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ABSTRACT

The performance evaluation of the effluent treatment plants (ETP) is generally based on
measuring only the quality of the final effluent, not taking into account other parame-
ters, which also contribute substantially to the performance. In this sense, indicators are
important tools, for being able to summarize in a single value the state of the object eva-
luated, considering its various aspects and characteristics. The objective of this work is
to score the importance of performance indicators for ETP evaluation and licensing, in
addition to evaluating the use of ETP quality indicators established through two institu-
tional norms (NOI-INEA 11 and NOI-INEA 14) prepared by the State Institute of Environ-
ment (INEA - Instituto Estadual do Ambiente), an environmental agency of the state of
Rio de Janeiro. A bibliographic review was carried out on articles on the subject of ETP
performance indicators, together with a survey on the websites of all state and district
environmental agencies. In addition, for critical analysis, the methodology for researching
official documents in INEA’s digital archive was adopted. With this, it was possible to per-
ceive that, in Brazil, the existence of legislation that uses indicators for ETP evaluation is
still restricted to the alluded state. However, despite being little used, the indicators have
great potential to assist in environmental licensing and in the substantiation of technical
opinions, contributing to better information and participation of society.

Descriptors: Environmental licensing; Environmental management; State environmental
agencies; Environmental quality.
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1. INTRODUCTION

The main objective of the effluent treatment plants
(ETP) is to promote the purification of effluents, whether
of domestic or industrial origin, before their final dispos-
al, usually in water bodies. With this, the aim is to imple-
ment increasingly efficient technologies for removing the
polluting load from the effluent and, if possible, with the
generation of little waste and rejects.

However, the need arises to evaluate the performance
of these stations, in a more holistic way, beyond the com-
pliance with the launching standards stipulated in the
environmental legislation. According to Raschle (2013),
performance evaluation is an important tool to identify
operation, safety and environmental deficiencies of ETP.

For Piza and Paganini (2006), indicators are manage-
ment instruments by which the performance and func-
tioning of a service or productive unit are measured,
through which it is possible to identify necessary im-
provements, such as adjustments and/or expansions.

The Water, Energy and Sanitation Regulatory Agency of
the Federal District (ADASA, 2016, p. 37) conceptualizes
performance indicators as: “indexes that summarize the
most relevant aspects of the performance, in general, op-
erational and economic-financial of an entity, simplifying
its analysis”.

Thus, indicators can be defined as a tool of quantified
information with the ability to synthesize and compile a
series of characteristics of the environment or phenom-
enon evaluated. The indicators inform data about the
state of the phenomenon or medium, which is easy to un-
derstand, allowing its use in decision making and in the
transmission of information to the whole society.

Along the same path, the Ministry of the Environment
(MMA — Ministério do Meio Ambiente, 2019) defines envi-
ronmental indicators as selected statistics that represent or
summarize some aspects of the state of the environment,
natural resources and related human activities. Therefore,
the use of an environmental indicator seems to be a prom-
ising alternative in the evaluation of ETP performance,
considering that the use of environmental performance in-
dicators is already widely carried out in industries around
the world (Melo; Souza, 2014). Furthermore, through the
results of indicators it is possible to carry out an evaluation
of the evolution of performance over time, as well as to
comparatively analyze some organizations in the sector, in-
cluding entities from other regions (ADASA, 2016).

Therefore, the objective of this article is to evaluate the
use and relevance of quality indicators of effluent stations

established through two institutional norms (NOI-INEA 11
and NOI-INEA 14) elaborated by the State Institute of the
Environment (INEA), environmental agency of the state of
Rio de Janeiro.

2. METHOD

Initially, in the present article, a bibliographic review
was carried out in articles related to the theme of effluent
treatment, through which three national articles (Sper-
ling; Sperling, 2013; Barros, 2013; de Paula, 2013) and
three international articles (Lindtner et al., 2008; Balmér;
Hellstrém, 2012; ERSAR, 2020) were selected as the basis
for this study. The survey was conducted from June 2018
to March 2020, using the keywords: performance indi-
cators, sewage treatment plants, quality indicators, and
industrial waste treatment plants. The search was carried
out in the main journal portals, such as CAPES and ScikE-
LO. The selection criterion was the framing of keywords
and relevance to this article. In addition, a survey was
carried out on the websites of the Brazilian state environ-
mental agencies and the Federal District and in countries
of international prominence with scientific production in
the area of performance indicators of sewage treatment
plants.

In the context of the state of Rio de Janeiro, the me-
thodology for researching official documents (internal re-
gulations, technical opinions, minutes of meetings of the
Board of Directors of the Body) was adopted in the digital
collection of the state environmental agency — INEA, loo-
king for IQE (Sewage Treatment Plant Operation Quality
Index), IQETDI (Industrial Waste Treatment Plant Opera-
tion Quality Index), Quality Index of Treatment Plants, in
addition to holding meetings with those responsible for
the sector of ETP licensing and exchange of e-mails with
the main technical creator of the indexes in this body.

3. RESULTS AND DISCUSSION

Performance indicators of effluent treatment plants at
international level

As diagnosed by Barros (2013), there are several orga-
nizations at the international level that have a system of
development indicators on the sanitation system. Howe-
ver, there are few specific indicator systems for sewage
treatment plants, in particular the Austrian Water and
Waste Association (AWWA), the National Civil Enginee-
ring Laboratory of Portugal (LNEC) and the Swedish Water
& Wastewater Association (SWWA).



AWWA has developed the Austrian benchmarking
system for six years (1999-2004) and its main objectives
were the development of performance indicators and
the identification of good performances and potential
cost reductions of ETP (Lindtner et al., 2008). As noted
by de Paula (2013), the AWWA performance indicator is
classified into three main categories: financial, technical
and process. The system performance is obtained from
the correlation between process indicators and technical
indicators.

LNEC has developed a project called PASt21 which is a
National Initiative for Performance Evaluation of Urban
Water Treatment (WTP) and Sewage Treatment Plants
(ETP) and aims to establish performance evaluation and
benchmarking, and to reinforce the applicability of the
performance evaluation system of the mentioned sta-
tions, including the different typologies. The performance
indicator analyzes eight areas of the station: the quality
of treated wastewater; efficiency and reliability; water
use, energy and materials; management of by-products;
safety; human resources; economic and financial resour-
ces; and planning and project support.

The indicator system created by SWWA in 2003 on an
internet platform called VASS, with the start of data col-
lection from sewage treatment plants in Sweden in 2009,
had the purpose of providing a comparison between the
ETPs of the country and other countries, through indi-
cators, enabling benchmarking between the plants. The
evaluation of the ETPs involves the following dimensions:
effluent quality, sludge, energy, chemical products, and
economic aspects (Balmér; Hellstrém, 2012).

It is important to highlight a common feature in the ob-
jectives of the indicator systems mentioned above, which
is benchmarking. This practice is possible because most
ETPs are public companies, and this allows the sharing of
good practices and success cases.

Performance indicators of effluent treatment plants
nationwide

The Basic Sanitation Law, Law no. 11,445/2007 (Brazil,
2007), provides in its article 23 on the minimum aspects
of the evaluation of sanitation service provision, of which
the following should be highlighted: standards and indi-
cators of quality of service provision; progressive goals of
expansion and quality of services and respective deadli-
nes; monitoring of costs; evaluation of efficiency and ef-
fectiveness of services provided; standards of care to the
public and mechanisms of participation and information.
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In this sense, it is imperative that Brazil also has in-
dicators capable of evaluating the ETP, in a more com-
prehensive way than only in terms of meeting the stan-
dards for effluent discharge recommended by legislation,
since compliance with environmental legislation may not
ensure full protection of the environmental quality of the
bodies receiving effluents (Bertoletti, 2015).

In addition, in general there is also a benefit for public
health, as currently in Brazil water-binding diseases, such
as cholera, typhoid and parathyroid fevers, amebiasis,
diarrhea, and schistosomiasis are responsible for a high
number of hospitalizations. According to the Trata Brasil
Institute (2019), the incidence of hospitalizations for di-
seases associated with lack of sanitation was 12.46 hospi-
talizations per 10 thousand inhabitants.

Currently, in the country, there are indicators to eva-
luate exhaustion, where perhaps the best known is the
National Sanitation Information System (SNIS). Such sys-
tem has national scope and collects institutional, admi-
nistrative, operational, managerial, economic-financial,
accounting and quality data on basic sanitation services
in urban areas of the four components of basic sanitation
(water, sewage, solid waste and drainage, and rainwater
management).

The SNIS has the following objectives: (i) planning and
execution of public policies; (ii) orientation of resource
application; (iii) knowledge and assessment of the sanita-
tion sector; (iv) assessment of services performance; (v)
improvement of management; (vi) orientation of regula-
tory and inspection activities; and (vii) exercise of social
control.

Other organizations also have a proposal of indicators
to evaluate the exhaustion system, highlighting the Brazi-
lian Association of Regulatory Agencies (ABAR - Associa-
¢do Brasileira de Agéncias de Regulagdo), the Regulatory
Agency of Delegated Public Services of the State of Ceara
(ARCE - Agéncia Reguladora de Servigos Publicos Delega-
dos do Estado do Ceard) and ADASA.

However, these indicator systems are geared towards
evaluating the performance of depletion systems in a
more global manner, comprising other parts besides the
ETP, such as collecting network and customer satisfaction
relationship, for example. On this issue, in Brazil, there
are few performance indicators that are exclusively dedi-
cated to the evaluation of ETP, and the indicators propo-
sed by Barros (2013) for the evaluation of ETPs in Brasilia
- DF and the system proposed by de Paula (2013) can be
cited.
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In this context, it is worth bringing information on the
existence of the National Sanitation Quality Award (PNQS
- Prémio Nacional de Qualidade em Saneamento) of the
Brazilian Association of Sanitary and Environmental En-
gineering (ABES - Associa¢do Brasileira de Engenharia
Sanitdria e Ambiental). Every year, the best performing
sanitation service companies are awarded.

The evaluation of the companies is made through per-
formance indicators, published annually in the Reference
Guide for Performance Measurement (GRMD - Guia de
Referéncia para Medicdo do Desempenho) and the list of
indicators is divided into five groups: economic-financial,
social and environmental, related to clients and market,
related to people and related to the process.

In the last editions, the awarded companies have been
from the Southeast, including the Basic Sanitation Com-
pany of the State of Sdo Paulo (SABESP - Companhia de
Saneamento Bdsico do Estado de Sdo Paulo) and the San-
itation Company of Minas Gerais (COPASA - Companhia
de Saneamento de Minas Gerais) can be highlighted. In
the other regions of the country, the following compa-
nies stand out: Companhia Riograndense de Saneamen-
to (CORSAN) and Companhia de Saneamento do Parand
(SANEPAR); in the Northeast: Companhia de Saneamento
de Sergipe (DESO) and Empresa Baiana de Aguas e San-
eamento (EMBASA); and in the Midwest: Companhia de
Saneamento de Goias (SANEAGO).

Performance indicators of effluent treatment plants in
the state of Rio de Janeiro

In the context of the state of Rio de Janeiro, INEA was
created in 2007, with the mission of integrating the state
environmental policy, being a reference environmental
management agency, playing a strategic role in state de-
velopment.

In 2015, through the Board of Directors (CONDIR), IN-
EA’s highest body, composed of the Institute’s Presidents
and Directors, two institutional norms (NOI) were ap-
proved, NOI-INEA 11 (INEA, 2019) and NOI-INEA 14 (INEA,
2019). These norms aim to standardize and support the
methodology for calculating the IQE and the IQETDI in the
state of Rio de Janeiro, respectively.

The referred indexes are calculated from a series of
items related to the structure, quality of the treated ef-
fluent and legal compliance, and for the result of each
item a weight is assigned: one weight for a positive re-
sult and another for a negative result. In some cases,
another weight is assigned for an intermediate result.
The results are obtained by means of a percentage eval-

uation of compliance with the criteria and an index rang-
ing from zero to ten, and they are classified as shown in
Table 1.

Table 1. Evaluation of IQE and IQETDI framework

Framework (IQE and Evaluation
IQETDI)
0,0-6,0 Inadequate Conditions
6,1-8,0 Regular Conditions
8,1-10,0 Suitable Conditions

Source: Author (2020)

With this, the environmental agency outlines and dif-
ferentiates the evaluation of the station operation quality
by the predominant characteristic of the effluent to be
treated, that is, according to its origin — domestic or in-
dustrial.

The creation of an evaluation index of effluent treat-
ment plants places INEA as a pioneer in this matter, since
no legislation on this merit has been found in any other
state or district environmental agency. Furthermore, not
even the federal environmental agency, the Brazilian In-
stitute of Environment and Renewable Natural Resources
(IBAMA - Instituto Brasileiro do Meio Ambiente), has leg-
islation on this matter.

Thus, it is clear that INEA has a very important tool to
evaluate the stations. However, since the publication of
the indexes (IQE and IQETDI), there are few records of
their application in technical opinions prepared by the
agency, as searched in the institutional website. This fact
was confirmed in an interview with the head of service
and with the environmental analyst responsible for this
area within the agency (Management of Licensing of
Non-Industrial Activities - GELANI). It was found that IQE
has already been used in a technical opinion rejecting a
renewal process of a license to operate a domestic sew-
age treatment plant of the State Water and Sewage Com-
pany of Rio de Janeiro (CEDAE - Companhia Estadual de
Aguas e Esgoto do Rio de Janeiro) (INEA, 2018).

The indicators have great versatility, as they have the
potential to evaluate not only the quality of the stations
but also their global efficiency, should energy consump-
tion and input parameters be reviewed and added, for
example, and following the models of performance indi-
cators highlighted at the international level, as pointed
out in the previous item of this study. This way, these
indexes would be able to evaluate the performance of
two stations equally and make comparison possible. This
characteristic is even more interesting from the point of
view of entrepreneurs, who will be able to evaluate their



station not only from the environmental perspective, but
also from the operational and economic efficiency per-
spective, taking into account cost-benefit criteria.

A relevant point to be highlighted from these standards
is the forecast of the annual disclosure of the indicators
on INEA’s Intranet. It is interesting to note that this fea-
ture dialogues directly with the principle of information,
one of the principles of environmental law.

The main objective of the information principle in envi-
ronmental law is, in effecting the right to information, to
allow individuals to participate actively in issues related
to the environment. [...] And this participation can take
place both in the private or individual context, with the
intention of reducing environmental degradation, as well
as in the public sphere, imposing on the administrative
and judicial authorities an adequate and effective action,
through the legal means available (Gomes; Simioni, 2014,
p. 129).

The disclosure of results to the population is also re-
lated to the fundamental principle of transparency of ac-
tions - principle IX - established in Law No. 11,445/2007,
which establishes the fundamental principles for public
services of basic sanitation. Another point that is impor-
tant to mention is the provision in article 23, X of the Law,
which deals with the need for providing information on
sanitation, namely: “standards of public attendance and
mechanisms of participation and information” (empha-
sis added).

On the other hand, contrary to what INEA does with
other indexes, such as the Water Quality Index, which
evaluates the quality of rivers, there is no periodic dis-
closure of the results of ETP. In fact, there are no records
in the database of INEA’s website of any publication of
the results related to the indices of the state’s effluent
treatment plants.

Comparison between IQE and IQETDI

A comparison was made between the indexes created
by INEA, whose summary is shown in Table 2.

By comparing the two indicators, IQE and IQETDI, it is
generally noted that IQE takes into account more criteria
than IQETDI. Furthermore, the criteria linked to the loca-
tion of the station, the contingency plan and the main-
tenance status of the equipment are evaluated only in
IQE. However, this difference in the evaluation is ques-
tionable, since these criteria are not related to the origin
of the effluent or to any specific domestic ETP legislation.
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There is also a significant difference in the weights
attributed to the criteria in common between the indi-
ces. The criterion that evaluates the number of violations
committed in the IQETDI is twice the weight of the IQE;
the same occurs in the criterion on access to the flow me-
ter and proper disposal of waste.

Such differences are not justified because the legal in-
struments regulating these items do not back them up. For
instance, the inadequate destination of waste is penalized
by State Law No. 3467/2000 (Rio de Janeiro, 2000), with-
out distinction on its origin (industrial or domestic).

Although both indexes aim to evaluate the perfor-
mance of ETP, there is a distinction regarding the typology
of the treated effluent (domestic or industrial). Nonethe-
less, the differences found between the two indices are
not related to the type of effluent to be treated, i.e., they
do not configure a different evaluation or approach. The
difference is concentrated only in the quantity and the
weights assigned in some criteria.

The criteria that are evaluated only in IQE are not par-
ticular to domestic effluent stations; on the contrary, they
could also be evaluated in industrial effluent stations.
Among these criteria, the presence of a disinfection sys-
tem and the sedimentable and floating materials in the
treated effluent can be mentioned.

It is worth pointing out an error in the evaluation of
the characteristic odor parameter in the effluent, in both
indexes, because the score is given when there is pres-
ence of characteristic odor. However, it makes no sense to
penalize the odorless effluent and to bonus the effluent
that presents odor.

Thus, the objective of the agency in instituting two dis-
tinct indicators is unclear. It would have been possible to
create only one that evaluated the ETP, whether of do-
mestic or industrial origin. Moreover, as perceived by the
analysis, the difference in the evaluation of the treatment
station regarding the type of effluent is not found in the
indicators proposed in other countries (LNEC, SWWA and
AWWA, for example). Thus, a single indicator evaluating
ETP could be created, encompassing not only the criteria
set outin the two current indices, but also criteria capable
of evaluating energy efficiency and input management.

Another significant point, besides the revision of the
criteria, would be the revision of the weights applied to
them, and research could be carried out with important
players in the area (analysts from the agency, academic
institutions and companies in the field), as proposed in
the studies conducted by Sperling and Sperling (2013),
Barros (2013), and Paula (2013).
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Table 2. Comparison between IQE and IQETDI criteria
Criterion IQE IQETDI
Proximity to Housing Units X
Municipal Zoning X
Operational status of the units that make up the system X X
State of conservation of civil infrastructure (Gridding, sandbox, primary decanters, secondary, lagoons, etc.) X X
Maintenance status of machines and operational equipment X
Color of the treated effluent (Absence of color - Translucent) X X
ETDI Automation X
Sedimentable materials in the treated effluent (1 hour test in “ Cone Imnhoff”) X
Floating materials in treated effluent (Absent) X
Characteristic odor (Perceived outside the ETP) X X
Linking to the Liquid Effluent Self-Control Program X X
Attendance to the monitoring frequency by the competent environmental agency X X
Compliance with established parameters X X
Number of violations to the launch standards in force in the last three months X X
Storage of chemicals necessary for the operation of ETP/ETDI X X
Has flow meters accessible to inspection X X
Has sludge pre-treatment unit in operation X X
Proper disposal of waste with Manifest for licensed company X X
Has ART certificate from ETP/ETDI operator X X
Has a treated effluent discharge grant X X
Operation according to the material approved by the Environmental Agency X X
Inspection and maintenance plan X X
Contingency plan X
Has a system for reuse of Biogas X
Has a disinfection system X
Reuses the treated effluent X X
Accreditation of the laboratory that performs effluent analysis X X
Has elaborated an inventory of greenhouse gas emissions for the previous year X
Analysis data of ETDI operation control parameters (dissolved oxygen in the aeration tank, sludge age, «
among others)

Source: Author (2020)

Environmental licensing in the state of Rio de Janeiro
and performance indicators

The state of Rio de Janeiro made public its new State
Environmental Licensing and Control System (SELCA)
through the publication of State Decree No. 46,890 of
December 23, 2019, which revoked the old Environmen-
tal Licensing System (SLAM - Sistema de Licenciamento
Ambiental). The current system has gone through public
consultation and had as main bias the simplification of
the environmental licensing procedure, in consonance
with what was recommended in the last version of Bill No.

3,729/2004 (Brazil, 2004), authored by Federal Congress-
man Kim Kataguiri, in progress in the Federal Congress.

The Decree No. 46,890/2019, in its article 13, estab-
lishes:

The licensing and other environmental control proce-
dures will take into account performance indicators of
the enterprise or activity (...) with a view to effectiveness
in the protection of the environment ecologically balan-
ced and the economic and social development of the sta-
te of Rio de Janeiro. (emphasis added).



The normative text expresses the importance of per-
formance indicators in the evaluation and environmen-
tal control of enterprises and activities, especially in the
area of environmental licensing. In this way, SELCA pla-
ces responsibility for establishing indicators for the state
environmental agency itself, according to article 14: “The
competent environmental agency will seek to establish,
as a general rule, the adoption of performance indicators,
instead of means to reach them, in respect to the princi-
ple of free initiative”.

At this juncture, it is noted the need for INEA to reas-
sess and promote the application of its ETP, IQE and IQET-
DI quality assessment indices, since these have acquired
greater legal importance with the publication of SELCA in
the state of Rio de Janeiro.

Another interesting point that emerges with the new
state environmental licensing system is the dependence
on the evaluation of sustainability criteria for setting ma-
ximum and minimum times for environmental licenses.
These criteria are divided into four groups: environmen-
tal management; products and waste; water efficiency,
energy and emissions; and nature conservation.

The ETP performance indicator is an excellent tool ca-
pable of evaluating the efficiency of the management of
inputs and energy. Likewise, it is worth mentioning that
the indicator enables the continuous improvement of the
station, considering that in its application points of im-
provement and correction are identified (ADASA, 2016;
ERSAR, 2020).

For entrepreneurs, the implementation of this indica-
tor is attractive, since they can contribute so that the va-
lidity of the environmental license of their activity reach-
es the maximum term established in the aforementioned
decree. It is worth noting that in relation to the operat-
ing license (OL), for example, the difference between the
minimum and maximum terms is six years. The same hap-
pens with the unified environmental license (LAU), whose
minimum term is six years and the maximum is 12 years,
that is, a difference of six years as well.

Still on the aspect of the renewal of environmental li-
censes, the Decree states, in its Article 31, that “in cas-
es where the Environmental Control Audit Report is ap-
proved by INEA, without detecting non-conformities, the
renewal of the Environmental License may be carried out
expeditiously, as provided for by regulation”.

As a result, the Environmental Control Audit, regulat-
ed by INEA Guideline 056-R3 (INEA, 2010), gains greater
prominence in environmental licensing, becoming a time-
ly opportunity for auditors to apply and evaluate IQE or
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IQETDI in order to support and substantiate, in an ana-
lytical manner, the final report of the audit. It is worth
pointing out that one of the major obstacles faced by the
environmental agency in applying these indicators is the
reduced number of technicians, according to the state-
ment provided in an interview by the analyst responsible
for the ETP licensing service at INEA. Therefore, the indi-
cator would be applied at least once a year in the effluent
treatment plants of enterprises inspected and licensed by
the state.

The Project of Law n°® 3729/2004 that promulgates the
General Law of the Environmental Licensing, in its last
text in progress in the Congress, establishes in article 15
that enterprises that have adopted measures that allow
reaching more rigorous results than the criteria estab-
lished by the environmental legislation in force may enjoy
special conditions, such as prioritization in the analysis
and expansion of the periods of renewal of environmental
licenses. Therefore, the implementation of performance
indicators by entrepreneurs is in line with the current text
of this bill.

4. CONCLUSION

Environmental performance indicators are instruments
that contribute to environmental preservation, since they
favor a more careful evaluation and, in general, stimulate
the search for higher level results. These instruments are
in accordance with the fundamental right advocated in
article 225 of the 1988 Federal Constitution, which states
that every individual has the right to an ecologically bal-
anced environment.

In relation to the ETP evaluation, the performance in-
dicators can offer an extremely relevant contribution as
evaluation criteria, benchmark of good practices, ground-
ing in technical opinions from environmental agencies
and also in Environmental Licensing, as the environmen-
tal legislation of the state of Rio de Janeiro and in prog-
ress in the National Congress have pointed out.

In this context, INEA presented ETP performance in-
dicators that have a high potential to apply and obtain
information and results regarding stations in a clear and
objective way, and can be disseminated to the general
population, facilitating access to information that is too
technical and difficult to understand by lay people.

On the other hand, there are still improvements, such
as the unification of the two indicators (IQE and IQETDI)
generating a single performance indicator for the evalu-
ation of ETP (domestic or industrial). Another important
point is that this single indicator provides evaluation of
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ETP in the following dimensions: operation and infra-
structure, quality (effluent and sludge), management of
inputs and economic-financial aspects, as observed in in-
ternational performance indicators. On the other hand,
there are still improvements, such as the unification of
the two indicators (IQE and IQETDI) generating a single
performance indicator for the evaluation of ETP (domes-
tic or industrial). Another important point is that this sin-
gle indicator provides evaluation of ETP in the following
dimensions: operation and infrastructure, quality (efflu-
ent and sludge), management of inputs and economic-fi-
nancial aspects, as observed in international performance
indicators.
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