International Journal of Applied Sciences & Development
DOI: 10.37394/232029.2022.1.1

Eustache Muteba A., Theodore Kasanda K.

Decision Support System for the Mitigation and
Adaptation of Waste in DR Congo

EUSTACHE MUTEBA A.!, THEODORE KASANDA K. ?
! Independent Researcher, P.O. Box 14769, Kinshasa, DR CONGO
2 Department of Physics, University of Kinshasa, P.O. Box 190, Kinshasa XI, DR CONGO

Abstract: Addressing climate change involves mitigation (reducing emissions) and adaptation (preparing for
unavoidable consequences). Our study focuses on the waste sector in DR Congo, which is characterized by an
increase in emissions attributable to 1) the evacuation of solid waste of all kinds generated by households,
communities and businesses and 2) the discharge of domestic wastewater. The paper proposes a model of
decision support system that will monitor the mitigation and adaptation strategies concerning the waste sector.
Our system aims to provide a sustainable waste management that can lead to reduction of the GHG emissions.
Such a system can help stakeholders to be efficient in their mission.
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1 Introduction

Climate change has been identified as a leading
human and environmental crisis of the 21st century.
The problem of understanding climate change (or
global warming) is one of the major challenges
confronting African people, their governments and
the African Union (AU), [1].
The forests of the DRC sequester daily around 24.5
Gigatons of greenhouse gases, 3/4 of which are
concentrated on 43% of the country’s surface area.
Its eatlands constitute a natural stock of more than
30 Gigatons of carbon dioxide, the equivalent of
more than two years of global emissions of
Greenhouse Gases, [2]. Furthermore, with its
forests, water and mineral resources, the Democratic
Republic of Congo is a genuine Solution Country to
the climate crisis.
However, it is stated in [3] that climate change is
expected to increase current vulnerabilities within
the Democratic Republic of the Congo (DRC).
While there will be significant biophysical impact,
particularly in the northeast, with increasing
temperatures and changing rainfall patterns, due to
its widespread poverty, high population density, and
the country’s conflict situation, DRC’s high
vulnerability is primarily related to socioeconomic
factors.

Addressing climate change involves mitigation
(reducing emissions) and adaptation (preparing for
unavoidable consequences), [4]. Both are
multifaceted issues.
Our study focuses on the waste sector in DR Congo,
which is characterized by an increase in emissions
attributable to 1) the evacuation of solid waste of all
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kinds generated by households, communities and

businesses  (shops, industries, construction,
agricultural residues, etc.) and 2) the discharge of
domestic wastewater.

We attempt to contribute to this challenge by
proposing modelling climate change and
sustainability in the tropical environment
specifically in DR Congo. This will help
stakeholders to be involved with efficiency in their
mission.

The document discusses a model that will lead to
decision support for mitigation and adaptation
measures in the waste sector.
Our system aims to provide a sustainable waste
management that can lead to reduction of the GHG
emissions and can respond to recommendations of
the Sustainable Development Goals.

2 Methods

2.1 Problematic

Climate, physical phenomena and component of the
natural environment, is one the principal elements of
our study. Our study focuses on the tropical climate
zone.

As indicated in [5] the authors point out that the
tropical climate zone occupies 40% of the surface of
the Earth and is located between the tropics of
Cancer (latitude 23.5°N) and Capricorn (latitude
23.5°S).

Nowadays, the massive environmental changes
of humanity in the Anthropocene have
fundamentally affected all natural environments:
including from climate change, biodiversity loss and
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pollution from plastic and other chemicals in the air
and water, [6].

And the global environmental climate change is
caused by the following components: Electricity
systems, Transportation, Buildings and cities,
Industries, Farm & forests.
2.2. Study area: Waste Generation and
Management in DR Congo
Increases in population, economic growth and rapid
urbanization, especially in developing countries,
have led to increased waste production, [7].

Worldwide, waste generated per person per day
averages (.74 kilogram but ranges widely, from
0.11 to 4.54 kilograms, [8].

In Democratic Republic of Congo (DR Congo),
as  everywhere else, waste management
encompasses the collection, transport, treatment,
recovery or disposal of waste, usually those
resulting from human activities. This management
aims to reduce their effects on human and
environmental health and the living environment.

State institutions involved in environmental
issues are to varying degrees in the waste
management process.

The Ministry of Environment and Sustainable
Development defines policy and strategy in the
sanitation sector through the development of a
national sanitation plan, [9].

In particular, Kinshasa is the capital and largest
city of the Democratic Republic of Congo (DRC) as
well as Africa.

Following the calamitous management of waste
(solid and liquid), Kinshasa city only ensures the
collection and evacuation of waste on rare occasions
and this constitutes aggravating factors for the
degradation of the environment, [10].

2.4. Data Collection, Processing and Analysis

2.4.1. Data Collection

Three sources of data were used: the review of the
documentation available in public administration
and on the Internet, observation and the interview.

2.4.2. Data Processing
In this paper, we focus particularly on two
categories of the waste sector, namely:

- Solid Waste Disposal Sites (SWDS) and

- Domestic wastewater (DWW).

Thus, we only describe the calculation of theses
2 waste sectors as presented in the IPCC, [11, 12]:

2.4.2.1. Calculation of emissions from Solid
Waste Disposal Sites
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CH4 Emissions 1 = (CH4 generatedr — Rr) *
(1 - OXr) (D

where: T = inventory year; Rt = recovered CH4 in
year T, Gg; OXr= oxidation factor in year T, Gg;

CHj generatedr = DDOCm gecompr*F*16/12 2)

where: CH, generatedr = amount of CH4 generated
from decomposable material, Gg; DDOCm gecompt =
DDOCm decomposed in year T, Gg; F = fraction of
CH4 by volume, in generated landfill gas (fraction);
16/12 = molecular weight ratio CH4/C.

DDOCm gecompr = DDOCm ar.1*(1- exp(-k)) 3)

where: DDOCm ar.; = DDOCm accumulated in the
SWDS at the end of year (T-1), Gg; k = methane
generation rate constant.

DDOCm at = DDCOmdt + (DDCOm ar ¥
exp(-k)) 4)

where: DDOCm ar = DDOCm accumulated in the
SWDS at the end of year T, Gg; DDOCmdr =
DDOCm deposited into the SWDS in year T, Gg; K
= methane generation rate constant.

DDOCm = W*DOC*DOC*MCF (5)

where: DDOCm = mass of decomposable DOC
deposited, Gg; W = mass of waste deposited, Gg;
DOC = degradable organic carbon in the year of
deposition, fraction, Gg C/Gg waste; DOC; =
fraction of DOC that can decompose (fraction);
MCF = CHs correction factor for aerobic
decomposition in the year of deposition.

2.4.2.2. Calculation of emissions from domestic
wastewater

1° Total CH4 emissions from domestic wastewater
treatment and discharge

CH, Emissions = ¥;|CH, Emissions;] x [107°]]  (6)

Where: CHs Emissions = CHs emissions in
inventory year, kg CHa/yr; CHs Emissions j = CH,
emissions from treatment/discharge pathway or
system, j, in inventory year, kg CHa/yr; j = each
treatment/discharge pathway or system; 10° =
conversion of kg to Gg.

2° Total N2O pom = N,O Plants pom+N,0O Effluent

DOM
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Total N,Opom = ([Zi,j(Ui * Ti,j * EF].)] * TNpou *
%) + (((Zi[(TNDOM « Tp) + (1 — NREM,j)) N
(EFEfﬂuent * g) ) (7)

where: Domestic N2O Plants pom = N>O emissions
from wastewater treatment plants in inventory year,
kg N>O/yr; TN pom = total nitrogen in domestic
wastewater in inventory year, kg N/yr; U; = fraction
of population in income group i in inventory year;
Tij = degree of utilization of treatment/discharge
pathway or system j, for each income group fraction
i in inventory year; | = income group : rural, urban
high income and urban low income; J = each
treatment /discharge pathway or system; EF; =
emission factor for treatment/discharge pathway or
system j, kg N20-N/kg N; 44/28= the conversion of
kg N,O-N into kg N>O; NZOEfﬂuent,DOM = NxO
emissions from domestic wastewater effluent in
inventory year, kg N>O/yr; NEfiuent,pom = nitrogen in
the effluent discharged to aquatic environments, kg
N/yr; EFgffientoom = emission factor for N>O
emissions from wastewater discharged to aquatic
system, kg N>O-N/kg N; TN pom = total nitrogen in
domestic wastewater in the inventory year, kg N/yr;
T; = degree of utilisation of treatment system j in
inventory year (_7jj); J = each wastewater treatment
type used in inventory year; N remj = fraction of
total ~wastewater nitrogen removed during
wastewater treatment per treatment type j.

2.5. Decision Support System

Decision support processes need to take account of
the values and goals of stakeholders, evolving
scientific information, and perceptions of risk.
Decisions about how to address climate change can
be complex, and responses will require a
combination of adaptation and mitigation actions.
Decision-makers ~ whether individuals, public
officials, or others may need help integrating
scientific information into adaptation and mitigation
decisions, [13].

2.6. Mitigation and Adaptation

Climate actions have often fallen into one of two
strategies: mitigation efforts to lower or remove
greenhouse gas emissions from the atmosphere, and
adaptation efforts to adjust systems and societies to
withstand the impacts of climate change, [14].

The DRC is committed to a combined
unconditional and conditional contribution of up to
21% reduction in total GHG emissions compared to
the BAU in 2030 (19% conditional and 2%
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unconditional) equivalent to an estimated level of
mitigation up to 650 Mt CO2e by 2030, [15].

3 Modelling Decision Support
System

3.1. Framework of the System

There are 3 basics elements in our system, namely:
- Interface for interaction homo-machine,

- Data and knowledge,

- Model of Decision (criteria and decision context).

3.2. Functional Model of Decision Support
Our decision support system for the mitigation and
adaptation of greenhouse effects will be based on a
series of mathematical functions. All these
mathematical entities are software agents designed
to act according to defined objectives.

In the following lines, the functionality model is
presented and it provides an overview of the system.

Definition 1: Software Agents (SA)

In [16] the Software Agents are defined as a set

of computational entities that exists in the form of a
set of programs or components and that runs on the
dedicated server and can interact with external
components. Theirs operate flexibly and rationally
in a variety of environmental circumstances, given
the information it has in memory. Theirs act with
minimal intervention of humans. They can require
special and punctual collaboration with other
embedded agents in pursuing their goals and
executing tasks. SA are defined as the following:

SA: (¢, k) (8)
where ( is a set of programs and code components,
K is a dataset and a knowledge base.

Definition 2: Code Component
Code component can be activities, services and

applications, may act both as callers and as callees.
It is a set of actions that performs the code
component.

A code component ( is defined by the equation
function:

C(mjsai) :Z((P,k,V) (9)

where  are components that act as SA, ¢ actions
perform in §; x represents the knowledge base used
by { when it is processing data through ¢ and v is
the set of input values concerning a particular risk. {
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returns information regarding mitigation and
adaptation strategies.

Definition 4: Multi-attribute decision
The SA pursue goals or carry out tasks in order to
meet their design objectives. The main objectives
related to the SA which acts in the mitigation and
adaptation strategies concerning the waste sector are
to provide interaction mechanisms  with
stakeholders, policy-makers and researchers.

Let us consider that a decision matrix, [17], can
enable multi-attribute decision-making, [18].

Consequently the equation function (9) becomes:

Cmy,ai =) ((9.k,v).d) (10)
where d is the decision.

The functional decision is expressed as:

dcck, wiy = (myj, a;) (11)
where C is a criteria and W is weighted.

We call criteria C a set of elements ci(k =1,..., n)
defined in d and which takes totally orders of
actions such as mitigation or adaptation. These
actions represent the preferences of the decision
maker according to a point of view expressed by a
weight w. The weighted, used as an indicator, gives
the importance of the actions to take Thus, d is the
evaluation of an action m; or a; according to the
criterion Cx.

3.3. Knowledge Base Management

The SA is used as a knowledge base for decision
making to manage the risks.

Definition 5: Knowledge Base
Let the knowledge base be a construct of
information, data and associations, related to
different strategies of mitigation and adaptation that
can be generated and derived by reasoning methods
or set of decisions.

Let k be a set of knowledge and m; and a; are the

key subsets;

k: 2Mm® — D, many-to-one relation;

D= {s1, 82, ..., Sn},

s, €D
where D is a set containing the sector of activities
sn; M; is the mitigation and a; is the adaptation. The
binary element 2 expresses the construction of
knowledge in a many-to-one relationship where the

subset mitigation or adaptation refers to a specific
sector of activity.
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3.4. Interpretation

There are 3 basics components in our system,

namely:

- Interface for interaction homo-machine,

- Data and knowledge,

- Model of Decision (criteria and decision context).
From an implementation point of view, we have

the following configuration:

Decision Support System

Input Values |

Analyzerl
i =

Input Indicaters \l'ni;ﬁun

‘ Analyzer2

=3 Dechslont -

= -

Outpot Indicators Mitigation | U e

\ Strategles - Adapiations
Analyzerd
<7 Duision? >

Adaptation
Strateghes |

Fig. 1. Functional diagram of DSS

Let's see what the diagram means. The input
values come from data collected monthly and
annually on emissions from Solid Waste Disposal
Sites (SWDS) from municipal solid waste (MSW)
and industrial. Emission measurements involve
multiple calculations which are summarized in
subsection 2.4.2. Data processing.

These data are analyzed to identify input
indicators. These input indicators serve as decision-
making criteria to determine in the database
information relating to the mitigations which will be
the subject of the strategies to be adopted.

The continuous process is led to the specification
of so-called output indicators which constitute
values of decisional criteria for determining in the
database information relating to the attenuations
which will be the subject of the adaptation strategies
to be taken.
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3.4.1. Mitigation Strategies

Let us now consider the methane generated by the
Solid Waste Disposal Sites (SWDS) from municipal
solid waste (MSW) and industrial.

Table 1. Matrix of Solid Waste Disposal Sites

Year XXXX Value | Indicator
Population (Million) \4 Wi

CHj4 generatedr (Gg) V2 W2
DDOCm decompT (Gg) V3 W3
DDOCm ar (Gg) V4 W4
DDOCm (Gg) Vs Ws

CH4 Emissions 1 (Gg) Vs W
(Methane Emission)

The analysis of the matrix above will generate a list
of indicators or weights associated with each input
value.

Table 2. Matrix of Mitigation Strategies

Input Mitigation Output
Indicator Indicator
Associate List of | Associate
indicator (vwj) | mitigation  in | indicator (mw;)
knowledge base
(mi)

The decisional computation of the matrix above will
generate a list of mitigation strategies.

3.4.2. Adaptation Strategies
Table 3. Matrix of Adaptation Strategies

Output Indicator | Adaptation Strategies

Associate List of adaptation in
indicator (mw;) knowledge base (a)

The decisional computation of the matrix above will
generate a list of adaptation strategies.

4 Conclusion

In general, an effective response to the current and
future risks from the waste sector in DR Congo
require a portfolio of different types of actions,
ranging from those intended to manage and reduce
risk.

In this study, we wanted to understand the
problem by the mathematical formalization which
resulted in a model. It goes without saying that our
next step will focus on simulating the system with
data  relating to the waste sector.
Our contribution in this article is based on the
methodology of problem solving.
The purpose of our research project is to
implement a decision support system, of course
online, for waste management in DR Congo.
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