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Abstract

This study on physical and physicochemical characteristics of household solid
waste (HSW) in the city of Ouagadougou by using MODECOM, “Method of
Characterization of Household waste” was done fifteen (15) years after the
first study. Special attention has been paid to waste sampled and also to esti-
mate energy content, namely the higher heating value (HHV) and the lower
heating value (LHV). As a general tendency, the results showed a sensitive
evolution in the physical parameters of waste (composition by size and com-
position by category) and also in the physicochemical parameters (moisture
content and energy content). The results of HSW composition study showed
that regardless the seasons, fermentable fraction is dominant (39% in the
rainy season and 20% in the dry season) followed by plastics (18% in the rainy
season and 20% in the dry season). The moisture content is measured to be
56.69% and 37.69% respectively in the rainy season and dry season. The re-
sults analysis of the potential of recovery showed that the organic recovery is
more important (60% in the rainy season and 55% in the dry season) than the
matter recovery (43% in the rainy season and 46% in the dry season). These
results highlight the need for organic recovery and matter recovery of HSW in
the city of Ouagadougou. The results from the analysis of the energy content
showed that the HHV is estimated to be 17.94 M]J/kg in the rainy season and
17.96 MJ/kg in the dry season. The LHV is calculated to be 6.38 MJ/kg in the
rainy season and 10.27 MJ/kg in the dry season. These results suggest that in-
cineration as treatment of HSW in the city of Ouagadougou is not economi-
cally an appropriate option.
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1. Introduction

Solid waste management has become a big concern in many developing coun-
tries. The rapid growth of the population, coupled with rapid urbanization and
economic growth, and the change in lifestyle and consumption, is accompanied
by more and more waste productions. According to Beede and Bloom [1], an
increment of 1% in population growth calls for an increase of 1.04% in waste
production.

In most developing countries, solid waste management remains essentially
traditional. Waste is either disposed in uncontrolled and/either controlled land-
fills or simply burned. This way of managing waste entails enormous risks to the
environment and consequently the health of the populations. According to a
World Bank [2] report, the use of some technologies of solid waste treatment
such as incineration in developing countries failed due to the overestimation of
the energy content of waste in these countries, which is rich in organic matter.
Then, it is essential to know the physical composition of waste by characterizing it.

Since the year 2000, several studies on the characterization of household solid
waste (HSW) in main cities of developing countries especially those of
sub-Saharan Africa have been carried out in order to determine their physical,
chemical and thermal properties and the conditions under which their manage-
ment is to be improved [3]-[17]. It is important to know that household solid
waste refers to the general waste stream from the municipal collection service.

In 2003, Tezanou et al [3] reported the first characterization of HSW in the
city of Ouagadougou. After more than a decade, the characteristics of these
wastes have been evolving with respect the economic and demographic devel-
opment. It is in this context and also with the objective to update the data on the
physical, chemical and thermal characteristics for HSW in the city of Ouaga-
dougou that the present study is done. To conduct our study, the required inputs
are HSW at Ouagadougou city, a method for the characterization and laboratory
equipment.

As mentioned above, there are many works on the characterization of HSW in
main cities of sub-Saharan Africa countries. However, given climate and life-
styles differences in these cities, it appears difficult to predict trends in the pre-
sented results. Then, we will discuss the results of the present work with those of
the work of Tezanou et al [3] for year 2003.

2. Materials and Methods
2.1. Materials

The HSW at Ouagadougou city were used as raw materials. The population of
Ouagadougou was estimated to be 2,868,034 habitants in 2017 [18]. With a rate
of waste at 0.62 kg/person/day [8], the generated HSW in the city of Ouagadou-
gou was estimated to be about, 649,480 tons annually in 2017.

xThe equipment and tools used are tarpaulin, three-stage-sorting table, scaled,
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shovels, rakes; brooms, garbage, garbage cars, and protective equipment.

2.2. Methods

Two campaigns of characterization were carried out during the year 2017: one in
the dry season (February-March) and other in the rainy season (July-August).
For each campaign, the MODECOM method [19] was used. This method that
was successfully applied in developed countries cannot be fully used in the con-
text of developing countries for the following reasons: 1) collection is irregular
and even non-existent in some neighborhoods; 2) city coverage is not total and
collected waste cannot be fully representative, even when collection is assured.
Given these constraints, this method has been modified [4] [8]. The main mod-
ification consists in rather the stratification of study area into homogeneous
zones and to the adoption of rigorous protocol to define waste sampled for the
sort in composition by size and by category of waste. It should be noted that the
quality of the characterization depends on the quality of the waste sampled. Fig-
ure 1 presents the organization and the steps applied during the waste composi-

tion study.

2.2.1. Stratification of Study Area
According to previous works [3] [7] [20], the study area is classified into three
zones with respect to the standing of habitats, the state of the road network, the
offered social services such as potable water supply, electricity supply and the
sanitation infrastructures. These three zones are designated as “high standing”,
“middle standing” and “low standing”. They correspond respectively to “high
income class”, “middle income class” and “low income class” according to Mie-
zah et al [7]. The high standing is composed of districts that are very well-off in-
cluding residential neighborhoods and cities. They exhibit good road network,
appreciable social services and modern sanitation infrastructures. The middle
standing assembles the well-to-do neighborhoods. They are characterized by a
road network including unpaved roads, some level of improved social services
and practically non-existent sanitation infrastructures. The low standing is made
of peripheral districts, especially non-parceled neighborhoods. The road net-
work, the social services and the sanitation infrastructures are non-existent. The
houses are built and installed without any respect for urbanization standards.
According to available statistical data [21], the high standing constitutes 11% of
the city occupation, the middle standing 45% and the low standing 44%. Figure
2 shows the map of the study area and the location of different districts of three
zones [20]. In the study area, thirty-five (35) collection centers are counted
(Figure 2).

Notice that the step of the stratification of the study area is important to de-

fine a representative waste sampled of the city of Ouagadougou.

2.2.2. Protocol to Define Waste Sample for the Sort by Size
After stratification, a random draw was conducted to select a collection center
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Figure 1. Organization and steps applied during the study of waste composition. CT (collection center); HS (High stand-
ing); MS (Middle standing); LS (Low standing); NCC (Non-classified combustibles); NCI (Non-classified incombustibles).

per zone. This center is designated to select collection center. MODECOM me-
thod recommends a sample weigh of approximately 500 kg or higher to submit
to the sort by size in order to limit measurement errors. For this propose, for a
given zone, wastes of one container of the selected collection center are taken
randomly until the recommended weigh of sample is reached. The composition
by size will be obtained from the sort of this sample.

2.2.3. Protocol to Define Waste Sample for the Sort by Category
After the sort by size, the big and the means fractions will be submitted to quar-
tering operation (Figure 3) if the corresponding fraction mass is higher than 120

kg. Finally, for each fraction, a sample of approximately 120 kg or lower will be
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Figure 2. Location of the three major strata and the thirty-five collection centers for characterization of household solid waste in
Ouagadougou city [20].

(a) (b)

Figure 3. Quartering operation in order to set the sort sample: (a) homogeneous heap of
3 m diameter; (b) sample divided into 4 equal parts.

stored from which the composition by category will be calculated.

2.2.4. Measurement of Waste Parameters

1) Composition by size

The composition by size is given by sorting out by means of a table of sorting
(Figure 4) a separation in three components according to the diameter of par-
ticle size (d). They are named: the big (d > 100 mm), the means (20 mm < d <
100 mm), the fines (d < 20 mm).

The percentage composition of each of the components of size (percentage
composition of size) will be calculated by the formula in Equation (1).
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Weight of separate waste N

Percentage composition by seize = -
Total of mixed sampled

1

2) Composition by category

The big and the means obtained from the size operation are sorted out in
twelve (12) categories (Figure 5): fermentable waste, papers, cardboards, com-
posites, textiles, sanitary textiles, plastics, glasses, metals, non-classified combus-
tibles (NCC), non-classified incombustibles (NCI), and special waste [19]. Tak-
ing into account the fines elements as a waste category, wastes are sorted into
thirteen (13) categories.

The percentage composition of each of the components of waste categories
(percentage composition by category) was calculated by the formula in Equation
(2).

Weight of separate waste N

Percentage composition by category =
J P y calegory Total of mixed sampled

100 (2)

3) Moisture content
Several approaches are used to estimate the moisture content. In the present
work, the standard NFM 03-002 recommendation [19] is used and consists for

drying 200 g of a given waste in an oven at 105°C for 24 hours until the mass of

(a) (b)

Figure 4. Sorting table: (a) illustration mesh; (b) sorting operation by size.

Figure 5. Sorting operation by category.
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waste was constant (Figure 6).
The moisture content was calculated as follow. For given waste category i this

percentage of moisture (Hui) was calculated by the formula in Equation (3).

HUi — I\/Iinitiall — Mdried %100 (3)

initial
where M, ;. is the mass in grams of the heavy waste and M, the mass in
grams of the heavy waste after drying.
For mixed waste, the total percentage of humidity (Hut) was calculated by

the formula in Equation (4).

Hu, :1OOXZHui x X; (4)

where Hu, is the percentage of humidity of waste category 7 and X,, the
percentage of waste category 7 fraction.

4) Composition by potential of waste recovery

The potential of recovery is any operation aiming the waste recovery mainly
matter recovery, and organic recovery. Matter recovery is any operation (recy-
cling, reuse and re-use) aimed at giving a new use to the matter or to the object
that makes up the waste or to a raw material. Organic recovery is any operation
aiming at composting or mechanization.

The percentage composition of each of the components of these modes (per-

centage composition of recovery) was calculated by the formula in Equation (5).
Percentage composition of recovery = Z(percentage composition by category)
(5)

where 7 refers to concerned waste fraction. The percentage composition of waste

I ‘“w W
IIIIlMIl’iEfli!m; )

[ ¥ =g annuy

i

£ 11

N

(a) (b)

Figure 6. Determination of moisture content of waste: (a) waste drying in an oven; (b)
Dried waste weighing.
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fraction is given by Equation (2).

The repartition of concerned waste fraction for each of the modes of waste

recovery is given as:

- Matter recovery: papers, cardboards, textiles, plastics, glasses and metals.

- Organic recovery: fermentable waste, papers, cardboards and sanitary tex-
tiles.

5) Energy content

Numerous works are shown that the energy content of the waste is a function
of physical composition of the waste, moisture content and ash content [22] [23]
[24] [25]. According to the literature on the subject, there is an inconsistency in
the term used to report the energy content. It is described as higher heating/heat
value (HHV), lower heating/heat value (LHV), lower calorific value (LCV), net
heating/heat or gross heating/heat value [22]. A discussion on these descriptions
can be found in [22] [25].

Several empirical models have been developed to describe and predict the
energy content of HSW [22] [23] [24] [25]. For the present work, HHV (respec-
tively LHV) in KJ/kg was calculated by the formula in Equation (6) (respectively
in Equation (7)) [25].

HHV =112.815x Or +184.366 x Pa + 298.343x PI -1.92 x Hu +5130.38  (6)

LHV = HHV x (1~ Hu) - 2.443x Hu (7)

where Or is the percentage of organic fraction (fermentable waste and sanitary
textiles), Pa the percentage of paper fraction (papers, cardboards and
non-classified combustibles), Pl the percentage of plastics, and, Hu, the percen-

tage of moisture.

3. Results and Discussion
3.1. Composition by Size

Table 1 and Figure 7 present the results of the composition by size. In the rainy
season, the fraction of the fines is approximately 38%, the means 29% and the
big 33%. In the dry season, they are respectively 38%, 20% and 42%. The domi-
nant fraction is fines in the rainy season whereas it is the big in the dry season.
The discrepancy between these seasons is approximately 0%, +9% and —9% re-
spectively for the fines, the means and the big. The sign plus refers to higher
percentage composition of fraction in rainy season. These observations can be
related to rains that decompose the big (cardboard/paper) into means.

As Compared to results of Tezanou et al [3] of 2003 year, we notice an im-
portant decrease of the fines fraction in favor of big fraction in each season. This
is mainly due to the increase of asphalt roads, to the activities of sand recovery
through the daily sweeping of the roads.

3.2. Composition by Category of Waste

Figure 8 shows the results of the composition by category of waste with respect

to the three zones (low standing, middle standing and high standing). Table 2
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Table 1. Composition by size. The data in parentheses correspond to results published by

Tezanou et al. [3].

Percentage composition of size fraction
Particle size (d)

Rainy season Dry season
Fines (d'< 20 mm) 38.27 (71) 38.08 (74)
Means (20 mm < d< 100 mm) 28.70 (14) 19.96 (17)
Big (d= 100 mm) 33.03 (15) 41.95(9)

Table 2. Composition by category of waste. Results given by Tezanou et al [3] are pre-
sented for comparison.

Percentage composition of waste fraction

Rainy season Dry season
Category of waste Present Present work Tezanou Present Present Tezanou ef
work R etal work work .
(with (without (without  (with  (without al. (without
fines) fines) fines) fines) fines) fines)
Fermentable waste 23.86 38.66 43 19.94 32.2 39
Paper 1.65 2.67 2 2.37 3.83 5
Cardboard 4.49 7.27 9 5.19 8.39 4
Composites 1.53 2.48 2 2.28 3.68 4
Textiles 5.41 8.76 9 4.32 6.97 5
Sanitary textiles 1.69 2.74 0 1.94 3.13 2
Plastics 11.13 18.02 12 12.1 19.54 10
NCC 3.46 5.61 3 2.81 4.54 5
Glass 1.14 1.84 1 3 4.85 3
Metals 2.89 4.67 5 1.71 2.77 4
NCI 4.27 6.92 14 5.12 8.27 17
Special wastes 0.22 0.35 0 1.14 1.84 2
Fine materials 38.27 - 38.08 -
Total 100 100 100 100 100 100

shows the results of the composition by category of waste for the study area. It
appears that regardless the season, HSW fractions were dominated by fine mate-
rials followed fermentable waste and plastics. The percentage of fine materials is
relatively lower for the HSW of high standing. HSW fractions were dominated
by fine materials followed fermentable waste and plastics. It should be noted that
the lower values in percentage composition of metals and glasses fractions is due
to the development of recycling and reusing practices during the last decade.
The no sensitive evolution of waste paper, cardboard or plastic fraction with re-
spect to season is due to the source of these materials which is particularly con-
nected to the industrial, commercial or administrative activity.

Comparing to the results previously published by Tezanou et al [3], the per-
centage of non-classified incombustibles (NCI) is approximately devised by two.
This is due to the source of these materials which is particularly connected to the
construction activity with an increase in wastes recycling or reusing as scrap,

broken tiles, etc.
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Figure 7. Distribution of composition by size of waste: (a) rainy season; (b) dry season.

3.3. Moisture Content

The Table 3 presents the results of the moisture content of HSW in the city of
Ouagadougou during the year 2017. As a result, the value of 56.69% and 37.69%
is obtained respectively in rainy season and dry season. It clearly appears that the
moisture content is sensitive to season.

With respect to the results of Tezanou et al [3] for the year 2003, the obtained
values are 1.64 times higher in the rainy season and 2.4 times in the dry season.
This is due to the characteristics of the fines materials which are mainly sand in
opposite to the present work where they are organic.

Our results are within the scope of the results showed by numerous previous

works dedicated to main cities of sub-Saharan Africa countries.

3.4. Estimated Energy Content

Table 4 presents the results of the estimated content energy of HSW of Ouaga-
dougou city for year 2017 given by Equations (6) and (7). In the rainy season,
the value of 17.94 MJ/kg is obtained for the HHV and 6.38 MJ/kg for the LHV.
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Figure 8. Distribution of composition by category of waste with respect to the three zones. (a) rainy season; (b)
dry season.

In the dry season, they are 17.96 MJ/kg and 10.27 M]J/kg respectively for HHV
and LHW. These values are in agreement with previous calculations of Seeling
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Table 3. Moisture content by season.

Moisture content (%)

Season
Present work  Tezanou et al [3] Other previous works
Rainy season 56.69 34 21.66@, 58®, 40 - 60, 509, 55 - 570,
Dry season 37.69 15.7 16.13®, 36®, 40 - 60, 509, 56 - 70,

@Yemadje et al (2013) [5]; ®Kuleape et al (2014) [8]; ““Fobil et al (2005) [26]; “Adu and Lohmueller
(2012) [27]; “Tahraoui et al. (2012) [28].

Table 4. Estimated energy content.

Energy content (MJ/kg)
Season Present work Tezanou et al. [3]
HHV LHV HHV LHV
Rainy season 17.94 6.38 16.08 9.78
Dry season 17.96 10.27 15.29 12.51

and Schneider [25] using the same equations for Porto Alegre’s HSW. These re-
sults show that the estimated HHV does not present seasonal variations in op-
posite to the LHV.

In fact, according to Equation (6), the constant related to the plastics fraction
is 2.64 times the constant related to the organic fraction and 1.62 times the con-
stant related to the papers fraction. When subtracting the percentage composi-
tion of waste fraction in rainy season to this in dry season (Table 2), the discre-
pancy is +6.07%, —1.21% and —1.51% respectively between the organic fraction,
the paper fraction and the plastics fraction. This gives rise to compensation in
the HHV calculation in rainy and dry seasons

+6.07% N -1.21% . -1.51%
2.64 1.62 1

Also, according to Equation (7), the LHV is not favored by a high percentage

=0.03%).

of moisture. In the present case, the percentage of moisture in rainy season is 1.5
times the percentage of moisture in dry season. This gives rise to a low value of
LHYV in rainy season in comparison to this value in dry season.

The comparison of the present results and those of Tezanou ef al [3] shows
that the values of HHV are similar whereas the values of LHV are lower for the
present work. The high values of moisture given by the present work (Table 3)
explain the low value of LHV for the present work as mentioned above.

According to the literature [25] [29], waste cannot be incinerated without ex-
ternal energy supply if the average LHV is less than 6 M]J/kg throughout all sea-
sons and the annual average LHV less than 7 MJ/kg. Given the obtained values,

incineration is not economically an appropriate option.

3.5. Composition by Potential of Waste Recovery

Table 5 presents the obtained results of composition by potential of waste re-

covery. Regardless the season, fraction of recovery modes was dominated by the
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Table 5. Composition by potential of waste recovery. Values in parentheses are previous
results of Tezanou et al. [3].

Percentage composition of recovery fraction

Recovery mode

Rainy season Dry season
Matter recovery 43.23 (38) 46.35 (31)
Organic recovery 60.10 (63) 54.52 (55)

organic recovery (60% in the rainy season and 55% in the dry season) followed
by the matter recovery (43% in the rainy season and 46% in the dry season). It
should be noticed that values of this mode of recovery must be higher because of
the development of recycling and used practices to the source by chests of draw-
ers.

Globally, there is no sensitive evolution of percentage composition of recovery
fraction with respect to reason. These results highlight the opportunities for or-
ganic recovery of HSW in the city of Ouagadougou.

When comparing the present to those of Tezanou ef al. [3], we notice that on-
ly the percentage of composition of matter recovery exhibits a sensitive evolu-
tion. This is due to the development of recycling and used practices as previously

mentioned.

4. Summary and Conclusions

The physical and the physicochemical characteristics of the household solid
waste (HSW) in the city of Ouagadougou have been studied by means of
MODECOM method. We obtained that in terms of waste repartition by size, the
fraction of the fines is approximately 38%, the means 29% and the big 33% in the
rainy season. In the dry season, they are respectively 38%, 20% and 42%. In
terms of waste reparation by category, regardless the seasons, fractions of HSW
were dominated by fermentable waste (39% in the rainy season and 20% at dry
season) and plastics (18% in the rainy season and 20% in the dry season). The
measured value of moisture content is 56.69% and 37.69% respectively for the
rainy and dry seasons.

Estimates of the content energy show that the values of 17.94 M]/kg are ob-
tained for the HHV and y 6.38 MJ/k) for the LHV in the rainy season. In the dry
season, they are 17.96 M]J/kg for the HHV) and 10.27 M]J/kg for the LHW. These
results suggest that incineration is not economically an appropriate option.

The results of the potential of waste recovery show that regardless the season,
the potential of recovery was dominated by the organic recovery (60% in the
rainy season and 55% in the dry season) followed by the matter recovery (43% in
the rainy season and 46% in the dry season). These results highlight the need for
organic recovery and matter recovery of HSW in the city of Ouagadougou. With
respect to the results of waste characterization for the year 2003, the present re-
sults for the year 2017 show a sensitive evolution of the waste characteristics.

The percentage of the fines fraction has decreased in favor of big fraction. This is
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mainly due to the activities of sand recovery through the daily sweeping of the

roads. The percentage of non-classified incombustibles (NCI) is approximately

devised by two with respect to increase in wastes recycling or reusing as scrap,

broken tiles, etc. The percentage of plastics that are mainly bags used commer-

cial activities has increased. The percentages of moisture are 1.64 times higher in

the rainy season and 2.4 times in the dry season.
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