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Because of a lack of planning and of the poor HSW (household solid waste) management, the municipal
authorities of Cape Haitian are unable to cope with the rapid growth of the city or to ensure a pleasant
living environment for its residents. Indeed no HSW management plan has been drawn for Cape Haitian.
The main difficulty in the development of a HSW management system lies in the lack of knowledge of
the composition and the characteristics of the waste that is generated in the city as is the case of the
whole country. HSW management is very poor and there is no valorisation policy. The objective of this
study was to carry out a field survey of the HSW generation profile in the city of Cape Haitian in order
to have relevant data enabling better management and valorisation of HSW. The city’s residential wards
Waste characteristics have been categorized in three different types (I, Il and III) representing high, medium and low socio-
Waste management economic groups in the city respectively. HSW generation has been quantified and characterized by the
Haiti ward’s type. Results show that HSW generation rate is 0.21 kg/capita/day. The organic matter represents
65.5% of waste by weight. This is similar to the results from developing countries. With a moisture level
of 55.6%, an LCV of 1395 kcal/kg and a C/N ratio of 31:1, composting of the HSW and applying it on the
land seem to be the best HSW treatments for Cape Haitian in a sustainable development perspective. As
there is no previous study of this kind in Haitian urban areas, this report may be taken as baseline for
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other Haitian cities.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

As a result of rapid urbanization and changes in consump-
tion of many cities in developing countries, waste generation has
increased. However, the waste generated is, in most cases, not
properly managed. Hence, this has huge consequences in terms of
collection, disposal and the elimination of waste (Thonart et al.,
2005; Moghadam et al., 2009). In almost all developing countries,
city solid waste constitutes a hazard, be it from the ecological point
of view or the public health point of view. Almost everywhere, there
is a distinct lack of policy on efficient waste collection and a total
absence of its treatment (Culot et al., 1999). Many experts from vari-
ous cities in developing countries have expressed serious concerns
about improper waste treatment and disposal in these countries
(Berkun et al., 2005; Pokhrel and Viraraghavan, 2005; Barton et
al,, 2008; Chung and Lo, 2008; Imam et al., 2008; Sharholy et al.,
2008). In most developing countries, solid waste management is
undertaken by the local authorities. These services include waste
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collection (either from households or district collection points) to
final disposal. However, the low financial base and human resource
capacity of these local authorities mean that in most cases they are
only able to provide a limited service (Barton et al., 2008).

Inadequate management of solid waste in most cities of devel-
oping countries leads to problems that impair human and animal
health and ultimately result in economic, environmental and bio-
logical losses (Wilson et al., 2006; Kapepula et al., 2007; Sharholy
et al., 2008).

Haitian cities face many problems due to improper management
of household waste (MDE, 1996). Indeed, even with the best of
intentions, municipal authorities are unable to establish and imple-
ment an efficient management plan mainly because of the lack of
understanding of waste generation and its characteristics. Author-
ities tend to implement management plans and use equipment
which are not adapted to the realities of Haitian cities. This study is
fundamental for producing data on the quantity and characteristics
of HSW in Cape Haitian as well as developing adequate managing
strategies. The main objectives of this study were to make a system-
atic analysis of household solid waste leading to quantification of
the amount of HSW generated from studied area and to determine
its composition so as to highlight some specific features capable
of promoting research on recovery of Cape Haitian’s solid waste.
Furthermore, as far as the authors are aware in the relevant body
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Fig. 1. Location of the city of Cape Haitian in the Republic of Haiti.

of literature, this kind of study has not yet been reported from
Haiti.

1.1. Data study area

This study was conducted in the city of Cape Haitian, located in
the northern part of Haiti between latitudes 19°43’ and 19°45’'N and
between longitudes 72°10" and 72°14'W (Fig. 1). With its population
of 225,740 people (IHSI, 2007) and an area of 11.94 km? the city of
Cape Haitian is the second largest agglomeration of the Republic of
Haiti after the nation’s capital (2,245,000 people).

Although situated in the Caribbean, the Republic of Haiti has
many similarities with various African countries especially in terms
of HSW management. Indeed, despite efforts put in place by the
authorities several years ago in order to improve HSW manage-
ment in Haitian cities, the situation remains alarming due to many
limiting factors. These factors are of a technical, economical, social
and cultural nature. In Haitian cities, the waste collection rate is
not more than 50% (MDE, 2005). Non-collected waste is generally
thrown in drainage canals, in open field and buildings under con-
struction. Haiti, being regularly hit by torrential rains, this waste
obstructs the drainage network, which consequently intensifies the
destructive power of the rain waters (Thonart et al., 1999). Cur-
rently, there is neither a HSW recovery nor a recycling programme.
The collected waste is thrown in discharges which are poorly man-
aged. Burning the discharges is a common practice in Haiti (CWBI,
1999). HSW in Haiti has very little heavy metals. But in big cities
of Haiti there are poor people who pick up the waste. These groups
tend to stay closer or even on the discharges. These areas expose
these groups to epidemiological and hygienic problems due to the
biological activity of the discharges.

In addition to environmental and public health problems in
Cape Haitian, poor HSW management paralyses the city’s economic
development which has always been based on the tourism sector. In
fact, Cape Haitian is a potential tourist city especially because of its

Table 1
Main characteristics of the three types of wards identified.

historical monuments, some of which are included on the UNESCO
World Heritage list as universal symbols of liberty, as they are the
first monuments to be constructed by black slaves who had gained
their freedom (UNESCO, 2009).

Cape Haitian is facing great difficulties because of high rates of
urbanization in Haiti due to rural exodus. The annual Cape Haitian
population growth rate is about 5.1% (IHSI, 2007). In similar con-
ditions, waste generation increased quickly in such a way that the
city authorities were overwhelmed. On the other hand, when waste
generated by a community is well managed, it can be converted
into valuable resources (Ojeda-Benitez et al., 2003). Due to the lack
of proper HSW management, burning waste in the backyard is a
widespread practice in Haiti in general and in particular, in Cape
Haitian. In the new high-income wards, some households try to
compost the organic waste matter. However, it is on a very small
scale and without appropriate techniques (MDE, 2005). In Cape
Haitian, more than 72% of households are not concerned by offi-
cial waste collection. In such circumstances, children evacuate HSW
in the evening, throwing the waste anywhere and hence creating
unauthorized dumps in the city. Most often, these unauthorized
dumps are found close to markets, constructions (sites?) and drains.
As there is no segregation of waste at the source and no efficient
collection, no recovery is currently applied to HSW in Cape Haitian.

However, a good understanding of HSW stream (generation and
characteristics) could allow local authorities to better plan waste
management.

2. Methodology

Firstly, a study involving the assessment of documents and
records relating to municipal solid waste in Haiti has been con-
ducted. Census and economic planning data have also been studied
to obtain background information as well as data to enable con-
struction of a conceptual model on HSW management in Cape
Haitian.

Characteristics Type I wards Type Il wards Type IIl wards

Population density Less than 10,000 inhabitants/km? From 10,000 to 25,000 inhabitants/km? More than 25,000 inhabitants/km?

Economic level High Medium Low

Direct access to public roads All buildings All buildings Access to passageway of about 1 m wide (Korido)
Access to utilities Yes Yes No
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Table 2
Population distribution of Cape Haitian in the three types of wards.
Ward type Area Population?
km? % Inhabitants %

Type 2.06 20.39 10,371 4.60
Type Il 2.67 26.49 55,061 24.39
Type IlI 535 53.12 160,308 71.01
Total 10.08 100 225,740 100

2 From the results of the last population census (IHSI, 2007).
Table 3
Calendar of garbage bag deposit and HSW collection.

Monday Tuesday Wednesday Thursday Friday Saturday
1st week D, Dy D3 D; G4 D, G D3 C3
2nd week D1 C] Dz Cz D3 C3 D] C] D2 C2 D3 C3
3rdweek Dy G D, G, D; C3 D; G DG D3G
4th week C; G C3

Dy: deposit garbage bags in households of type x wards. Cy: collection of HSW from
households of type x wards.

All residential wards of Cape Haitian city were selected in order
to generalize the findings for the entire urban area. Researchers
have shown that HSW quality and quantity in cities of develop-
ing countries could vary from one suburb to another depending on
the population’s socio-economic level (Parizeau et al., 2006; Yousuf
and Rahman, 2007; Sujauddin et al., 2008), Cape Haitian’s wards
were classified into three types (types I, Il and IIl) representing
high, medium and low socio-economic groups in the city (Table 1).
Results were then balanced considering population size in the three
types of suburbs. Types of ward were characterized by the following
criteria: population density, economic level, direct access of build-
ings to public roads and access to utilities (electricity, telephone,
and drinking water) (Table 2). Suburbs were marked out by analyz-
ing the city morphology realized from orthophotoplans available
at CNIGS, field prospections and a socio-economic survey. In the
three ward types a household survey was conducted in an attempt
to extract both qualitative and quantitative data about HSW gen-
eration. The sample to be studied was determined by means of a
stratified sampling. Fifty buildings were randomly chosen in each
suburb type.

The chosen buildings were then visited in order to verify
whether there were households inside and to seek the approval
from the head of the household to answer the sampling ques-
tionnaire and also to get his/her consent for the collection of the
household waste for the study.

A sample of 116 households was retained for the study: 36 in
type I wards, 42 in type Il wards and 38 in type IIl wards. The 34
which were not retained mainly due to HSW collection schedule
which was not suitable to them.

Furthermore, households had received 601 garbage bags to
gather all waste generated. Waste collection was held twice a week
according to schedule (Table 3) for three weeks (21 days) for weigh-
ing, sorting and other analyses.

3

However, during the 1st week of collection, it was found that the
garbage bags were filled mostly by former waste. In fact, people had
the opportunity to get rid of waste kept at home for several days or
several weeks. Therefore, the 1st week of waste that was collected
was not considered and the real start of the study was postponed
to the following week.

For each type of ward’s collection day, waste collected was pro-
gressively poured in a 20dm? bin and weighed. Daily per capita
solid waste generation for a ward type was then calculated as:

=6, .
i Wi
21P

W; is the total weight obtained for a day collection and P is the
population in surveyed households.

Waste density was then determined by assessing the volumes.

For each collection, wastes were mixed; a sample of about 100 kg
was retained for sorting and analysis.

The determination of percentage of carbon, hydrogen and nitro-
gen was conducted according to ASTM E777 and E778 standards in
the laboratory at the National University of Haiti (UEH).

The moisture level was determined after drying samples for 24 h
at 105 °Cin anoven. The moisture content was calculated as follows:

waste/capita/day =

) Wi Wr 100
“Tw,

i

moisture content (%

W; and Wr are the initial and final weights, respectively.

Volatile matter was determined after burning samples at 550 °C
for 2 hin a muffle furnace. The volatile solids content was calculated
by calculating the difference between the weight before and after
heating.

Finally, lower calorific value (LCV) was calculated from high
calorific value (HCV) using these equations (Egs. (1) and (2)) (Khan
and Abu-Ghararah, 1991):

HCV = 0.051 (OMW + 3.6PW) + 0.352 (PLW) (M]/kg)
LCV = HCV — 6(M + 9H) (kcal/kg)

(1)
(2)

where OMW = weight in % of organic matter; PW =weight in % of
paper/cardboard; PLW = weight in % of plastic. M and H are the total
waste moisture and the total hydrogen contained in HSW respec-
tively.

Wiaste toxicity was not taken into account because according to
several studies, Haitian cities’ HSW are of very low toxicity (MDE,
2005).

3. Results and discussion
3.1. HSW generation

Results of solid waste collected from households over the sur-
vey period are summarized in Table 4. Results reveal that the
rate of waste generation varies in the different types of wards.
The trend is gradually increasing with the increase of the socio-
economic level. The waste generation rate was found to be 0.39

Table 4

Cape Haitian HSW generation.

Type of ward Population in surveyed Production (kg) Period (day) Ratio (kg/capita/day) Variation (kg/capita/day)  Total population Total waste
households generation

(kg/day)
Min Max

Type I 234 1905 21 0.39 0.34 0.56 10,371 4,045

Type Il 247 1679 21 0.32 0.28 0.41 55,061 17,620

Type III 218 731 21 0.16 0.13 0.18 160,308 25,649

Total 0.21 225,740 47,405
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Table 5

Comparison of the ratio of Cape Haitian HSW generation with other cities’ or countries’ ratio.

City/country Ratio (kg/capita/day) References GDP? (PPP) ($ US/capita) Rank? GDP
Santiago/Cuba 0.09 Binder and Mosler (2007) 3,900 117
Cape Haitian/Haiti 0.21 This study 1,800 155
Chittagong/Bangladesh 0.25 Sujauddin et al. (2008) 2,200 143
Gaborone/Botswana 0.33 Bolaane and Ali (2004) 11,400 62
Siem Reap/Cambodia 0.34 Parizeau et al. (2006) 2,600 135
Kinshasa/Congo 0.5 Nzuzi (2008) 1,300 168
Abuja/Nigeria 0.58 Imam et al. (2008) 1,400 167
Mexicali/Mexico 0.59 Ojeda-Benitez et al. (2003) 10,600 65
Dar es Salaam/Tanzania 0.70 Mbuligwe and Kassenga (2004) 800 187
Bogota/Colombia 0.72 MINEFI-DREE/TRESOR (2004) 8,400 76
Morocco 0.75 Soudi and Chrifi (2008) 4,400 112
Mauritius 1.3 Mohee (2002) 13,500 54
USA 2.1 EPA (2006) 43,500 6

2 The annual gross domestic product per inhabitant is given here in purchasing power parity (PPP) after CIA (2008).

and 0.32 kg/capita/day in the types I and Il wards respectively
and 0.16 kg/capita/day in the type Il wards. The relation between
waste generation and socio-economic level is discussed by various
authors (Medina, 1997; Bandara et al., 2007; Sujauddin et al., 2008).
In Cape Haitian, this trend is essentially due to the number of meals
per day. Actually, in type [ wards, 91.2% of the population have three
meals a day while in type IIl wards, 76.3% of the population have
one meal a day.

The weighted average according to type wards population has
shown a daily per capita rate of 0.21 kg for the entire city. Haiti’s
low economic development might explain this low HSW production
compared to industrialized countries. However the average HSW
production in Cape Haitian is low even when it is compared with
other cities or countries that have a GDP similar to Haiti’s (Table 5).

3.2. HSW composition

Cape Haitian HSW composition shows a higher content of
organic matter by weight, 65.5% (Table 6). According to several
researchers, this is the case in several cities in developing coun-
tries: Iran: 80-88% (Moghadam et al., 2009), Gaborone/Botswana:
68% (Bolaane and Ali, 2004), India: 40-60% (Sharholy et al., 2008),
Nigeria: 52-65% (Imam et al., 2008), Jordan: 54-78% (Abu-Qdais,
2007).

In Cape Haitian, the high rate of organic matter could be
explained essentially by food habit of population which consumes
many green bananas and tubers (yam, sweet potato and tarot)
peeled directly in the kitchen. In type Il wards, the percentage of
organic matter is lower (49%) because these wards consist mostly of
historic downtown, and these households consume more packaged
products. A program of recovery of recyclable wastes should then
be considered in type Il wards for some materials such as plastic,
paper/cardboard and glass.

3.3. HSW characterization

The Cape Haitian HSW has a bulk density of 0.26ton/m3
(Table 7). Density is an important criterion in waste management

Table 6
Average composition of HSW in Cape Haitian (% of weight).

Category Type I wards Type Il wards Type IIl wards Average
Organic matter 66.6 49 711 65.5
Plastics 6.3 11.6 8.6 9.2
Paper/cardboard 10.4 14.6 7.0 9.0
Glass 7.2 10.1 4.2 58
Metals 3.7 6.2 13 2.6
Other 5.8 8.5 7.8 7.9
Total 100 100 100 100

for planning the estimation of storage, collection and transporta-
tion, as well as land filling of waste. As other cities in developing
countries, the Cape Haitian HSW density is very high because of
the high percentage of organic matter. Moreover, the high mois-
ture content obtained for the Cape Haitian HSW is due to this
organic matter. Results show that moisture content is about 56%
(Table 7).

Incineration could also be considered because the LCV calcu-
lated with plastic and paper/cardboard allows for this possibility.
The LCV of Cape Haitian HSW is 1395 kcal/kg. However, to facili-
tate self-combustion of waste, it requires 1202 kcal/kg of LCV and at
least 1503 kcal/kg of LCV for power generation (Tiquia et al., 1996).
Therefore, incineration is not the best method for the treatment
of Cape Haitian HSW because it requires centres for waste sorting
and without energy recovery the municipality cannot afford such
an investment.

4. Valorisation of HSW

Till now there is no HSW valorisation policy for Cape Haitian.
However, scavenging and collecting directly from households is a
widespread activity in Cape Haitian.

4.1. Potentially recyclable waste

The recyclable matter (paper/cardboard, plastic, glass, metals)
contained in Cape Haitian’s HSW was determined from generated
quantities per type of wards and represented 27.6%, 42.5% and 21.1%
for wards types I, Il and III respectively. The recyclable matter for
the whole city represented 26.6%. It is negligible even when com-
pared to other developing countries: Mostaganem/Algeria: 31.1%
(Guermoud et al., 2009); Amman/Jordan: 31% (Abu-Qudais and
Abu-Qdais, 2000); Istanbul/Turkey: 34% (Metin et al., 2003). On
the contrary, the recyclable rate found in ward type Il requires our

Table 7
Physicochemical analysis of Cape Haitian HSW.

Parameter Type I wards Type Il wards Type Ill wards Average for
the city
Bulk density (ton/m?) 0.27 0.22 0.28 0.26
Moisture? (%) 57.4 46 59.2 55.9
Hydrogen (%) 2 2.1 2.5 24
Carbon (% by weight) 51.5 413 56.7 52.7
Nitrogen (%/by weight) 1.5 1.5 1.8 1.7
C/N 35:1 28:1 32:1 31:1
Volatile matter (%) 77 75 81 79
Ashes 23 25 19 21
HCV (kcal/kg) 1801 2217 1900 1973
LCV (kcal/kg) 1348 1827 1410 1395

3 Moisture was determined only for organic matter.
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attention because in these wards 76% of households were ready to
sort the waste.

4.2. Organic matter valorisation

Results on chemical composition of Cape Haitian HSW (Table 7)
showed that the C/N ratio is 31:1. The ideal C/N ratio for compost-
ing is between 25:1 and 35:1. The C/N ratio of 30:1 was found to
be optimal (Choi, 1999). Then, composting in order to produce a
soil amendment is the most suitable treatment for Cape Haitian
HSW. Furthermore, many experiments conclude that 50-60% mois-
ture content is suitable for efficient composting (McKinley and
Vestal, 1984; Tiquia et al., 1996). However, it should be noted that
the wastes collected in this study were not exposed to rain; how-
ever, 59% of the HSW from the surveyed households are exposed
to rain, hence increasing the waste humidity during rainy peri-
ods. In composting, high moisture content could influence gaseous
exchange by limiting diffusion and thus restricting oxygen utilisa-
tion by microorganisms, resulting in decreased microbial activity.
This condition could lead to the production of a biologically unsta-
ble and poor-quality end-product (Tiquia et al., 1996). Therefore,
composting in Cape Haitian should be considered where HSW is
not exposed to rain, sorted at source and properly collected.

Nevertheless, the composting potential depends on other char-
acteristics such as concentration of carbon as well as nitrogen and
the C/N ratio.

5. Conclusion

In Cape Haitian, even though HSW are thrown everywhere in
unauthorized dumps, there is no great need to reduce HSW genera-
tion. Compared to other cities in developing countries, Cape Haitian
HSW generation is lower. Cape Haitian authorities simply need to
design and implement a management plan that takes into account
the HSW characteristics as well as the city’s particularity. More-
over these wastes have very interesting characteristics that could
be exploited in a valorisation perspective. Therefore, there is need
to alert the population to sort out the waste at the source. The seg-
regation of waste at source and promotion of recycling or reuse of
segregated materials reduces the quantity of waste and the burden
on landfills and provides raw materials for manufacturers.

The composition (65.5% of organic matter) and characteristics
of Cape Haitian HSW is suitable for organic treatment. Composting
the organic matter and using the compost as an organic fertilizer is
a suitable way of managing HSW in Cape Haitian.

Furthermore, at the Northern Department, there is a substantial
market for compost in the area of Saint Raphael, dedicated mainly
to vegetable crops, about 80 km from Cape Haitian.

Nevertheless, a specific investigation concerning the market
for the composting product is always necessary before planning
compost production and further studies must be conducted to
determine nature and quality of the compost to be produced.

Although this study was conducted in the longest season (the
wet season), it is imperative that the HSW stream survey be carried
out in the contrasting season, i.e. in the dry season (July-August).

In addition, considering that other studies carried out in Haitian
cities have shown that wastes from commercial premises are mostly
rich in organic matter (MDE, 2005), the HSW composting pro-
gramme should be studied to consider commercial waste.
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