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Abstract—The Companies are evolving today in an economic context marked by competition
increasingly fierce and more demanding customers. To differentiate from the mass, nothing is worth an
environmental certification. Moroccan companies have finally understood and are thus more likely to
take the plunge.

The challenges of competitiveness, profitability and environmental protection issues call on the
maintenance function and make it one of the pillars of the environmental management system.

In this paper, we analyze the relation « environment-maintenance » and we present the model resulting
from this analysis. This model allows illustrating the impact of the maintenance on the environment
performance improvement, then, the effects of the environment management on the maintenance.

Also, we present in this paper the industrial application for experimenting our model in the framework
of a Moroccan company in the agri-food sector. The collected and observed results have confirmed the
assumptions expressed by our model.

I. INTRODUCTION

Nowadays, more and more companies are communicating about their commitments to protect the
environment through advertising campaigns, sustainable development reports, the display of environmental
certification and labels, and so on. For the latter, the implementation of an Environmental Management System
(EMS) has also become an imperative for regulatory compliance (environmental law), a response to the
concerns of shareholders and consumers, a condition of their sustainability and a non-negligible element of
competitiveness, and therefore of the whole performance. Sustainable development, in particular, its
environmental dimension has become a new strategic creation area, a source for improving the company’s
performance.

Thus, within the context of environmental management, there are two reasons for improving the technologies
currently implemented in industries:

e Reduce the environmental aspects emissions.
e Reduce consumption of matter and energy

These two reasons strongly call for the maintenance function, which has become one of the strategic
functions of the company. The company must lead an efficient maintenance strategy for its production means in
order to improve their availability and reduce their environmental aspects.

In this paper, we first define the concepts related to the maintenance, the green maintenance and the
Environmental Management System (EMS). Then, we analyze the impact of maintenance on the environment
and the impact of the EMS on the maintenance and we deduce the global model on the “maintenance-
environment” relationship. Finally, we try to validate our model in the company BOISGAZ.

Il. DEFINITIONS
A. Definition of the maintenance

The definition and development of the maintenance concept has been addressed by numerous research studies
(e.0. [11, [2], [3], [4], [B)). Also, the French standard gave several definitions of the maintenance function (see
the definition of NF X 60-010 standard and AFNOR NF X 60-000 integrating the economic aspect). As part of
our research, we use the definition of the standard NF EN 13306: maintenance is the set of all technical,
administrative and management tasks during the life cycle of an asset, intended to maintain or restore it to a
state in which it can perform a required function. This definition introduces the maintenance concept throughout
the whole life cycle of a material; this was missing in that of standard NF X 60-010.
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Traditional definitions of maintenance focus on 'good functioning'. Admittedly, the concept of 'good
functioning' can also include respect of the environment (functioning without any overconsumption of energy
and matter, nor pollution of air, soil and water). But it is clear that this notion refers more to the availability of a
machine and the environmental dimension remains implicit if not absent. Thus, the integration of the criterion
'respect of the environment' in the definition of maintenance would help to respect the environment. Indeed, the
integration of the environmental dimension in the definition urges maintenance managers to calculate, optimize
and integrate environmental costs into maintenance costs.

It is about the cost of penalties due to the environmental degradation provoked by the system. We cite in this
regard the research work of [6] which proposed to optimize the maintenance costs by integrating the cost related
to the environment.

Finally, the integration of the environmental dimension into maintenance shows, in our opinion, the concept of
green maintenance. We have defined this concept as follows: "The set of all technical, administrative and
management tasks during the life cycle of an asset, intended to maintain or restore it to a state in which it can
perform a required function in an environmentally sound manner". It means a healthy maintenance that ensures
operation with the least breakdowns and limits any generation of negative impact on the environment.

B. Definition of the Environmental Management System (EMS)

In the literature, several works have defined the EMS (see, for example, (EMAS), [7], [8], [9], [10). In the
same sense, the international standard 1ISO 14001, the most widely accepted by companies [11], defines the EMS
as the organization management system component used to develop and implement its environmental policy and
manage its environmental aspects. A management system is a set of interrelated elements used to establish policy
and objectives, also the means to achieve these objectives. It includes the organizational structure, planning
activities, responsibilities, practices, procedures, processes and resources.

C. Definition of the Environmental Management System Performance (EMSP)

The performance has always been considered as an ambiguous concept. Many researchers have attempted to
give it a holistic and precise definition ([12], [13], [14], [15], [16], etc.). Environmental performance is a concept
that is largely vague, contingent, and a source of subjective interpretations [17]. It is briefly defined in 1SO 14001
as the measurable results of environmental aspects management.

However, this definition is insufficient to accurately understand what Environmental Performance (EP) means.

Thus, it is defined to be the measurable results of the environmental management system (EMS), in relation to
the organization's control of its environmental aspects on the basis of its environmental policy, its environmental
objectives and targets (ISO 14031 Standard, 1999, p. 2). The performance depends on the environmental policy
which is by definition unique; therefore, it is a contingent notion to each company. In fact, this policy takes into
account the mission, sector, local and regional conditions specific to each company as well as the requirements of
its stakeholders [18].

According to Dias-Sardinha, the environmental performance can have six objectives: the compliance with laws,
prevention of pollution, eco-efficiency, eco-innovation, eco-ethics and sustainability [19].

The performance, in the Lebas point of view, exists only if there is the possibility of measuring it and this
measurement is not limited to the knowledge of a result [15]. It is then necessary to evaluate the achieved results
by comparing them to desired results, standard results or standards [20].

D. Definition of performance measurement for the maintenance function

The importance of the maintenance performance measuring has been widely discussed by many authors
([211,[22], [23], [24], [25]). Maintenance function managers need performance information in order to monitor
and control maintenance processes and their results, and to provide thereafter an indication of improvement.

Due to the maintenance role changing and the increasing complexity of manufacturing technologies,
maintenance costs have evolved [26]. In industry, maintenance costs are estimated at 25% of the total operating
cost ([27], [28]). In some industries, such as petrochemicals, electric power and mining, maintenance costs may
exceed operating costs ([29], [30], [31], [26]). As such, particular attention should be paid to maintenance
performance measurement, in order to use the limited maintenance resources more efficiently and to improve
the overall organization efficiency.

The maintenance performance management system shall be designed to monitor and improve the various
aspects of the maintenance effort. This process must be guided by the integration of the critical success factors
of the enterprise, which are derived from the overall organization strategy.

The development of maintenance performance measurement tools is based on three concepts that define three
main orientations:

e The cost,
e The reliability & maintainability and
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e The availability ([32], [33], [34]).

Several works were conducted to define measurement and monitoring tools (ratios and indicators) for the
performance of the maintenance function. Examples include the work of the French Association of Governing
Councils (FAGC), the work of the “Center for Interfirm Comparison” and the work of Luis Janssens, who has
developed specific indicators for cement plants and similar industries [34].

In the same vein, we note the works on the optimization ratios of total cost [35] and the TPM ratios [36].

The AFNOR X60-020 standard presents also indicators of maintenance cost, availability, security level and
cost of failure, whereas the work of [37] proposes an approach to performance evaluation of the production
systems integrating the direct effects of maintenance activities and it is based on the definition of indicators
suitable for production and maintenance.

Finally, we cite the research work of [38] which proposed a method of generating maintenance indicators
based on a semi-parametric approach and a Markov approach.

This presented bibliography shows that it is not possible to offer standard indicators that can be valid for any
company, whatever its activity, its objectives and orientations, the level of understanding, training and
involvement of its staff. Each maintenance department must find its appropriate indicators. The choice of the
indicator depends on the use of the information that one wants to make, and belongs to each person in charge. It
should make it possible to monitor and verify the functioning of the process and the achievement of the
objectives [39].

1. Analysis and modeling of the relationship « maintenance - environment »

Research studies analyzing the impacts of a system (e.g. process, machine, etc.) on the environment or
dealing with the relationship between environment and business are numerous (see, for example, [40], [41],
[42], [43], [44] [45], [46], etc.). However, few works deal with the relationship between maintenance and
environment, so this relationship remains implicit in a context where the protection of the environment is a
major stake.

On the other hand, the production systems that constitute an important part of the capital of most industries
are subject to the degradation related to the age and the use of such systems. This degradation affects not only
the quality of the product, but also that of the environment. In fact, the industrial systems degradation can have
significant impacts on the environment.

To meet the requirements of environmental standards and regulations, companies and in particular their
maintenance departments must develop and implement innovative methods and strategies that allows to improve
their performance for one hand, and to rationally exploit the available hardware resources on the other hand.
This exploitation must be performed taking into account the impacts of industrial systems on the environment.

Perusing the literature on maintenance, the relevance of the maintenance management has been proven in
several books ([47], [48], [49] and [50])). Indeed, a good maintenance management can help the company to
remain competitive both nationally and internationally.

According to our bibliographic review, a properly implemented maintenance management has a positive
impact not only on the infrastructure, the resources (human and material) and the company management (spare
parts, inventory, etc.) but also on the environment (see [6], [51],[52], [53], [32], [55]). The maintenance allows
then to ensure the people safety and to limit the negative impacts of a material on the environment. Indeed,
efficient maintenance interventions will:

e Extend the lifetime of assets

e Secure people and the properties

e Reduce noise (e.g. vibration of engines).

¢ Reduce consumption of matter and energy (e.g. water and electricity)

¢ Reduce solid and liquid waste (oil leakage...)

e Reduce air pollution (gas leakage...)

¢ Reduce environmental costs (the penalties cost due to the impact of the production system
deterioration on the environment).

Thus, we can deduce that maintenance contributes to the environmental performance by reducing the
environmental impacts. This positive impact of maintenance on the environment can be translated into an
improvement of the environmental performance indicators.
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Fig.1. The « maintenance - environment » relationship

If maintenance management contributes to the environmental performance, the integration of the maintenance
function into the design and functioning of an EMS is then essential. This supports the consideration of
maintenance as a requirement in ISO 14001 standard. We quote this sentence of paragraph 4.4.1 entitled
Resources, Roles, Responsibility and Authority: "Management must ensure the availability of the essential
resources for the establishment, Implementation, keeping up-to-date and the improvement of the environmental
management system. These resources include human resources, specific skills, organizational infrastructure,
technological and financial resources".

Responding to this requirement implies a specific organization of the maintenance function. This organization
would result in an organizational performance at the maintenance function level.

In addition, environmental management requires defining, for each process that includes the maintenance
process, the environmental aspects and their impacts. The company is obliged, in this sense, to propose actions
and procedures to control these aspects and limit their impacts on the environment. These actions and
procedures will introduce a new management approach in the maintenance department.

We can thus deduce that the environmental management requires a certain maintenance organization which, in
turn, has a positive impact on maintenance performance indicators.

A t h .
EMS new management approac Maintenance

Improvement of the performance indicators

Fig.2. The « environment - maintenance » relationship

The aggregation of relations (1) and (2) gives the global model explaining both directions of the relation
"environment - maintenance".

A new management approach
Improvement of performance indicators

Environment/EMS | 4 Maintenance

Reduction of the environmental aspects
Improvement of environmental indicators

Fig.3. The whole « maintenance - environment » relationship

IVV. Experimentation of the model in the Moroccan context
A. Presentation of the BOISGAZ Company

The company BOISGAZ is a national leader in agri-food soft drinks. It bottles and markets 14 brands with its
various perfumes, which totals 104 references. The manufacturing process within BOISGAZ goes through
several stages:

Firstly, water treatment that aims to eliminate the colloidal substances and suspended solids, to eliminate any
coloration, odor and any undesirable taste and decrease the alkalinity. Then, the manufacturing of two kinds of
syrups: simple syrup and finished syrup. In the end, the phase of bottling in two types of bottles: glass and PET
bottles.

The BOISGAZ Company, certified 14001 since 2005, presents various aspects to the environment and has a
Wastewater Treatment Plant (WWTP) located next to its production site. The station ensures the treatment of
the waste water of BOISGAZ before pouring them into the sewer system of the city in order to meet the
standards required by the parent company and the Moroccan norms of indirect rejections.
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At the entry of the WWTP the pH is basic because the effluents of the water at the inlet are rich by the soda
used for the cleaning of the bottles. The water temperature and the BOD5, COD5 and ME concentrations exceed
the values determined by the Moroccan indirect discharges standard and by BOISGAZ itself.

B. The BOISGAZ environmental indicators
BOISGAZ environmental indicators are grouped into classes and calculated as following:

Energy ratio (electricity, fuel, soda).

Yield of raw materials (concentrate, water, sugar, CO2).

Yield of packaging material (plug, capsule, and label).

Waste ratio: the amount of waste in Kg/production of final product in (1).

WWTP yield: the amount of incoming water untreated/the amount of the outgoing treated water.

The objectives are established and required by the parent company, they are usually the best values reached
by different sites.

C. Analysis of the maintenance organization of BOISGAZ

The maintenance department at BOISGAZ takes care of all the equipment of the company and aims to ensure
the availability and the good functioning of the equipment especially those used for the production. To do this,
the company ensures the maintenance of the equipment according to specified terms of preventive and
corrective maintenance, if necessary, through requests for intervention.

The performance of the maintenance department is measured by the following performance indicators:

e Preventive maintenance rate.
e Auvailability.
¢ Respect for the maintenance budget.
e Number of WA (Work Accident).

D. Experimentation of the relationship« environment - maintenance »

1) The impact of maintenance management on the environmental management

In order to measure the impact of maintenance on the environment, we started by analyzing the dashboard (or
reporting) environment. This dashboard consists of a set of indicators grouped into three families: 'raw
materials', 'energy' and ‘packaging material'.

Within each family, a set of indicators is defined, calculated and then compared with the goal of the
concerned year (see table I).

The calculation of these indicators for the year 2014 showed several negative gaps. These gaps concern the
maintenance department and require an action plan (see table I1).

TABLE I. Reporting extract for the year 2014

GAP14Vsobj

CONCENTRATE -0,04

RAW MATERIALS (%) SUGRE -0,08
CcO2 -0,59

WATER (L/LFP) 0,25

ELECTRICITY (LFP/KWh) -1,29

ENERGETIC MATERIALS FUEL (LPF/KG) -18,88
SODA (GR/LFP) -0,3

PLUG& CAPSULES -0,05

PACKAGING MATERIALS (%)

LABELS 0,04
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TABLE II. An extract of the maintenance action plan for the year 2014

Gap

Monitoring indicator Ytd/object Cause analysis Action Resp Status
Ambient temperature of Planned
the room is high Air conditioning (cooling) of the syrup room RP/RM

2} Concentrated -0,04 Syrup temperature is
= ield and '
2 zugar -0,08 high. Establishment of a new interchange RM Planned
3
[
% Price fluctuations Control of pipes, flowmeters and valves RM Planned
& Installation of the deaeration valve V2, Change of liquid air
co2 -0,59 CO2 Yield Analysis regulator RM Planned
CO2 system checking: Mixer and filler (leak and pressure)
Low boiler yield Boiler yield analysis RM Planned
Measure smoke temperature
Analysis of the combustion, sweeping of the boiler N°3
Fuel -18.88
yield ’ Low boiler yield Check the trigger input V1 washer and carbon filter RM
Ant tartar treatment and trap control
Installing a pression regulator at the inlet of V2 washer and
© charcoal filters
g Clogging of the Planned
5 exchangers LV1/LV2. Changing joints of the exchangers LV1/LV2. RM
IS - ——
o Clogging of the Monitoring of cold exchanger RM
g exchangers NH3/Glycol. Demandoffer
S
2 Clloging of the syrup
- .
w | Electricity -1.29 room exchangers Contimol exchanger monitoring and change of SS cooling RM/RP Planned
Air leakage Elimination of air leakage RM Planned
Analvsis of ener Automation of conveyors glass lines, raise awareness among
ysIS O 9y drivers on the shutdown of conveyors in case of stopping RM Planned
consumption -
production
Reduce the number of drain washer by a better extraction of RM Planned
High consumption of labels
Soda -0,3 — -
Soda Monitoring of the consumption of soda (leaks, washers), control Planned
of soda consumption RM/RP
o Systematize the count of receipts having a decline in RM Planned
2o performance
S . .

g & | Crown cap -0,05 Cap yield analysis Revision of the defective capper head RM Planned

© S N

o Check_the filler gear V2 and the stars of entry to lower the rate RM Planned

of unfilled bottle

Implementation of the Action Plan improved for 2015 all the indicators that were problematic for the year
2014. Thus, by 2015, the comparison of environmental performance with the Objective 2015 (the same target
for 2014) shows an improvement in environmental performance as indicated in table I11 below:

TABLE Ill. The summary reporting for the year 2015 and the year 2014

GAP 14Vsobj |  |GAP 15Vs Ob
CONCENTRATE -0,04 0,11
RAW MATERIALS (%) SUGRE 0,08 0.15
co2 -0,59 0,92
WATER (L/LPF) 0,25 -0,29
ELECTRICITY (LPF/KWh) -1,29 0,34
ENERGETIC MATERIALS FUEL (LPF/KG) -18,88 -6,52
SODA (GRILPF) -0,3 -0,14
PACKAGING MATERIALS (%) PLUGS& CAPSULES -0,05 0,00
LABELS 0,04 0,04
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As a result, maintenance actions have improved for the year 2015 environmental performance. This confirms
our assumption that an improvement of the maintenance improves environmental performance.

At the level of the WWTP, the availability is essential to limit liquid discharges into the environment.
However, we found that the station suffered several failures with long shutdown times that can reach up 3 days
(see fig.4).
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Fig.4: Stop time on September 2015 (According to the alarm menu).

The reduction of these failures requires a maintenance action. However, we noticed a lack of interest in the
station. Indeed, maintenance of the WWTP is not a priority for the maintenance department and this is due to the
fact that the environmental law is not yet in force. On the other hand, indicators of performance related to the
WWTP calculate different yields but this calculation does not take into account the availability of the WWTP
(the performance is calculated when the WWTP is running).

Thus, a lack of maintenance at the WWTP level leads to environmental degradation (see, for example, Table
IV relating to the values of environmental indicators at the entry of the WWTP).

TABLE IV. The values of the environmental indicators at the entry of the WWTP

Month 04/2014
Parameters | T (°C) | pH COD (mg/l) | DBO5(mg/l) | MES (mg/l) | Nt(mg/l) | Pt (mg/l)
E 27 10,2 | 2513,1 595 281,6 9,31 1,51

Indeed, the PH as well as the different concentrations of BOD5, COD and MES far exceeds the values
required by the regulations (see table V on Regulation).

TABLE V. Moroccan Standards for indirect discharges of BOISGAZ

Industry | Qmoy(m3/j) | Qmax(m3/j) |pH T(°C) | DBO5(mg/l) | COD(mg/l) | MES(mg/l)
BOISGAZ | 250 750 6---9 |35 500 1000 600

This confirms our hypothesis that a lack of maintenance leads to environmental degradation.
2) The impact of environmental management on maintenance management
In order to measure the impact of environmental management on maintenance at BOISGAZ, we analyzed the
company's EMS especially how the company met the requirements of paragraph 4.4.1, which deals among many
things with the maintenance requirements. This analysis showed that, during the design and implementation of
the EMS, a particular maintenance organization was required to provide more preventive maintenance than
corrective maintenance. This organization was reflected in the new performance indicators:

e Preventive maintenance rate = duration preventive intervention / total intervention period
e Preventive /correctif report = 95/5
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It should be noted that these two indicators (imposed by QSE department) have a positive impact on the
availability (maintenance performance indicator) calculated by the maintenance department of BOISGAZ
according to the following formula:

e Auvailability = MTBF/(MTBF + MTTR)
The Table VI summarizes the different maintenance indicators for the year 2015.

TABLE VI. Review of the maintenance indicators calculation for 2015

Maintenance

Achievements

Performance Jan

Indicators

Objectives

Rates of
preventive
maintenance

Sup 95 %

Rate of Inf5 %
corrective

maintenance

Rate of ligne 97,5%

availability

Febv | Mar | Apr May | June | Jul Aou | Sep | Oct | Nov | Dec
98.5 | 94.97 | 96.96 | 955 | 98.9 | 99.6 97.6 | 98.7 | 95
15 5 3 4.5 11 0.4 2.4 17 5.1
98 96 98 97 98 99 98 99 95

On the other hand, environmental management requires identification for all processes of the company,
including the maintenance process, the environmental aspects and impacts. Analysis of different environmental
aspects shows that there are aspects related to maintenance (normal functioning mode of the maintenance
department). Other aspects related to production appear in an abnormal functioning of the production because of
a stop or a degradation of the material.

Thus, management of these aspects and control of their impacts requires specific actions within the
maintenance department. These actions will reduce the significance of the aspects.

We present in the following table (table VII), an extract of our analysis on the environmental aspects.

TABLE VII. An extract from an analysis on significant environmental aspects

Activity Aspect Field Impact S
Bottlin Rejection of the final |y | pollution DBO/DCO 24
= g product
o
= - Leakage of solvent Contamination of groundwater by
(S)
= Coding and inks Water | i filtration 24
o ) ) . * Temperature rise, Sewer system
A | Washing & Inspection of | Hot water discharge / Water | degradation, degradation of fauna 27
Bottles chemical products
and flora
< —
Sanitation equipment, | Discharges of caustic Groundwater contamination /
o . o Fauna and flora
o cleaning and soda of disinfectants Water * Dearadation of th 36
maintenance and hot water egradation of the sewerage
network
S s Co_a_gulatl_on / Coag_ulant and Water 'Co.ntam.lnatlon of groundwater by 36
E = disinfection chlorine leak infiltration
© =2 Reiecti
8 . . jection of S
=5 Regeneration of resins Chemicals (HC) Water Contamination of groundwater 32
s Water Consumption Resource | Resource depletion 48
e Resourcesconsumption —
@ Electricity .
O . Resources | Resource depletion 48
consumption
i) . Rejection of soiled . Landscape degradation, soil
= § Assgr:otl)gld%lss;zseenr?bly cloths soil contamination by infiltration 32
% o Y . Discharges of waste Soil / Contamination of groundwater by 27
% ] E oils Water infiltration, landscape degradation
S S i i
ERE Welding & cutting Solid waste disposal Soil landscape degradation 16

F: Frequency of the operation / Aspect
G: Impact of severity on the receiving environment
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The significance is equal to the product of the frequency, probability and severity:
S=P*F*G
One aspect is considered to be significant when:

e There is a regulatory or a requirement of 1SO 14001.
e The product of the frequency * probability * gravity exceeds 24.
e  Severity is 4.

An action plan was developed to reduce the significance of the impacts. Numerous actions concern the
maintenance department such as development and management procedures (for exp: procedures for
management of liquid and solid waste and procedures on emergency procedures), as well as training/awareness.

Mastering these aspects and their impacts requires a high availability of the material. To achieve this,
maintenance department (with a recommendation of the QSE) plans a special organization through the
development of a set of procedures and adoption of preventive maintenance (a rate of 95%).

V. Conclusion

If the negative impact of a production system on the environment and the impact of maintenance management
on the production system seem obvious, the direct impacts between maintenance and the environment are not
always evident. Our research fits into this framework and shows that maintenance management impacts
environmental performance, so good environmental management within an industry influences the management
of maintenance. At the end of this research we elaborated a model on the relation 'environment -maintenance'.

The results obtained from the 'BOISGAZ' company confirm the relationship between the management of
maintenance and the improvement of environmental performance and also a relationship between environmental
management and the improvement of the maintenance management. These results were also confirmed through
a qualitative study with seven Moroccan SMEs.
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