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Abstract: The management and treatment of hospital wastewater are issues of great concern
worldwide. Both in the case of a dedicated treatment or co‐treatment with urban wastewater,
hospital effluent is generally subjected to pre‐treatments followed by a biological step. A polishing
treatment is suggested to promote (and guarantee) the removal of micropollutants still present and
to reduce the total pollutant load released. Activated carbon‐based technologies and advanced
oxidation processes have been widely investigated from technical and economic viewpoints and
applied in many cases. In this study, the potential exploitation of these technologies for the polishing
treatment of hospital effluent is investigated by combining a Strengths, Weaknesses, Opportunities
and Threats (SWOT) analysis with a Strategic Orientation (SOR) analysis. This approach allows a
coherent strategy to be extracted from the SWOT‐SOR data, increasing the chances of success of
each technology. It emerges that both technologies present relevant and sometimes similar strengths
and can present opportunities. At the same time, activated carbon‐based technologies are more
likely to contain the main identified threats than O3/UV technology. The study also finds that, for
both technologies, further research and development could improve their potential applications in
the treatment of hospital wastewater.

Technologies and O3/UV Process as
Polishing Treatments for Hospital
Effluent. Water 2022, 14, 243. https://

Keywords: hospital effluent polishing; activated carbon; ozonation‐UV irradiation; SWOT‐SOR
analysis

doi.org/10.3390/w14020243
Academic Editor: Ana Rita Lado
Ribeiro

1. Introduction

Received: 23 December 2021
Accepted: 13 January 2022
Published: 14 January 2022
Publisher’s

Note:

MDPI

stays

neutral with regard to jurisdictional
claims

in

published

maps

and

institutional affiliations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution

(CC

BY)

license

(http://creativecommons.org/licenses
/by/4.0/).

In recent years, the management and treatment of hospital wastewater (HWW) have
been issues of increasing concern all over the world [1]. Research has mainly focused on
the occurrence of a wider spectrum of micropollutants (MPs) (namely pharmaceuticals,
hormones, diagnosis agents and disinfectants) in raw hospital effluent [2] and on the
development of appropriate strategies for their removal (in a dedicated treatment or co‐
treatment with urban wastewater) [3–5]. The main aim of these studies was to control and
reduce the (potential) environmental risks caused by MP residuals released into the
receiving water body. The recent pandemic has also highlighted the need to guarantee
efficient removal of microorganisms (bacteria and viruses) in wastewater treatment plants
(WWTP) [6].
At the same time, at the EU level, increasing attention is being paid to antibiotic‐
resistant bacteria and antibiotic resistance genes, as well as to nanoparticles and
microplastics, as they can occur and diffuse through the water cycle, mostly in ways that
are not yet fully understood [7,8].
It is well known that the additional treatments able to remove MPs have to guarantee
different removal mechanisms, as the behaviour of MPs depends on their chemical and
physical characteristics [9], which are very different. End‐of‐pipe treatments or the
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upgrading of existing WWTPs are two possible approaches that could improve the
removal efficiencies of these pollutants [10,11].
Two studies [1,12] gave an overview of the worldwide treatment trains adopted for
hospital effluents in full‐scale plants or investigated them at the lab or pilot scale. In
particular, [12] provides removal efficiencies for a great number of MPs by adopting
primary, secondary and tertiary treatments. It emerges that the variability ranges are
compound‐specific, and sludge retention time is one of the most influencing factors. It
was shown that a secondary treatment is necessary to remove carbonaceous compounds,
but it is not able to guarantee a high removal of most of the investigated MPs. Thus, a
further step is necessary to reduce their load, which is then released in the environment.
The most appropriate treatment technology considered in the different countries was
identified on the basis of the highest removal efficiencies observed for a selection of MPs
(target compounds, such as carbamazepine, ciprofloxacin, hormones, etc.) during the
investigations and/or capital expenditure (CAPEX) and operational and maintenance
costs (OPEX) for the different options. The most frequently adopted technologies aiming
at improving removal were advanced biological processes (membrane bioreactors
(MBRs), equipped with ultrafiltration (UF) membranes), activated carbon (AC) filtration
and adsorption, ozonation and advanced oxidation processes (AOPs), nanofiltration, and
reverse osmosis [1,12,13].
Among them, specific attention has been paid to AC‐based technologies and AOPs
based on O3/UV, and some applications demonstrate this fact in a full‐scale plant [13]. In
addition, the experiences and expertise achieved by the different actors involved in
(hospital) WWTP design and management can be useful when selecting the most
adequate technology, as they can provide suggestions related to the advantages and
drawbacks of different technologies from different viewpoints.
Bearing this in mind, in the current study, the two technologies were analysed in
order to evaluate how to exploit their specific abilities in the treatment of hospital effluent,
limiting the attention to MPs and not to the microbial load (including antibiotic‐resistant
genes and bacteria), by identifying their strengths, weaknesses, opportunities and threats
(SWOT analysis). This step was then combined with the Strategic ORientation analysis
(SOR), aiming at measuring the capacity of the technologies under evaluation to grasp the
opportunities and to limit the threats identified in the previous SWOT analysis. Different
stakeholders (researchers, project engineers and WWTP management engineers) were
involved in the two steps, so that their viewpoints and expertise could be considered, and
they could guide the future implementation of the technologies by selecting the most
relevant strengths, weaknesses, opportunities and threats and by analysing the
interactions between the strengths/weaknesses and opportunities/threats. In this way a
strategic orientation can be found to better exploit the two technologies and, at the same
time, to suggest developments that could allow their further application.
2. Promising Technologies under Evaluation
The treatments subjected to the analysis were AC‐based technologies and the
advanced oxidation process by O3/UV (Figure 1).
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Figure 1. Typical configurations of a membrane bioreactor (MBR) combined with powdered (PAC)
or granular (GAC) activated carbon and O3/UV. The treatment steps under study are surrounded
by red dotted lines.

Regarding AC, different applications were considered: (i) PAC added to the
secondary treatment; (ii) PAC dispersed in a contact tank following the biological system;
(iii) GAC dispersed in a column after the biological system. In the case of a PAC unit as a
polishing treatment (case ii), a UF membrane filtration is necessary to prevent AC powder
escaping with the effluent. Further details of the possible configurations are extensively
reported in [14].
Regarding O3/UV, it is placed after the activated sludge system and before a sand
filter. The secondary treatment removes most of the biodegradable, dissolved and
colloidal materials (reducing the demand for water oxidation), and the subsequent sand
filter is able to retain and degrade the undesirable and unavoidable oxidation by‐
products, according to findings in the literature [13].
In the selected technologies, the ability to remove MPs from wastewater is due to the
promotion of sorption mechanisms and biodegradation in the case of AC [10,15] and to
chemical reactions due to direct ozonation, photolysis and reactions through radicals
(indirect ozonation) in the case of O3/UV [16,17]. Details of MP removal mechanisms and
the main factors affecting them in the two different technologies are extensively discussed
in [14].
The current study refers to the PAC contact unit, GAC column and O3/UV reactor,
which are the stages surrounded by red dotted lines in Figure 1. Other stages that may be
required to complete the treatments, i.e., the UF membrane filtration or sand filtration in
Figure 1, were not included in the analysis.
The selection of these technologies is due to the fact that they have been well studied
for the removal of MPs in different kinds of wastewater, and many lessons can be learned
from full, pilot and lab scale studies [10,11,18–20].
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In the current study, it was assumed that the biological system consists of a
membrane bioreactor (MBR). This is the solution suggested and adopted in the case of a
dedicated treatment of HWW [2,12,13], but the analysis and considerations that follow
can provide useful insights to understand what happens in the case of conventional
activated sludge systems, where the liquid/solid separation after the biological reactor is
achieved by a secondary clarifier and not by a membrane tank.
3. Applied Methodology
3.1. Introduction to the SWOT‐SOR Analysis
The methodology used in this work is based on the succession of two complementary
analytical techniques (SWOT and SOR analysis) which, when combined, allow the
strategic planning of an “entity” to be set up (for example, a project, a firm, a technology,
an economic sector, a local system, etc.).
Figure 2 shows the framework of the procedure, consisting of the two above‐
mentioned steps (SWOT and SOR analysis), which will be described in the following
sections.
1st step

SWOT ANALYSIS
Specific strengths (S), weaknesses (W), opportunities (O), threats (T)
Ranking and selection of relevant S, W, O, T
2nd step

SOR ANALYSIS
Interaction between S/W and O/T
Definition of strategic orientation

Figure 2. Framework of SWOT‐SOR analysis.

3.1.1. First Step: SWOT Analysis
The first step is the SWOT analysis (also called the “design school model” by [21]). It
is a decision support technique that includes the analysis of the four categories: strengths
(S), weaknesses (W), opportunities (O) and threats (T), which leads to the identification of
the corresponding relevant factors for each technology. Strengths and weaknesses form
the internal environment, whereas opportunities and threats form the external one (see Table
S1). These two environments make a distinction between controllable and uncontrollable
factors.
Internal factors are the different characteristics of the analysed project (company,
technology, etc.), which can be controlled by the decision makers (controllable factors). As
an example, in the case of a technology, they may relate to technical performance, cost or
environmental sustainability. Each characteristic can represent a strength or a weakness,
depending on whether it promises to represent a winning or losing aspect in the
competition with alternative projects.
External factors are those future events capable of influencing the project in a
favourable or unfavourable way. It is not possible to directly intervene in them
(uncontrollable factors), but they do need to be observed to exploit positive events and
prevent negative ones. The external factors can be divided into the macro‐environment
and micro‐environment. Macro‐environment factors influence all human activities at
large and correspond to political, economic, social, technological, environmental, legal
and demographic factors; in contrast, micro‐environment factors include factors in close
contact with the project, such as existing competitors, new entrants, customers and
suppliers [22,23].
The SWOT approach helps to carry out a useful qualitative investigation, especially
if it leads to the identification of a limited number of truly relevant factors of the external
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and internal environments. Methods for identifying internal and external factors range
from the analysis of the literature from the sector to interviews of expert panels. Experts
can be both members of the organization’s internal staff and external consultants.
Interviews can be face‐to‐face or anonymous. Mixed methodologies can be adopted; the
preparatory phase is based on previous experience and on the analysis of the available
literature. This is followed by a free elaboration phase, carried out with interviews with
experts (brainstorming type), to integrate the preparatory phase.
At the end of this phase, it is necessary to select the most relevant factors. In fact, if
the number of factors resulting from the SWOT is high, the subsequent phase would
become burdened with an excessive number of reports, and the planning work would risk
being dispersed and of little effect. To avoid this, the list produced by the SWOT analysis
is subjected to ranking and selection, as reported in Figure 2, which aims to reduce the
number of factors of the four categories to the most relevant ones, indicatively, to four or
five factors at most per category. The ranking can be defined in different ways,
qualitatively and quantitatively.
3.1.2. Second Step: SOR Analysis
The final list of the most relevant strengths, weaknesses, opportunities and threats
constitutes the basis of the second step, the SOR analysis. Its purpose is to analyse the
relationships between internal and external factors, evaluating their specific relevance.
This is generally carried out by means of a SOR matrix, which reports the external factors
in columns and the internal factors in rows (see Table S2).
In general, this matrix allows the following four questions to be answered:
(1)
(2)
(3)
(4)

To what extent do the strengths help to seize the opportunities?
To what extent do the strengths help to limit the threats?
To what extent do the weaknesses hinder the opportunities from being seized?
To what extent do the weaknesses hinder the threats from being limited?

In particular, the matrix allows a cross‐reading of the factors defined by the SWOT,
in order to rigorously bring out the strategic priorities. The SOR Analysis is conducted in
quantitative terms. At the intersection of each internal and external factor, a score is
assigned between 0 and 3, on the basis of the importance of the aid or brake effect
mentioned above. Table 1 shows how to conduct the analysis of the interactions and the
criteria for the score assignment. It leads to the creation of a matrix split into four
quadrants, one for each of the reported questions.
Table 1. Interactions between Strengths/Weaknesses and Opportunities/Threats and criteria for the
assignment of the score (0, 1, 2, 3).

Opportunities (O)
Threats (T)
Does the S help to limit the T?
Does the S help to seize the O?
0 → S does not relevantly help to
0 → S does not relevantly help to
limit T
seize O
1 → S slightly helps to limit T
Strengths (S) 1 → S slightly helps to seize O
2 → S significantly helps to seize O 2 → S significantly helps to limit T
3 → S helps to seize O to the greatest 3 → S helps to limit T to the
greatest extent
extent
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Does the W hinder the O from being
seized?
0 → W does not relevantly hinder O
from being seized
WEAKNESSES 1 → W slightly hinders O from
being seized
(W)
2 → W significantly hinders O from
being seized
3 → W hinders O from being seized
to the greatest extent

Does the W hinder the T from being
limited?
0 → W does not relevantly hinder
T from being limited
1 → W slightly hinders T from
being limited
2 → W significantly hinders T from
being limited
3 → W hinders T from being
limited to the greatest extent

The results of the SOR analysis are difficult to read if the scores are flattened
upwards. To avoid this, specific limitations can be imposed, for example, not to exceed a
maximum score for each row or column of the matrix, corresponding to the TOTAL (a +
b) and DIFFERENCE (c − d) in Table S2 (the green and yellow cells, respectively). The
scores can be entered vertically (by column, i.e., for each external factor) or horizontally
(by row, i.e., for each internal factor).
Once completed, the SOR matrix requires an analysis from different viewpoints, as
the resulting scores contain a set of relevant information that is useful for the strategic
planning.
A first meaningful evaluation arises from the analysis of the distribution of scores
within the four quadrants of the matrix; this will help to frame the right strategy.
Schematically, the “pure” strategies that can be outlined are those shown in Table 2.
Table 2. Pure strategies for the different crossovers between the Strengths/Weaknesses and the
Opportunities/Threats.

Strengths
Weaknesses

Opportunities
Attack strategy
Change strategy

Threats
Defence strategy
State of crisis

With regard to Table S2, the prevalence of high scores in the S‐O quadrant (top left),
and in particular in cell H, indicates that the available strengths help to seize the existing
opportunities. It is the most positive condition, as it is a promising prospect, founded on
a secure base of resources. The strategy to be adopted is attack, aiming at strengthening
the advantages already acquired. When the high scores fall in the S‐T quadrant (top right),
and in particular in cell I, this means that the available strengths limit the threats. The
strategy to be embraced is of a defensive type, based on risk control, in order to minimize
its impact. If high scores appear in the W‐O quadrant (bottom left), and in particular in
cell L, this means that the weaknesses limit the possibility of exploiting the existing
opportunities. The situation is serious, as possible operational paralysis is foreseen. The
strategy to be taken here is that of change. In other words, it is necessary to re‐orientate the
present condition, to allow greater use of the opportunities. Finally, the prevalence of high
scores in the W‐T quadrant (bottom right), and in particular in cell M, corresponds to the
case in which the weaknesses hamper the possibility of containing the impending risks.
This situation is, at least, as serious as the previous one, as it heralds a possible long‐term
state of crisis. To overcome it, a recovery strategy on the weaknesses is needed, which is
capable of decreasing exposure to factors that threaten the system.
Another analysis is based on the sums of the scores of each row and each column,
DIFFERENCE (c − d) and TOTAL (a + b) in Table S2, respectively. The first helps to
highlight the most relevant external factors on which the development of the project
focuses (the opportunities with the highest values and the threats with the lowest ones)
and the major risks to be aware of (the opportunities with the lowest values and the threats
with the highest ones). The highest values in TOTAL (a + b) correspond to the most
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important strengths and weaknesses. These indications help the planner to identify the
strategic priorities and useful measures to take greater advantage of when addressing the
most relevant external factors.
Finally, a third evaluation refers to the score assigned to every single intersection
between external and internal factors. The highest values provide the planner with useful
insights into the strategic objectives to be developed.
3.2. SWOT‐SOR Analysis Applied to the Specific Case
To develop the specific steps of the procedure outlined in Figure 2, different
methodologies can be adopted. Those applied in the specific case study are presented
here.
In particular, “Ranking and Selection” (second phase of the first step) and
“Interactions between S/W and O/T” (first phase of the second step) were carried out using
the opinions of external experts, who were interviewed using the Delphi method. Delphi
is a structured group communication technique, originally developed as a method to
systematically and interactively predict uncertain events. It is based on the principle that
the judgment of a structured group is more accurate than that of an unstructured one [24].
In a structured group, each member is assigned a particular task to perform in order to
achieve the group’s overall goal. In an unstructured group, a task is simply assigned, and
each person is free to contribute as he/she so wishes.
The Delphi team in this study includes three experts (a researcher, a wastewater
treatment plant managing engineer, and an environmental and sanitary engineer). The
experts were interviewed independently. They answered the questionnaires iteratively.
After each round, the facilitators (authors) provided a summary of the survey, based on
the averages of the round scores. In this way, the experts were encouraged to review their
previous responses in light of the responses of the rest of the group or after some
clarifications they requested on the SWOT and SOR matrices. The iterative process was
stopped based on a pre‐defined criterion (stability of results and achievement of
consensus).
With specific regard to ranking and selection, the interview was carried out with the
support of the “pairwise comparison method”, according to the Analytic Hierarchy
Process (AHP) approach [25]. The goal of the pairwise comparison was to measure the
relative importance (priority) of the various factors identified within the four categories
(S, W, O, T) and to reduce them to four factors per category. For each couple, experts were
asked: “How much is factor A more important than factor B?”. The answers of each single
interview were collected in a matrix similar to that of Table S3, in which all the factors
were compared. Each judgment was quantified using a numerical scale measuring the
“dominance” of one factor over the other. The coefficients indicate how many times the
most important of the two factors dominates the least important factor. The scale of the
coefficients ranged from 1 (which means “of equal importance”) to 9 (which means that
the noted factor is “much (more) important” than the other). The collected values were
then processed by the online web‐based tool AHP‐OS [26], which provided a table with
the priority for each factor on an individual (expert) and global (whole panel) scale.
4. Results
Figure 3 reports the same framework as Figure 2, with the two steps split into the
specific processes followed by the application of the SWOT‐SOR analysis of the selected
technologies.
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1st step SWOT ANALYSIS

1. In-depth literature review
2. Definition of advantages and disadvantages
3. Identification of the specific factors within strengths, weaknesses, opportunities and threats
4. Experts’s ranking of the factors by Analytic Hierarchy Process (Delphi method)
5. Processing of the collected rankings of factors according to specific priorities
6. Selection of the 4 relevant factors for each category
7. Creation of the SWOT matrix
2nd step SOR ANALYSIS

1. Creation of the SOR matrix
2. Evaluation of the interactions between S/W and T/O and score assignment (Delphi method)
3. Processing of the expert evaluation leading to a final SOR matrix
4. Definition of strategies orientation

Figure 3. Framework of SWOT‐SOR analysis applied to the selected technologies.

In the first step, an in‐depth literature review was conducted to identify the main
characteristics of AC and O3/UV treatments, according to the configurations of Figure 1.
The studies included in the survey had to refer to (hospital) effluent in terms of MP
occurrence and/or treatment, mainly advanced wastewater treatments such as ozonation
combined with UV radiation, or adsorption onto PAC (added in the bioreactor or in a
contact tank, following the biological step) or GAC (in a dedicated column). Following a
careful selection, conducted through SCOPUS, the initial collection of 50 peer‐reviewed
papers was reduced to 36 [1,2,10,14–17,19,27–54].
Advantages and drawbacks were first identified for each of the two technologies, and
on this basis, it was possible to outline their main strengths, weaknesses, opportunities
and threats. The results of this SWOT analysis are reported in Table S4 and Table S5. It
emerged that there were 23 outline factors for AC and 21 for O3/UV.
These two baselines were used to conduct the factor ranking and selection. To this
end, the Delphi Group was involved with applying the AHP, as shown in the previous
section. The three rankings obtained during the interviews provided homogeneous
results. Therefore, they allowed the four most relevant factors to be identified for each
SWOT category, both for the AC and O3/UV technology (see Tables 3 and 4).
Table 3. SWOT matrix for AC technology.

Internal Factors

Strengths (S)
S1 Water quality improvement
S2 No by‐product formation
S3 Flexibility and availability of different
configurations
S4 Low energy consumption

Weaknesses (W)
W1 Variability of AC performance
W2 Waste production and disposal
W3 Operational problems
W4 High CAPEX and OPEX

External Factors
Opportunities (O)
O1 Customer request (of a promising and
valuable (green) technology of low cost to
be included in a dedicated treatment for
hospital effluent)
O2 National policies (implementation of
national policies to reduce MPs in WWTP
effluent)
O3 EU Watch List *
O4 Public interest in MP removal
Threats (T)
T1 No specific regulation for the
management and treatment of hospital
effluent
T2 Variation of MP concentration in
hospital effluent
T3 Attention to aquatic life
T4 Other MP treatment technologies as its
main competitors

* In accordance with the European watch list [55], which is periodically updated (the last revision
of the list refers to [56]).
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Table 4. SWOT matrix for O3/UV technology.

Internal Factors

Strengths (S)
S1 Water quality improvement
S2 Potential inhibition of by‐product
formation
S3 No waste production
S4 Small footprint and volume required

Weaknesses (W)
W1 Variability of O3/UV performance
W2 High O3 dose (high water demand)
W3 Safety concerns
W4 High CAPEX and OPEX

External Factors
Opportunities (O)
O1 Customer request (of a promising and
valuable (green) technology of low cost to
be included in a dedicated treatment for
hospital effluent)
O2 National policies (implementation of
national policies to reduce MPs in WWTP
effluent)
O3 EU Watch List
O4 Public interest in MP removal
Threats (T)
T1 No specific regulation for the
management and treatment of hospital
effluent
T2 Variation of MP concentration in
hospital effluent
T3 Attention to aquatic life
T4 Other MP treatment technologies as its
main competitors

The two SWOT matrices were used to set up the SOR matrices (Tables 5 and 6). As
already mentioned, the Delphi method was employed, and the same experts interviewed
in the ranking and selection phases were involved in the SOR analysis. They were
interviewed more than once, with the task of analysing the interactions between each
internal and external factor. At the end, all experts evaluated 64 combinations, assigning
a score from 0 to 3 to each cell of the matrix, as reported in Section 3. According to the
literature on this method [57,58], scores were assigned by column, as this mode allows the
coherence of strengths (or weaknesses) to be judged in series with respect to each
opportunity (or threat).
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Table 5. SOR matrix for AC technology.

O2 National policies

O3 EU watch list

O4 Public interest on MP removal

Sub Total O (a)

T1 No specific regulation

T2 Variation of MP concentration

T3 Attention to aquatic life

T4 Other MP treatment technologies

Sub Total T (b)

Total (a + b)

Threats

O1 Customers request
Weaknesses

Strengths

Opportunities

S1 Water quality improvement

2

3

3

3

11

1

1

2

1

5

16

S2 No by‐product formation

2

2

3

1

8

1

3

3

2

9

17

S3 Flexibility and availability of different configurations

2

1

0

0

3

2

3

0

2

7

10

S4 Low energy consumption

2

1

0

2

5

2

1

1

2

6

11

Sub Total S (c)

8

7

6

6

27

6

8

6

7

27

54

W1 Variability of AC performance

1

1

1

1

4

1

2

1

1

5

9

W2 Waste production and disposal

2

1

1

2

6

2

2

1

2

7

13

W3 Operational problems

1

0

0

0

1

2

1

0

1

4

5

W4 High CAPEX and OPEX

3

0

0

1

4

3

2

0

1

6

10

Sub Total W (d)

7

2

2

4

15

8

7

2

5

22

37

Difference (c − d)

1

5

4

2

12

−2

1

4

2

5

17
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Table 6. SOR matrix for O3/UV technology.

O2 National policies

O3 EU watch list

O4 Public interest on MP removal

Sub Total O (a)

T1 No specific regulation

T2 Variation of MP concentration

T3 Attention to aquatic life

T4 Other MP treatment technologies

Sub Total T (b)

Total (a + b)

Threats

O1 Customers request
Weaknesses

Strengths

Opportunities

S1 Water quality improvement

2

3

3

3

11

1

1

2

1

5

16

S2 Potential inhibition of by‐product formation

1

1

2

1

5

1

1

1

1

4

9

S3 No waste production

2

1

1

2

6

1

3

1

2

7

13

S4 Small footprint and volume required

2

1

0

0

3

2

0

0

2

4

7

Sub Total S (c)

7

6

6

6

25

5

5

4

6

20

45

W1 Variability of O3/UV performance

2

2

2

1

7

2

2

1

2

7

14

W2 High O3 dose (high water demand)

1

0

1

0

2

2

2

1

2

7

9

W3 Safety concerns

1

2

0

1

4

2

1

0

2

5

9

W4 High CAPEX and OPEX

3

0

0

1

4

3

2

0

1

6

10

Sub Total W (d)

7

4

3

3

17

9

7

2

7

25

42

Difference (c − d)

0

2

3

3

8

−4

−2

2

−1

−5

3

To avoid the phenomenon of “score flat upward”, the experts were asked to contain
the total score assigned to each column to a maximum of 12, apart from particularly
justified exceptions. The Delphi coordinators (the authors) elaborated a “resultant matrix”
for each technology, by averaging the resulting data with the help of the notes taken
during the interviews. The two resultant matrices were re‐proposed to the experts in the
Delphi second round, asking them if it was possible to converge on these. Their revised
matrices were re‐evaluated and shared again. At the end of this second round, all group
members agreed with the SOR matrices corresponding to Tables 5 and 6.
5. Discussion
The analysis of the scores reported in the two SOR matrices (Tables 5 and 6) was
carried out and, on this basis, the strategic implications for each of the two technologies
were outlined in agreement with the experts involved in the analysis. The main features
are discussed here.
5.1. AC Sorption/Filtration Technology
As to AC technology, it emerges that the most important strengths are no by‐product
formation (S2) and the high effectiveness in water quality improvement (S1). This results
from the analysis of the values reported in the last column of Table 5 (17 and 16 in TOTAL
(a + b)) corresponding to the sum of the scores assigned in evaluating how each strength
is able to seize the opportunities and limit the threats. Both these strengths, S1 and S2,
help to seize all the opportunities well and S2 (no by‐product formation) limits the threats
better than S1 does (Sub Totals T (b) are 9 and 5). Opportunity O3, EU Watch list, is well
grasped by both strengths as well as the perspectives given by the development of
national policies (O2); in contrast, public interest on MP removal is fully seized by S1 but
not by S2. Regarding the threats, it emerges that S1 and S2 are well defended from the
increasing concerns towards technologies that could threaten aquatic life (T3). S2 is also
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able to fight the variability in MP concentrations in HWW (T2) and the competition due
to treatment alternatives for MP removal (T4).
As to the weaknesses, the high production of exhausted AC (W2) and the High
CAPEX and OPEX to implement this technology (W4) are those with the highest TOTAL
(a + b) (14 and 10, respectively). W2 exposes AC technology to threats, mainly T1, T2 and
T4 (the corresponding Sub Total T (b) is equal to 7). W4 prevents the opportunities offered
by the market (O1) from being seized to the greatest extent and the absence of specific
legal requirements (T1) from being limited.
The analysis by column (the scores in the row DIFFERENCE (c‐d)) confirms that the
best grasped opportunities are those of a legislative nature, both at the national level (O2)
and at the European level (O3), whose total scores are +5 and +4, respectively. Regarding
the threats, it emerges that the one against which AC technology defends itself in the worst
way is T1 (the lack of a specific legal obligation for hospital effluent management and
treatment), whose total score is equal to −2. On the other hand, the threat that this
treatment is able to limit is T3 (the increasing concern towards technologies that could
threaten aquatic life), whose total score is 4.
The quadrants with the highest density of high scores are S‐0 and S‐T, having the
same score of 27 in cells corresponding to the positions H and I, according to Table S2.
Instead, the score is 22 in the W‐T quadrant (cell M according to Table S2) and 15 in the
last quadrant W‐O (cell L according to Table S2). This means that the strategy for AC
technology success can be played both “on offense” and “on defence” in accordance with
Table 2. In other words, AC technical characteristics seize the listed opportunities well
and, at the same time, defend themselves well against possible external threats. AC, in
powder or in grains, acts as a trap for a wide spectrum of MPs, and its sorption potential
is not affected by variations in their feeding concentrations. MPs are retained and
maintain their characteristics, without being involved in chemical reactions that could
generate other MPs (transformation products) of different chemical and, above all,
ecotoxicological characteristics. This typical removal mechanism meets the market
demands to reduce overall pollutant content and also the constraints related to existing
and ongoing national and European legislation on MP reduction in the treated effluent.
Different types of AC are available, and not all of them are present the same aptitude in
removing MPs; those that better fit the aim to reduce MPs from wastewater are of a higher
quality and are more expensive. Once they are exhausted and regeneration (in the case of
GAC) is not sufficient, they are destined to be replaced by a virgin one. Until efficient
regeneration techniques have been developed with sustainable costs and the regenerated
AC can be reused, disposal costs cannot be reduced.
The “absolute” performance of AC technology is measured by the bottom right
resulting value, which is 17 (cell Q in Table S2). This value derives from the difference
between the sum of the total score of the rows referring to strengths (N = 54 in Table S2)
and the sum of the total score referring to weaknesses (P = 37 in Table S2). This score,
compared with the theoretical maximum value, equal to 96 (i.e., the extreme case in which
all the strengths reached the top score equal to 3 and all weaknesses were null), highlights
that the weaknesses seem to be less relevant than the strengths, but they are not negligible.
From a strategic perspective, the chances of AC technology can be improved by
maintaining, on the one hand, high strengths and, above all, on the other, by promoting
interventions on the most critical weaknesses. For example, the adoption of AC will be
facilitated if progress in research and development is able to reduce the costs of disposing
of exhausted AC (W2) and if other expenditure, investment and operational items (W4)
are able to be reduced. High costs for AC generation could be reduced if the use of more
economic raw materials (such as biomass, biochar, etc.) could lead to the production of
AC in grains or powder with the same sorption capacity as coal carbon and of the same
durability (lifespan). Currently, this is not the case.
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5.2. O3/UV Technology
The analysis of the O3/UV technology SOR matrix (Table 6) presents similarities and
differences regarding the analysis of AC technology.
With regard to the strengths, the highest score is found for S1 (Water quality
improvement, similarly to AC technology) and S3 (No waste production), with the
corresponding TOTALS (a + b) of 16 and 13, respectively. As to AC technology, the
performance of O3/UV regarding water quality improvement (S1) grasps the whole set of
opportunities well (the corresponding Sub Total O (a) is 11). S3 makes this treatment
particularly suitable for hospital effluent applications, characterised by an expected
variability of MP concentrations (T2) over time.
The weakest point of this technology is the variability of the O3/UV performance (W1,
the corresponding TOTAL (a + b) is 14). On the one hand, W1 is an obstacle in grasping
the opportunity offered by the market (O1) and by the public regulations at a national
(O2) and European level (O3). On the other hand, W1 increases exposure to three (T1, T2
and T4) out of the four outlined threats. For instance, the instability of performance (W1)
appears to be an unfavourable factor in the face of the risks that the MP concentration
variability of hospital effluents (T2) entails.
The second most critical weakness is the high CAPEX and OPEX (W4), with a TOTAL
(a + b) of 10. The high cost issue is also present in AC technology (the same TOTAL (a + b)
values). In both cases, it hinders the opportunities offered by the market (O1) from being
seized to the greatest extent and the absence of specific legal requirements (T1) from being
defended.
An analysis of the data by column (DIFFERENCE (c − d)) shows that the
opportunities related to legislative (O2, O3) and social (O4) fields present very similar
overall scores (2, 3 and 3, respectively) and are more important than those related to the
free market (O1, whose overall score is equal to 0). On the contrary, regarding the threats,
the most worrying is the absence of a specific legal obligation (T1, whose overall score is
4).
The scores are spread over the four quadrants more evenly than that found for AC
technology. This implies two difficulties: on the one hand, it shows that the chances of
success of the strategy under study are limited, as the weak points are able to frustrate the
impact of the positive factors; on the other hand, they hinder the identification of a clear
and coherent strategy. O3/UV technology is able to improve the water quality, but very
high doses are necessary if the feeding becomes worse, with a higher number of
pollutants. In fact, ozone and radicals generated by the AOP mostly react with
macropollutants rather than with MPs. As a result, the treatment may lead to less removal
of the desired MPs. An increment in the applied dose of ozone and UV means a relevant
increment in the operational cost and also a potential increment in undesired by‐products,
which could generate a final effluent that is more toxic than expected.
As to the absolute performance of this technology, it emerges that the score at the
bottom right (Q in Table S2) is equal to 3, much lower than that for AC technology (equal
to 17, see Table 5). This means that the strengths almost offset the weaknesses; the total
score of the rows relating to the strengths (N = 45 in Table S2) is slightly higher than that
of the weaknesses (P = 42 in Table S2). It can be said that the strengths positively capture
the opportunities offered by the external context, and they provide sufficient protection
against the outlined threats. However, at the same time, the weaknesses of the technology
undermine the chances of success, more or less to the same extent.
On the basis of this analysis, the strategy for the O3/UV technology is more uncertain
and more difficult to be implemented than the AC technology strategy. It is, above all, a
question of removing most of the technical and economic obstacles that currently hinder
its wider application. Among the most critical ones are facing the problem of the
variability of technological performance, lowering investment and management costs and
reducing safety issues.
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6. Conclusions and Future Research
From the SWOT analysis of the two selected technologies and the discussion of
possible strategic actions (SOR analysis) for their wider implementation, it emerged that
both technologies have relevant strengths, but also some non‐negligible weaknesses. The
extrapolated strategies have several points in common. The O3/UV technology shows
some weaknesses, which do not appear to be adequately compensated by the strengths.
This does not mean that this technology is not likely to be adopted as a polishing treatment
for hospital effluent, but that, if specific actions are implemented, some weaknesses of this
technology can be mitigated, consequently making some threats less important. For
instance, due to the high ozone and generated radical reactivity with the organic matter
of ozone (and of generated radicals), an increment in the organic matter concentration in
the water under treatment implies a higher ozone demand, thus a higher ozone dose to
be added for the removal of MPs and a potential increment in the resulting toxicity. If
reliable pre‐treatments were present and able to maintain a constant concentration of
organic matter in the O3/UV feeding step, the whole treatment system would be able to
perform better, and the step would not be characterised by weakness W2 (High O3 dose)
and, at the same time, would better defend itself from threat T3 (Attention to aquatic life).
Common points between the two technologies concern market attractiveness (O1)
and the lack of specific legal requirements for hospital effluent management and
treatment (T1). The results indicate that, for both technologies, although O1 is a potentially
relevant opportunity as favoured by the positive performance, it is weakened by the
awareness of some weaknesses that hinder its market attractiveness, especially the high
cost of technology implementation. Regarding threat T1, the weaknesses of the two
technologies contribute to reducing the modest defence capacity of their strengths from
it.
As regards the future research agenda, we can indicate two aspects that are
particularly worthy of attention: one from a technological point of view and one from a
strictly methodological point of view.
If the investment and operational costs of both technologies could be reduced,
exhausted activated carbon could be recovered, and in the case of O3/UV, the adoption of
reliable upstream treatments could guarantee a constant quality of the water to be fed to
the O3/UV step, and thus a constant dose of O3 and UV can be defined and applied. Then,
some weaknesses could have less influence on the technology performance, and the two
analysed systems could have greater market attractiveness.
With regard to the SWOT‐SOR methodology, the current study shows that the most
relevant step is the interpretation of the SOR matrix results. It is fundamental to carry out
a complete overview of the possible options in order to extract the priority strategic
objectives. To this end, the multi‐stage iterative approach, adopted here, appeared
particularly promising, and the study showed that if the experts of the panel have more
time to reflect and to benefit from a more in‐depth discussion, their replies can delve into
the specific issues.
Finally, it is important to note that the methodology described herein can be applied
to other technologies that are able to polish hospital effluent (such as ozonation, catalytic
ozonation, nanofiltration, etc.) and also extended to the reduction of the microbial load
(including antibiotic‐resistant genes and bacteria, which have recently raised great
concern among the scientific community). It is reasonable to think that internal factors
(Strengths and Weaknesses) should be thoroughly investigated, as they are strictly related
to the technology under evaluation, whereas, for the external ones (Opportunities and
Weaknesses), some differences can be expected, but they are not as relevant as the internal
ones.
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