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Abstract — Industrial wastewater treatment is getting
increased attention from academics, practitioners and
regulators, due to the environmental hazard of discharging
poorly treated wastewater into the environment. This paper
analyzes the case of Como’s textile district in Italy, to
explore what factors are considered by firms in selecting the
most  appropriate  wastewater  treatment  system
configuration. The case studies highlighted that Como’s
wastewater consortium benefits the firms in the district, and
it is a better solution compared to the presence of sub-
optimal private treatment plants. The firms mentioned
internal stakeholders, factors related to the wastewater and
technology, and economics as the most relevant.
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I. INTRODUCTION

Industrial wastewater is gaining momentum lately,
due to the hazardous consequences that the discharge of
poorly treated wastewater has on the environment and
human health [1]. With the increasing pressures from
several stakeholders urging firms to improve their
sustainability, there are growing concerns for firms to take
responsibility of the wastewater produced and related
treatment before discharging it into the environment.
Within the industrial sector, textile manufacturing
industries are a major contributor to the generation of
wastewater, that originates from removing impurities
from raw materials and from the use of reagents during
processing. Wastewater coming from those processes thus
may contain acids, alkalis, dyes, starch, surfactants, soap,
metals [2], high BOD concentrations, colors [3].

There are several options for firms to reduce the
environmental damages of their wastewater. Companies
can adopt several options in terms of technologies, by
operating either chemical, physiochemical, or biological
treatment, or a combination of the above depending on the
degree of treatment necessary [3]. Besides, firms may rely
entirely on their own treatment plants, or outsource the
treatment to a third party [4].

By more closely observing the different options that can
be put in place for industrial wastewater treatment, the
problem of how to select the most suitable option

emerges. In this regard, literature has so far been limited
by either the analysis of technological solutions to provide
decisional tools to firms, or by policy frameworks to
provide insights to regulators on how to promote
wastewater treatment. An intermediate perspective is
however missing, even though it is extremely interesting
to provide firms with a tool that could encompass the
technological and managerial perspectives and ease the
decision-making process.

Starting from the issues identified above, the purpose of
this article is to give a contribution to the academic
research in this domain by performing an exploratory
study concerning  wastewater treatment  system
configurations and provide some insights on the reasons
that could push firms to adopt a similar solution. More
specifically, the aim is to study the configuration selected
by a sample of firms, identifying and evaluating the major
factors firms consider when making their decision. We
have chosen the textile manufacturing district in Como
(Northern Italy) as empirical setting for our exploratory
investigation, given its relevance for the regional
economy and sustainability issues. Our empirical findings
could contribute towards building a holistic framework
able to best support decision-makers — as well as policy-
makers — in identifying the major factors leading
companies to the implementation of a certain industrial
wastewater configuration, so to in turn drive decisions
towards more sustainable industrial  wastewater
configurations.

Il. LITERATURE BACKGROUND

As observed by previous literature, the selection of
treatment system configuration involves decisions along
three main axes, namely: the wastewater collection, the
wastewater treatment and the wastewater disposal [5]. By
more closely looking at wastewater collection, studies
tend to identify that the different wastewater flows can
either be combined or separated [1].

Concerning wastewater treatment, the process can be
on-site, close to the point of generation [1]. In literature,
this solution is also referred to as decentralized [6].
Alternatively, the treatment can be made off-site, in a
central or municipal facility [1]. In this latter case, the
treatment is also called centralized [6]. Both solutions
present advantages and disadvantages, and firms should


mailto:marta.negri@polimi.it
mailto:enrico.cagno@polimi.it
mailto:c.salemme@confindustriacomo.it
mailto:andrea.trianni@uts.edu.au

select the most suitable one according to their specific
needs. For instance, on-site treatment allows a greater
customization to local needs, is more reliable and
provides more opportunities for water reclamation, as
previous research noted [6]. On the other hand, on-site
treatment is usually characterized by higher initial
investment and requires more expertise by operators [1].
Off-site schemes, instead, can enjoy economies of scale
and synergic effects for the mixing of different streams of
wastewater that neutralize one another [7]. Nevertheless,
they should be located close to discharge points.
Additionally, pipelines to convey the wastewater to a
unique central point of treatment might be very expensive,
as observed by Asano et al. [8].

Finally, companies can discharge the final effluent into
water bodies or into a third-party treatment facility. This
choice strongly depends on the availability of discharge
points close to the firm and on the decision made for the
other two axes.

In literature, despite being clearly interconnected, the
three axes have been managed separately [5]. The concept
of treatment system configuration, instead, allows to
describe how the firms deal with the three decisions in a
complete way.

Concerning the reasons driving firms to the adoption of
a specific treatment system configuration, previous
literature has offered a scattered approach. Interesting
contribution to the discussion have been provided by [9],
[10], who have identified the influent characteristics as of
course major element to be encompassed. Further, as
Zeng et al. note, economic aspects can play an important
role in choosing a certain configuration and should be
carefully considered [11]. Additionally, other important
elements to be encompassed are potential environmental
damages and benefits [12], but also technological
complexity and reliability of the solutions [13].

Most studies, however, analyse only the technical level
of the selection problem [14], or are developed by taking
the perspective of the utility [15], rather than that of the
industrial company generating a certain wastewater flow.

To authors’ knowledge, there is a lack in literature of
studies that are focused at industrial level, thus by
encompassing the technical and managerial implications
coming from the adoption of a given industrial
wastewater treatment configuration, representing an
important research gap that would be important to address
by creating a framework of all factors to be considered.
Furthermore, most of the literature has provided a
theoretical contribution to the academic debate by
theoretically pointing out possible factors to be
considered. However, there is a lack of empirical
evidence in assessing which factors effectively result
more important for companies when undertaking
decisions concerning the selection of their wastewater
treatment configuration.

In the present study we aim at giving a contribution
towards the aforementioned research gap by conducting
an exploratory investigation among manufacturing firms,
as described in the following Sections.

I1l. METHODOLOGY

The present study is based on exploratory case studies
[16], [17] in the textile district of Como (Northern Italy),
with the aim to collect insights on the treatment system
configuration installed by firms and the important
elements that firms consider when selecting it. We have
interviewed 10 companies, belonging to the dye-works
and textile-printing manufacturing firms. The firms have
been selected with the collaboration of Unindustria Como,
a local association of industries, that offered the first
contact with the interviewees.

The interviewees were the people in charge of the
wastewater treatment in the firms, and whenever possible,
the owner of the firm.

The interview was conducted with the aid of a pre-

compiled questionnaire, so to standardize the questions
asked and minimize the impact of contextual effects [18].
Besides, open-ended questions and free comments were
added to improve the understanding of the firm situation
[19]. Additional data were gathered also from the firms’
website and articles, in order to have more than one
information source and gain additional knowledge about
the firms’ sustainability attitude and ongoing projects
[20]. By collecting evidence through multiple sources we
allowed to ensure internal validity through pattern
matching [20], which represents a crucial condition for
case study methodology. Additionally, reliability was
ensured through the use of a case study protocol [21].
Given the particular design of the research, the cases were
selected to ensure literal replication [17].
The interview has been structured into three main parts
and lasted between 30 and 120 minutes. Firstly,
interviewees were asked to provide a general description
of their firm, with main processes in place as well as
major use of water. Secondly, interviewees described the
wastewater treatment configuration currently in place, by
identifying the wastewater collection, the wastewater
treatment and the wastewater disposal. Thirdly, we have
asked them to assess the importance regarding several
categories of factors they considered when choosing their
wastewater treatment configuration, by using a 4-point
Likert scale (from 1=not important to 4=very important),
built by reviewing extant literature as described before.
The choice of a pairwise Likert scale was aimed at
minimizing the number of neutral answers [22], taking
inspiration from previous research.

IV. RESULTS AND DISCUSSION

A. The case of Como

The textile sector, traditionally important for the
Italian economy [23], is organized in highly focused
industrial districts. The province of Como, located in
Northern Italy, is specialized in the weaving and finishing
of silk [24]. It is of particular interest to study the case of
industrial wastewater treatment in Comao since the specific
sample of companies investigated presents similar
characteristics (by location, size, production processes)
and faces similar challenges and issues. Therefore, they



have historically organized themselves to optimize the
treatment for the whole district, rather than focusing on
sub-optimal, single solutions [25].

The textile manufacturing sector in Como (within
Lombardy region, in Northern Italy) typically includes
several contracting companies, mostly small- and
medium-sized ones, largely specialized in one or a limited
number of phases of the finishing process of fabrics [27].
The finishing phase consists of printing, dyeing, finishing.

TABLE I
Interviewed firms’ characteristics

Firms Size Textile WW generated
Sub-Sector [ma/day]
1 Medium Printing 600
2 Large Printing 1,450
3 Large Printing 1,500
4 Medium Printing 300
5 Small Printing 110
6 Medium Dyeing 500
7 Medium Dyeing 1,230
8 Medium Dyeing 700
9 Medium Dyeing 270
10 Medium Printing 550

As shown in Table I, the sample of firms interviewed
is mainly composed of medium firms, with only 1 small
and 2 large ones. They are printers and dyers, producing
for the Italian and foreign market.

Historically, the textile industry in Como has planned
and adopted solutions with a systemic approach for the
wastewater, favoring options that would not be a burden
for the industrial players [25]. Therefore, a consortium
wastewater treatment plant was built to be able to treat
specifically the textile firms’ wastewater. The consortium
is owned by local municipal entities and companies
themselves [26]. This allowed the firms to outsource the
treatment of their wastewater, exploit scale economies
with the treatment and enjoy considerable savings.

This countertrends what happened in most Italian
industrial districts, where decisions were taken without
specific planning at local level. As a consequence, single
firms had to autonomously find a solution for treating
their wastewater, e.g. with on-site decentralized plants
that resulted very expensive for firms and with potential
environmental issues, as noted by previous research [6].

B. Case studies

The companies analysed in this study present very
similar characteristics. As emerged from the interviews,
they all adopted a partial on-site treatment, performing
only a small preliminary treatment on-site. This process
usually consists of a lamination tank to offset the peaks of
contaminants concentration, and oxygenation. The
wastewater is then discharged into the consortium

facilities for the final treatment and consequent discharge
to water bodies. The process currently in place for the
investigated sample is shown in Figure 1.
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Fig. 1. Description of the wastewater treatment system of textile
manufacturing firms in Como, Italy

None of the firms segregates the flow of wastewater,
as the volume of wastewater presents homogeneous
characteristics and it would not be economically
convenient. Only one firm reuses the water after
performing a more advanced treatment. Indeed, it
emerged from the interviews that the reuse of wastewater
does not prove to be economically affordable, since the
cost of raw input water is too low to justify the
investment. The one firm that does reuse water is driven
by image return purposes, as it can claim to be greener
than its competitors.

We noted that companies are also largely aligned in
terms of the motivations leading them to adopt their
specific wastewater configuration. Firstly, interviewees
highlighted the complexity of managing an on-site
treatment. In most of the cases, companies pointed out a
lack of internal resources to be allocated in specifically
managing the wastewater facilities. In other cases, even if
they may have the internal competences to manage the
wastewater process, they prefer to have it implemented
through external experts to limit the risk of penalties and
fines, so asking a third party to be in charge of the
treatment.

Secondly, particular attention was given to economic
aspects. In particular, companies highlighted that the
initial costs to bear to install and operate a treatment plant
are considerable, and most of the times the investment
does not seem worth given the relatively small volumes
that the firms should handle.

Thirdly, several companies highlighted that
differences in production volumes deeply affect the
wastewater  volumes.  Therefore, considering the
substantial variations in production volumes incurred over
the last years, as also noted by local reports [28],
installing and operating an on-site wastewater treatment
plant would limit the flexibility required by the market.
Finally, many firms pointed out space constraints that do
not allow them to have an on-site treatment plant.

Furthermore, the choice for a centralised wastewater
treatment plant managed by the consortium was partially
influenced by the existence of the plant when companies



started their activities: therefore, for companies it resulted
much easier to connect to the consortium facilities rather
than developing and operating their own internal
wastewater treatment plant.

We have summarised the frequency of the responses
to the different categories of factors in Figure 2.
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Fig. 2. Values’ frequency of the factors identified by the firms

Interestingly, and somehow unexpected, several firms
highlighted the primary importance of economic factors
when choosing treatment system configurations. Indeed,
managers declared to be reluctant in sustaining the
investment necessary to install and operate a fully on-site
treatment plant. Similar findings are present in [11]. More
in detail, a number of interviewees mentioned the
personnel cost and the discharge fees as the two most
relevant economic factors considered. However, it should
be noted that the cost structures vary largely depending on
the types of treatment performed and the contaminants
present in the wastewater [29].

It is noteworthy that regulation is not among the very
first factors considered by firms, as literature suggests
[30], [31]. Despite being recognized as an important
pressure to adopt wastewater treatment, regulation does
not play an important role in the treatment system
configuration selection.

Internally, the treatment system configuration seems
to depend on image returns enjoyed by firms: as stated by
the interviewees, the decisions seem often guided by the
market. Therefore, managing an on-site wastewater
treatment plant could affect the image of the company in
case of environmental issues. This was emphasized in the
interviews also by considering the local nature of the
textile manufacturing district, with tight connections with
the surrounding environment (in terms of proximity to
towns, in a high densely populated area, with more than
1,500 inhabitants/kmz).

The uncertainty that the entire Como district has been
experiencing over the last years (i.e. increasing
competition from developing countries, raise speed of
product life cycle, radical changes in the end markets)
seemed to make the consortium plant an optimal
configuration for the interviewed companies, as it avoids

the extra complexity of managing the wastewater
treatment.

Additionally, the innovativeness of the working
environment and the environmental awareness of
managers and workers emerged as critical elements to be
considered. Further, the factors related to the wastewater
characteristics should always be considered, as the
treatment system needs at least to be able to handle the
volume and the types of contaminant generated by the
firm. Finally, firms seemed to be driven by the
willingness to avoid extra complexity of non-core
activities.

We noted that at present all firms seemed to be well
satisfied with the solution of partial on-site treatment, and
the costs were perceived as adequate to the firms’ needs.
The firms mentioned that very few elements could make
them change the current configuration. Among these,
interviewees pointed out a high increase in the level of
contaminants discharged to the consortium, as it would
result in a discharge fee increase. In this regard, the role
of the policy makers seems to be crucial in facilitating the
adoption of innovative technologies at a small scale and
with reasonable costs, so that the firms can both improve
their environmental performance and be competitive on
the market.

V. CONCLUSION

We have conducted an exploratory investigation
about industrial wastewater treatment configuration
within the textile manufacturing district of Como,
Northern Italy, in order to point out major factors driving
companies in the adoption of their current configuration.
Our preliminary findings seem to show that investigated
firms were satisfied with the current wastewater treatment
configuration, i.e. a partial on-site treatment coupled with
a consortium facility, which has proved to be effective in
complying with the environmental regulation currently in
place, thus representing a success case.

Firms have pointed out image return as extremely
important for their business, and the need to limit the
complexity of managing a complete internal on-site
treatment. On the contrary, exploiting the synergies of a
consortium plant seems to be the best option.

The exploratory nature of our research does not allow to
take any strong general conclusion, except from the need
to build a comprehensive framework of detailed factors
able to best support decision-makers in understanding and
assessing the most important elements to be considered
when choosing a certain configuration of industrial
wastewater treatment. Further research could indeed
follow up on the present study and building such
framework to be useful both to industrial players, that
face the decision of selecting a proper wastewater
treatment, as well as to policy makers, that are in charge
of tuning regulatory and economic mechanisms so to best
promote the most sustainable options for industrial



wastewater treatment. Additionally, an extensive
application of such framework in different contexts (e.g.,
sectorial, or geographical) could allow to interestingly
contrast different samples and bring additional insights for
local and regional policy-makers purposes.
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