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3 071m

2 632 m

Maximal length: 70 km from NW to SEMaximal length: 70 km from NW to SE

Reunion IsReunion Is. & Grand. & Grand--IletIlet
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Too many pigs… too little landToo many pigs… too little land
•• 51 farms51 farms
•• 20 000 m20 000 m33/year slurry/year slurry
•• 100 100 tonsNtonsN/year/year
•• 187 ha of which 75 ha cultivated187 ha of which 75 ha cultivated

•• High N application: 1 300 High N application: 1 300 kgNkgN/ha/year/ha/year

Great risk of pollution !Great risk of pollution !
Prohibition threatProhibition threat

Support stakeholders design a collective Support stakeholders design a collective 
management strategy for pig effluentsmanagement strategy for pig effluents
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DecisionDecision 11

•• Q1: Export effluents or Q1: Export effluents or treat themtreat them in situin situ??

By By usingusing a GIS:a GIS:
assess the nutrient assess the nutrient balance in balance in the areathe area
identify suitable spreading areasidentify suitable spreading areas
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Balance of N Balance of N from liquid manurefrom liquid manure

DeficitDeficit
ΣΣ << 0 (0 (tNtN))

SurplusSurplus
ΣΣ ≥≥ 0 (0 (tNtN))

Grand-Ilet

Costal zone
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Balance of N from solid manureBalance of N from solid manure
Sainte-Suzanne

Bras-Panon

Saint-Benoît
Salazie

Grand-Ilet

Hell-Bourg

DeficitDeficit
SurplusSurplus

101 tons N/101 tons N/year deficityear deficit
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DecisionDecision 22

•• A1: A1: Treating Treating effluents effluents in situin situ

•• Q2: Q2: Which treatment processWhich treatment process??
–– size?size?
–– costcost??

By By using theusing the Macsizut Macsizut spreadsheet spreadsheet 
with the stakeholderswith the stakeholders
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ChoosingChoosing a a treatment with treatment with MacsizutMacsizut

•• 11 treatment plants combining 12 processes:11 treatment plants combining 12 processes:
–– CentrifugationCentrifugation
–– NitrificationNitrification--denitrificationdenitrification
–– FiltrationFiltration
–– N stripping N stripping and acid washingand acid washing
–– DehydrationDehydration
–– CompostingComposting
–– ……
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Selection criteria Selection criteria 11

Low costLow costLow costLow costLow costLow cost44

MostMost treated treated 
liquidliquid phasephase

Most Most treated treated 
liquidliquid phasephase

MostMost treated treated 
liquidliquid phasephase33

Minimal Minimal 
byby--productsproducts to to 

managemanage

Minimal Minimal 
byby--productsproducts
to manageto manage

No byNo by--product product 
to manage on to manage on 

farms farms 
22

Water Water 
authority authority 
approvalapproval

11

State State 
authoritiesauthoritiesCooperativesCooperativesFarmersFarmers
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Selection criteria Selection criteria 2 2 

Coupling with Coupling with 
biogas biogas 

productionproduction
99

MinimalMinimal
groundground

occupationoccupation

Minimal Minimal 
ground ground 

occupationoccupation
88

Easy Easy 
maintenancemaintenance

EasyEasy
maintenancemaintenance77

Low energy Low energy 
consumptionconsumption

Low energy Low energy 
consumptionconsumption

Low energy Low energy 
consumptionconsumption66

Preserve Preserve 
fertilizing fertilizing 
elementselements

55

State servicesState servicesCooperativesCooperativesFarmersFarmers
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Macsizut outputsMacsizut outputs
Residual N
Residual P

0

100

1 2 3 4 5 6 7 8 9 10 11

% initial
slurry

4 5 8 7 3 6 1 2 11 9 10
0

35

€/m3

Investment
Running cost

Most costMost cost--
effective: effective: ##88
centrifugation centrifugation 
+ nitrification+ nitrification--
denitrificationdenitrification
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Discussion supportDiscussion support
NDN-SP "Val'Epure"

Total Génie Civil FRF 6 303 411
Total Equipement FRF 1 010 627
TOTAL Investis. FRF 7 314 038
TOTAL Investis. € 1 115 018

Avec amortis Sans amortis Avec amortis Sans amortis Avec amortis Sans amortis
Charges amortis. (annuités+prov. amortis)

Génie civil  (6,5%, 15 ans) 31 20 8 5 12 8 
Equipements (6,5%, 7 ans) 8 7 2 2 3 3 

TOTAL 39 27 10 7 16 11 
Charges de fonctionnement

réactifs 0 0 0 0 0 0
énergie 19 19 19 19 19 19

main d'œuvre 11 11 11 11 11 11
maintenance 3 3 3 3 3 3

suivi annuel, bilan 1 1 1 1 1 1
TOTAL 35 35 35 35 35 35

Charges de collecte
TOTAL 11 11 11 11 11 11

Coût FRF/m 3 de lisier traité 85 73 55 53 61 57 
Rachat des co-produits

TOTAL 2 2 2 2 2 2

Coût de revient FRF/m3 de lisier traité 82 71 53 50 59 54 
Coût de revient €/m3 de lisier traité 12,58 10,78 8,13 7,68 9,02 8,3

100% privé 75% subv. - 25 % privé 60% subv. - 40% privé
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DecisionDecision 33
•• A1: A1: TreatingTreating effluents effluents in situin situ
•• A2: A2: Centrifugation + Centrifugation + nitrifnitrif..--denitrificationdenitrification

•• Q3: Q3: What supply policyWhat supply policy for for thethe plant?plant?
–– when shouldwhen should aa delivery be donedelivery be done? ? 
–– how how much should be deliveredmuch should be delivered??
–– transport transport meansmeans? ? 
–– workforceworkforce? ? 
–– costcost??
By By using theusing the Approzut Approzut dynamicdynamic
simulation model simulation model with the stakeholderswith the stakeholders
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Supply chain outlineSupply chain outline

FarmFarm 11

Farm Farm 5151

FarmFarm ii

......

......

CTPCTP

CTP stockCTP stock

TransportTransport

Discrete flowDiscrete flow
Continuous flowContinuous flow

OverflowOverflow

Farm Farm stock 1stock 1

Farm Farm stock istock i

Farm Farm stock 51stock 51
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Approzut model outlineApprozut model outline

Farm StocksFarm Stocks

CTP StockCTP Stock

(T, Q)(T, Q)PlanPlan

(s(sii, S, Sii))

Farm reactive policyFarm reactive policy

(s, S)(s, S)

outflowsoutflows

--

inflowsinflows ++
∫

inflowinflow ++∑

outflowoutflow --∑

∫

feedforwardfeedforward

feedbackfeedback

CTP CTP reactive policyreactive policy feedbackfeedback
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0.5
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0.3

0.2

0.1

0
0 1095 2190 3285 4380 5475 6570 7665 8760 9855 10950

Time (Days)

2 tankers 15 m3, no holiday, random disturbances

PlannedPlanned
CTPCTP reactive policyreactive policy

Farm reactive policyFarm reactive policy

Scenario Scenario simulationssimulations
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Policy comparisonPolicy comparison

•• No No overflowoverflow reactive policiesreactive policies
•• EfficiencyEfficiency ((amountsamounts,, workwork time,time, kmskms)) samesame
•• Slurry shortageSlurry shortage nono holidayholiday
•• Overtime workOvertime work nono holidayholiday
•• RobustnessRobustness nono holidayholiday,, farm reactivefarm reactive
•• Field Field implementationimplementation plannedplanned??
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Policy choicePolicy choice

•• Farm reactive policyFarm reactive policy bestbest

WhenWhen??
fromfrom stockstock level level 

How How muchmuch??
down to down to level level 

ssii = 65%= 65%

SSi i = 0= 0

•• Priority rulePriority rule:: fullerfuller--nearernearer--smaller firstsmaller first
•• No No holidayholiday
•• 2 full2 full--time drivers + 1 parttime drivers + 1 part--timetime
•• Information about stock Information about stock levelslevels
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DecisionDecision 44
•• A1: A1: TreatingTreating effluents effluents in situin situ
•• A2: A2: Centrifugation + Centrifugation + nitrifnitrif..--denitrificationdenitrification
•• A3: No A3: No decision yetdecision yet

•• Q4: How to Q4: How to evaluate the whole supply chainevaluate the whole supply chain??

By By using the using the BiomasBiomas multimulti--agent system to agent system to 
ssimulateimulate transfers at territorial scaletransfers at territorial scale
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Biomas multiBiomas multi--agent systemagent system
Agent Agent 
inspectorinspector

Situated viewSituated viewParameter Parameter menumenuAnalysisAnalysis toolstools

Mini Mini mapmap

Exchange Exchange 
intensityintensity
Qualitative Qualitative 
statestate

MessagesMessages

SimulationSimulation
controlcontrol
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ConclusionsConclusions--ProspectsProspects

Evaluate the whole supply Evaluate the whole supply 
chain at territorial scalechain at territorial scale

BIOMASBIOMAS

Choose a treatmentChoose a treatment
processprocess

MACSIZUTMACSIZUT

Choose a supply policyChoose a supply policy
APPROZUTAPPROZUT

•• Devise a Devise a methodologymethodology of simulationof simulation--based based 
decisiondecision--making with the stakeholders making with the stakeholders 
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