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1. Introduction

The goal of this work is to assess the environmental
sustainability of water supply services bulk
operators in Portugal.

The basis for the present research is the performance
assessment model adopted by water sector regulator

However, our analysis allows to adjust the importance given
to each criterion in a specific management regulatory period
to the objectives of the strategic programs for the water
sector (sustainability goals).
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2. Methodological approach –
Multiple Criteria Decision Aid Methodologies

• The methodological approach is supported by benchmarking
instruments used by several international organizations and by
Multiple Criteria Decision Aid Methodologies.

Problematics within 
the decision-making 

context 

Ranking
Multiattribute Value 

Theory (MAVT) 

Sorting
The Outranking method

- ELECTRE TRI 

WSSP Symposium  6 – 7 April 2017, Bilthoven, the Netherlands 4



Multiattribute Value Theory (MAVT) is a compensatory method of additive 
aggregation that allows:

- To associate an overall score to an alternative

- To build the complete ranking of the alternatives 

- That a poor performance on a criterion may be compensated by high 
performance in another criterion

𝑣 𝑎𝑖 = σ𝑗=1
𝑛 𝑤𝑗 𝑣𝑗 𝑎𝑖

𝑣 𝑎𝑖 is the overall value of alternative 𝑎𝑖

𝑤𝑗 is the weight of criterion j

𝑣𝑗 𝑎𝑖 reflects the performance of alternative 𝑎𝑖 for the criterion j
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2. Methodological approach –
Multiple Criteria Decision Aid Methodologies



• The outranking ELECTRE TRI method is a multicriteria-based outranking sorting
method which allows assigning alternatives into a set of predetermined
categories.

• In the construction of the outrank relations the parameters of the criteria
defining the importance coefficients (wj), the performance of each alternative in
a given criterion and the preference (pj), indifference (qj) and veto (vj) thresholds
are used.

Source: Adapted Mousseau et al. (1999)

Category 1

Category 2
…
…

Category n
…
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2. Methodological approach –
Multiple Criteria Decision Aid Methodologies



3. The Portuguese water industry case -
Environmental sustainability 'overall assessment 

WSSP Symposium  6 – 7 April 2017, Bilthoven, the Netherlands 7



The Portuguese water supply
industry comprises:

– Bulk water supply
operators

– Retail water supply
operators

depending on the type of
activities carried out by
operators.

The specific economic
regulator in Portugal is the
Water and Waste Services
Regulation Authority ( ERSAR).

Distribution
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The Portuguese water industry case
3.1. Framework



The ERSAR’s regulation of the quality of service consists of 
assessing the performance of the various operators.
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The Portuguese water industry case
3.1. Framework

This assessment follows a set of indicators organized into 
three groups

Protection of 
users' interests

Operator's 
sustainability

Environmental 
Sustainability

• For each component group - several indicators
• Each utility is assessed indicator by indicator
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The Portuguese water industry case
3.1. Framework

Environmental 
Sustainability

Set of indicators used to assess the 
protection level of environmental 
issues related with operators' 
activities

Annual Report on Water and Waste 
Services in Portugal (RASARP).



Evaluation sheets – operator’s performance is 
exposed indicator by indicator.

Indicators of environmental sustainability.
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Indicators of efficiency in the use of environmental resources

Real water loss [m3/(km • day)] RWL

Fulfillment of water abstraction licensing  (%) FWAL

Standardised energy consumption [ kWh/(m3 • 100 m)] SEC

The regulation by assessing the environmental sustainability aims
to measure the extent to which environmental objectives are taken
into account, such as the efficiency in the use of environmental
resources.
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The Portuguese water industry case
3.2. Environmental sustainability 



Purpose of the Indicator

Good

service

quality

Acceptable

service

quality

Unsatisfactory

service quality

RWL
To assess the level of environmental 
sustainability of the efficiency in use of 
environmental resources. 

[0,0; 5,0] ]5,0; 7,5] ]7,5; +∞[

FWAL
To assess the environmental sustainability 
of service, in terms of the safety of water 
abstractions. 

100
]90,0; 

100[
[0,0; 90,0[

SEC
To assess the level of efficiency in the use 
of environmental resources, taking into 
account the appropriate use of energy 
resources. 

[0,27; 

0,40]

]0,40; 

0,54]
]0,54; +∞[
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The Portuguese water industry case
3.2. Environmental sustainability 



The Portuguese water industry case
3.3. Current state

2015                               2016

Evolution of environmental sustainability 
indicators - Real water losses
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The Portuguese water industry case
3.3. Current state

2015                               2016
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Evolution of environmental sustainability 
indicators - Fulfillment of water abstraction 
licensing 



The Portuguese water industry case
3.3. Current state
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Evolution of environmental sustainability 
indicators - Standardised energy 
consumption 
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3.4. Environmental sustainability 'overall 
assessment  - Application   and discussion of results

The regulation of the quality of 
service based on the assessment 
of the performance by ERSAR´s 

model:

It results in the 
evaluation of the various 
operators, indicator by 

indicator.

It doesn´t value the 
effort of the operators in 
the general adoption of 

good practices.

The regulation of the quality of 
service based on the  assessment of 
the overall performance propose in 

this work:

Emphasizes the priorities with 
higher weight for the indicators 
that are considered crucial  in 
terms of the water industry 

goals (environmental, 
economic, etc.).

Emphasizes stakeholders 
participation from the elicitation 

of weights.



Alternatives
Real water

losses

Fulfillment of water 

abstraction 

licensing

Standardised

energy 

consumption

AdSAndré 8,42 54,1 0,49

AdTMAD 1,53 98,04 0,4

AdAlgarve 4,73 60,42 0,38

AdCentro 1,22 29,37 0,43

AdCAlentejo 3,05 83,01 0,5

AdDPaiva 11,27 94,39 0,37

AdMondego 10,64 95,73 0,39

AdNoroeste 1,25 98,3 0,3

AdNAlentejano 2,94 94,39 0,49

AdOeste 4,26 0 0,47

AdVouga 1,36 50,21 0,4

AdZCoa 2,77 30,51 0,37

AdPAlentejo 4,4 35,36 --

EPAL 34,88 100 0,38

ICOVI 4,52 0 0,69

 
Real water losses 

Fulfilment of the water 
abstraction licensing 

Standardised energy 
consumption 

b2 5,00 100,00 0,40 

b1 7,50 90,00 0,54 

 

Performance matrix 
based on the evaluation 
sheets of the quality of 
service published by 
ERSAR. 

Standard profiles
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3.4. Environmental sustainability 'overall 
assessment  - Application   and discussion of results



Global value 
Good service 

quality 
Acceptable 

service quality 
Unsatisfactory 
service quality 

  

0,5877 0 0 1 
 

AdSAndré 

0,7929 1 1 1 
 

AdTMAD 

0,6852 0 1 1 
 

AdAlgarve 

0,6144 0 0 1 
 

AdCentro 

0,6966 0 1 1 
 

AdCAlentejo 

0,7194 0 1 1 
 

AdDPaiva 

0,7183 0 1 1 
 

AdMondego 

0,8433 1 1 1 
 

AdNoroeste 

0,7299 0 1 1 
 

AdNAlentejano 

0,4995 0 0 1 
 

AdOeste 

0,6781 0 1 1 
 

AdVouga 

0,6332 0 0 1 
 

AdZCoa 

0,3325 0 0 1 
 

AdPAlentejo 

0,5372 0 0 1 
 

EPAL 

0,3929 0 0 1 
 

ICOVI 

 

• Weigths (𝑤𝑗) with the

same importance
adjusted by scale factors

• Global profiles adjusted 
by scale factors:

b1= 0,770495827
b2 = 0,657142857
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3.4. Environmental sustainability 'overall 
assessment  - Application   and discussion of results

Application of the
MAVT
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M
A
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From the application of the MAVT method results the ranking 
of the environmental sustainability alternatives. 

The highest overall value function obtained is 0,8433 
("AdNoroeste“) and the second is 0,7929 ("AdTMAD“)

Most operators get unsatisfactory performance. 

3.4. Environmental sustainability 'overall 
assessment  - Application   and discussion of results



Application of the 
ELECTRE TRI

Good service 
quality 

Acceptable 
service quality 

Unsatisfactory 
service quality 

  

 0 0 1 
 

AdSAndré 

1 1 1 
 

AdTMAD 

1 1 1 
 

AdAlgarve 

0 0 1 
 

AdCentro 

0 1 1 
 

AdCAlentejo 

0 1 1 
 

AdDPaiva 

0 1 1 
 

AdMondego 

1 1 1 
 

AdNoroeste 

0 1 1 
 

AdNAlentejano 

0 0 1 
 

AdOeste 

0 1 1 
 

AdVouga 

0 0 1 
 

AdZCoa 

0 0 1 
 

AdPAlentejo 

0 0 1 
 

EPAL 

0 0 1 
 

ICOVI 

 
  Good service quality 

 
  Acceptable service quality 

 
  Unsatisfactory service quality 

 

•Threshold 
- Indifference (𝑞𝑗)=0

- Preference  (𝑝𝑗)=0 

- Veto (𝑣𝑗)={10,55,+∞ }

•Weigths
(𝑤𝑗)={0,33;0,33;0,34}

• Standard profiles
• Cutting level =0,5 
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3.4. Environmental sustainability 'overall 
assessment  - Application   and discussion of results
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3.4. Environmental sustainability 'overall 
assessment  - Application   and discussion of results

EL
EC

TR
E 

TR
I

Results affect the same operators than MAVT ("AdTMAD“ and 
"AdNoroeste“) and also "AdAlgarve" to the good 

environmental sustainability performance category .

About 46.6% of the operators are allocated to performance 
category "unsatisfactory" and 33.3% to the "acceptable".

For  > = 0,57 the classification gets significantly worse and 
allocates 80% of operators to the "unsatisfactory” 

performance category.



• The exploration of the potential application of MCDA methodologies to
assess the performance in sorting and ranking problems shows its
suitability to this decision problem.

• The results, although slightly more favorable in ELECTRE TRI, reveal a
high number of operators with unsatisfactory sustainability and
environmental performance.

• The application of the additive aggregation method-MAVT, and of the
prevalence ELECTRE TRI method resulted in similar results, since the
compensatory nature of MAVT is counteracted by the veto threshold in
ELECTRE TRI.
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4. Conclusions



• In the two methods, the environmental sustainability‘ overall assessment
suggests results more favorable when assigned a higher weight to water
loss.

• In the two methods, the worst result of environmental sustainability‘
overall assessment is the one with a higher weight given to the licensing
criteria of funding.

• Our methodological approach allows defining priority areas in order to
meet defined management objectives, according to the recommendations
for the sector, or the occurrence of climate change, including periods of
extreme drought or warning of the need to act in other areas considered
problematic.
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4. Conclusions



Environmental sustainability 'overall assessment - the 
Portuguese water industry case

Thank you
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