
Journal of Environmental Protection, 2013, 4, 435-445 
http://dx.doi.org/10.4236/jep.2013.45052 Published Online May 2013 (http://www.scirp.org/journal/jep) 

Modeling Municipal Solid Waste Management in Africa: 
Case Study of Matadi, the Democratic Republic of Congo 

Gregory Yom Din1,2*, Emil Cohen3 
 

1The Open University of Israel, Raanana, Israel; 2Tel-Aviv University, Tel-Aviv, Israel; 3Independent Expert for Waste to Energy 
Projects, Moshav Aniam, Israel. 
Email: *gregoryyd@gmail.com 
 
Received February 28th, 2013; revised March 30th, 2013; accepted April 29th, 2013 
 
Copyright © 2013 Gregory Yom Din, Emil Cohen. This is an open access article distributed under the Creative Commons Attribu- 
tion License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 
cited. 

ABSTRACT 

The purpose of this article is to present the key elements for best performance and profitability of Municipal Solid 
Waste (MSW) management in a low-income city. The research provides an overview of methods and models for inte-
grated planning of a two-phase program: MSW collection and transportation, and MSW treatment. We present the case 
study of Matadi (the Democratic Republic of Congo) that has a low level of the MSW management compared to other 
African cities. We develop a spreadsheet model for collection and transportation of MSW which is relevant for 
low-income cities and enables determining the waste collection fee. A CDM decay model is used to predict the GHG 
emissions in disposal site. The MSW treatment plant in case of Matadi is evaluated. For the anaerobic digestion tech-
nology selected as appropriate for this plant, the key factors that ensure profitability of the plant are as follows: tipping 
fee from the municipality (19% of total revenue), amount of carbon credits which can sum up to 16% of the total reve-
nue, expansion of waste collection range from 25 to 50 km. The methods of this study can be used for solving waste 
problem in other low-income cities where the budget for municipal services is scanty, particularly when starting from a 
very low level of MSW management. 
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1. Introduction 

A large amount of MSW in Africa still piles up on the 
spot, in trenches, ditches, riverbanks and roadsides, the 
waste burns in open air or drift by the river flow or the 
heavy rains. The consequences are air pollution, con- 
tamination of soil, groundwater, and rivers. In many 
Sub-Saharan African cities, MSW generation per cap- 
ita/day ranges between 0.3 and 0.8 kilograms [1,2]. This 
amount is by far below the values in developed countries. 
Reports from OECD countries show average waste gen- 
eration of 1.39 kg/capita/day [3]. The statistically sig- 
nificant relationship between waste generation per capita, 
on one hand, and gross national income and the human 
development index (this measures the country’s achieve- 
ments in a long and healthy life, knowledge and a decent 
standard of living), on the other hand, explains this gap [4]. 

All the above is valid for Matadi, the main seaport of 
the Democratic Republic of Congo (the DRC). In 2010- 
2011, this country had the world lowest GDP per capita, 

in the range of 200 to 230 US$ [5]. Matadi is the capital 
of the province Congo Central situated in the bank of the 
Congo River. Approximately 350,000 citizens live in Ma- 
tadi within the populated area of 224 km2 (UNAID centre 
in Matadi). Until 2011, MSW collection system was not 
common practice in Matadi. The waste was buried onsite, 
alongside the roads, in the streets, between houses, on 
low ground, in manmade channels. Burning waste was 
implemented everywhere. Disposal or transfer stations 
for waste do not exist in the province. The unsolved 
problem of municipal waste along with other human 
activities causes environmental damage to the Congo 
River, the second largest river in the world after the 
Amazon River in terms of the size of its drainage and 
water discharge [6]. 

In 2008, the Government of the province appealed for 
a study of possible MSW management solution in Matadi 
referring to the following questions: 

Phase 1: Planning collection and transportation of 
MSW; what are the needed organizational, technical and *Corresponding author. 
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financial resources? Is it feasible and sustainable? 
Phase 2: MSW treatment: is it a profitable enterprise? 
The purpose of this article is to present the key ele- 

ments for best performance and profitability of MSW 
management in a low-income city. This requires proc- 
essing and analyzing the database, implementing quanti- 
tative methods and models to draw conclusions and re- 
sults. We had to compose applicable methods that would 
express our approach to the problems and concerns of 
MSW management in low-income cities in Africa. 

In this study we provide methods relating to the case 
of Matadi. We answer the above questions and conclude 
with the importance of the study for other low-income 
cities that are facing similar problems and concerns re- 
garding MSW management. 

There are a number of features that define MSW ma- 
nagement in Africa. 

a) Generally, the level of waste management is very 
low. Furthermore, it differs between the city zones [7-9]; 

b) Techno-organizational reasons: poor accessibility 
within the city, lack of properly designed collection route 
system and time schedule, inadequate equipment; 

c) Inappropriate methods of finance when the budget 
for municipal services is scanty. This can lead to failure 
to assess the revenue generating capacity of municipali- 
ties and their debt-servicing requirements [10]; 

d) Community issues: lack of public awareness and 
community involvement, lack of mandatory and envi- 
ronment regulations and enforcement of these regulations, 
no master plan designed to the region or for the future 
city development; 

e) High population growth rate and rapid urbanization 
worsen chronic waste management problems [11]. 

Waste collection coverage in urban areas in many Af- 
rican countries remains low compared to developing 
countries in other regions. In 2009, for 6 selected African 
countries this coverage changed in the range from 27% to 
87% while for 6 selected Latin American countries it 
changed from 56% to 97% [12]. 

The private sector can help in alleviating these prob- 
lems. Private companies have an important role in the 
MSW management in developing countries offering a 
means of enhancing efficiency and lowering costs, mobi- 
lizing needed investment funds, and introducing proven 
and cost effective technologies along with management 
expertise [13]. Challenges of privatizing MSW manage- 
ment in one of the municipalities in Ghana and the role 
of tax incentives are presented [14]. A planning model 
for MSW collection and transportation described in our 
article is aimed at economic evaluating a private com- 
pany in a city where the income of the company is de- 
rived from waste collection fee. 

In the last years, the MSW management continues to 
be an environmental health burden in many African cities 
[15]. In the article [9] planning municipal systems of 

collection and transportation of MSW in low-income 
cities in Africa are described. In [16], the statutory, fi- 
nancial, and physical aspects of MSW management are 
discussed. Transportation distances, infrastructure quality 
and accessibility are identified as decisive factors on 
waste collection considerations in the city of Yaoundé, 
the capital of Cameroon. 

The current MSW management in major African cities 
is discussed in [17]. The authors offer assessments con- 
cerning MSW collection and treatment, and specify in- 
vestment and operational costs needed for expansion of 
waste collection service for the entire population in the 
surveyed cities. 

The review [1] summarizes and compares GHG emis- 
sions from MSW treatment plants, in Africa particularly. 
The authors conclude that the CDM projects have made 
some progress in this field in developed countries; how- 
ever, African countries lag by far behind. 

The study [7] provides an information base to plan for 
the equipment required for the collection and transport of 
waste in a city of Ogbomoso, Nigeria. The study is aimed 
at making decisions on possibilities for waste reduction 
through sorting and recycling, and disposal methods. It 
highlights a very high proportion, more than three-quar- 
ters, of organic waste in total waste flows of the city. 

To the best of our knowledge, our study provides the 
first empirical evidence for MSW management in Matadi. 

2. Materials and Methods 

2.1. Concept of the Study 

A few groups of demographic, waste generation, techni- 
cal and economic data for modeling MSW collection and 
transportation, calculating GHG emissions and carbon 
credits, evaluating MSW treatment are used (Figure 1: 
data base). 

These data enable to calculate the generation of MSW, 
its growth during the planning period, the characteristics 
of equipment, labor, costs, and local conditions and abili- 
ties. At first, the plan related to the range of service of 25 
km for waste collection but later the range of service was 
expanded to 50 km. We include Boma (a major port on 
Congo River, population 400 thousand) and adjacent 
ports to increase the collected amount of waste sufficient 
for the plant processing capacity and treatment efficiency. 
We use the IPCC first order decay model to predict GHG 
emissions abated due to MSW treatment plant. We sur- 
vey the local waste quantities, fractions and composition. 
To evaluate MSW treatment technologies, we use budg- 
etary proposals of the technologies supplied by their 
producers, and costs and abilities of local workshops. 

For the development of the comprehensive solution of 
MSW treatment, we integrate all the above (Figure 1: 
da  processing, integration). ta 
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Figure 1. The concept for planning MSW management in Matadi. 
 

2.2. Evaluation of Waste Quantity and 
Composition. Basic Assumptions 

To determine waste production per capita, we col- 
lected and piled the waste from sixty households for 
three consecutive days. A distinction was made between 
five neighborhoods due to different life standards (work- 
ers, shop owners, small farmers). This is in line with 
conclusions of other researchers. The study [7] for a tra- 
ditional African city in Nigeria shows that education, 
income and social status influence waste generation. The 
study [10] (Section 3.2.1) describe the experience of ob- 
taining data concerning the waste in developing countries 
and note that residents of different socio-economic groups 
generate waste at different rates. 

Using estimates received from the Matadi municipality, 
an annual population growth rate of 3% is assumed. The 
growth rate of MSW generation in Matadi is defined 
conservatively 1.5% per year assuming a slow growth of 
income and small business activity in the city in the 
nearest years. Until now MSW was mostly burned on the 
spot. The municipality did not initiate any deliberate ac- 
tion on waste collection or treatment, and there were no 
available vessels or bins for waste collection in the 
streets. We found access roads to the residential areas 
and trip roads garbled and unmaintained. 

Five samples from each household were taken (total 5 × 
60 = 300 samples). The waste from houses was weighted, 
divided in batches from the neighborhoods, and put on a 
plastic layer. The waste fractions were sampled by 
weight. To sort out the waste fractions, waste was sam- 
pled from all spots like riverbank, ditches, trenches, 
yards nearby small hotels and restaurants, and small food 
businesses. Based on these sources, we calculated weight- 
ed average of the waste components. We also sampled 
waste and residues from two major markets of the city. 
Seasonal variability of waste generation was assumed 
negligible due to the following reasons: the weather and 
the style of life are very stable throughout the year, and 
there is no tourism, colleges, seasonal business activity in 
the city. 

In 2008-2009 we collected data of MSW generation in 
Matadi. We relied on a city map provided by UN Matadi 
headquarters. The data about the population are from the 
last General Census conducted in 1994. Using these 
sources and assuming 35% population growth rate in 
Matadi since 1994, we projected a total 44 thousand 
households in Matadi in 2011 and assumed an average of 
eight capita per household. We surveyed a number of 
public buildings, restaurants and hotels, and family food 
enterprises in the city. The residential area for MSW col- 
lection can be estimated as much as 35 km2, 200 m2 per 
household plus the equal additional public space (16% of 
the Matadi populated area). 

The generation rate of MSW from households was es- 
timated 91 kg per capita/year, or 0.25 kg per capita/day. 
The quantity of waste from small hotels, restaurants, and 
public buildings was estimated 3 thousand ton/year. The 
total generation rate of MSW was estimated 0.27 kg per 
capita/day, or 99 kg per capita/year. This is a low rate 
compared to other African low-income cities and to the 
estimates 0.35 - 0.65 kg per capita/day for small to 

In the pilot phase of estimation of MSW generated, 
additional points of interest like major markets, open 
burning spots of waste (Figure 2(a)), and waste disposal 
alongside river banks were surveyed. We also surveyed 
waste disposal yards that surround Government and mu- 
nicipal buildings, UN offices, hotels and restaurants. We 
prepared a small transit site for our tests and sampling 
(Figure 2(b)).     
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Figure 2. (a) Open burning trench in Matadi; (b) Waste sampling staff at work. 
 
medium cities (under 500,000 residents) in low-income 
countries ([13], Appendix A, Table 4). 

We took into account that the city has no master plan 
available. Matadi spreads over several hills along the 
Congo River. The infrastructure of the city is very poor. 
Main roads are narrow and not maintained properly; 
most of them are gravel roads. Houses/barracks are ag- 
gregated in neighborhoods with low accessibility to ve- 
hicles. Therefore, planning collection and transportation 
of MSW involved manual labor, small bins and very few 
transfer stations. 

From the total amount of MSW, a part of the waste, 
mainly from small businesses, public buildings and 
neighboring households is planned for collecting in big 
Bins B (30 m3), and another part, mainly from house- 
holds—for collecting in Bins A (3 m3). Handcarts with 
capacity of 0.25 m3 are planned to deliver the MSW from 
houses to Bins A. 

Fresh MSW bulk density in handcarts and bins was es- 
timated 400 kg/m3. This is in the range of data reported 
by other researchers. Because it is believed that degrada- 
tion of waste increases waste density we compared our 
estimate with data of fresh MSW. In this comparison, we 
took into account that MSW in developing countries has 
an initial density similar to that of compacted MSW from 
developed countries, probably due to its initial moisture 
content, 30% to 70% in developing countries as against 
25% to 35% in developed countries [18]. In the last study, 
initial densities are reported 130 - 190 kg/m3, and the 
density in the vehicle—400 to 550 kg/m3 (developing 
countries data). According to [19], for a collection truck 
that compacts the waste, waste density is normally be- 
tween 350 and 420 kg/m3 (US data). In [20], the density 
of fresh MSW samples collected from the working face 
of a landfill was 515 kg/m+ (US data). 

The analysis of wet MSW in Matadi by weight showed 
the following composition of waste: organic matter and 

food residues—80%; plastic, PVC, paper, cardboards— 
12.5%; other: clothes, sand and stones, glass, ceramics— 
7.5%. 

We compared these data with those obtained in other 
low-income cities. In Phnom Penh (Cambodia), the 
MSW composition in 1999 was close to that from Ma- 
tadi: 87%, 9%, and 4%, accordingly. In 2003, after a 
significant increase in GDP has begun, a greater part of 
nonorganic components was reported, and the composi- 
tion was as follows: 63%, 22%, and 15%, accordingly 
[21]. 

2.3. MSW Collection and Transportation: A 
Planning Model and Framework 

The spreadsheet model includes database and equations 
for calculating waste and machinery and equipment for 
its collection and transportation to the disposal site, costs, 
cash flow, and financial indices (Figure 3). The high- 
lights of the model for 8 main equations are given in 
Appendix B. 

In absence of local institutional, technical and man- 
agement capacities in Matadi, it was decided to establish 
a company for realization, operating and maintaining the 
project. In addition, a period of chosen local team train- 
ing for required tasks was planned. The output module 
includes all necessary information and data that justify 
the establishment of a company for MSW collection and 
transportation in Matadi (“MSW Company”). The in- 
come of the company is derived from tipping fee paid by 
the municipality. The model enables to determine the 
waste collection fee according to the planned payback 
period of the MSW company (five years payback period 
was assumed). The aims of the company are to realize 
the MSW collection and transportation program, to ac- 
complish a gradual improvement in sanitation and bet- 
terment of life standard in the residential area, to employ 
ocal workers and existing abilities. l 
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Figure 3. Flow chart of the planning model for MSW collection and transportation. 
 
2.4. Prediction of GHG Emissions from Disposal 

Site and Calculation of Carbon Credits 

Possible carbon credits can be predicted from GHG 
abated emissions in a central disposal site for MSW col- 
lected, and due to the emission savings for the generation 
of electricity by fossil fuel. General guidelines for this 
prediction, values of factors and coefficients are avail- 
able in the IPCC guidelines and in the corresponding 
methodologies of CDM. Predicted biogas yields from 
non-processed MSW can be calculated based on the 
studied MSW composition, methane generation rates, 
and other constants, according to recommendations and 
within the normative range given by IPCC [22]. The pre- 
dicted biogas yields are used for calculating carbon 
grants which are an important part of the economic eva- 
luation of the MSW treatment. 

The IPCC decay model enables to estimate emissions 
of methane from solid waste disposal sites using the first 
order decay model [23]. 

Using this model degradable organic carbon can be 
calculated, and on this basis, the baseline GHG emissions 
from the untreated MSW are predicted. The model is 
formulated as follows: 

0
exp( )t tD D kt                 (1) 

where t is the time in years, 

tD
t 

 is the mass of degradable organic carbon at time t, 

0 0  at the start of the reaction, and k is the reaction 

constant [22]. 
We assume that 80% of the GHG emission would be 

abated due to the waste treatment plant. The abated emi- 
ssions can be converted to CER’s (Carbon Emission Re- 
duction) equivalent unit (CO2eq) used in the financial 
calculations of CDM. 

Additional amount of CERs can be predicted due to 
emissions abated for the electricity generation by fossil 
fuel. The plant in Matadi will begin with producing 14 
thousand of kWth of electricity. The needed grid emis- 
sion factor can be calculated from the data published by 
major producers of electricity in African countries [24]. 
According to this publication, there was 224.7 million 
tons of CO2 emissions related to sales of 218,591 GWh 
in 2010 by this company. It allows calculating a grid 
emission factor as follows: 224.7 218,591 0.001028  
(tCO2e/kWh). The value of CERs is determined in the 
international carbon finance bazaar. In the period studied, 
the price fluctuated around 13 US$/ton CO2eq. 

In [25] several different waste emissions quantification 
methods are compared. The methods based on IPCC 
2006 guidelines were found to be more appropriate for 
inventorying applications. 

2.5. Evaluation of MSW Treatment Plant 

To evaluate the MSW treatment plant the following tasks 
should be performed: choosing the technology, agree- 
ment upon the tipping fee payment by the municipality to 
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the plant owner, key data assumptions, prediction of the 
CERs, business planning of the plant. Characteristics of 
technologies considered for the plant differ by invest- 
ment, economic profitability, sources of waste that can 
be treated, process safety and environmental aspects. 

After choosing the technology the following parame- 
ters are determined and submitted to the municipality: 
tipping fee for MSW treatment within the plant borders, 
expected CERs for the predicted amount of MSW, initial 
amount and period of the MSW accumulation before the 
operation of the treatment plant, the appropriate range of 
service, investment requirements for the chosen range of 
service, local abilities and infrastructure. 

The following key data are used: 
the price of electricity is 0.1 US$/kW (2010), a num- 

ber of citizens included in the service range of MSW 
collection is 750,000 people, area per bin A is 100 thou- 
sand m2. 

The collected data enable to prepare a business plan 
and forecast the economic performance of the plant. We 
used one of the widely accepted methods for evaluating 
investment projects based on the Internal Rate of Return 
(IRR) and derived from the discounted Cash Flow. 
Among other economic indices are Earnings Before In- 
terest and Taxes (EBIT), and payback-period. 

3. Results 

3.1. Plan of Collection and Transportation of 
MSW in Matadi 

The planning model (Figure 3) was used to calculate: 1) 
MSW generation and collection, number of bins, hand- 

carts and needed trucks according to MSW amount; 2) 
cash flow and profitability of the MSW company. The 
logistics, storage, headquarters, control, operation and 
maintenance were derived from the model. 

According to the model implementation, the handcart 
owner will collect the waste from the houses. Once the 
handcart is full, the worker disposes the waste content of 
the handcart into the bin. One handcart is operated by 
two workers. The company will hire approximately 240 
employees, among them 220 drivers of handcarts, truck 
drivers, skilled and semiskilled labor. 

The poor condition of access roads and the problem- 
atic topography conditions of Matadi dictate the size and 
number of bins and handcarts, type of trucks and the 
overall efficiency of collection. The compaction truck 
(Type A) evacuates Bins A. The platform truck (Type B) 
loads Bins B. Trucks of both types will evacuate the 
waste to the disposal site. 

Calculation of MSW generation, needed trucks and 
equipment, capacity of bins, handcarts and trucks were 
done based on the key data of waste density, waste gen- 
eration, on range service for bins, and on rate of waste 
collection (Tables 1 and 2). 

Different fee values for collection and transportation 
of MSW were examined. The fee value of 15$ per house- 
hold per year, for example, leads to 22% profitability and 
IRR equal to 29% along 8 years planning period. The 
sensitivity analysis shows how the lower fee worsens the 
payback and the NPV (Figure 4). 

3.2. Estimated GHG Emissions 

The waste will be accumulated during the first 3 - 4 years 
 

Table 1. MSW generation, needed and purchased trucks and equipment in Matadi. 

Number of year 1 2 3 4 5 6 7 8 

Population, thousand 350 361 371 382 394 406 418 430 

For Bins A 30 31 32 33 34 36 37 39 

For Bins B 5 5 6 6 6 6 7 7 

Needed:         

Bins A 297 309 320 332 345 358 372 386 

Bins B 5 5 6 6 6 6 7 7 

Handcarts 108 112 116 121 125 130 135 140 

Trucks A 3.3 3.4 3.6 3.7 3.8 4 4.1 4.3 

Trucks B 0.5 0.5 0.6 0.6 0.6 0.6 0.7 0.7 

Purchase         

Bins A 298 11 12 12 13 13 13 14 

Bins B 6    1    

Handcarts 297 5 5 5 5 5 5 6 

Trucks A 4      1  

Trucks B 1        
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Table 2. Capacity of handcarts, bins, and trucks. 

Item Capacity, m. cub. Prices, US$ Comment 

Handcart 0.25 200 2 workers needed 

Bin A 3 148 for neighborhoods 

Bin B 30 8,214 for businesses, public buildings 

Truck A 27 139,725 with compression for Bins A 

Truck B 30 120,750 without compression for Bins B 

 

1      2     3      4     5      6     7      8

fee = 13 

fee = 15 

fee = 17 

payback 

Years of operation 

600 

300 

0 

-300 

-600 

-900 

NPV 
accumulated, 
Thousand $ 

 

Figure 4. Profitability (in terms of NPV) of the MSW com- 
pany as a function of waste collection fee. 
 
in the disposal site. Consequently, the phase of land fill- 
ing, capping and biogas extraction will start. For this 
period, the GHG emissions are predicted to change from 
10 to 20 thousand CO2eq ton. A small fraction of Indus- 
trial origin waste and a high organic fraction in MSW 
explain the relatively large amount of recovered methane 
per 1 ton of MSW (Figure 5). The yearly amount of 
CERs grants revenues is predicted to increase from 125 
to 225 thousand US$. 

3.3. Profitability of MSW Treatment Plant 

The anaerobic digestion technology was chosen for the 
establishment of an MSW treatment plant. The economic 
evaluation of the plant is based on the expanded range of 
service (50 km) in order to provide the sufficient amount 
of waste for the plant efficient operation—90 thousand 
ton of MSW per year. For anaerobic digestion technol- 
ogy, it will necessary to build a sorting facility. Due to 
the heavy unemployment in the city, it was decided to 
use hand sorting. According to the capacity of the sorting 
facility (approximately 320 tons of waste daily), 32 wor- 
kers are needed for its operating. Each of them will work 
for 280 shifts yearly sorting 10 tons of waste during a 
shift. 

We evaluate the plant using a few major financial in- 
dices: IRR, payback period, profitability on income, and 

1   2    3   4    5   6    7   8    9   10  11   12

MSW disposed,tons 

GHG emission reduction, tCO2eq

Years of plant operation 

120

100

80

60

40

20

0

thousand tons thousand 
tCO2eq

30

20

10

0

 

Figure 5. MSW disposal and GHG emission Reduction pro- 
jected for Matadi. 
 
profitability on investment (ROI). The planning horizon 
is assumed 10 years. The first two years of the evaluation 
period are for planning, erection, and startup. The sources 
of revenues are as follows: green electricity sales to the 
grid (65%), tipping fee payments from the municipal-
ity—5 $/ton (19%), and CERs grants (16%). The above 
revenue sources are specific for a MSW treatment plant. 
Payback period and IRR evaluated without CERs grants 
are less attractive for a possible investment (Table 3). 
The main financial risk is the prices fall. Environmental 
benefits are added values for the community and life 
standard. 

4. Conclusion and Discussion 

In this article, we provide the key models for compre- 
hensive planning of collection, transportation, and MSW 
treatment plant in Matadi. The city of Matadi is a repre- 
sentative case applicable for other low-income cities in 
Africa where the budget for municipal services is scanty. 
Under these circumstances, private companies can play 
an important role in MSW management. Indirect evi- 
dence of this notion can be found in the article [26] 
where waste paper recovery is analyzed. The authors 
conclude that in addition to policy impacts, this sector of 
waste management is affected largely by economic fac- 
tors such as prices and costs. 
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Table 3. Highlights of the MSW treatment plant evaluation. 

Investment, thousand. euro 7071

Thousand euro per year (year 5):  

revenue 2193

profit before interest, taxes (EBIT) 1285

Profitability for EBIT (ex. year 5):  

on income 60% 

on investment (ROUI) 18% 

Payback period discounted, years 10 

Internal rate of return (IRR, 10 years planning horizon) 17% 

Without revenue from CERs:  

payback period discounted, years 13 

internal rate of return 11% 

 
The methods used in this study can assist other low- 

income cities in the solution of waste problem, particu- 
larly when starting from a very low or even zero level of 
MSW management. To ensure successful results and 
high performance the following tools and methods were 
used: 
 The spreadsheet model aimed at planning collection 

and transportation of MSW with a minimal budget. 
The model enabled to calculate the investment, the 
fee for MSW collection and transportation, and logis- 
tic and economic characteristics. 

 CDM tools and methodologies were used for predict- 
ing carbon credit grants allowing for the economic 
evaluation of the MSW treatment plant. We found 
that CERs grants were essential for the plant’s profit- 
ability and comprised 16% of the revenue. This is in 
line with the conclusion in the study [27] that me- 
chanical biological treatment of waste becomes more 
financially attractive if established through the CDM 
process. 

 The economic evaluation of the MSW treatment plant 
based on the anaerobic digestion technology enabled 
determining the tipping fee for MSW treatment paid 
by the municipality. 

Topographic difficulties inflicted on collection effi- 
ciency in Matadi. Future work on improvement of MSW 
collection and transportation in Matadi has to include 
improving roads for better accessibility for vehicles, 
handcarts and trucks for waste collection. 

The experience of the presented case study shows that 
the general approach for MSW management in low-in- 
come cities has to consider economic evaluation based 
on the joined phases of collection and transportation and 
MSW treatment as one project. The first phase of collec- 
tion and transportation is necessary but cannot stand 
alone due to economic aspects and environmental regula- 

tions. 
The important reason for the plant projected profitabil- 

ity is expansion of service range of the MSW collection 
from 25 to 50 km. This is possible due to the neighboring 
city of Boma. The second reason is a high enough collec- 
tion fee as shown in the sensitivity analysis. As for de- 
mand for the electricity produced in the plant, in the pre- 
sent energy situation in the DRC using landfill gas can 
become a viable source of energy [28]. Other factors of 
profitability are low expenses, particularly, low salaries 
and taxes. On the other hand, the sold electricity price 
and tipping fee for MSW treatment paid by the munici- 
pality are low comparing the developed countries prac- 
tice. The payback period is long (10 years including 2 
years of erection and running) because of the high in- 
vestment costs of the imported equipment. 
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Appendix A 

Table 4. Waste production per capita in African cities compared to Matadi. 

City, country, year Waste generation, kg/capita/day Organic fraction Reference 

Ogbomoso, Nigeria 0.13 79.10% [7] 

Somaliland, Somalia 0.29 - 0.39 - [17] 

Puntland, Somalia 0.39 - 0.50 - ditto 

Uganda, low income 0.3 - [29] 

Uganda, high income 0.66 - ditto 

Accra, Ghana 0.34 - 0.45 - [30] 

Benin (collected) 0.41 - [31] 

Mauritius 0.79 - ditto 

Nigeria 0.43 - 0.71 - [32] 

Zimbabwe 0.5 - [33] 

Kampala, Uganda 0.59 83.20% estimated by data from [8] 

Dar es Salaam, Tanzania 0.815 64.00% ditto 

Jimma city, Ethiopia 0.55±0.17 54.00% [34] 

Matadi, the DRC 0.27 80.00% this article 

Appendix B. Highlights of the Planning Model for MSW Collection and Transportation 

Annual waste generation: 

, , , sin ,Waste generation year t ton population generation rate year t waste from small bu esses year t        (2) 

where, population, year t = 350,000·1.03t, generation rate, year t = 0.0912·1.01t, waste from small businesses, year t = 
3000·1.01t. 

Annual waste amount per handcart: 

, / / , / 31Waste amount ton handcart year ton rounds workday handcart capacity waste specific gravity 2      (3) 

where rounds = 8.8—number of rounds of a handcart daily, handcart capacity = 0.3 m3, waste specific gravity = 0.4 
ton/m3, 312 - number of working days. 

Waste amount was divided into waste for Bins A (85%) and for Bins B (15%). 
Number of bins: 

/ ,

/52 / /

Needed number of Bin A waste generation part of waste for Bin A waste collection times a week

waste specific density Bin Acapacity after performance factor

 
         (4) 

where performance factor (level of filling) = 0.8, 
52-weeks a year. 

/ ,

/52 / /

Needed number of Bin B waste generation for Bin B waste collection times a week

waste specific density Bin B capacity after performance factor


                     (5) 

Number of trucks: 

,

/ / /

Needed number of Truck A Bin A number waste collection Bin A times a week

number of workdays a week number of  transportations a day Truck A capacity

 
                        (6) 
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,Needed number of Truck B Bin B number waste collection Bin B times a week 
/ / /number of workdays a week number of  transportations a day Truck B capacity

                        (7) 

Number of handcarts: 

/( 3 )

Needed number of handcarts Bin A capacity performance factor number of Bin A

rounds per work days handcart capacity

  


                    (8) 

Cash flow: 

expOperational Cash Flow for calculating IRR total revenue total enses including taxes investment         (9) 
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