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Abstract

Purpose — This paper is interested to assist organizations in the task of selecting and use appropriate
indicators for their environmental evaluation procedure (EPE). This maximizes the successful
deployment of the EPE process and as a consequence the introduction of good environmental
practices. The paper aims to discuss these issues.

Design/methodology/approach — It consists of a proposal for a combined methodology based on
the simultaneous use of environmental risk (ER) approach and RPN-based allocation method.
Findings — In the developed methodology, the authors use the principles of risk assessment and
purpose a new formulation of weight allowance with reference to the severity of ERs and significance
of environmental aspects.

Practical implications — Methodology suggested constitutes an invaluable help to implementation
EPE process and as a consequence the introduction of good environmental practices.
Originality/value — Methodology suggested facilitates the process of environmental performance
evaluation providing substantial assistance to one of the most important stages that is to decide which
particular indicators will be considered.
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Nomenclature

EL; Environmental indicator F; Frequency of failure to achieve

PET; Prioritized environmental the related goal
indicator M Magnitude of the negative

ERj; Environmental risk of indicator impacts in case of failure to
EI; achieve the related goal

SEA; Significance of environmental S# Tolerated significance for SEA;
aspect “7” Si Real significance for SEA;

EG; Environmental goal related to the Ws, Weight of allocation related to the
environmental aspect “7” significance S;

NIgy, Importance level of the ER;* Sub-goals related to

)
[

environmental aspect environmental risk ERj;
NMp,,  Control level of the environmental WPE[ﬂ Weight of allocation related
aspect “7” to the prioritized indicator
Sensibility of the site and its PET;
surrounding at this environmental Npgysea, Number of prioritized indicators

aspect 7" related to a SEA;

SSea
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1. Introduction

In the environmental management, the environmental performance evaluation (EPE) is
defined as (ISO 14031, 1999): “a process to facilitate management decisions regarding
an organization’s environmental performance by selecting indicators, collecting and
analyzing data, assessing information against environmental performance criteria,
reporting and communicating, and periodic review and improvement of this.”

Although EPE has been considered to be both significant and useful, it is an
area still susceptible for further research and development work (Diakaki et al, 2006;
Myhre et al,, 2013; Hua et al., 2014; Zhang et al., 2014). This is partly due to the fact
that an evaluation is not an easy task, given the resources and efforts that are required,
and partly due to the fact that the adoption of EPE procedures is still an optional
task (Retief, 2007; Boatemaa et al, 2013). This fact in combination with the difficulties
that arise when an organization tries to implement EPE, reduce its extensive
use. Diakaki et al. (2006) recall that a first problem relates to the resources necessary
for such a task and the second problem concerns the choice of environmental
indicators (EI).

According to Diakaki et al (2006), the environmental performance indicators
(EPIs) used by EPE are as defined by Bartolomeo (1995) “the quantitative and
qualitative information that allow the evaluation, from an environmental point of view,
of company effectiveness and efficiency in the consumption of resources.”

The indicators depend on (Barrie, 1990; Rhys et al, 2005): the objectives defined by
the organizations, interests of the stakeholders which decide to take into account and
the situation of the organizations in terms of size, geographical implantation, and
branch of industry. As a consequence, it is really difficult for an organization to decide
which particular indicators should be included in the EPE procedure.

The aim of the method proposed in this paper is to assist organizations in
the difficult task of selecting appropriate indicators for their EPE procedures. This
maximizes the successful deployment of the EPE process and as a consequence
the introduction of good environmental practices.

The proposed methodology is based on the environmental risk assessment (ERA)
approach (Eduljee, 1998; Llewellyn, 1998) which is a process for estimating the
likelihood or probability of an adverse outcome or event due to pressures or changes in
environmental conditions resulting from human activities (Topuz et al, 2011). ERA is
complementary to methods used in: state of environment reporting (Fairman et al,
1999), environmental impact assessment and risk management (Arslan, 2009;
Marcelino-Sadaba et al, 2014).

The ERA approach involves identification, analysis and presentation of information
in terms of risk to environmental values to inform planning and decision-making
processes (Kolluru ef al, 1996; Aven and Kristensen, 2005).

ERA is a flexible tool that can be applied in many fields and has extensively been
used in a variety of environmental issues (Tixier ef al, 2002; Darbra et al., 2008), since
the 1970s when it was initially developed as a technique and a profession under the
general term ERA (Ball, 2002).

In this study, ERA is mainly used as an identification and prioritization tool to
assist decision- making on the selection and the use of appropriate indicators for EPE
by a proposal method of allowance of the environmental objectives which we have
coupled with ERA method.

In this context, this paper includes five more sections. The next one describes
the background of the presented study including a short state-of-the-art review on the



progress area of EPE and ERA. The third section presents the proposed methodology,
while the fourth section describes the application of the methodology to a tannery
industry. Finally, the last section summarizes the finding of the suggested methodology
and recommendations that arise from the overall study.

2. The ERA and EPE approaches

2.1 The ERA approach

The ERA is a powerful technical and analytical set of instruments for analyzing
adverse environmental impacts. In this way, it can provide scientific evidence for
environmental decision-making, and therefore has been widely applied across the
world over the past several decades (Wu and Zhang, 2014).

With the development of decision analysis techniques, the application of ERA has
widened since the late of 1980s to provide scientific evidence for environmental
management (Eduljee, 2000). For example, risk evaluation based on Benefit-Cost
Analysis (Mellal and Djebabra, 2014), and comparative risk assessment based on
methods of indicators selection (Diakaki et al, 2006) or on methods of Multi-Criteria
Decision Analysis (Jafar et al, 2013).

The advantage of the latter two categories of methods is that they are aimed for
prioritizing EL

All methods focussed on “risk assessment” or on “comparative risk assessment”
illustrate the first type of ERA called “ERA for decision-making process,” while the
other type of ERA is called traditional ERA, which include (Wu and Zhang, 2014):
health risk assessment, risk assessment accident, natural disaster risk assessment and
regional comprehensive risk assessment.

Some examples of the use of ERA are given below (Environment Health and Safety
Committee EHSC, 2013):

+ Assessing the impacts of chemicals used at existing sites.

« Assessing the impacts of products generated by individual companies/sites due
to their use or transport.

« Assessing potential impacts of new developments, new sites or new processes as
part of the planning procedure.

« Assessing the impacts of products, processes or services over their life cycle.

« Consideration of risks to the environment in a company’s environmental
management system (EMS) or eco-management and audit scheme (EMAS).

« Registration, Evaluation, Authorization and Restriction of Chemicals
Regulation.

ERA can be thought of as containing the following key stages (Environment Health
and Safety Committee (EHSC), 2013): hazard identification, identification of
consequences if the hazard was to occur, estimation of the magnitude of the
consequences, estimation of the probability of the consequences and finally evaluating
the significance of a risk.

Given the wide range of use of the ERA and considering these main steps mentioned
above, its deployment in EPIs is not only easy (see Section 3), but also very useful.
Because it allows to capitalize the results of the EPIs so that they become
(Schaltegger et al, 1996): comprehensible by non-scientists, suitable for an
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Figure 1.
The industry’s
EPE process

organization’s environmental and social targets as well as to the information
requirements of stakeholders, reliable and comparable across different organizations
and relevant benchmarks.

Moreover, and as the general framework of EPIs is EPE, the ERA for decision-
making process can be a valuable help to solve some problems of the EPE which are
presented in the next section.

2.2 Problems of EPE elements

The EPE is framed by the establishment management tools recommended by the ISO
14000 standards, such as EI that allow not only a permanent measurement of the
environmental performance but also a means of communicating information with
environmental stakeholders.

In addition, EI reduce the number of parameters from measurements to account
for the often complex environmental situation. In this sense, indicators can simplify
the understanding and interpretation of the results by providing to the target
synthetic information easily accessible to enable them to integrate the environment
into their decisions and their behavior. It is therefore important to optimize the
number of indicators that reflect a situation: too many indicators make the results
confusing and obscure the vision of the whole, while too few indicators may not be
representative.

Regardless of the optimization problem of indicators in which we return at the end
of this section, EPE requires the identification and assessment of appropriate
performance indicators (Tyteca, 1996). To this end, the following generic approach
(see Figure 1) has been followed for EPE:

 Identification of environmental aspects (EA). At this stage, the EA of the industry’s
activities are identified and reported. In this context, (Berkhout et al, 2001)
concluded that some EA are generally applicable (e.g. the energy use and the water
consumption), while others are specific to certain production processes.

EPE process
Yes
Yes
No
. Identification of EAs
Are EPIs appropriate
and adequate ? ¢
Definition of EGs
TNO l
—® Identification of EPIs
—<_Any change in EGs ? l
Yes ———» EPE
TNo l
L Any change in EAs ? <«—— Process evaluation

Source: Diakaki ef al. (2006)



«  Definition of environmental goals (EG). At this stage, given the environmental The
aspects of the industry’s activities, goals are set regarding the reduction of any  contribution
potential environmental impacts. of the ERA

« Identification of EI Given the output of the previous two stages, at this stage,
several EI that may be considered for the EPE of the industry is defined. Each
indicator in this initial set is identified in order to monitor the achievement or
otherwise of an environmental goal in relation to the environmental aspects of
the industry’s activities. At this level, it is important to note that the initial list of
indicators should be composed of few indicators that will be expanded annually
by additional indicators in the implementation of specific measures and actions
for improvement.
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« EPE. The evaluation of the environmental performance of the industry takes
place at this stage using the indicators selected within the previous stage.

«  Process evaluation. At this final stage, the evaluation of the whole process takes
place. The results of the EPE are examined in order to identify potential
deviations from the desired process outcomes. In case that no deviation is
observed the EPE process continuous as it stands. Otherwise, the process may
return to Stage 1, 2, 3, or 4, according to the output of the process evaluation, in
order to take any necessary corrective actions.

All steps of the EPE presented above require the following remarks:

(1) Identification of EA. In this step, it is not to formulate proposals for
improvement over the state of the environment, but to make observations.
From the environmental aspects analyzed that some of them can be described
as “significant.” In this context, the ERA approach is an ideal setting for
assessing the significance of these aspects, because it is based on that
assessment, that the significant environmental aspects will be prioritized and
selected in the environmental program.

(2) Definition of EG. Attention is often paid to the definition of EG in order to
reduce significant environmental impacts. The EG should be allocated into sub-
goals in order to better implement the environmental program (Saadi et al,
2011). In this context, the ERA approach also adapts to integrate the allocation
of environmental goals.

(3) Identifying EI. Whatever the imitial list of EI identified, they should be selected
to prioritize the most representative EI. Again, the ERA approach is best suited
to perform this prioritization (i.e. EI optimization) according to their related
environmental significance. Based on this prioritization, the retained EI are
those which have a high ER.

4) EPE and process evaluation. The EPE is based on the EI selected from the
environmental aspects considered as significant. The obtained results allow
EPE: either to supply the results provided by the ERA approach (i.e. update
significance of the environmental aspects following a feedback) or to mobilize
more El for a better EPE. Consequently, the ERA approach and EPE process
are complementary and even strongly dependent.

The brief overview of the EPE shows that its application depends on a judicious choice
of EI. The advantage of the suggested methodology detailed in the next section is
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that it offers us the opportunity to make this choice through the term ER. Furthermore
and as EI is a continuous measurement of environmental performance in terms of
improvement of fixed goals and targets, so it is imperative to use these indicators
through a method of allocating environmental goals which is an integral part of the
suggested methodology detailed below.

3. The suggested methodology

The suggested methodology is based on the principles of the ERA approach which
completed by the allowance of environmental objectives. This complementarity is
justified by the fact that the finality of ERA approach is to reduce the ER and this
reduction depends on: the requirements and goals that have been set at the
environmental program, the probability of failure to achieve these requirements and
goals, and the consequences that may result from the failure to achieve these
requirements and goals.

The steps of the proposed methodology and its relationship with the EPE process
are provided in Figure 2 where step 1 of the proposed methodology is the formulation
of the problem which consists in the identification of environmental aspects, indicators,
and related environmental goals. This step is powered entirely by the information
provided by the steps 1 to 3 of EPE process.

On the basis of this formulation, the second step of the proposed methodology
permits the calculation of the environmental aspect significance (Sz4;) whose values
range from 1 (negligible significance) to 1,000 (very high significance). This significance
is based on the multiplication of three assessments graded from 1 to 10, assigned to the
following parameters (see Equation (1)):

* Importance level (/Lg,,): severity, intensity or frequency of occurrence of the
studied environmental aspect.

+ Control level (CLgy,): technical, human or organizational of this aspect by the
organization.

+ The sensibility of the site (SSg4,) and its surrounding at this environmental aspect.

The significance of an environmental aspect is provided by the Equation (1):
Sga, = ILga,.CLga,.SSEa, )]

In this study, an environmental aspect is considered significant when it exceeds, for
each criterion (importance, control, and sensibility), the values of 5x5 x5, i.e. 125.

In the third step of the methodology, for each significant environmental aspect
(SEA)), are calculated the ERs of indicators (ER;;).

For a rational decision-making regarding the assessment of the risk, the
requirements and goals that have been set at the strategic planning of the system,
the probability of failure to achieve these requirements and goals, and the
consequences that may result from the failure to achieve these requirements and
goals, should be considered. To this aim, for the assessment of the ER of an indicator,
the following variables need to be defined (see Equation (1)):

+ Importance level (/Lgy,): severity, intensity or frequency of occurrence of the
studied environmental aspect.



Proposed methodology
(1) |—> Formulation of the problem
v
(2] Calculation of the significance of EAs and deduction of SEA, set
v
(3] For each SEA, calculation of ER;; of the E;; and deduction of EPI;
4] Allocation of Environmental Goals on the EPI;

EPE process

Yes
Yes

No

Identification of EAs
Are EPIs appropriate
and adequate ? ¢

Definition of EGs [

TNo l

—> I|dentification of EPIs

—<__Any change in EGs ? l
T Yes ——————» EPE <*——1——
No l
— Any change in EAs ? <«— Process evaluation

|

| Best Environmental Practices |

* Control level (CLgy,): technical, human or organizational of this aspect by the
organization.

*  The sensibility of the site (SSg4,) and its surrounding at this environmental aspect.

Consequently, the environmental risk (ER;) related to a particular indicator () of
environmental aspect (¢) is calculated based on the product of this three parameters:

ER; = Fji.P;.M;; )

In order to calculate the ER; value of a particular indicator, the related values of
the three risk assessment variables Fj;, Py, and Mj; are required. These values may be
estimated through the use of qualitative ordinal scales defined according to the
assessed variable (see, e.g. the application of next section).

Following steps 2 and 3, only the significant environmental aspects and the
prioritized EI will be retained in the followed proposed methodology.
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Figure 2.
Interaction EPE
process — proposed
methodology
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The fourth and final step of the suggested methodology consists of an allocation
of environmental goals related to SEA; into sub-goals allocated on prioritized ERs
associated to PEI;. This allocation of goals into sub-goals is based on the weighted
methods of the type risk priority number based allocation methods (Kim et al, 2013),
whose general principle is provided by:

S;<Ws,.Si S

where S} is the tolerated significance for a SEA;; S; is the real significance of a SEA,
estimated by Equation (1) and W g,is a weight of allowance.

In this study, the tolerated significance is equal to the value 125. Consequently, Sf is
formulated by:

S;k = WS[ .SZ' (33.)

This Equation (3a) permits to deduce the environmental goals related to different SEA;
(see, e.g. the application of next section):

EG; = w; @)

With w; = l_WS,
The allocation of environmental goals into sub-goals is performed on the ERs
associated to PEI;:

ER% = Wpgy, ER;; 6)

In Equation (5), the formalization of allocation weight Wpgmust take into
consideration: environmental goal (£G;) of Equation (4), the number of prioritized EI
related to a significant environmental aspect (Npgy/spa,) and the values of the
corresponding ERs. Consequently, the allocation weight Wpegy,is expressed by
Equation (6) which has the advantage of integrating the two cases where the ERs are
considered equiprobable or not. (see, e.g. the application of next section):

ERi e, ©)

Wpegr, = —+—————
Ji Npgisea
S R

j=1 j
Remark. In the special case where ERs are equiprobable, relation (6) becomes:

1
Wegr, = NiE G; (7)
PEI/SEA;

4. Application to the tannery industry

The methodology described in the previous section, has been applied to tannery
industries. This industry is one of the major consumers of fresh water and most of the
water is discharged as wastewater (Bajza and Vrcek, 2001).

This industrial activity is selected to illustrate the methodology developed above.
Moreover, these industrial activities affect the river water environment and thus lessen
ecological balance (Shen, 1999). Consequently, the tanning industry is considered to be
a major source of pollution and tannery wastewater in particular (Ros and Ganter,
1998). Indeed, the discharge of solid waste and wastewater containing chromium is the



main environmental problem (Song et al, 2000). Emissions into the air are primarily
related to energy use, but also the use of organic solvents and dyes causes emissions
into the air.

The tannery of Batna-Algeria is one of these tanneries which selected in this section
to illustrate the application of the suggested methodology. Its flow diagram, indicating
type of pollutants during the tanning process, is given by Figure 3.

This tannery established in 1973, ensures the transformation of raw animal skins
into leather. Like any tannery, MEGABatna.Spa consumes large amounts of water
which, once used, are removed by two networks: network river workshop and the
workshop tanning. This water is treated at the purification plant before being released
into the natural environment.

MEGABatna.Spa-Algeria is located in the northern industrial zone of Batna city
(located in Eastern Algeria). It covers a total area of 48,376 m* with a covered area of
9,679 m>% The manufacturing workshop area is 6,264 m% Its average production
capacity is of 3,500-4,500 skins per day.

Pollutants emitted by MEGABatna.Spa-Algeria are subject to strict regulations
particularly the Executive Decree No. 06-141 of April 2006 defining the limits of the
discharge of industrial effluents values. Despite these regulatory requirements, in
many cases, the discharges of the tannery exceed the permissible values, especially
after slight disturbance of the functioning of the wastewater treatment plant. The water
is then discharged into the receiving environment with high concentrations of
chromium (300 mg/1), sulfide (800 mg/1) as well as suspended solids (up to 7,000 mg/l)
without forgetting that these effluents have very large variations in pH (between 4
and 12) when it stops completely.

BOD, COD, SS, DS, Salts Organic N Hair, lime and contain

Soaking | —| Unhalring/Liming Fat containing limed
Limed organic l / organic matter
matter ~a o _ ) Acidity,
Lime splitting Timming |«—— Lime fleshing vegetable tans,
Ammonia l Syntans

NHs
Deliming/Bating —» Degreasing —» Pickling/Tanning

BOD, COD, SS, Retanning ¢
DS, Bleaching and {«— Shaving Chrome splitting
vegetable tans, Dyeing
Syntans, dyes, fats

chromium containing organic matter

A

Drying | | Batting/Trimming NChrometrimmings,
formaldehyde

Solvents, \ 4

formaldehyde i inishi
Y/ @ Remainder of finishing agents
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Figure 3.

Flow diagram

of MEGABatna.
Spa-Algeria with
type of pollutants
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Table 1.
Identification and
evaluation of
environmental
aspects

Consequently, MEGABatna.Spa-Algeria was recently ranked among the companies
that have eco-resistant behavior (Boubaker et al, 2012). Recall that to improve
its environmental performance, MEGABatna.Spa-Algeria must have at least an
eco-conformist behavior and better eco-sensitive behavior (Boubaker ef al., 2012).

To improve its environmental behavior, MEGABatna.Spa-Algeria must implement
a prevention of waste production plan focussed on the identification of the
environmental significant aspects in order to reduce the negative impacts on the
natural and human environment resulting from MEGABatna.Spa-Algeria activities.
It is in this context that the application of the methodology, presented in the preceding
section, was conducted by a series of following tasks: first, visit to MEGABatna.
Spa-Algeria and surrounding areas; second, on-site assessments and interviews with
relevant personnel including workers, managers, and other stakeholders; and third,
preparation of the identification of environmental aspects report from the interviews.

In the application of the proposed methodology on the MEGABatna.Spa-Algeria,
eight environmental aspects including 42 EI have been taken into consideration
(Table I). Among the eight environmental aspects, six are considered significant
(SEA; > 125). A quick review of the 35 indicators for the six SEA shows that 37 percent
are environmental management indicators, 46 percent are environmental operational
indicators and 17 percent are environmental conditions indicators.

Based on interviews, the evaluation of the significance of environmental aspects
(in Table I) is conducted through an identification of environmental aspects report
designed specifically for the three parameters that express the significance (see
Equation (1)).

During these interviews, each interviewee is considered as an expert, and estimates
on ordinal scale from 1 to 10 the three parameters that express the significance of an
environmental aspect (see Equation (1)). In total, 25 experts participated in the
operations wherel5 are part of the unit personnel (qualified workers and managers)
and ten stakeholders are external to the unit (four senior of civil protection, two
members of the environmental administration and four university professors).

Given the quality of the experts chosen in these interviews, all the assessments
provided by experts for each parameter of the significance of an environmental aspect
were aggregated by their arithmetic means (Table I).

Following these assessments and considering the level fixed by the department (i.e.
a significance level equal to 125), the impacts of EA;-EAg are considered significant
environmental impacts for which we have calculated the values of the corresponding
ER]'Z‘ (Table H)

Variables

Environmental aspect Number of EPIs  ILps, CLgs, SSpa, Sk
SEA;  Liquid wastes 6 10 7 9 630
SEA,  Atmospheric emissions 6 10 7 6 420
SEA;  Solid waste (activated sludge) 6 10 6 7 420
SEA,  Water consumption 5 9 9 5 405
SEAs;  Consumption of raw materials 6 7 7 6 294
SEAgs  Electric energy consumption 4 7 9 4 252

Scenery and living environment 5 5 4 6 120

Transportation and infrastructure 4 4 5 5 100
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Following the results from Table II, only EI; which have a maximum ER; will be
considered as prioritized environmental indicator (PEI;). In our case, they are seven in
number, of which: 43 percent are environmental management indicators and 57 percent
are environmental operational indicators (Table III).

The analysis of the results of Table IV shows the advantage of the environmental
goals allocation related to PELL» and PEl,, where ER is considered equiprobable for
both indicators (ERQ = ER22 = 100)

It is important to mention that the procedure of the allocation of an environmental
goal (EG;) proposed in the suggested methodology (Equations (5) and (6)) is applied
only if the prioritization of EI performed based on the maximum value of the ERs
related to indicators of SEA;:

E]]‘Z' isa PEI]'Z‘ only if E. i = max(ERl,»,ERzi .. .ER]'Z') ] = 1---NE[i (8)

where Ngy is the number of EI of an EA,.

Note that the allocation procedure of an environmental goal (EG;) in environmental
sub-goals remains valid in the case where the prioritization of EI is performed on the
basis of a value that is not necessarily equal to the maximum value of the ERs related to
indicators of SEA,. To illustrate this, consider a prioritization level of EI equals to the
minimum value of ERj; (first line of Table IV):

y= min(ERu + ER15 + ERy + ERi3 + ER14 + ER5 + ERlG) =60 9

For the y level, two new indicators will be considered as prioritized indicators which
are: PEls with ER»s equals 75 and PEl, with ERs, equals to 80.

The results of the new environmental goals allocation of all the nine PEI; is
presented in Table V.

Environnemental goals
SEAZ Definition w Si EGZ
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SEA; Liquid wastes To reduce the quality of the rejections 0198 80

SEA,  Atmospheric emissions To improve quality of the air by reduction  0.297 70
of the atmospheric pollutants

SEA;  Solid waste (activated sludge)  Suitable management of waste 0297 70

SEA, Water consumption To reduce water consumption 0308 69

SEAs;  Consumption of raw materials ~ Rational use of the raw material 0425 57

SEAg  Electric energy consumption To reduce consumption in power electric 0496 50

Table III.
Formulation of
environmental goals
of the MEGABatna.
Spa-Algeria

PEI;
PEL, PEL, PEL, PEIL; PEL, PEIL; PEIL

ER;; 75 100 100 100 125 100 60
NpEr/sea; 1 2 1 1 1 1
Wegr, 0.802 0.351 0.351 0.702 0.691 0575 0.504
ERﬁ-* 60 35 35 70 86 57 30

Table IV.
Results of
environmental
goals allocation
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Table V.
Results of

environmental goals

allocation for a
level y =60

Finally, it should be noted that the results obtained by the proposed methodology
(Tables I-V) show that the prioritization of EI does not exclude the use of other
El in the EPE process. It just indicates the environmental aspects and the
related goals from which the management of the industry may start its EPE
procedure.

Following the application of the suggested methodology based on ERA for the
selection of EI, it is important to remember that the research work on the ERA into
decision-making process are systematically focussed on an industrial activity (Jozi
and Salati, 2012; Ostoich ef al, 2014) and there are no ERA methods in strategic
decision-making process (Wu and Zhang, 2014). It is the major limit of the ERA
into decision-making process.

In order to try the generalization of the ERA use for the strategic decision-making
process we have to capitalize the results of this study in order to cover all Algerian
tanneries.

In this context and to better illustrate the contribution of the suggested
methodology in the Algerian tanneries, we recall that the biggest problem in Algerian
tanneries is the absence of proper guideline to reduce pollution causes by these
tanneries (Leghouchi et al, 2009). Fortunately, 2013 was marked by a national action
plan focussed on the best environmental practices in the Algerian tanneries (CPRAC,
2013). In addition to the Algerians tanneries responsible, stakeholders involved
in this plan are: leather artisans, the Algerian Ministry of Regional Planning,
Environment and Urban Development, National Center of Cleaner Technologies, the
network of Maghreb Enterprises for the environment and the Chamber of trades
and crafts.

The goal of this project is to present an ecological tannery using natural and local
products and taking advantage of such solid waste (sludge) as agricultural fertilizer.
As part of this unifying project (CPRAC, 2013), the suggested methodology
permits to facilitate the use of the EPE process. So, its success is to facilitate the
promotion of the environmental best practices in tanneries by the design of two
documents:

(1) A Manual for environmental aspects assessment (EAAM) which will be useful
as basic support for the EPIs selection according to the Algerian tanneries
characteristics (in particular of their sizes).

(2) A Guideline for environmental impact assessment (EIAG) which is the first
attempt to systematize the identification of the environmental impacts of
Algerian tanneries. The second attempt of the EIA guidelines is to guide these
tanneries to planning their environmental best practices and benchmarking
reports by use the allowance of the environmental objectives.

PEI;
PEL,  PEL, PELy, PELs PELs PEL, PEL, PELs PElLg
ER; 75 100 100 100 75 125 80 100 60
N, PEI/SEA; 1 2 2 2 1 1
W prr, 0802 0351 0351 0401 0301 0421 0270 0575 0504

ER;* 60 35 35 40 30 53 34 57 30




5. Conclusions

The aim of this research is to assist the organizations in the difficult task of selecting
appropriate indicators for their EPE procedures. This maximizes the successful
deployment of the EPE process and as a consequence the introduction of good
environmental practices.

In academic implications, the results of the proposed methodology show the interest
of the ERA approach combined with the allocation method for the selection of
prioritized EI as well as their characterization in the form of environmental sub-goals.
In this context, this contribution has the merit to be distinguished from the studies
carried out in the same context by using the ERA approach to tally the prioritization
of the EI by the allowance of environmental goals (Gareth, 1998; Diakaki ef al., 2006;
Azom et al., 2012).

In practical implications, this contribution is a beginning for the use of the EPIs in
the Algerian tanneries according to their characteristics and their environmental
behavior. In this context, our proposal of environmental objectives allocation on the
prioritized indicators is very significant for the EPE process and, consequently, for the
implementation of the environmental best practices. Nevertheless, and taking into
account the current difficulties in the judicious choice of candidate indicators to
complete an EPE by the Algerian tanneries, the aim of the methodology developed in
this paper is, so, to suggest EI that will be candidates in an EPE process. The interest
of the proposed methodology is that these indicators represent the different categories
of EI set by the ISO 14031 standard and also reply more or less with the criteria of
representatively, operability and decision support.

As a conclusion, the proposed approach provides to the EPE process a reduced set
of useful indicators for its best deployment in Algerian tanneries.

Glossary

EPE  environmental performance evaluation
ERA  environmental risk assessment

EPI environmental performance indicators

EA environmental aspects
EG environmental goals
References

Arslan, O. (2009), “Quantitative evaluation of precautions on chemical tanker operations”, Process
Safety and Environmental Protection, Vol. 87 No. 2, pp. 113-120.

Aven, T. and Kristensen, V. (2005), “Perspectives on risk: review and discussion of the basis for
establishing a unified and holistic approach”, Reliability Engineering and System Safety,
Vol. 90 No. 1, pp. 1-14.

Azom, M.-R., Mahmud, K., Yahya, S-M.,, Sontu, A. and Himon, S.-B. (2012), “Environmental
impact assessment of tanneries: a case study of Hazaribag in Bangladesh”, International
Journal of Environmental Science and Development, Vol. 3 No. 2, pp. 152-156.

Bajza, Z. and Vrcek, 1-V. (2001), “Water quality analysis of mixtures obtained from tannery waste
effluents”, Ecotoxicology and Environmental Safety, Vol. 50 No. 1, pp. 15-18.

Ball, DJ. (2002), “Environmental risk assessment and the intrusion of bias”, Environment
International, Vol. 28 No. 6, pp. 529-544.

Barrie, D. (1990), “Performance indicators”, Work Study, Vol. 39 No. 5, pp. 22-26.

The
contribution
of the ERA

75




WJSTSD
121

76

Bartolomeo, M. (1995), Environmental Performance Indicators in Industry, Nota di lavoro 41.95,
Fondazione Eni Enrico Mattei, Milan.

Berkhout, F., Hertin, J., Azzone, G., Carlens, J., Drunen, M., Jasch, C., Noci, G., Olsthoorn, X.,
Tyteca, D, Van Der Woerd, F., Wagner, M., Wehrmeyer, W. and Wolf, O. (2001),
“Measuring the environmental performance of industry”, Final Report of Project MEPI
(ENV4-CT97-0655), Environment and Climate Research Programme, European
Commission (EC), Brussels.

Boatemaa, A., Mensah, D. and Okereke, C. (2013), “Can environmental performance rating
programmes succeed in Africa? An evaluation of Ghana’s AKOBEN project”, Management
of Environmental Quality: An International Journal, Vol. 24 No. 5, pp. 599-618.

Boubaker, L., Djebabra, M., Chabane, H. and Mellal, L. (2012), “Environmental knowledge
memory: contribution of the DIK model”, Safety Science, Vol. 50 No. 3, pp. 554-562.

CPRAC (2013), “Regional activity centre for Cleaner Production”, available at: www.cprac.org/en/
projects/ (accessed August 10, 2014).

Darbra, RM., Demichela, M. and Mure, S. (2008), “Preliminary risk assessment of ecotoxic
substances accidental releases in major risk installations through fuzzy logic”, Process
Safety and Environmental Protection, Vol. 86 No. 2, pp. 103-111.

Diakaki, C., Grigoroudis, E. and Stabouli, M. (2006), “A risk assessment approach in selecting
environmental performance indicators”, Management of Environmental Quality: An
International Journal, Vol. 17 No. 2, pp. 126-139.

Eduljee, GH. (1998), “Risk assessment in environmental management”, Waste Management,
Vol. 19 Nos 7-8, pp. 541-542.

Eduljee, G.H. (2000), “Trends in risk assessment and risk management”, The Science of Total
Environment, Vol. 249 Nos 1-3, pp. 13-23.

Environment, Health and Safety Committee (EHSC) (2013), “Environmental risk assessment”,
available at: www.rsc.org/images/EnvironmentalRisk AssessmentVersion2tcm18236384.pdf
(accessed November 12, 2014).

Fairman, R, Mead, CD. and Williams, W.P. (1999), “Environmental risk assessment —
approaches, experiences and information sources”, Environmental Issues Report No. 4.
European Environment Agency, Copenhagen.

Gareth, L. (1998), “Strategic risks assessment — prioritizing environmental protection”, Journal of
Hazardous Materials, Vol. 61 Nos 1-3, 279-286.

Hua, ], Sun, HJ, Ming Yan, ], Liu, Z. and Ren Shi, Y. (2014), “Regional environmental
performance evaluation: a case of western regions in China”, Energy Procedia, Vol. A16,
Part A, pp. 377-382.

Jafar, M., Ghorabi, A. and Attari, M. (2013), “Advancing environmental evaluation in cement
industry in Iran”, Journal of Cleaner Production, Vol. 41 No. 2, pp. 23-30.

Jozi, S.-A. and Salati, P. (2012), “Environmental risk assessment of low density polyethylene unit
using the FMEA method”, Chemical Industry & Chemical Engineering, Vol. 18 No. 1,
pp. 103-113.

Kim, O., Yang, Y. and Zuo, M. (2013), “A new reliability allocation weight for reducing the
occurrence of severe failure effects”, Reliability Engineering and System Safety, Vol. 117,
September, pp. 81-88.

Kolluru, R, Bartell, S,, Pitblado, R. and Stricoff, S. (1996), Risk Assessment and Management
Handbook: for Environmental, Health and Safety Professionals, McGraw-Hill, New York, NY.

Leghouchi, E., Laib, E. and Guerbet, M. (2009), “Evaluation of chromium contamination in water,
sediment and vegetation caused by the tannery of Jijel (Algeria): a case study”,
Environmental Monitoring and Assessment, Vol. 153 Nos 1-4, pp. 111-117.



Llewellyn, G. (1998), “Strategic risk assessment — prioritizing environmental protection”, Journal
of Hazardous Materials, Vol. 61 Nos 1-3, pp. 279-286.

Marcelino-Sadaba, S., Pérez-Ezcurdia, A., Echeverria Lazcano, A. and Villanueva, P. (2014),
“Project risk management methodology for small firms”, International Journal of Project
Management, Vol. 32 No. 2, pp. 327-340.

Mellal, L. and Djebabra, M. (2014), “Contribution of cost-benefit analysis to optimize
eco-design plants”, To Appear in Jowrnal of Engineering Design and Technology,
Vol. 13 No. 1, 12pp.

Myhre, O., Fjellheim, K., Ringnes, H., Reistad, T. Longva, K.S. and Ramos, T.B. (2013),
“Development of environmental performance indicators supported by an environmental
information system: application to the Norwegian defence sector”, Ecological Indicators,
Vol. 29, June, pp. 293-306.

Ostoich, M., Carcereri, M. and Barbaro, ]. (2014), “River sediments’ monitoring: impact of tannery
discharges”, Management of Environmental Quality: An International Journal, Vol. 25
No. 4, pp. 379-406.

Retief, F. (2007), “A performance evaluation of strategic environmental assessment (SEA)
processes within the South African context”, Environmental Impact Assessment Review,
Vol. 27 No. 1, pp. 84-100.

Rhys, R.-J., Meinwen, P. and Malcolm, C. (2005), “An evaluation of current environmental
management systems as indicators of environmental performance”, Management of
Environmental Quality: An International Journal, Vol. 16 No. 3, pp. 211-219.

Ros, M. and Ganter, A. (1998), “Possibilities of reduction of recipient loading of tannery waste
Slovenia”, Water Sci Tech, Vol. 37 No. 8, pp. 145-152.

Saadi, S., Djebabra, M. and Boubaker, L. (2011), “Proposal for a new allocation method of
environmental goals applied to an Algerian cement factory”, Management of
Environmental Quality: An International Journal, Vol. 22 No. 5, pp. 581-594.

Schaltegger, S., Muller, K. and Hindrichsen, H. (1996), Corporate Environmental Accounting,
John Wiley, Londre.

Shen, T.T. (1999), Industrial Pollution Prevention, 2nd ed., Springer-Verlag.

Song, Z., Williams, CJ. and Edyvean, R.]. (2000), “Sedimentation of tannery wastewater”, Water
Res, Vol. 34 No. 7, pp. 2171-2176.

Tixier, J., Dusserre, G., Salvi, O. and Gaston, D. (2002), “Review of 62 risk analysis methodologies
of industrial plants”, Journal of Loss Prevention in the Process Industries, Vol. 15 No. 4,
pp. 291-303.

Topuz, E., Talinli, I. and Aydin, E. (2011), “Integration of environmental and human health risk
assessment for industries using hazardous materials: a quantitative multi criteria
approach for environmental decision makers”, Environment International, Vol. 37 No. 2,
pp. 393-403.

Tyteca, D. (1996), “On the measurement of the environmental performance of firms — a literature
review and aproductive efficiency perspective”, Journal of Environmental Management,
Vol. 46 No. 3, pp. 281-308.

Wu, K. and Zhang, L. (2014), “Progress in the development of environmental risk assessment
as a tool for the decision-making process”, Journal of Service Science and Management,
Vol. 7 No. 2, pp. 131-143.

Zhang, W., Wang, W. and Wang, S. (2014), “Environmental performance evaluation of
implementing EMS (ISO 14001) in the coating industry: case study of a Shanghai coating
firm”, Journal of Cleaner Production, Vol. 64, pp. 205-217.

The
contribution
of the ERA

77




WJSTSD
121

78

Further reading

International Organisation for Standardisation (1999), ISO 14031 Envirommental Management —
Envivonmental Performance FEvaluation — Standards and Guidelines, International
Organisation for Standardisation, Geneva.

About the authors

Dr Saadia Saadi is a Member of the teaching staff at the Institute of Health and Safety, University
of Batna, Algeria. She is a Member of the Research Laboratory in Industrial Prevention, and their
major research activities bear on environmental management.

Meébarek Djebabra is a Professor at the University of Batna, Algeria. He has a Doctorate from
Bordeaux-I University, France. His major research areas include systems RAMS, environmental
management systems, projects management and informational systems. He is the Head of the
Research Laboratory in Industrial Prevention. Professor Mébarek Djebabra is the corresponding
author and can be contacted at: djebabra_mebarek@yahoo.fr

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com



