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Abstract  

The management of municipal solid waste (MSW) is an obstacle in several local communities, seen the socio-

economic and environmental impacts that may be related to this sector. Waste generation is usually related to 

changing demographic figures and the improvement of living standards. The aim of this study is to search the 

problems of waste management in the province of Khenifra located in Morocco and to initiate a feasibility study 

in order to produce solid recovery fuels (SRF) from MSW. The results of the surveys have shown that waste 

management in the province has several disruptions. Indeed, the final destination of waste is dumping, despite 

the programming of a provincial landfill and recovery center. In addition, waste characterization during the 

winter and summer months showed no difference between the fuel fractions during the two seasons. 

Words keys: MSW, environmental impacts, landfill, SRF, Waste characterization.  

Introduction  

The evolution of the demographic figures and the improvement of the standard of living are the cause of  a non-

stop of production of municipal solid waste. The impacts that may be linked to dumping have pushed nations to 

search valorization and recovery solutions. Sustainable waste management remains one of the main thrusts of the 

21 century for environmental protection [1]. To date, landfills constitute the most widely used method of 

disposing of garbage [2], despite the negative impacts of this type of management and the high cost of 

environmental degradation [3]. Developing countries have serious problems in the waste management chain. 

Indeed, in some countries the collection rate of waste can reach values below 50% and the sorting sector remains 

informal in several cities [4]. In this context, the life cycle of a waste starts with production that differs 

qualitatively and quantitatively according to several parameters (socio-economic level, seasons, urban and rural 

areas, etc.). Efficient waste management starts with a sorting at the source by the population, a collective 

selection by the municipalities and a final disposal with exploiting much as possible our waste following 

hierarchy: reduce, reuse, recycling, recovery and disposal intended as a final solution [5]. The quality of the 

treatment depends on the sorting of waste and lack of impurities in the sorted residues. To solve this problem, 

waste sorting technologies are well developed [6]. 

Converting waste to energy remains one of the sustainable solutions of a waste management policy [7-9]. This 

conversion can be demonstrated by the production of SRF. Several authors have studied the characteristics and 

quality of SRF. Actually, the use of SRF by energy-intensive industries makes it possible to minimize the 

purchasing cost of fossil fuels and minimize greenhouse gas emissions with the reduction of waste landfilled 

[10-15]. In Europe SRF is defined as a fuel derived from non-hazardous waste produced in accordance with the 

requirements of the European standards, specifically in accordance with EN15359. It can be prepared by several 
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types of waste: industrial, household, sludge of waste water [16-18]. Thus, different categories of waste and 

products can be mixed to improve the calorific value of the recovery fuel [19-21].  MSW production in Morocco 

is estimated at 5 million of tons per year. The country has made several efforts in waste management through the 

drafting of Law 28.00 and the implementation of a national waste management plan aimed at rehabilitating all 

waste dumps and upgrading 20% at the horizon of 2020 [22-23]. Despite these efforts, the majority of communes 

have a problem in the management of household waste as they do not have enough consciousness about the 

resources that can be linked to the valorization of the garbage. 

This paper aims to make a diagnosis on the state of waste management in the province of Khenifra and look for 

the sources of failure of the system of solid waste management. Secondly, we will present the results of a 

characterization study of the combustible fractions contained in the MSW. 

1. Material and methods  

1.1. Area of study  

Morocco is a developing country located in northwestern of Africa. This study was conducted in the province of 

Khenifra (Figure 1) which, consists of 22 municipalities with a total population of  370 178 Inhabitants 

according to population census 2014 [24]. The type of the climate in the province is Continental Mediterranean 

with a rainy and cold winter and a dry and warm summer. The minimum temperature is 4 ° C (January) and 

maximum 35 ° C (July and August) with an average rainfall of 550 mm per year. Table 1 shows the 22 

municipalities in the studied province with the assigned codes. 

Table 1: The communes of the study area 

 

Name of commune Allocated code  Name of commune Allocated code  

Aguelmam Azegza C1 Moulay Bouazza C12 

Aguelmous C2 Mrirt C13 

Ait Ishak C3 Ouaoumana C14 

El Borgj C4 Oum Errabia C15 

El Hamam C5 Sebt Ait Rahou C16 

Lekbab C6 Sidi Amar C17 

Had Bouhsoussen C7 Kahf Nessour C18 

Kerouchen C8 Sidi Lamine C19 

Khenifra C9 Sidi Hya Ousad C20 

Lehri C10 Tighassaline C21 

Mouha Oumhou C11 Ait Saadlli C22 

 

The overall survey allowed us to choose 7 communes according to the waste production. The estimated waste 

production and selected municipalities are shown in Figure 2. 

 



3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig1. Map of the area of study 

 

 

 

 

 

 

 

 

 

 

 

 

1.2. Inventory and surveys 

Fig2. Waste production estimate (right map) and, location of  selected municipalities (left map) 
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We developed two questionnaires, the first for the seven selected communes and the second for the population 

with a sample of 155 families distributed over the area of study as shown in figure 3. The questions are presented 

in the table 2.  

1.3. Monitoring and evaluation of fuels fractions in MSW 

We decided to study the behavior of the qualitative aspect of the fuel fraction dependence of seasons in order to 

initiate a study of the production of solid waste fuels based on household refuse. The characterization concerned 

the fraction greater than 80 mm, because the fraction less than 80 mm consists mainly of the organic matter [25]. 

The sample is dried for one day, and then weighed and undergoes to a particle size sorting in order to eliminate 

the fraction less than 80 mm. After that, the fraction greater than 80 is sorted into non-combustible fractions and 

combustible fractions in four categories (Cat.1: Paper and cardboard, Cat.2: Plastics, Cat.3: Textiles and 

elastomer, Cat.4: Wood and other fuel). The used methodology is presented in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig3. Distribution of surveyed families 

Fig4. Methodology for the characterization of combustible fractions 
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2. Results and discussion 

2.1. Waste Management Diagnostic Results 

The results of the survey showed that all municipalities had no any policies for the valorization of MSW. 

Municipalities which produce more than 2 tons per day throw their waste into landfills or in the nature. The other 

municipalities with low production do not have a collection and waste disposal service. The results of the 

questionnaires are presented in the tables 2.        

          

Table 2: Results of questionnaire of peoples 

 

Almost half of the surveyed population showed their favorable reactions with the sorting of waste and their 

agreements to engage in a policy of sorting at the source of two fractions. 

N° Questions 

  

Responses 

1 Number of persons per household? 2/household 

3/ 

household 

4/ 

household 

5/ 

household 

6/ 

household 7/ household 

6,45% 17,42% 22,52% 32,90% 14,84% 5,81% 

2 How do you get rid of your waste? Door to Door  

Shared 

container Dumping in nature Unspecified 

64.52% 25.16% 4.52% 5.81% 

3 How many times per day? 
1 time per day 1 time per 2 days 1 time per 3 days 

40.65% 50.97% 8.39% 

4 
What is the most abundant fraction in 

your trash? 

Biodegradable materials ( B.M) 

100% 

5 You know what sorting of waste? 
Yes No 

62.58% 37.42% 

  If YES, have you ever done a sort? 
Yes No _ _ _ 

44.33% 55.67% _ _ _ 

  
If YES, what is the fraction you are 

sorting? 
Dry bread 

B.D. and 

dry bread _ _ _ _ 

30% 70% _ _ _ _ 

6 Do you practice composting? 
No 

100% 

7 Which collection method do you prefer? 
Door to door  Collection point Selective collection 

25.80% 41.94% 32.26% 

8 
Do you have an idea about the final 

destination of your waste? 

Landfilling 

100% 

9 
Do you have an idea about the circular 

economy? 

2.50% 97.50% 

Yes No 

10 
Can you engage in a waste sorting 

project? 

Yes No 

51.61% 48.38% 

  
If YES, What is the number of fractions 

that you can sort? 

2 fractions  3 fractions  _ _ _ 

99% 1% _ _ _ 
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Table 3: Results of questionnaires of communes 

 

The survey shows that municipalities do not have enough consciousness about waste management, which is 

proved by the lack of knowledge of the law of waste, dumping of waste without any recovery and lack of 

experience in the selective collection. Municipalities, on the other hand, do not collect hazardous waste because 

of the risks associated with this service. 

2.2. Results of characterization of the fuel part 

The result of the monitoring of the fuel fraction during the winter and summer periods are presented in table 4. 

Figure 5 shows the distribution of fuel fractions according to the communes and the seasons. 

Table 4: Results of characterization of fuel fractions 

 
Summer 2016 Winter 2017 

 
Cat1. Cat.2 Cat.3 Cat.4 Cat1. 
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C2 8 15 5 18 18 3 27 4 2 10 13 7 18 21 4 25 1 1 

C3 7 16 4 17 15 6 25 7 3 12 15 8 17 10 11 17 4 6 

N° Question C2 C3 C6 C9 C13 C14 C18 C21 

1 Do you know the law of waste 
management in Morocco 

No No No Yes Yes No No No 

2 What types of waste do you collect? All non-
hazardous 

waste 

All non-

hazardous 

waste 

All non-

hazardous 

waste 

All non-

hazardous 

waste 

All non-

hazardous 

waste 

All non-

hazardous 

waste 

All non-

hazardous 

waste 

All non-

hazardous 

waste 

3 What is the waste management 
method that you adapt? 

Commune Commune Commune Commune Private Commune Commune Commune 

4 What is the waste production estimate 
in the municipal center ? 

10 
tons/day  

6 tons/day 4 tons/day 85 
tons/day 

25 
tons/day 

3 tons/day 4 tons/day 7 tons/day 

5 What is the mode of collection ? Door to 
door 

Door to 
door 

Door to 
door 

Both 
modes 

Both 
modes 

Door to 
door 

Door to 

door 
Door to 

door 

6 Have you had a selective collection 
experience? 

No No No No No No No No 

 If YES, What are the fractions 
collected? 

- - - - - - - - 

7 What are the problems you found in 
the waste collection service? 

Failure to 
respect 
trucking 

time 

Failure to 
respect 
trucking 

time 

Failure to 
respect 
trucking 

time 

Non-
conscious 
population 

Non-
conscious 
population 

Failure to 
respect 
trucking 

time 

Failure to 

respect 

trucking 

time 

Failure to 

respect 

trucking 

time 

8 What is the disposal method for your 
waste? 

Landfill Landfill Landfill Landfill Landfill Landfill dumping 
ground 

Landfill 

9 Do you have an idea about 
composting? 

No No No Yes Yes Yes No Yes 

 If YES, Have you ever done a pilot 
project? 

- - - No No No - No 

 If YES, the project was successful? - 
 

- - - - - - - 

 If NO, What problems have you 
encountered? 

- - - - - - - - 

10 Do you have an idea about solid fuel 
recovery? 

No No No No No No No No 

 If YES, Are you planning to set up a 
project like this? 

No - - - - - - - 
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C6 5 18 3 15 16 7 24 5 7 - - - - - - - - - 

C9 8 11 9 20 14 4 25 3 6 12 14 12 17 13 2 20 2 8 

C13 7 12 7 18 16 7 28 2 3 13 10 10 15 17 5 28 1 1 

C14 7 16 4 13 14 4 29 6 7 17 13 4 17 20 2 18 4 5 

C18 3 17 5 18 19 4 27 4 3 - - - - - - - - - 

C21 9 15 3 17 13 6 27 3 7 15 12 8 13 14 6 22 4 6 

Average % 7 15 5 17 16 5 27 4 5 13 13 8 16 16 5 22 3 5 

Average by 

category % 
27 17 47 9 34 16 43 8 

  

 

 

 

 

 

 

 

 

 

 

We find that the Cat.3 is most abundant during both seasons with the presence of large amounts of baby layers, 

followed by Cat.1 by 27% in summer and 34% in winter period. 

As shown in Figure 5, the co-fueled fractions constitute about 38% initial waste stream 

 

 

 

 

 

 

 

 

 

 

Fig6. Flow diagram of the characterization study 
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Fig5. Distribution of fuel fractions by category and season 
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2.3. Discussion of results 

The results of the survey can be explained by the lack of an awareness of the sustainable management of waste. 

Although the municipality is primarily responsible for the collection and disposal of MSW, we found that 6 

communes had no idea about the law of waste management in Morocco. In addition, the municipalities have 

never tried to pilot a selective collection or compost because of the heterogeneity of the waste and the difficulty 

of sorting. This may explain the orientation of municipalities to landfilling method, although this mode can have 

adverse impacts on health and the environment. In the other part, the population survey shows that citizens are 

fairly aware of waste management and in particular sorting, which can positively influence the MSW 

management sector. Indeed, 52% of respondents show their interest in sorting the waste into two fractions and 

30% of the respondents prefer a selective collection instead of ordinary collection. It can be inferred therefore 

that waste management can be improved if the municipalities put in place a communication and awareness-

raising policy with the population because sorting at the source is the key to a sustainable solid waste 

management. 

The results of the fuel portion show that it represents 38% of the initial flow. Regarding the variation of the fuel 

fractions depending the seasons, we did not find much difference except for the hygienic waste that is more 

abundant during the summer period, which can be explained by the frequency of changes of the baby layers by 

the mothers. The quantities of paper decrease during summertime which can be linked to summer vacation, since 

the main source of papers is printing sector. The comparison of results of these studies with those we have 

already done in city of Beni Mellal in summer times (figure 7) showed that waste is almost similar for paper, 

textiles and wood. On the other hand, this study showed that the plastics knew a decrease in amount thanks to the 

stop of production and using plastic bags in Morocco since June 2016[25-26]. 

 

 
Fig.7: Comparison of fuel fractions during the summer season of Beni Mellal and the study area 

 

Conclusion  

It can therefore be shown that SRF production can be considered as a sustainable solution of MSW in the study 

area. In addition, the population has shown their interest to contribute to sorting waste into two fractions. Hence, 

the municipalities can organize itself with the associations to distribute two garbage cans per house, one for 

combustible fraction and the second for non-combustible fractions.  
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