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Abstract In this paper, an impact study has been carried out on the variation of parameters of the sources of
CO, emission and absorption. The present investigation is intended to be a contribution to the management of
the atmospheric pollution of a city through a multi-agent system. It is also an additive value to the struggle of
climate and environmental researchers in their attempts to attenuate the important rise of greenhouse gases
which could continually increase the global warming for future generations. Only the main sources of CO,
emission and absorption have been considered and the results obtained have been intensively discussed.
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1. Introduction

Economic progress and employment opportunities in cities are attracting and leading to a major migration
phenomenon of rural world. This situation has created growing needs in many domains such as transportation,
energy, housing, etc. [1]. These phenomena lead to overconsumption of fossil fuels in order to satisfy the quest
for energy, the intensive road and air traffic, an exponential increase in the number of households, a massive
production of waste and the development of socio-professional activities in various sectors. All together, these
manifestations contribute to increase the urban pollution due to continuous releases of gases that are harmful to
health and the environment. The carbone dioxide which is considered to be the main greenhouse gas [2], is one
of these gases that are daily released into cities and the accumulation of which would be the cause of climate
change [3-4]. In front of this constraining situation, the need to have technological tools to simulate this eventual
pollution is necessary [5-6].

Furthermore, the paradigm of multi-agent systems embodies an alternative for solving complex problems.
Examples of resolutions by multi-agent systems appear in several sectors: research, industry, economy, health,
management of information systems, etc. as evidenced by the works [7-17].

Using a multi-agent system, this work proposes an impact analysis focussed on the variation of parameters of
the main sources of CO,emission and absorption for the management of atmospheric polution in cities.

2. Mathematical modeling and multi-agent simulation for the variation of parameters

The mathematical model representing CO, emissions and absorptions has been described by Dan Djari and
Naroua [6]. Figure 1 below illustrates the contributions of the different groups of CO, emitters and absorbers
where p, v, PCI, FEa, Activity, Purity represent the density, the volume, the net calorific value, the emission
factor for type a fuel, the quantity of urea-based additives, and the mass fraction of urea in urea-based additives.
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Only the landing and take-off (LTO) phases are considered for air flights. The absorptions are estimated on the
basis of the categories and types of trees where NA;; and Cj; are respectively the number of trees and the average

annual carbon accumulation.
Emissionse=(p. 107 PULFE,) + (aeviy S Puiy 2 10%) (16
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Figure 1: Model of emissions and absorptlons of CO, in a city
Two types of agents (permanent and temporary) are participating in the coordination protocols with variation of
parameters. The permanent agents concerned are the main interface (IPS), the MANAGER, the
CONTROLLER, the CONFIGURATOR, and the INTERPRETER. The temporary agents are similar to those
used by Dan Djari and Naroua [6] and consist of MEA (mobile engine), HA (household), ATA (air transport),
SEA (stationary engine), SWA (solid waste), LWA (liquid waste), and AA (absorber). The following protocols
are used for the variation of parameters:

of absorption
\——  Emission 5= %»Zii NA;;. Gy (18]

Algorithm 1 : settingsConfiguration ()
input:  changeType, Parameters, PerformedChanges: string;
agentsListToModify: array;
totalNumberChanges: integer ;
output: true if the configuration is done, false otherwise
known: temporary agents (MEA, HA, ATA, SEA, SWA, LWA and AA), IPS, MANAGER and
CONFIGURATOR.

totalNumberChanges «— 0;
parameters «— "";
agentsListToModify < null;
performedChanges < "";
IPS displays the main interface to USER;
USER specifies the type of modification to IPS;
IPS reads changeType of USER,;
IPS sends changeType to CONFIGURATOR,;
IPS closes the main interface to USER
CONFIGURATOR receives changeType of IPS;
CONFIGURATOR analyzes the context of changeType;
A
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CONFIGURATOR displays the appropriate interface to USER,;
while (invalid parameters or invalid agentsListToModify)
USER enters parameters and agentsListToModify;
if (USER cancels the change configuration) then
CONFIGURATOR sends the configuration cancellation to IPS;
CONFIGURATOR closes the change configuration form;
CONFIGURATOR terminates the USER change process;
IPS receives the modification cancellation from CONFIGURATOR,;
IPS displays the main interface to USER;
else
CONFIGURATOR reads parameters, agentsListToModify;
CONFIGURATOR validates parameters, agentsListToModify;
endlIf
endWhile
CONFIGURATOR sends changeType, Parameters, agentsListToModify to MANAGER,;
MANAGER receives (changeType, parameters, agentsListToModify );
MANAGER prepares a modification request with parameters;
MANAGER sends the prepared request to all agents of agentsListToModify list;
MANAGER sends size (agentsListToModify) to CONFIGURATOR ;
CONFIGURATOR receives size (agentsListToModify) and initiates totalNumberChanges to size
(agentsListToModify);
For each temporary agent in agentsListToModify
receive the request of the MANAGER,;
update its arguments associated to the received parameters;
send the modification result to CONFIGURATOR;
endfor
while (totalNumberChanges > 0)
if (CONFIGURATOR receives a change response) then
CONFIGURATOR updates performedChanges;
CONFIGURATORdecrements totalNumberChanges;
endlf
endWhile
CONFIGURATOR sends performedChanges to IPS;
CONFIGURATOR closes the modification interface to USER;
IPS receives performedChanges from CONFIGURATOR,;
IPS diagnoses the content of performedChanges;
IPS displays the main interface to USER;
IPS displays the result of the changes to USER;
end
Algorithm 2 : periodicSimulationCO2 ()
input:  city : string ;
Globalvalue, MEAvalue, HAvalue, ATAvalue, SEAvalue, LWAvalue, SWAvalue, AAvalue: real ;
startDate, endDate, currentDate: date ;
agentsList: array ;
totalNumberReceptions, duration: integer ;
ctrIDisplay : boolean ;
output:Globalvalue, MEAvalue, HAvalue, ATAvalue, SEAvalue, LWAvalue, SWAvalue, AAvalue.
known: Emission and Absorption factors, contentinit, temporary agents (MEA, HA, ATA,
SEA, SWA, LWA and AA), IPS, CONTROLLER, and INTERPRETER
begin
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ctrlDisplay « false;
totalNumberReceptions « 0;
duration « 0;
IPS displays the main interface to USER;
USER launches the forecast;
IPS displays the input interface for forcasting parameters to USER;
while (invalid startDate or invalid endDate or startDate > endDate)
USER enters the dates (startDate, endDate);
IPS validates the dates (startDate, endDate) of USER;
endWhile
IPS calculates duration «<— number of days between startDate and endDate;
IPS sends (duration, startDate, endDate) to CONFIGURATOR,;
CONFIGURATOR receives (duration, startDate, endDate);
CONFIGURATOR determines agentList « list of all temporary agents;
if (size (agentsList) = 0) then
CONFIGURATOR sends a notification to IPS;
IPS displays "No agents deployed in the platform™ to the USER,;

else
CONFIGURATOR initializes all temporary agents;
CONFIGURATOR updates its forecast settings;
CONFIGURATOR sends (agentsList, contentInit, duration, startDate, endDate) to
CONTROLLER;
endlIf

for ( each temporary agent in agentsList )
receive the initialization request;
get initialized;
calculate the quantity of CO, to emit or absorb;
endfor
CONTROLLER receives (agentsList, contentlnit, duration, startDate, endDate);
CONTROLLER updates its forecast parameters;
CONTROLLER sends (contentlnit, duration, startDate, endDate) to INTERPRETER
INTERPRETER receives (contentlnit, duration, startDate, endDate);
INTERPRETER updates its forecasting parameters;
INTERPRETER sends the confirmation of receipt of the parameters to IPS;
IPS receives confirmation of receipt of parameters;
while (duration>0)
IPS sends the control authorization to CONTROLLER,;
CONTROLLER receives the authorization of control;
CONTROLLER sends size (agentsList) to INTERPRETER;
CONTROLLER sends authorization to each temporary agent of agentsList;
CONTROLLER sends the end notification to INTERPRETER;
INTERPRETER receives size (agentsList) and updates totalNumberReceptions;
for (each temporary agent in agentsL.ist)
receive the authorization of emission or absorption;
calculate the quantity of CO, to emit or absorb;
send the quantity of CO, to INTERPRETER,;
endfor
INTERPRETER receives notification of end of authorization and changes
ctrIDisplay to true;
while (totaINumberReceptions > 0)
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end

if INTERPRETER receives an emission or an absorption) then
INTERPRETER processes quantity of CO,;
INTERPRETER decrements totalNumberReceptions;

endlIf

endWhile

if (ctrIDisplay = true and totalNumberReceptions = 0) then
INTERPRETER sends (Globalvalue, MEAvalue, HAvalue, ATAvalue, SEAvalue,

LWAvalue, SWAvalue, AAvalue, currentDate) as a display notification to IPS;

currentDate < currentDate +1 (one day);
duration <« duration - 1;
ctrlDisplay « false;

endlIf

if (duration <0) then
INTERPRETER sends the end of the forecast to IPS;

endlf

if (IPS receives the display notification) then
IPS saves all emissions and absorptions with currentDate;

endIf

if (IPS receives the end of the forecast) then
IPS displays "Forecast Complete” to USER;

endlIf
endWhile

The sequence diagrams (Figures 2 and 3) below describe the exchanges of the two coordination protocols.

To study the impact of the variation of parameters, daily CO, emissions and absorptions were considered. Figure
4 illustrates the results of the basic simulation using the initial settings. The analysis was carried out on the basis
of the elements that determine the type of combustion of temporary agents. The results of the simulations are
shown in Figure 5 and we observe that:

The number of agents is determinant on the overall quantity of CO,;

The variations of parameters of emitters and absorbers yield different in pacts on the global quantity of
COy;

For mobile engines and stationary engines, the type of fuel used has a remarkable influence on the
overall quantity of CO, rejected;

For the same quantity of fuel consumed by a mobile engine or a stationary engine, the rejection of CO,
is more important for diesel than for gasoline, which confirms the results of Helmers et al. [27] ;

For mobile engines, non-combustive emissions do not have a major influence on the global rejection;
For the same quantity of fuel consumed by a household, the rejection of CO,is more important for
butane than for charcoal and wood. An insignificant change has been observed for charcoal and wood;
For air transport, the type of fuel used yields to an insignificant impact on the global CO, emissions;
The fraction of the population that burns solid waste, the quantity of waste produced per habitant and
the rate of incineration or open-air burning per habitant, significantly increase the overall quantity of
COy;

For emissions from liquid wastes, the carbon content and the oxidation factor significantly increase the
overall quantity of CO,;

The absorption varies insignificantly according to tree species and contributes to the reduction of the quantity of
CO, but, its influence remains low when compared to global emissions. This result is in agreement with several
works such as Lerman and al. [28] and Privitera et al. [29], which suggest planting and maintaining trees as a
powerful means of reducing emissions of CO, in urban environments.
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Figure 5: Simulation results for varying parameters of agents
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3. Conclusion

In this paper, investigations have been conducted on the impact of the variation of parameters of CO,
emitting and absorbing sources using a multi-agent system in order to manage the atmospheric pollution of a
city. The analysis shows that the parameters of the major emitters greatly influence the magnitude of the
overall quantity of CO,. Though their absorption is low, the analysis shows that trees are a great potential to
help mitigate the exponential and temporal rise of CO, in urban centers. It was concluded that multi-agent
systems are important tools in the struggle of scientists to counteract the greenhouse effect for sustainable
development.
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