

For instance, despite the wide scope of indicators proposed in the applications of
the BSC in healthcare organizations, environmental performance indicators are not
usually declared. When environmental measures are present, they tend to refer to
existing regulations and/or sustainability programs. These concerns are then asso-
ciated with the framework with no changes/adaptations. In specific cases in Brazil,
some environmental indicators were proposed as reported by Campos and Selig
(2002):
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• Number of complaints related to the environmental aspect and placed by the
community (NGOs, neighborhood, supplier, third-parties, etc.);

• Number of complaints related to any environmental factors made by a visitor
divided by the number of visitors per days (percentage);

• Water consumption per person (monthly water consumption divided by the
number of people, including visitors, employees and third-parties);

• Electricity consumption per person (monthly consumption divided by the
number of people per month, including visitors, employees and third-parties);

• All legal parameters of discharge of effluents required by legislation;
• Percentage of inert waste sent to landfills (tons of inert/generated waste);
• Number of legal non-conformities registered per year (fines, contaminations,

violations).

Metrics are vital elements to measure performance, since potential difficulties
can be indicated by the gap metric-standard (Melnyk et al. 2004), especially
regarding issues related to sustainability (Gunasekaran et al. 2001). Nonetheless,
the existence of a framework that deals with the deployment of measures and
metrics in strategic, tactical and operational levels to include tangible, intangible,
financial and non-financial aspects is questioned in the literature (Gunasekaran and
Spalanzani 2012). Metrics mentioned by Zhu and Sarkis (2004) include reductions
of air emissions and waste of water, increased investments in training and ‘green’
purchases, and reduced costs with waste treatment and energy consumption.

Two perspectives should be present to define performance measures: resources
and value (Fiksel et al. 1999). Resources are represented by energy, materials,
water, land, waste, cost and human capital. Value corresponds to the functional
performance of resources such as information content, client satisfaction, envi-
ronmental quality, business competence, human health and social well-being. BP
Amoco™, for instance, uses the production process water discharge as a resource
indicator. Volvo™ evaluates how many managers include lifecycle tools in the
product development process (value).

Townend and Cheeseman (2009) proposed detailed recommendations on how to
measurement environmental performance in healthcare organizations based on (a)
general management; (b) social issues; (c) health and safety; (d) energy and water
use; (e) purchasing and supply; (f) waste management (responsibility, segregation,
storage and packaging); (g) waste transport; (h) recycling and re-use; (i) waste
treatment; and (j) final disposal.

Veleva et al. (2003) used the hierarchy of indicators established by the Lowell
Center of the University of Massachusetts in their study in the pharmaceutical
industry. Level 1 indicators are managed by voluntary initiatives or based on
regulations (ISO and others). The eco-efficiency measures (Level 2) translate the
connection between the environmental performance and savings of financial
resources. The standards and methods for the definition of Level 3 indicators
(environmental impact) have been developed only recently. Organizations tend to
avoid establishing connections between the indicators and competitive advantage,
according to the authors. The reduced influence of the government and stakeholders
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in a wider adoption of these indicators was highlighted. Levels 4 and 5 refer,
respectively, to the availability of data on the supply chain participants and col-
laborations with entities outside the organization (Veleva et al. 2003).

Kaplan and Norton (1992) developed the Balanced Scorecard, using four per-
spectives to measure performance: (a) financial, (b) client, (c) internal processes and
(d) learning and growth. Gurd and Gao (2008) studied the adaptation of the Bal-
anced Scorecard indicators to measure performance in hospitals and clinics. Some
examples can be cited:

• Financial perspective: profit growth indicators, productivity indicators;
• Client perspective: patient retention, patient acquisition, patient satisfaction

indicators;
• Internal processes perspective: patient satisfaction, safety and health, produc-

tivity, innovation indicators;
• Learning and growth perspective: human capital, information capital, continu-

ous innovation, organizational capital.

However, considering 22 cases reported in their study, only 77 % included the
client or patient perspective. Health does not seem the central focus of these BSC
applications, the researchers concluded. In the healthcare sector in the US, Mannion
and Davies (2002) recognize the existence of scorecards, service provider profile
evaluation and medical professional profile. A sufficient number of metrics repre-
sents another concern in the performance measurement in hospitals. Multiple
aspects are present in a hospital and trying to measure every single aspect of a
complex system may emphasize metrics instead of concerns on the quality of the
patients and system (Forrest et al. 2006). Regarding environmental performance
measurement in healthcare, it is important to point out the existence of common
indicators from either practice or current legislation. Table 3 presents some of these
common indicators.

Table 3 Performance measurement frameworks in healthcare—common indicators

Indicators related to Campos and
Selig (2002)

Townend et al.
(2009)

Veleva et al.
(2003)

Gurd and
Gao (2008)

Legal nonconformities
(fines, notifications)

+ + + −

Complaints from the
community
and clients/patients

+ + − +

Water use/consumption + + + −

Energy use/consumption + + + −

Gas emissions + + + −

Use of renewable energy
sources/biodiversity

− + + −

Heavy metal emissions (water) − + + −

(+) Present; (−) Absent
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McGlynn (Paju et al. 2010) discusses six actions that are necessary to measure
performance in healthcare:

1. Identify the perspectives of the system stakeholders;
2. Develop a framework of responsibilities;
3. Establish explicit criteria on how the system will be evaluated;
4. Select a subset of indicators for periodical reports;
5. Minimize conflicts between financial and non-financial incentives and quality

goals in healthcare;
6. Facilitate the development of information systems to support quality monitoring.

Indicators should satisfy one or more stakeholder groups (McGlynn 1997).
Learning is a dimension needed in the performance measurement process (Wilcock
and Campion-Smith 1998). Scientific soundness and applicability should be
achieved. It relates to three aspects: reliability, validity and adjustability. Reliability
means that replication of the measurement will produce the same results. Validity
refers to the measurement of quality related to healthcare. And adjustability
involves the use of other factors apart from quality that will influence the mea-
surement final result. Applicability refers to a consistent choice by managers,
covering a number of areas and services. It involves parsimony and comprehen-
siveness (Wilcock and Campion-Smith 1998).

Although a profusion of models and indicators to measure environmental per-
formance have been proposed in literature, initiatives related to the environmental
sustainability tend to lack strategic focus. The main purpose behind these initiatives
has been connected with rules and regulations, accreditation requirements and
elements pertaining to quality programs (e.g. ISO, The Business Excellence
Model). As a consequence of the lack of strategic focus and use of standard
measures, the deployment of measures in different hierarchical levels has become
troublesome (Fiksel et al. 1999). In developing countries such as Brazil, healthcare
operations face major challenges such as the high cost of healthcare services,
limited existence of productive resources, inadequate infrastructure/structure (e.g.
access to clean water, electricity), lack of public investments and strategically
focused governmental policies, which underline the difficulties associated with the
measurement of sustainability in healthcare operations.

3.4 The Brazilian Regulatory Framework

In Brazil, nine normative documents deal directly or indirectly with the control and
disposal of hospital waste. The evaluation of organizations that provide healthcare
services, NA2 Rev. 01 of 6 March 2006, is necessary to acquire Hospital
Accreditation with the National Organization for Accreditation (ONA, abbreviation
in Brazilian Portuguese). The National Environment Council (CONAMA) and the
National Health Surveillance Agency (ANVISA) have specific resolutions. While
the Brazilian Technical Standards Association (ABNT) issued six standards on
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hospital waste. The CONAMA Resolution nº 358 (29 April 2005) approaches the
need to treat and dispose of waste from healthcare services. The ANVISA Reso-
lution nº 306 (7 December 2004) addresses the management of waste from these
services. The ABNT legislates on:

• Waste transport (NBR 14652, 11 July 2013);
• Methods for the collection of perforating/cutting materials (NBR 13853, de 30

June 1997);
• Internal and external collection of waste under hygienic and safe conditions

(NBR 12810, 1 April 1993);
• Classification of materials and definition of terms (NBR 12808, 1 April 1993,

and NBR 12807 of 15 June 2013, respectively);
• Required procedures for the intra-establishment management of healthcare

services waste (NBR 12809 of 19 May 2013).

Despite the existence of a legal framework, Da Silva et al. (2005) concluded
from a study on 91 healthcare facilities, including hospitals (2), health centers (48)
and clinical laboratories (22) that in Brazil the practices in most cases do not
comply with current legislation. According to Nazar et al. (2005), the mere exis-
tence of regulations does not guarantee the success of environmental initiatives. In
Brazil, a scarcity of regulations that define the consumption of other resources such
as water, electricity and fuel is noteworthy. Recently, some initiatives have tried to
address the disposal of liquid waste (part of the solid waste category) by creating
Eco-centers and Effluents Treatment Facilities (Vieira and Rodrigues 2013). Con-
cerns on measurement environmental performance are regarded as insufficient and
limited due to a number of issues (La Forgia and Couttolenc 2008).

3.5 Environmental Performance Measurement Frameworks
Used in Brazil

The United Kingdom public healthcare system (NHS) represents one of the most
recognizable performance measurement frameworks described in literature. In the
case of the NHS, a national model of performance evaluation has been applied. A
set of 51 indicators (2002) is divided and classified in the following dimensions:
health improvement, fair access, effective provision of health, efficiency, patient/
carer experience and health outcomes (Woolridge et al. 2005). The environmental
sustainability indicators, in this case, are designed from current government poli-
cies. The EPA 90 (Environmental Protection Act) constitutes the integrative pro-
gram, which guides these initiatives. Local initiatives are also implemented to
promote a sustainable behavior. These programs had a central objective to improve
waste management, establishing goals and indicators for recycling and recovery.
Clinical waste was classified and a number of strategies were developed to motivate
the separation of items. Alternative treatment technologies were proposed whereas
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risks for the health of human beings had been observed (Tudor 2007). Potential
benefits from the separation and recycling of waste have been emphasized by
hospitals and other institutions within the British healthcare system. This promoted
new initiatives for efficiency and effectiveness improvements (Tudor 2007).

Regarding solid waste, indicators such as Kilograms per solid waste by patient
bed/day or Kilograms of solid waste per appointment and per day have been
suggested (Oliveira 2003). Indicators are obtained through sampling. There is an
apparent consensus found in literature that it is impossible to define a single
indicator of sustainable development. A substantial number of indicators are nec-
essary to capture all the important aspects of a particular system (Becker 1997;
Bossel 1999). Performance indicators should perform as an integrated information
network and should not be analyzed individually. There are knots that connect or
relate to information and data that can assist in the analysis of a particular system
(Becker 1997; Bossel 1999). These knots are represented by the performance
indicators (factors) built from a referential model proposed for the analysis. Those
with greater importance (more weight/importance according to stakeholders) can be
prioritized in the management actions (Silva et al. 2008). Performance indicators
raise awareness and understanding on issues; inform the decision making process;
and measure the achievement of established goals (Ventura et al. 2010).

The Syrian Lebanese Hospital (HSL) case represents an environmental perfor-
mance measurement framework based on quality programs. Launched in 1998, the
hospital’s environmental management program includes the hospital hygiene ser-
vice, selective collection of waste and different maintenance solutions. Its main goal
is to save resources such as water, electricity and gas. Since its launching, the
program generated yearly savings of one million cubic meters of water and 679 tons
of paper; 19 tons of glass, 23 tons of aluminum and 101 tons of plastic have been
recycled (Bio2 Sustentabilidade 2012). In the hospital, the environmental man-
agement project focuses on two primary objectives: a better utilization of input
material such as water, electricity and gas and the management of waste and reuse
of produced waste. The model developed by the hospital is part of the organiza-
tion’s ‘Quality Management Plan’ constituted by five items: patient safety, health
programs accreditation, integrated management system for workers, campaigns/
projects and the Joint International Commission (accreditation organization on
international quality criteria). The indicators developed for the model focus on
waste generation and consumption of process inputs. Communication and moni-
toring through sustainability reports are regarded as crucial for its success.

The ‘Global Green and Healthy Hospitals Agenda’ represents another example
of framework applied in Brazil. The model was created by the coalition ‘Salud Sin
Daño’ (Health Care without Harm), composed by an international network of
healthcare systems, hospitals, communities, unions and environmental organiza-
tions. Its main goal is to transform the worldwide healthcare service without neg-
atively affecting patient care. It seeks environmental sustainability so that the
healthcare sector is no longer a source of losses for people and environment. The
framework has ten main objectives related to leadership, chemical substances,
waste, electricity, transport, food, pharmaceutical products and facilities (GGHHA
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2012). According to numbers related to the initiative, the Brazilian hospitals use
large amounts of electricity that represent more than 10 % of the total of the
commercial energy consumption in the country. By comparison, the UK NHS
carbon footprint represents more than 18 million tons of CO2 per year, which is
equivalent to 25 % of the total of public sector emissions (GGHHA 2012). The
global agenda of the framework presents a comprehensive list of objectives and
actions that can be implemented in the search for performance improvement, but
does not present guidelines on how to find specific indicators. There are recom-
mendations for the development and implementation of measures from documents
that report experiences of hospitals, governmental entities and research in the field.
These documents are available in their website and labelled as ‘Tools and
Resources’.

Current legislation has also been used to compose frameworks for the healthcare
sustainability measurement. That is the case with the Manual of Hospital Accred-
itation (Ministry of Health (MS) 2002). The document was inspired by the Latin
America and Caribbean Hospital Accreditation Manual (Novaes and Paganini
1992). The manuscript, however, represents a very incipient guide to present
meaningful indicators and/or metrics adjusted to the healthcare environmental
measurement. Three main aspects are controlled: general maintenance, waste and
water potability. The existence of indicators is recommended without systematic
guidance.

The framework provided by ISO 14001 (ISO 14031 for performance evaluation)
constitutes another model used in the healthcare services in Brazil. The standard
offers some principles that are periodically verified and evaluated for the re-
accreditation. ISO 14001 aims to promote the environmental accreditation of
organizations. The Environmental Failure Mode and Effects Analysis (EFMEA)
methodology is regarded as a traditional option for the search for flaws in product
and/or process projects within ISO (Zambrano and Martins 2007). Regarding the
standard and environmental sustainability, it corresponds to the calculation of the
risk of the occurrence of a flaw through the multiplication of severity, occurrence
and detection indices. Aspects such as the pollution of waters, lands and air are
considered. In an industrial environmental, for instance, these aspects are consid-
ered: the inputs and outputs of the productive process, the types of flaws that can
happen and existing controls. At the end of the process, the more prevalent risks
and actions are identified. Brazilian Hospital Albert Einstein (HIAE) with its five
units located in São Paulo represents a certified organization. In the organization,
the creation and use of an Environmental Management System has built commit-
ment to environmental issues; a more rational use of water, electricity and resources
has been noticed. There has been an acknowledgement of the organization and its
employees’ environmental responsibility (Sociedade Beneficente Israelita Brasileira
(SBIB) 2012).

The Global Reporting Initiative (GRI) methodology is based on a voluntary
initiative to standardize sustainability reports. Indicators related to the three
dimensions of sustainability are suggested within its guidelines that are also
adopted by HIAE. Regarding the environmental dimension, indicators are listed and
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goals are monitored in terms of (1) materials, (2) energy, (3) water, (4) biodiversity,
(5) emissions (6) effluents and waste, (7) products and services, (8) compliance, (9)
transport, (10) overall (expenditure and in investments in environmental initiatives),
(11) supplier environment assessment and (12) environmental grievance mecha-
nisms. As reported by Morhardt et al. (2002), the indicators proposed by GRI
encompass essential aspects of environmental performance. Moreover, GRI
guidelines have been promoted by the United Nations Environment Programme
(UNEP). The framework is regarded as the most prominent reporting guide due to
its focus that goes beyond the environment performance measurement to include a
balanced approach of financial (economic) and social issues leading to
sustainability.

Considering the current use of the five frameworks previously mentioned, that is,
the Balanced Scorecard (BSC), Global Green and Healthy Hospitals Agenda
(GGHHA), the standard established by ISO (ISO 14031) and the Hospital
Accreditation Manual (HAM) for the measurement of environmental performance,
a comparison between these models was made. Table 4 lists key aspects highlighted
in literature as crucial for a meaningful measurement of environmental performance
while looking for a correspondence in these frameworks.

As per the discussion on metrics of environmental sustainability performance
and the analysis of current frameworks, a gap in research can be perceived. Per-
formance metrics should be relevant and incorporate certain characteristics neces-
sary to measure performance in healthcare organizations. The troublesome

Table 4 Key aspects of environmental performance measurement vs. current frameworks

Key aspects GRI ISO GGHHA HAM BSC

Indicators based upon process measures
(relevance, robustness and applicability)

2 2 1 1 1

Performance indicators associated with
measurability, validity and controllability

2 1 1 1 1

Emphasis on the importance of multiple
stakeholders

2 0 2 1 1

Definition of involved actors, target audience
and level of performance to be measured

1 1 1 1 0

A sufficient number of performance indicators
in order to capture the richness and scope of
the organizational processes

2 2 1 1 1

Developed measures present meaning for the
process being evaluated

2 2 1 2 1

An initial step/procedure is included to
evaluate the current sustainability state

1 1 1 1 1

A sufficiently systematic and comprehensive
methodology is presented, focusing on
required characteristics for indicators and
measures

0 0 0 0 0

Scale: 0—‘not at all’; 1—‘a little’; 2—‘some’
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deployment of measures and indicators within the strategic, tactical and operational
levels is also underlined. Moreover, two perspectives should be present while
developing measures: resource and value. Resources refer to the evaluation of the
use of productive resources: increase and decrease. Value corresponds to the
functional performance of each resource within its measure. Furthermore, the way
performance data is validated has been discussed. It should involve stakeholders in
the development of metrics to improve understanding and emphasize the impor-
tance of the measurement. Multiple points of view should be considered to define a
sufficient number of performance indicators and metrics. Finally, the robustness of
indicators/metrics is a vital milestone for the performance measurement process.
Such robustness encompasses three main components: reliability, validity and
adjustability. Section 4 describes the main findings of the bibliometric review of
literature.

4 The Bibliometric Review

4.1 Search and Analysis Strategy

As previously stated, four databases were selected for the search: Web of Science,
Medline Complete (EBSCO), Wiley Online Library and Scopus (Elsevier). The
following terms were combined and sought in the Abstracts: ‘Hospital’, ‘Opera-
tions’, ‘Environment*’, ‘Indicators’, ‘Performance’, ‘Sustain*’, ‘Framework’,
‘Quality’, ‘Health’ and ‘Care’. These terms were used due to their high occurrence
identified in the initial literature review. The study analyzed published work
between 1988 and 2013, i.e., 25 years since the publication of the Brundtland
Report (Barkemeyer et al. 2014). Figure 1 represents the search and analysis
strategy.

The combination of the terms: ‘Health’, ‘Care’, ‘Performance’, ‘Indicators’,
‘Environment’, ‘Sustain*’ produced 49 articles that given their comprehensiveness
and focus were regarded as suitable for a more in-depth content analysis. After
removing duplicates, 35 papers2 were selected.

2 It is important to indicate that the set of 35 papers is listed at the end of the list of references and
arranged alphabetically (Abou-Ali and Abdelfattah 2013; Aitken et al. 2011; Andrade et al. 2012;
Boriani et al. 2013; Boyer et al. 2012; Braithwaite et al. 2012; Brown et al. 2013; Chen et al. 2013;
El-Jardali et al. 2011; Freitas et al. 2011; Gajewski and Dunton 2013; Gimelli and Muccillo 2013;
Hao et al. 2012; Harmancioglu et al. 2013; Iacone et al. 2012; Joiner and Coleman 2012; Klazinga
et al. 2011; Koutkias et al. 2012; Lin et al. 2013; Mears et al. 2011; Menikpura et al. 2012; Mutale
et al. 2013; Mutemwa 2005; Olafsdottir et al. 2011; Peterson et al. 2013; Santana-Medina et al.
2013; Seke et al. 2013; Sulku 2012; Tanaka et al. 2013; Tchouaket et al. 2012; Townend 1996;
Tseng 2013; Wakai et al. 2013; Yi and Ma 2010; Yildiz and Demirors 2013). Within the text, the
format author(s) name/year of publication was adopted for easiness.
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It is important to underline studies that appeared in more than one combination
of terms: (Chen et al. 2013; Joiner and Coleman 2012; Klazinga et al. 2011; Wakai
et al. 2013) and Gajewski and Dunton (2013) were found twice. Lin et al. (2013),
Tanaka et al. (2013) were found three and four times, respectively.

By revealing impact of research, citation numbers have been considered as
important indications of quality (Bornmann et al. 2008). Four main aspects were
analyzed: (a) country of origin; (b) citation numbers; (c) publication outlets
(journals, conferences); (d) main themes associated with environmental perfor-
mance measurement of healthcare organizations. Table 5 shows the number of
results obtained for each combination of terms (10 in total).

Definition of terms and 
timespan

Literature search 
(databases)

Remove duplicate 
results

Grouping results 
through Endnote® 

(themes)

Bibliometric analysis of 
the results

Fig. 1 The bibliometric
review—search and analysis
strategy
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Regarding country of origin, a certain prevalence of collaborative studies was
noticed. The UK, the US and Turkey are present in more than two occasions.
Nonetheless, the review of the papers does not present sufficient data for an account
of prevalence of a country or research center. Table 6 displays the information on
country of origin.

Given the reduced number of citations found in the first search within Web of
Science, a new data collection effort was made through Google Scholar®. This
search mechanism is regarded as comprehensive by including peer-reviewed
papers, theses, books, abstracts and academic papers published by professional
organizations, pre-publication libraries, universities and other academic entities.
Figure 2 describes the results of both searches.

After comparing the results, a significant increase was perceived. Nevertheless,
the most cited papers remained the same: Mutemwa, Klazinga et al., Aitken et al.
(2011), Andrade et al. (2012). Mumtemwa investigates the effectiveness of Infor-
mation Systems for healthcare management in Zambia. The study was associated
with the Centre for AIDS Research of the University of Southampton in the United
Kingdom. It does not, however, address environment sustainability; it focuses on
the economic and social impact of technology to forge sustainability.

The paper by Klazinga et al. listed a number of themes related to the quality of
healthcare results. The need for more valid and reliable performance indicators was
pointed out in the research. Aitken et al. (2011) focused on human resources and the
internal environment of hospitals in terms of their role to achieve sustainability.
Andrade et al. (2012) explored the physical and social environment of four Por-
tuguese hospitals: two old units and two recently renovated hospitals. The main
purpose behind the study was to develop quality evaluation mechanisms for internal
settings.

Table 6 The bibliometric review – countries of origin

Australia
Aitken et al. (2011)
Australia, Canada, Ireland,
South Africa
Braithwaite et al. (2012)
Canada
Tchouaket et al. (2012)
China
Denmark, Italy
Boriani et al. (2013)
Egypt
Germany, China, Japan
Lin et al. (2013)
Greece, France, Denmark
Koutkias et al. (2012)
Ireland
Wakai et al. (2013)
Italy
Gimelli and Muccillo (2013)

Japan
Tanaka et al. (2013)
Lebanon
Ei-Jardali et al. (2011)
Mexico, France
Santana-Medina et al. (2013)
Portugal
Freitas et al. (2011)
Portugal, Italy
Andrade et al. (2012)
Serbia
Seke et al. (2013)
Sweden, China
Tailand
Menikpura et al. (2012)
Taiwan
Chen et al. (2013)
Tseng (2013)
The Netherlands

Turkey
Harmancioglu et al. (2013)
Yildiz and Demirors 2013UK
Townend (1996)
UK, Malasia
Olafsdottir et al. (2011)
UK, The Netherlands
Mears et al. (2011)
US
Boyer et al. (2012)
Joiner and Coleman (2012)
Peterson et al. (2013)
US, UK
Zambia, UK
Mutale et al. (2013)
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The publication outlets were also analyzed. In only three cases, publications
were cited more than once within the list. Two papers were published within BMC
Public Health (Impact Factor: 2.32); two articles were published in the International
Journal of Quality in Health Care (Impact Factor: 1.584) and two papers were
published within Water Resources Management (Impact Factor: 2.463). The
information on Impact Factors was collected from their websites. Two of the
analyzed articles were published in conference proceedings: (Freitas et al. 2011;
Tchouaket et al. 2012). Table 7 lists the papers by publication outlet.

As previously stated, the bibliometric review also aimed to analyze the main
themes being discussed in the context of the healthcare organizations. Figure 3
represents the analysis on emerging themes. The coding of different themes fol-
lowed the sequence: Paper title-Abstract-Keywords. Nine main themes were coded
in the analysis. Three studies focused on the development of quality indicators
based on benchmarking. Four papers emphasized the importance of ‘best practices’
in terms of quality improvement in the internal environment of hospitals. Six
articles focused on strategies to improve economic/social efficiency of healthcare
organizations (based on the Balanced Scorecard). One study focused on cleaner
production in general. Economic development, especially at country and city level,
was evaluated in three of the studies. Five papers reported on initiatives to improve
efficiency in healthcare, mainly connected with cost reduction and economic sav-
ings of hospital units. One paper discussed Hospital Accreditation. Two of the
studies were related to the role/impact of Information Systems to improve
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healthcare performance and quality. And ten of the articles reported on indicators of
the preservation of natural resources, biodiversity and reduction of solid waste.

Table 7 The bibliometric review—publication outlets (main journals)

7th ISWA International Congress,
Proceedings II

Informatics for Health & Social Care Yildiz and
Demirors (2013)

Townend (1996)

Academic Medicine
Joiner and Coleman (2012) Freitas et al. (2011)

Advances in Management of
Technology, Pt 1

International Journal for Quality in Health
Care
Braithwaite et al. (2012)

Applied Economics Mears et al. (2011)

International Journal of Health Planning and
Management

Applied Energy Tchouaket et al. (2012)

Gimelli and Muccillo (2013) Journal of Biomedical Informatics
Australian Critical Care Koutkias et al. (2012)

Aitken et al. (2011) Journal of Cleaner Production
BMC Public Health Tseng (2013)

Olafsdottir et al. (2011) Journal of Environmental Psychology
Seke et al. (2013) Andrade et al. (2012)

Building and Environment Journal of Evaluation in Clinical Practice
Tanaka et al. (2013)

Ecological Indicators Journal of Health Services Research & Policy
Santana-Medina et al. (2013)

Economic Modelling Journal of Operations Management
Boyer et al. (2012)

European Journal of Emergency
Medicine

Medical Decision Making

Wakai et al. (2013)

European Journal of Public Health Plos One
Mutale et al. (2013)

Expert Systems with Applications Quality & Quantity
Lin et al. (2013) Chen et al. (2013)

Frontiers of Environmental Science
and Engineering

Science of the Total Environment
Boriani et al. (2013)

Hao et al. (2012) Waste Management & Research
Health Policy Menikpura et al. (2012)

Ei-Jardali et al. (2011) Water Resources Management
Health Policy and Planning Harmancioglu et al. (2013)

Peterson et al. (2013)
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5 Final Considerations and Further Research

The literature has shown that there is scarce evidence on the formalization of
performance measures across organizations. In many cases, the systems already in
place are ignored when new metrics are established. Regarding performance
measurement frameworks, the lack of guidelines on the development and selection
of performance indicators was also identified in the study. A consistent concern on
the external public was indicated while internally the sustainability indicators are
often composed by dimensions that are not comparable, restrict, and even insig-
nificant. As a result, the application of frameworks for the environmental sustain-
ability measurement has been far from satisfactory. Considering the importance of
performance measurement for the healthcare sector, especially in developing

Code References Code References Code References
BM01 Freitas et al. (2011) CP01 Tseng (2013) HA01 Braithwaite et al. (2012)
BM02 Joiner and Coleman (2012) ED01 Seke et al. (2013) IS01 Mutemwa (2005)
BM03 Klazinga et al. (2011) ED02 Tchouaket et al. (2012) IS02 Yildiz and Demirors (2013)
BP01 Aitken et al. (2011) ED03 Yi and ma (2010) RP01 Abou-Ali and Abdelfattah (2013)
BP02 Andrade et al. (2012) EF01 Gajewski and Dunton (2013) RP02 Boriani et al. (2013)
BP03 Boyer et al. (2012) EF02 Iacone et al. (2012) RP03 Brown et al. (2013)
BP04 Koutkias et al. (2012) EF03 Lin et al. (2013) RP04 Gimelli e Muccillo (2013)
BS01 Chen et al. (2013) EF04 Tanaka et al. (2013) RP05 Hao et al. (2012)
BS02 El-Jardali et al. (2011) EF05 Wakai et al. (2013) RP06 Harmancioglu et al. (2013)
BS03 Mears et al. (2011) RP07 Menikpura et al. (2012)
BS04 Mutale et al. (2013) RP08 Peterson et al. (2013)
BS05 Olafsdottir et al. (2011) RP09 Santana-Medina et al. (2013)
BS06 Sulku (2012) RP10 Townend (1996)
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countries, and the significant impact of its operations, there is a clear need for more
robust/systematic frameworks guided by practice. New models are necessary to
define relevant indicators for monitoring and performance evaluation in the sector.
The search for measures that can raise awareness, continuous improvement and
innovation in organizational processes has just begun. The study represents a
starting point in proposing a meaningful framework to measure environmental
sustainability in hospitals within the Brazilian setting.
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