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ABSTRACT: An increasing rate of urbanization and unprecedented rising human population growth challenges
solid waste management. In developing countries, such challenges are exacerbated by the presence of inefficient
infrastructure. Hence, the objective of this paper was to evaluate the cost-benefit valuation of solid waste
minimization at Vingunguti ward in Dar es Salaam City, Tanzania, using appropriate standard methods of data
collection involving documentary review and focused group discussion. The type of data for cost-benefit valuation
on solid waste minimization at source (household) excluded transfer stations and landfill costs and benefits. Analysis
of cash outflow and inflow of private sector engagement on solid waste minimization at the household level delivered
positive net present value. Such results can only be realized if and only if the monthly refuse charge per household
is paid as required, which happen rarely. Sensitivity analysis at a rate of 8+2 delivered positive net present value in
both scenarios. The findings signal refuse charges policy reviews, hence removing solid waste piling in the streets

of Dar es Salaam City, Tanzania.
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Globally, about 2.01 billion tons of waste are
generated daily (Barua and Hossain, 2021; Maalouf et
al., 2020; Maalouf and Mavropoulos, 2023; Noor et
al., 2020; K. D. Sharma and Jain, 2020). These
unintended by-products of most processes and
activities in human livelihood are projected to reach
3.80 billion tons, with a large contribution from
developing countries by 2050 (Chen et al., 2020; Popp,
2020). Studies show that per day per capita waste
generation in high-income countries is 19%, far below
40% in low- and middle-income countries (Mir et al.,
2021). Unprecedented exponential human population
growth, rapid urbanization, rising cultural diversity,

unique urban feeding habits, and changing lifestyles
are driving factors for the rising quantities of
municipal solid wastes in developing countries,
including Tanzania. While the average rate of solid
waste generation is 0.47 kg/capita/day (Aryampa et
al., 2019) across East Africa Community countries, the
region’s  low-income earners generate 0.26
kg/capita/day (Aryampa et al., 2019; Wang et al.,
2021) compared to high-income earner generation
capacity of 0.78 kg/capita/day (Aryampa et al., 2019;
Nyampundu et al., 2020; Wang et al., 2021). Across
all cities in the region, Dar es Salaam exceptionality is
on the fact that, the city’s rate of population growth
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and rising income, greatly correlates with increasing
solid waste generation (Aryampa et al., 2019). In
developing countries context, in particular, sub-
Saharan Africa including Tanzania, increasing
municipal solid waste in the street is linked to unsorted
solid waste at source, social/cultural taboos, citizen's
attitudes, poor waste assessment, inadequate
management strategies, unorganized informal sector
on waste management, unplanned fiscal and poor
implementation of government policies on waste
management (Mapunda et al., 2023; Rebehy et al.,
2023; Sotamenou et al., 2019). As such, greatly
influences the costs of managing wastes along the
system. According to (Association, 2024), the global
direct cost of waste management is expected to be
$640.3 billion in 2050 from $361 billion in 2020. Such
huge financial figures can be decreased to about
$108.5 billion annually through the adoption of the
circular economy model (Adeleke et al., 2021;
Association, 2024). In such an economic model,
decoupling economic growth and waste generation
favour waste avoidance, full waste management
practices, and sustainable business practices (Adeleke
et al., 2021; Chakraborty, 2023; Seah and Addo-
Fordwuor, 2021). The effectiveness and efficiency of
these practices require a mindset change on turning
rubbish commercial resources (Brien, 2023; Levidow
and Raman, 2019); hence subscribe to demand and
supply principles (Brien, 2023; Herron et al., 2021).
This value proposition approach is an urgent strategy
in municipal solid waste management systems. Hence
the article has proposed monetization of solid waste
minimization at sources. In a large section of the
global inhabitants, the costs or benefits of solid waste
management systems are affected by the
characteristics and nature of the waste stream (Abdel-
Shafy and Mansour, 2018; Kaza et al., 2018; Kumar
and Samadder, 2017; Muthuraman and Ramaswamy,
2019). Generally, the aforementioned factors that lead
to increasing municipal solid wastes in the streets have
strong impacts on institutional factors (i.e., laws and
policies), social factors (i.e., population pyramid,
residential, commercial, and industrial sectors), and
financial factors (i.e., government revenues and user
fees), economic factors (i.e., job creation and
enhancement of public interest) (lyamu et al., 2020).
In the same vein, the MSWM system is linked to
environmental factors (i.e., aesthetics and reduced
level of pollution and contamination of soil, air, and
water but also greenhouse gas emissions).
Nonetheless, it is the same factors that constitute the
benefits and costs of MSWM (Badgett and Milbrandt,
2021; Karaca and Tleuken, 2023). Further MSWM
cost analysis delivers two categories of costs, namely
cost of investment and cost of operation (Paes et al.,
2020; B. K. Sharma and Chandel, 2021). While the
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cost of operations is handled by private companies
hired for MSWM, the infrastructure investment cost is
beard by the central government (Fairchilds, 2019).
This scholarly article's innovativeness is on the
discounted cash flow (cost-benefit valuation) MSWM
feasibility model to test the idea of turning waste into
commercially marketable products. Therefore, the
objective of this paper was to evaluate the cost-benefit
valuation of solid waste minimization at Vingunguti
ward in Dar es Salaam City, Tanzania.

MATERIALS AND METHODS

Study Areas: This study was conducted at Vingunguti,
an administrative ward in llala Municipality of Dar es
Salaam city, Tanzania. The city of Dar es Salaam is
found at latitude 6° 37’ 20.4212"S and longitude 39°8'
42.0144"E at about 24 meters above sea level.
Vingunguti is an industrial area whose activities are
highly influenced by maritime, commercial, and
international gateway characteristics of Dar es Salaam
port, on the western coast of the Indian Ocean in the
East Africa region. The ward is home to about 66,342
people (NBS 2022) (Figure 1), most of them being
industrial  workers.  Vingunguti  exhibits  City
characteristics of an average of 172 millimeters of
rainfall annually, with a maximum and minimum
temperature of 29.5°C and 21.7°C respectively. The
ward is among the city areas with the highest rate of
informal jobs in almost whole unplanned areas hence
informal settlement, as such no wonder leading for
solid waste generations since year 2002 (Mapunda et
al., 2023).

VINGUNGUTI WARD
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Fig. 1: Map of the Study Area (Source: author’s creation)
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Data Sources and Preparations: The cost and benefit
input variables for this study were extracted from
various documents such as the Tanzania National
Bureau of Statistics (NBS), Bank of Tanzania (BOT),
and Ilala Municipal Council reports and local
government bylaws. Such documentary extracts
involved monetizing cost input variables (local
government by-laws enforcement, container facilities,
collection costs per day, administration cost, cost of
safety gear provisions, and landfill tipping fee).
Further monetization in Tanzania Shillings (TZS)
involved benefit input variables (household refuse
charges and sale of recyclable materials). Such price
tag exercise on each variable was triangulated with
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field focus group discussion (FGD) data in the case
study area of Vingunguti ward in llala Municipality.

Solid Waste Minimization Costs Variables: Further
data preparation involved the computation of closely
related costs, from private waste collection
contractors’ perspective. As such, each main input
variables were observed to be influenced by several
sub-variables as displayed in Table 1.

Solid Waste Minimization Benefit Variables: As itisin
cost elements for solid waste minimization at source
(Table 1), the benefits generated from the exercise of
minimizing solid waste at sources are influenced by
sub-variables (Table 2).

Table 1: Cost Variables and Sub-variables for Solid Waste Minimization at Sources

Factors Variables

Local Government By-Law
Contents of
the Law

Sub-Variables

Conference Facility; Stationaries; Facilitation and
Stakeholders Engagement; and Purchasing of the

Printed of the By-Law

Community
Awareness

Public Announcement (PA);
stakeholder engagement; Transport and Logistics;

Facilitation and

and Advertising Materials.

Situational Factors
Container Cost

Collection Point containers; Household Containers;

and Plastic bags

Collection
Cost per Day

Number of Compactor Truck; Vehicle Cost per
Trip; Number of Trips per Day; Dumping Charges

per Ton; Personnel Per Compactor Truck; Cost of
Loading per Person per Day; Population per Ward;
and Waste Generation per Ward per Day

Administration

Salaries for Loaders, Driver, and Supervisor;

Cost Premises Rental Fee; Office Utilities (Electricity,
Water, Insurance, policies, Premiums, Legal,
Accounting and Consultancy Fees); Office Supplies
and Equipment.

Safety Gears Hand Gloves; Eye Goggles; Hearing Protection
Equipment; Hard Helmets; Breathing Apparatus;
Fire Extinguishers; and Safety Boots.

Landfill Landfill Tipping Fee

Tipping

Table 2: Benefit Variables and Sub-Variables for Solid Waste Minimization at Source

Variables Sub-Variables
Household Refuse Household Numbers; and Refuse Charges per Household
Charges

Sale of Recyclable
Materials

The population at Vingunguti Ward; Weight Estimate of Non-Plastic
Recyclables; Price of Non-Plastic Recyclables; Percentage of Population
Using Plastic Bottled Water; Weight of Each Non-Water Plastic Bottle;
Weight Estimate of Recyclable Plastics; Price of Recyclable Plastics

Discounted Values: In cost-benefit evaluation using
discounted cash flow modeling such as net present
value (NPV), the application of a discount rate is
necessary for determining the present value of future
cash flows(Anastasia and Nikolay, 2021; Carmichael,
2017). In such computation, the most preferred model
is the weighted average cost of capital (WACC)
(Equation 1). In the context of this study, the
computation of the discounting factor (Equation 2)

applies 8 percent, the Bank of Tanzania discounting
rate.

D E
WACC = 5—— (1 + T)Ky + Kex o (D)

1

DF =———
aA+rn

(2)
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Where; D is the cost of debt, E is the cost of equity, K,
is the weighted average cost of debt, K, js the

weighted average cost of equity, T,, js the marginal tax

rate; DF: discounting factor; r is the interest/discount
rate; n is the number of compounding years.

Net Present Values: Availability of costs and benefits
computed over time, discounted to the present value
enables computation of net present value (NPV). NPV
modelling facilitates the understanding of the
difference between present value benefits and present
value costs, over the project's lifetime(Equation 3).
The rule of thumb is that net present value (NPV)
greater than zero justifies economic benefits than
economic costs (Banerjee 2015). Conversely, an
NPV less than zero signals a high possibility of losses,
meaning the cost value is higher than the benefit
(Maravas and Pantouvakis 2018).

t
NPV = ZPV (Benefits — Costs) (3)

t=0

Where: NPV: Net present values from time t, to nth
time; PV: Present values of SW Minimization at time t
Benefits: The sum of all benefits (all financial inflows)
due to SW Minimization; Costs: The sum of all costs
(all financial outflows) due to SW Minimization

Sensitivity Analysis: Sensitivity analysis is the
measure of model fitness and output variation is
attributed to input variable variations (Pianosi et al.
2016).

The wide application of sensitivity analysis in physical
science research such as solid waste management is
attributed to some of the reasons such as uncertainty
assessment, robustness assessment of results, model
calibration, and diagnostic evaluation (Pianosi et al.,
2016; Hadley 2011). In this study, the cost of lending
(interest rate) is considered an influential input
variable, thus a choice for the sensitivity analysis test.

RESULTS AND DISCUSSION

In the following sections, the model input variables,
CBA model formulation and sensitivity analysis
results are presented and discussed.

Input Variables for Solid Waste Minimization Model:
Analysis of the field data (Table 1) in Spreadsheet
delivered model input variable in Table 3.

These financial findings formed inputs for the CBA
Model for Solid Waste Minimization at Source. In this
study, the monetary cost-benefit analysis of the central
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government on landfill and transfer station
construction wasn’t part of this research. While
landfills and transfer stations are built by the central
government, the burden of making the streets and
household settings clean from solid waste is
overloading the municipal council (Adedara et al.,
2023; Azimi etal., 2020; Manya et al., 2017). As such,
piles of waste are observed on most streets across
many cities in emerging and developing economies,
monetizing solid waste management activities is likely
to attract more practitioners. Nonetheless, In the
practical sense, the idea of understanding, the costs and
benefits analysis that integrate landfills, transfer
stations, and households as central solid waste calls for
more research.

Table 3: Input Variables for Solid Waste Minimization Model

Variables Unit Value
Contents of the Law TZS 7,840,000
Community Awareness TZS 3,120,000
Container Cost TZS 9,753,600.00
Collection Cost per Day per year TZS  479,376,237.60
Administration Cost TZS 33,132,000.00
Safety Gears TZS 13,200,000.00
Landfill Tipping TZS 21,600,000.00
Household Refuse Charges TZS  759,024,000.00
Sale of Recyclable Materials TZS 574,212,448.22

The Cost Benefit Analysis Model: The study using the
data in Table 3 as an input in the CBA Model
framework for a five-year contract awarded to the
Solid Waste Minimization services at source,
delivered results presented in Table 4. The Model
formulation and computation applied the Bank of
Tanzania interest rate of 8%, the results displayed a
positive Net Present Value (NPV). From the model
results (Table 4), the positive NPV is an indicator that
solid waste minimization is a financially viable
business.

While the household setting has in most cases viewed
as a central factor in solid waste generation
(Alwedyan, 2022; Struk and Bod’a, 2022; Zhao et al.,
2021), approaching the same factor and its roles in the
context of solid waste minimization is profoundly
significant in solid waste management strategy (Zhao
etal., 2021). The make-up of households as the source
of solid waste minimization involves solid waste
awareness, contextually the understanding of waste
values hence sorting techniques, reduce, reuse, and
recycle (3R) approaches. Application of the 3R
approaches at the household level has proved to
minimize the amount of waste taken to the dumpsite
(Moh, 2017). However, what has not been worked on
effectively is the monetization aspects of such
municipal waste reduction strategies, which this paper
presented up to feasibility analysis.
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Table 4: Cost Benefit Analysis Model

()

& £ 3 3 S

g - = % — g % h= = EL/
= g 2 g i 82 8=z g g3
s £ ¢ 8 & af &Aads A& g3
2022 0.0435 0 24,708,949.94 57,995,785.50 1.00 24,708,949.94 57,995,785.50 33,286,835.56
2023 0.0404 1 22,948,082.24 53,862,752.51 0.93 21,248,224.30 49,872,918.99 28,624,694.69
2024 0.0404 2 22,948,082.24 53,862,752.51 0.86 19,674,281.76 46,178,628.69 26,504,346.94
2025 0.0403 3 22,891,280.06 53,729,428.86 0.79 18,171,836.15 42,652,152.92 24,480,316.78
2026 0.0401 4 22,777,675.69 53,462,781.57 0.74 16,742,271.61 39,296,740.47 22,554,468.86

135,450,662.83

Sensitivity Analysis: In testing the model fitness, this
CBA study considered an interest rate as the variable
of effect in a sensitivity analysis. The computation of
sensitivity analysis using an interest rate of 8+2 %,
both rates delivered TZS 131067893.4 at 6 percent,
TZS 135450662.8 at 8 percent, and 140163347.6 at 10
percent respectively. Both resulted in positive NPV.
As such, using the variables in this research the solid
waste minimization project is a viable business, if and
only if refuse charges are collected accordingly.

Conclusion: The study engaged in an evaluation of the
cost-benefit valuation of solid waste minimization at
source, the case of Vingunguti ward in Dar es Salaam
city, Tanzania displayed viable business. The results
show that monetizing solid waste management at the
Local Government (Municipal) level has multiple
benefits beyond monetary, such as employment
creation perspectives to income generation activities.
In the practical sense, the idea of understanding the
costs and benefits analysis that integrates landfills,
transfer stations, and households as a central solid
waste calls for more research. From this research the
CBA using a discounted cash flow approach has
delivered a positive net present value (NPV) shows the
solid waste minimization business is more beneficial
to both the government and the community, at large.
Declaration of Conflict of Interest: The authors
declare no conflict of interest
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