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Abstract This article presents a multi-agent simulation aimed at balancing the quantity of CO2 by dosing the 

sources of emissions and absorptions in an urban center. The ability of multi-agent systems to handle complex 

problems has been deployed to model the main sources in the form of agents, taking into account their 

characteristics and the context of their use. A dosing protocol has been proposed based on parameters such as 

the types of sources selected, the dosing period, and the number of agents to inject. The results of the 

simulations show a disparity of influence between the sources of emissions and an inadequacy of the choice of 

the sources of absorption as sources to be dosed. 
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1. Introduction 

The speed of growth of cities no longer needs to be demonstrated [1]. However, the perpetual phenomenon of 

urbanization generates daily growing needs in all socio-professional sectors [2-5]. Cities are continually facing 

the need for energy, transport, housing, waste management, etc. Satisfying these demands very often resorts to 

excessive consumption of fossil fuels which are the main sources of CO2 emissions. For the adoption and 

integration of reliable policies in CO2 mitigation, it is urgent to have technological tools to simulate and 

apprehend its possible counterbalances depending on its sources of emissions and absorptions. Among the best 

simulation approaches of the moment, multi-agent systems can be considered. They are used to simulate 

complex problems in various fields [6-18]. Using a multi-agent model, this article presents a procedure for 

balancing the quantity of CO2 by dosing its sources of emissions and absorptions. An algorithm describing the 

protocol for coordinating the counterbalance has been proposed and implemented for practical purposes. 

 

2. A multi-agent model for balancing the sources of CO2 emissions and absorptions 

In the search for counterbalance, only the main sources of CO2 emissions [19-20] and absorptions [21] were 

considered. Five sources of emissions were selected which are mobile engines, stationary engines, air flights, 

households and waste (solid and liquid). The absorbers selected are trees, shrubs and herbaceous plants. All 

these sources have been modeled in the form of temporary agents named Mobile Engine Agent (MEA), 

Household Agent (HA), Air Transport Agent (ATA), Stationary Engine Agent (SEA), Solid Waste Agent 

(SWA), Liquid Waste Agent (LWA) and Absorber Agent (AA). The coordination of all activities is ensured by 

permanent agents which are IPS (Principal Interface SMAGCO), AMA (Agent manager), CTRA (Controller 

Agent), CONFA (Configurator Agent), IA (Interpreter Agent) and TERMA (Terminator Agent). 

The following equations (1) - (7) define the contributions of the selected sources [19-21] where � , v, PCI, FEa, 

Activity, Purity are respectively the density, the volume, the net calorific value, the emission factor of type a 

fuel, the quantity of urea additives consumed in catalytic converters and the mass fraction of urea in urea 
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additives. The estimation of CO2 emissions from air flight is limited to landing and take-off (LTO) phases. For 

absorption sources, estimates are made on the basis of the number of trees of category i and type j (NAij) and of 

the average annual accumulation of carbon per tree of category i and type j (Cij). 
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The search for counterbalance is performed by injection of emitters and/or absorbers. Depending on the 

parameters to dose, the deployed agents are classified into two groups: agents to be dosed (gradually put into 

service) and agents not to be dosed (directly put into service). The parameters are essentially the start and end 

dates, the tolerance, the number of agents to inject, the dosing period, and the type(s) of agents.  The following 

algorithm describes the process while the figures 1 and 2 illustrate its sequence and activity diagrams. 

 

Algorithm: counterbalanceByDosage ()  
entry : deployed temporary agents, toleranceCounterbalancePerDosage,  

dateStartCounterbalancePerDosage, periodJet, dateLimitCounterbalancePerDosage,        

nbAgentsPerJet and typeOfJet, periodGrowth.  

output : progression of emissions and absorptions, offset date  

known : permanent agents, emission factors, absorption factors and city  

variable : 

GlobalValue, MEAvalue, HAvalue, ATAvalue, SEAvalue, LWAvalue, SWAvalue, AAvalue, 

toleranceCounterbalancePerDosage, globalPREVIOUS: real ; 

dateStartDosingCounterbalance, dateLimitDosingCounterbalance, dateCurrent: date ; 

listAgentsJet, listAgentsNoJet, listAgentsCurrent: list of agents ; 

ctrlEndCounterbalancePerDosage, endSaveEmissionAbsorption, 

ctrlEndAuthorizationEmissionAbsorption: boolean ; 

numberReceptionExpected, nbAgentsPerJet: integer  

typeOfJet[]: string ;  

periodJet, cptPeriod: integer ; 

periodGrowth[]: integer ;  

growth: boolean ;  

begin:  
typeOfJet ← empty; 

 USER starts the counterbalance process from the main interface ; 

IPS displays the entry parameters;  

while(invalid dateStartDosingCounterbalanceor invalid dateLimitDosingCounterbalanceor invalid  

nbAgentsPerJetor invalid toleranceCounterbalancePerDosageor invalid periodJet or invalid  typeOfJet 

or not growth)   

growth ← true ;  

USER selects typeOfJet ; 

USER selects the dates (dateStartDosingCounterbalance, dateLimitDosingCounterbalance) ; 

USER enters (toleranceCounterbalancePerDosage, nbAgentsPerJet, periodJet) ; 

if (USER chooses the agent growth option) then  

USER enters periodGrowth; 

endIf 
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IPS validates (dateStartDosingCounterbalance, dateLimitDosingCounterbalance, 

toleranceCounterbalancePerDosage, nbAgentsPerJet, periodJet, periodGrowth) of 

USER;  

if(invalid periodGrowth) then 

  growth ← false 

endIf 

endWhile 
IPS sends the validated parameters to CONTROLLER ; 

CONTROLLER receives the parameters ; 

CONTROLLER determines the two lists of agents based on typeOfJet : 

listAgentsJet ← list of agents to be dosed ;  

listAgentsNoJet ← list of agents not to be dosed ;  

if (listAgentsJet is empty) then 

CONTROLLER sends a notification message to IPS ; 

IPS asks the USER to select agents ; 

else 
CONTROLLER initializes all agents of listAgentsNoJet with periodGrowth ; 

foreach temporary agent of listAgentsNoJetdo 

receive the initialization request ; 

initialize ; 

endFor 

dateCurrent ← dateStartDosingCounterbalance ;  

ctrlEndCounterbalancePerDosage ← false 

ctrlEndAuthorizationEmissionAbsorption ← false ; 

endSaveEmissionAbsorption ← true ; 

cptPeriod ← periodeJet ;  

dateCurrent ← dateStartDosingCounterbalance ;  

while ((not ctrlEndCounterbalancePerDosage) and  

endSaveEmissionAbsorption) 

if(cptPeriod=0)  

cptPeriod ← periodeJet ;   

if(size (listAgentsJet) >nbAgentsPerJet) then 

CONTROLLER moves nbAgentsPerJet agents of listAgentsJet to listAgentsCurrent ; 

else 
CONTROLLER moves listAgentsJet to listAgentsCurrent 

endIf  

endIf 

 cptPeriod ← cptPeriod -1 ;  

CONTROLLER initializes all agents of listAgentsCurrent with periodGrowth;  

CONTROLLER updates the Counterbalance parameters ; 

foreach temporary agent of listAgentsCurrentdo 

receive the initialization request ; 

initialize;  

endFor 
CONTROLLER inserts listAgentsCurrent in listAgentsNoJe t;  

CONTROLLER notifies to IPS the end of initialization ; 

IPS receives notification from CONTROLLER ; 

IPS sends the control authorization to CONTROLLER ; 

CONTROLLER receives control authorization from IPS ; 

CONTROLLER sends size (listAgentsNoJet) to INTERPRETER ; 

CONTROLLER authorizes the listAgentsNoJet agents to emit or absorb ; 

CONTROLLER sends end of authorization to INTERPRETER ; 

foreach temporary agent of listAgentsNoJetdo 

receive authorization for emission or absorption ;  

quantify the quantity ofCO2 to be emitted or absorbed ; 

 send the quantity ofCO2 to INTERPRETER ;  

endFor 
INTERPRETER receives size (listAgentsNoJet) ; 
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INTERPRETER updates numberReceptionExpected : 

numberReceptionExpected ← size (listAgentsNoJet) ;  

INTERPRETER receives notification of the authorization end ; 

INTERPRETER updates ctrlEndAuthorizationEmissionAbsorption : 

ctrlEndAuthorizationEmissionAbsorption ← true ;   

while (numberReceptionExpected> 0) 

if (INTERPRETER receives an emission or an absorption) 

thenINTERPRETER treats CO2 quantity ;  

 numberReceptionExpected ← numberReceptionExpected -1 ;  

endIf 

endWhile 
if((numberReceptionExpected=0) and (ctrlEndAuthorizationEmissionAbsorption = 

true)) then 

if( (dateCurrent<dateLimitDosingCounterbalance)  and ( (GLOBALvalue< - 

toleranceCounterbalancePerDosageandglobalPREVIOUS<0) or 

(GLOBALvalue>toleranceCounterbalancePerDosageandglobalPRE

VIOUS>0) ) then  

INTERPRETER sends to IPS (GLOBALvalue, MEAvalue, 

HAvalue, ATAvalue, SEAvalue, SWAvalue, AAvalue, 

dateCurrent) ; 

dateCurrent ← next date ; 

ctrlEndAuthorizationEmissionAbsorption ←false ; 

endSaveEmissionAbsorption ←false ;    

globalPRECEDENT ← Globalvalue 

else 
INTERPRETER sends to IPS (GlobalValue, MEAvalue, HAvalue, 

ATAvalue, SEAvalue, SWAvalue, AAvalue, dateCurrent) and the 

notification of the end of counterbalance) ; 

ctrlEndCounterbalancePerDosage ← true ;  

endIf 

endIf 
ifIPS receives a message containing only the values of emissions and absorptions 

(GlobalValue, MEAvalue, HAvalue, ATAvalue, SEAvalue, SWAvalue, AAvalue, 

dateCurrent) then 

IPS saves all emissions and absorptions with their current date ; 

IPS sends the end of backup message to CONTROLLER ;endIf 

ifIPS receives the values of emissions and absorptions (GlobalValue, MEAvalue, 

HAvalue, ATAvalue, SEAvalue, SWAvalue, AAvalue, dateCurrent) and the 

notification of the end of counterbalance then  

IPS saves all emissions and absorptions with their current date dateCurrent ; 

IPS informs the USER of the end of counterbalance while specifying the 

termination context (normal end or the counterbalance deadline 

reached);   

endIf 

ifCONTROLLER receives a notification of end of backup then 

 endSaveEmissionAbsorption ←true ;  

endIf 

endWhile 

endIf 

end 
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Figure 1: Sequence diagram of counterbalance by dosing the sources 
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Figure 2: Activity diagram of counterbalance by dosing the sources 

 

3. Results and Discussion 

In order to test the search for a CO2 counterbalance by dosing the sources, several series of simulations were 

carried out. The following table describes the characteristics of the temporary agents used.  
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Table 1: Characteristics of temporary agents 

Agents Characteristics 

MEA Reference, Type, Owner, Fuel Used, Consumption / Day, Activity, Purity, Number of Occurrences, 

Start Date, Stop Date. 

ATA Reference, Type, Owner, Consumption /LTO (Landing and Take-Off), Number of Occurrences, Start 

Date, Stop Date. 

SEA Reference, Type, Owner, Fuel Used, Consumption / Day, Number of Occurrences, Start Date, Stop 

Date. 

HA Reference, Type, Household Head, Fuel Used, Consumption / Day, Number of Occurrences, 

Technology, Humidity, Start Date, Stop Date. 

 

 

SWA 

Reference, Population, Burning Waste Fraction, Waste Volume / Habitant / Day, Burned Waste 

Volume / Habitant / Day, Number of Occurrences, Waste Components, Fraction of Type / Material, 

Dry Matter Content, Total Carbon Content, Fossil Carbon Fraction, Oxidation Factor, Burning Start 

Date, Burning Stop Date. 

LWA Reference, Volume, Carbon Content, Oxidation Factor, Number of occurrences, Burning Start Date, 

Burning Stop Date. 

AA Reference, Type, Species, Age, Number of Occurrences, Date of Beginning of 

Existence, Date of End of Life. 

The counterbalance process is carried out through a coordination of interactions between processing agents and 

temporary agents which progressively measures the dates, the tolerance, the number of agents to inject, the 

dosing period, the type(s) of agents, and the period of growth. 

Figure 3 illustrates a model of the results of a counterbalance search by dosing the sources. The global curve is 

the sum of emissions (by MEA, HA, ATA, SEA, SWA, LWA) minus the absorptions (by AA). The global value 

is zero when the counterbalance is reached.  

Figure 4 illustrates the search for a counterbalance as a function of the parameters and it was found that: 

 Dosing the emission sources is the best strategy for rapid achievement of counterbalance ; 

 Dosing the transport sources (air and land) leads to a faster counterbalance due to the fact that they are 

the main CO2 emitters in the cities. This result is in agreement with Mehsen et al [22] ; 

 Dosing the absorption sources yields a longer counterbalance. Efforts to create and multiply these 

sources are necessary to mitigate CO2 emissions. This result is in agreement with several scientific 

works such as Privitera et al [23] and Kombate et al [24] ; 

 An increase in the number of agents to inject decreases the time for counterbalance search; 

 An increase in the dosing period increases the counterbalance time; 

 A decrease in the tolerance value considerably reduces the search time; 

 Reducing and controlling the combustion of fossil fuels are key strategies in policies to limit CO2 

emissions in the cities; 

 The counterbalance search is a strategy to be considered in the development of policies to control air 

pollution due to CO2. 

 
Figure 3: Sample results for a counterbalance search by dosing the sources 
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Figure 4: Search of counterbalance by dosing the sources  

 

3. Conclusion  

In the efforts to reduce greenhouse gases, multi-agent systems can make a major contribution. The search for an 

equilibrium in the quantity of CO2 by dosing the sources shows a disparity of influence between emitters and an 

inadequacy of the choice of absorbers as sources to be dosed. In order to understand and measure the magnitude 

and scale of the quantity of CO2, it is essential to promote multi-agent simulations. 
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