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1 Tool Development  

The main objective of the WASTE-C-CONTROL project is to develop a software tool that 

assists decision-makers to design and evaluate different integrated waste management 

systems, from the level of waste generation up to the level of waste treatment and disposal, on 

the basis of overall GHG emissions and management cost. In addition, the evaluation is 

extended also to ancillary environmental impacts, such as generation of air pollutants.  

The investigation of different WM alternatives is performed through mathematical 

programming, the outcome of which is the identification of those integrated systems where 

their overall GHG emissions can be reduced only at the expense of management cost. In other 

words, the tool assists the user to build the so-called ‘Pareto frontier’ in the particular 

situation faced. In this way, decision-makers become aware of trade-offs involved in their 

waste management problem and are able to select a solution by being aware of the main 

dilemmas and constraints faced. 

 

1.1 Methodology  

The mathematical model that describes the Municipal Solid Waste (MSW) management 

system is developed using the principles of Mathematical Programming (MP). All the 

available technologies and paths of the MSW system are expressed in the model with proper 

relationships (equalities and inequalities). The model consists of the decision variables (the 

unknowns of the problem), the parameters (the known data), the constraints (the relationships 

that describe the system) and one or more objective functions (the drivers of the 

optimization).  

Borrowing ideas from the field of process synthesis in chemical engineering, the problem can 

be formulated as a multi-period structure, design and operational optimization problem (Iyer 

and Grossmann, 1998). All the available MSW options and their interdependencies can be 

considered in the superstructure of the system (topology of all the available MSW options) 

and the MP model proposes the best solution. A simultaneous, structural, design and 

operational optimization of the MSW system is achieved i.e. the output of the created model 

is which technology units will be used and which paths are followed for the MSW system 

(structure), what is the capacity of these units (design) and what are the flows and operating 

loads to and from the units (operational optimization). MP has already been used for the 

optimization of MSW systems in various cases (see e.g. Abou Najm and El-Fadel, 2004, 

Louis and Shih, 2007, Jing et al., 2009). 

 

The model which is developed is a multi-objective mathematical programming model. 

Specifically it has two objective functions: (1) the Net Present Value of the system over the 

20-year horizon and (2) the CO2-equivalent emissions. As the name suggests, multi-objective 

optimization (or multi-criteria optimization) involves optimisation in the presence of more 

than one (usually conflicting) objective functions (criteria). The main difference between 

single and multi-objective optimization is that in the case of the latter, there is usually no 

single optimal solution, but a set of equally good alternatives with different trade-offs, also 

known as Pareto-optimal (or non-dominated or efficient) solutions. The Pareto optimal 

solutions are the feasible solutions that cannot be improved in one objective function without 

deteriorating their performance in at least one of the rest. In the absence of any other 

information, none of these solutions can be said to be better than the other. Usually a decision 

maker is needed to provide additional preference information and to identify the “most 
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preferred” solution (“optimal” according to his/her subjective preferences). Depending on the 

paradigm used, such knowledge may be introduced before, during or after the optimization 

process. Multi-objective optimization thus has to combine two aspects: optimization and 

decision support (Steuer, 1986). In the present study, the generation of the Pareto optimal 

solutions will be done using a version of the popular epsilon constraint method (Mavrotas, 

2009). 

 

1.2 Model Building 

The mathematical model will describe the MSW system as a directed graph. There are nodes 

that represent the processes and arcs that represent the flows between the processes. The 

boundaries of the system are defined from the collection phase till the final disposal. The 

model will represent the superstructure of the system, i.e. all the available options with their 

interconnections as shown in Figure 1. In Figure 1, one can see how the bins are connected 

with the processes, how the processes are interconnected and which the main products of each 

process are. It must be noted that for each generic technology there are more than one specific 

type of units that can be utilised which are mutually exclusive. For example, for Composting 

we have 5 types of units while for MBT we have 18 types of units. The optimal type of unit 

for each technology will be selected by the model. 

 

The technological options one may choose among, when dealing with municipal solid waste 

management, depend on whether wastes are source segregated or notThe following options 

were identified regarding waste collection: 

• Source separation of different fractions of dry recyclables (paper, glass, plastic, 

metals)  

• Source separation of a comingled stream of dry recyclables (all the materials 

aforementioned in one bin) – Bin for “commingled recyclables” 

• Source separation of food waste - Bin for “organic” 

• Mixed waste without source separation – “mixed waste bin” 

 

The model is properly formulated in order to perform structural, design and operational 

optimization. In other words, the major questions that will be answered with the optimization 

process are: which processes (structure), what will be their capacity (design) and what will be 

there annual operational load (operation). All these figures will be computed in period-wise 

basis. In technical terms the model is a Multi-Objective Mixed Integer Linear Programming 

(MO-MILP) model, which means it contains continuous and integer (mostly binary) 

variables.  
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Figure 1: Graphical representation of the superstructure of the MSW system (Acronyms for Processes: 

TSR: Temporary Storage for Metals, Plastic and Paper, TSG: Temporary Storage for Glass, CMP: Composting, 

AD: Anaerobic Digestion, MRF: Material Recycle Facility, WtE: Waste to Energy, BD: Biodrying, MBT: 

Mechanical and Biological Treatment, TS: Transfer Station, LDF1: Landfill, LDF2: Landfill for Hazardous 

Waste. Acronyms for products: ME: Metals, PL: Plastic, PA: paper, GL: Glass, CMP: Compost, BIOG: Biogas, 

DF: Derived Fuel, SO: Stabilized Organic, EN: Energy) 

 

The concept of collecting wastes, on which the tool development was based, is that the user 

will be able to choose among the following collection options (see figure 1): 

1. One – bin collection system: a system without any source-separation of materials, 

where all mixed waste is collected in a single bin, called “mixed wastes bin” 

2. Two – bin collection system: a system with source-separation of co-mingled dry 

recyclables (paper, plastic, metals, glass) in one bin (bin for “comingled”), and 

collection of the rest wastes in the “mixed wastes bin”  

3. Three-bin collection system: bin for source-separation of co-mingled dry recyclables 

(paper, plastic, metals, glass), “bin for organic” for source-separation of organic 

wastes and collection of the rest wastes in the “mixed wastes bin” 

4. Multi-bin collection system: combination of dedicated bins for source separation of 

paper, metal, glass and plastics and/or source separation of co-mingled dry 

recyclables, with/without source separation of the organic fraction. Rest wastes are 

collected in the “mixed wastes bin”  
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Each system results in waste streams that may subsequently be treated in various ways, as 

identified in Action 1 and shortly described in ANNEX 7.2.1. of the Inception Report.  

In order to create technologically feasible configurations, the available components were 

categorised according to the following: 

(a) Options that are not always technically meaningful or compatible  

(b) Options that are technically meaningful or compatible under specific conditions 

(c) Options that are always technically meaningful or compatible  

Compatible and non-compatible combinations are presented and discussed in detail in 

ANNEX 7.2.4. of the Inception Report. 

According to the above mentioned categorisation, the most common configurations for each 

option were formulated. In this way, the user may choose among a series of configurations 

according to their needs. Each configuration is a different technology module in the tool so 

that the user may formulate a waste management plan that deals with the various streams with 

a combination of modules. 

The treatment options (the common configurations have been slightly altered to better reflect 

current trends in waste treatment, and the final flow charts of the technological options 

incorporated in the tool, are presented in Appendix 1). 

For each configuration, mass flow calculations had to be performed, as well as quantification 

of emissions and consumptions. Also basic economic figures had to be calculated, such as 

investment and operation cost, as well as revenues from the sale of energy and recyclables / 

compost.  

The necessary modelling was originally included in an Excel Workbook that utilises the data 

collected in Action 1 and contains the necessary equations to calculate all system material and 

energy flows and generated environmental burdens. This Workbook is the basis for the 

Software Tool so that necessary calculations are performed.  

The concept of the modeling process is based on the fact that an integrated waste management 

system consists of three general phases: waste collection, sorting/treatment technologies and 

final disposal. Within the context of this project transportation and storage of wastes and 

recovered materials are integrated in collection and sorting/treatment technologies. 

For every operation of the waste management system, a set of equations and parameters that 

perform calculation of operational parameters and material and energy balances was defined.  

 

1.2.1 Waste Collection 

 

Waste collection lies at the centre of an integrated waste management system, as the way that 

waste materials are collected and sorted determines which waste management options and 

technologies can be subsequently used. Waste collection influences also the quality of 

recovered materials as well. The term collection includes not only the collection of solid 

wastes from the various sources, but also the hauling of these wastes to the location where the 

contents of the collection vehicles are emptied. 

In general there are two basic categories of waste collection: 

• Commingled (un-separated collection) 
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• Source separated collection 

From the householder’s viewpoint comingled collection of all solid waste together probably 

represents the most convenient method. This method, however, will limit the subsequent 

options for treatment, due to the fact that most treatment technologies require some form of 

separation of the waste into various fractions at source. At its simplest this might involve 

removing mixed dry recyclable materials, while more extensive sorting involves the 

separation of MSW into several material streams (glass, paper, metals, plastics and organic 

fraction). 

The costs and major environmental burdens associated with waste collection systems will be 

due to the infrastructure (number of bins and vehicles) and the transport required, which 

consumes fuel and results in air emissions. Given the number of streams, the composition and 

quantity of each stream, the technical characteristics of the storage bins (capacity), the type of 

collection vehicles (capacity and compaction) and the characteristics of collection scheme 

(frequency of collection, average distance between bins etc.) the required number of bins and 

vehicles can be calculated, using the above equations: 

)52( ×××
=

iii

i

i
tfC

Q
N  (1)    and i

iii

i

i r
fCN

V
M /)(

××
=   (2) 

Where, 

Ni = number of bins for stream i 

Mi = number of collection vehicles for stream i 

Qi = annual quantity of stream i [lit. or kg] 

Ci = bin capacity of stream i [lit. or kg] 

fi = bin average fullness i [%] 

ti = number of collections per week 

Vi = vehicle capacity of stream i [lit. or kg] 

ri = annual routes per vehicle. 

Annual routes per vehicle can either be defined, using real data from similar operating 

schemes, or may be calculated by defining parameters of collection scheme (unloading time 

for bins, average distance and speed per route, working days per year and working hours per 

day etc.). 

Calculating the number of routes required for waste collection and given the distance between 

bins and from/to a compaction, treatment or disposal site, total distance and fuel consumption 

for waste collection can be easily calculated.  It must be noted that for waste collection 

vehicles, the stop-start nature of collection and the compaction of waste materials make the 

use of standard heavy goods vehicle data inappropriate, as the specific fuel consumption per 

km is higher. According to data from Greek municipalities the specific consumption of typical 

waste collection vehicles ranges from 0.6-0.8 lit/km. 

Using bins can also lead to a further source of burdens, due to the need to wash the bins, 

especially in the case of separate collection of organic or comingled collection. McDougal et 

al (2002) propose consumption of 25 lit. of hot water and 0,6 kWh of fuel per bin and wash. 

According to Greek specifications the frequency of washing is one time per week for streams 

containing organic fraction and one time every six months for source separated dry recyclable 

streams. 
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The economic data, i.e. investment costs and costs for operation and maintenance, are related 

to the type and number of the bins, the number of vehicles required for the collection and the 

total distance travelled. 

 

1.2.2 Treatment Technologies 

 

For all the waste treatment technologies a mass balance is calculated, both for each solid 

waste material and total waste, considering, where necessary, generated by-products, and 

losses.  In general the output streams from each technology are:  

• Recovered materials from dry recyclables (glass, metal, plastic and paper) 

• Compost from biological treatment of source separated biowaste 

• Compost like output (or stabilized organic) from biological treatment of mixed waste 
fractions 

• Derived fuel (RDF/SRF) 

• Biogas, which is combusted for power generation 

• Residue of processes disposed to landfill 

• Mass losses due to moisture vaporization, combustion, biodegradation of waste 
materials etc. 

 

The mass balance for each waste material i and total waste is described according to the 

following equation: 

iiiiiiii LFLBDFSCRF ++++++=   (3)    

where, 

Fi = annual waste feedstock of material i to the technology [tn/year] 

Ri = annual quantity of recovered dry recyclables from material i [tn/year] 

Ci = annual quantity of compost produced from material i [tn/year] 

Si = annual quantity of compost-like-output produced from material i [tn/year] 

 

Technology 

External inputs 
Recycles 

Compost 

Stabilized Organic 

Derived Fuel 

Biogas 

Landfill 

Feedstock 

Losses 
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DFi = annual quantity of derived fuel produced from material i [tn/year] 

Bi = annual quantity of biogas produced from material i [tn/year] 

Li = annual quantity from material i in losses [tn/year] 

LFi = annual quantity from material i in residue [tn/year] 

 

For each output stream the annual quantity is calculated from an equation like the following: 

iii nFX ×=  (4) 

Where,  

Xi = Ri, Ci, Si, DFi, Bi, and Li 

ni = technology’s recovery, transformation or production efficiency for material i which 

depends on operations included in the technology. 

 

The residue to Landfill is calculated from equation (3) after the calculation of each one of the 

output streams by using equation (4). Data for recovery and production efficiency of various 

treatment technologies are available in the database developed in Action 1. 

 

1.2.3 Disposal 

The feedstock of landfills is the sum of the residue from all treatment technologies calculated 

by using equations (3) and (4). Operational data, air emissions and economical data 

calculation is accomplished in a similar way to treatment technologies. 

 

1.3 Basic Elements of the Model 

 

The basic elements of the multi-objective mathematical programming model are briefly 

described below:  

 

1.3.1 Objective functions 

 

Two are the objective functions of the problem: (1) the minimization of the Net Present Value 

(NPV) of the MSW system over a period of 20 y, which represents the economic objective 

and (2) the minimization of total CO2-eq emissions of the MSW system, which represents the 

environmental objective. The NPV incorporates the investment and operational costs, as well 

as the income from recyclables, electricity and other products over a 20-year period. 

 

1.3.2 Decision variables 

 
The decision variables of the model are actually the unknowns of the problems, i.e. those 

variables for which we are trying to find their optimal values. In our case we have discrete 

(binary or integer) and continuous decision variables. The discrete variables are mostly 

associated with the structural characteristics (is i-th technology present in the optimized MSW 
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system? how many units will be needed?). The continuous variables are mostly associated 

with the design and operational characteristics (what is the capacity of i-th unit in period t? 

Which is the amount of waste transported from i-th unit to j-th unit?). 

 

1.3.3 Constraints 

 

The main constraints of the model are the mass balances that have to be satisfied between 

nodes (equality constraints) and the capacity constraints that have to be satisfied (“less than” 

constraints). There can be policy constraints (e.g. the recycling rate or the amount of waste 

sent to landfill). Logical constraints are also present in order to apply conditions for mutually 

exclusive alternatives. Auxiliary constraints may also be present (e.g. linearization of non-

linear terms). Special reference should be made to the modelling of the landfill and the 

associated CH4 emissions. It has been done using the IPCC guidelines and takes into account 

five waste categories (food, garden, paper, textile and wood) and the different behaviour of 

treated – untreated material. The calculation of the CH4 emissions (and therefore the CO2 – 

equivalent) takes into account in a flexible manner the possibility of flaring, as well as the 

ongoing process of CH4 emissions after the expiration of the study horizon. These ex-post 

emissions are explicitly calculated and participate in the minimization of CO2-eq. objective 

function.    

 

1.3.4 Parameters 

The parameters of the model are the known data. These data are the economic and 

technological characteristics of the processes, the prices of the recycled materials and 

produced energy, and the conversion factor of every ingredient in each one of the candidate 

technologies. The original waste is classified in 34 ingredients and its composition is 

considered known for the model based on representative past data. The scheme of the bin 

configuration is also considered as given (which types of bins are used) in the model. The 

different bin schemes can be examined as different scenarios.  

 

Operational parameters for each technology such as land-take (footprint) and power, fuel and 

water consumption, which were collected during Action 1, are expressed as indices per tonne 

of feedstock. The general concept is that the software tool will utilize these indices to 

calculate technology operational data: 

jj pFP ×=  (5) 

Where, 

Pj = annual quantity of operational parameter j (e.g. fuel and power consumption [kWh]) 

F = annual waste feedstock to treatment technology [tn/year] 

pj = operational parameter index (e.g. fuel and power consumption [kWh/(tn/year)] 

 

The energy production depends on the efficiency of the equipment and the energy content of 

the fuel (biogas, derived fuel or waste stream in mass-burn incineration). Power and heat 

production of Thermal Treatment and biogas combustion facilities are calculated in 

accordance to the following equations: 

elff nLHVfP ××=   (6)  and  hff nLHVfQ ××=    (7),   
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where 

LHVf = the heating value of biogas or fuel (wastes or RDF), [kWh/tn of fuel or kWh/m3 of 

biogas] 

f: the quantity of fuel [tn of fuel/year or m3 of biogas/year] 

and nel  and nh the power and heat production efficiencies respectively. 

In order to avoid unnecessary approximations in calculations of power and heat production, a 

material “database”, where each material is associated to a set of physical properties (density, 

low heating value, moisture, ash content and biogas production yield), has been developed.   

 

LHV of waste or derived fuel is calculated by using material specific data of low heating 

values and moisture: 

∑ −××= )1( iiif mLHVqLHV  (8)  

where, 

qi = the percentage of material i in  fuel [tonne of material i per tonne of fuel] 

LHVf = the heating value of material i  [kWh/tn] 

mi = the moisture of material i in fuel [%] 

 

LHV of biogas is assumed to be 5,5 kWh/m3, assuming 55% methane content of gas. 

 

The amount of energy available for export usually depends upon the amount produced and the 

degree of self consumption by the installation and it is calculated by the following equation: 

sffout PPP −=    (9)  and  sffout QQQ −=  (10),  

Where, 

Pout = the power exported to the grid [kWh/year] 

Qout = the heat exported to end users [kWh/year] 

Pf = the power produced from biogas or fuel [kWh/year] calculated with equation (6) 

Qf = the heat produced from biogas or fuel [kWh/year] calculated with equation (7) 

Psf = the power self consumed in the facility [kWh/year] calculated with equation (5) 

Qsf = the heat self consumed in the facility [kWh/year] calculated with equation (5). 

 

Residual of thermal treatment facilities depends on ash content of the materials and it is 

calculated with the following equation: 

∑ ×= iif aqR  (9)  

where,  

qi = the percentage of material i in  fuel [tonne of material i per tonne of fuel] 

ai = the ash content of material i [%]. 
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All relevant operational parameters were developed during Action 2 and have been “inserted” 

in the model in the form of text files that are included in Appendix 3. 

 

Air Emissions, include direct process emissions of greenhouse gases (CO2, CH4 and N2O) 

and other air pollutants such as PM10, NOx, SOx, PCDD/F, VOCs, NH3 and heavy metals, 

emissions due to fuel combustion, emissions due to transportation of output streams and 

indirect emissions due to power consumption. A “database” of emission factors for each 

pollutant associated to feedstock or output and to fuel and power consumption has been 

developed within the context of Action 2b. All relevant data have been “inserted” in the 

model in the form of text files that are included in Appendix 3. 

Transportation of the derived materials and residue is included in every technology. 

Depending on the capacity and type of the vehicles and the distance of end-users or landfills 

from treatment facility fuel consumption can be easily calculated. It must be noted that for the 

transportation standard heavy goods vehicles are used. In international literature there are 

widely available data of specific fuel consumption (lit/km) for these type of vehicles. 

The economic data of each technology, such as investment cost, annual operational and 

maintenance cost, annual cost for the disposal of residue in landfills and rehabilitation cost are 

calculated from parameters related to the capacity of the process. These parameters are 

calculated by using economic data collected in Action 1. Revenues from selling recovered 

materials, compost or energy produced are also taken into account. All relevant data have 

been “inserted” in the model in the form of text files (parameters) that are included in 

Appendix 3.  

Within the scope of this project external costs will be also considered. External costs or 

externalities are defined as the costs and benefits which arise when the social or economic 

activities of one group of people have an impact on another, and when the first group fails to 

fully account for their impacts. This discordance between the economic and the 

environmental value system is due to the fact that most environmental goods are not priced by 

existing market mechanism while decision making and the prices of commodities are usually 

formulated on the basis of private cost figures only. External cost of waste management 

technologies may include impacts related to air pollution, impacts related to climate change, 

impacts related to soil, groundwater and water resources contamination and impacts related to 

diminution of life quality due to odours, traffic congestion etc.  

All the relevant methodology for the incorporation of external costs in the Tool are described 

in Appendix 4. 

 
The various parameters (user input or calculated) according to the waste management stage 

are presented below. Specific algorithms for the calculated parameters are also presented. 

 
Sets (indices) 

I: set of materials 

O: set of output from the processes 

J: set of bins 

P: set of processes 

T: set of time periods 



LIFE09 ENV/GR/000294  WASTE-C-CONTROL 

Midterm Report / Annex 7.3.3: Report on Software Tool                                                                                      13 

 

Table 1: User input parameters - Collection 

Symbol Description Units GAMS input 

totwaste1 Total annual waste production for 1st period tn X 

p(I) Proportion of I-th material in period 1 %  

ri(I,T) Rate of increase of material I in period T %  

bin(J) Indicator ( 0-1) parameter   X 

pmatinbin(I,J) Percentage of material I going to bin J %  

bcap(J) Capacity of J-th type bin kg  

wf(J) Collection frequency times per week for J-th bin -  

af(J) Average fullness for J-th bin %  

ic_bin(J) Investment cost for J-th bin €  

lt Lifetime of bin years  

i Discount factor %  

 
 

Table 2: Calculated parameters - Collection 

Symbol Description Units Calculation 
GAMS 

input 

tquant(I,T) 
Amount of material I 

in period T 
tn 

5

2

( , ) ( ) (1 ( , ))
T

t

tquant I T totwaste1 p I ri I T
=

= × × +∏   

totwaste(T) 
Total quantity of 

waste in period T 
tn 

1

( ) ( , )
N

I

totquant T tquant I T
=

=∑  X 

q(I,J,T) 
Quantity of material 

I, in bin J, in period T 
tn ( , , ) ( , ) ( , )q I J T pmatinbin I J tquant I T= ×  X 

sh(I,J,T) 
Share of material I in 

bin J in period T 
% 

1

( , , )
( , , )

( , , )
N

I

q I J T
sh I J T

q I J T
=

=

∑

 
X 

aq(J,T) 

Annual quantity of 

waste in J-th type 

bins 

tn 
1

( , ) ( , , )
N

I

aq J T q I J T
=

=∑   

CRF 
Capital Recovery 

Factor 
- 

(1 )

(1 ) 1

lt

lt

i i
CRF

i

+
=

+ −
  

aic_bin(J) 
Annual investment 

cost for J-th bin 
€/year _ ( ) _ ( )aic bin J CRF ic bin J= ×   

nbinc(J) 

Annual bins of type J 

needed per ton of 

input 

 
1000

( )
52 ( ) ( ) ( )

nbinc J
wf J bcap J af J

=
× × ×

  

bfcost(J) 

Annual cost  of bins 

of type J per ton of 

input 

- cos ( ) _ ( ) ( )bf t J aic bin J nbinc J= ×  X 

 
Table 3: User input parameters - Transportation 

Symbol Description Units 
GAMS 

input 

ad(P) Average distance from bins to process km  

adldf(P) Average distance from Process to Landfill km  

adbdwte Average distance from BD to WTE km X 

admbtwte Average distance from MBT to WTE km  

tl Truck load (12) t  
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Symbol Description Units 
GAMS 

input 

dwh Working hours per day (13) h  

ywd Working days per year (315) d  

as Average speed (35 km/h usually) %  

cdt1 Collection and discharge time from bins to processes (1.5) h  

cdt2 Collection and discharge time from processes  to landfill (0.5) h  

ovc overestimation coefficient (30%) -  

trc Truck investment cost €  

trlf Truck lifetime years  

cpm Cost per kilometer €/km  

efpm Emission factor of trucks in gCO2/km  (150) gCO2/km  

 
Table 4: Calculated parameters - Transportation 

Symbol Description Units Calculation 
GAMS 

input 

nt(P) 

Number of trucks 

from bins to processes 

per ton of carried 

waste 

1/tn 

2 ( )
1

( )

ad P
cdt

asnt P
tl dwh ywd

×
+

=
× ×

 
 

ntldf(P) 

Number of trucks 

from processes to 

landfill per ton of 

carried waste 

1/tn 

2 ( )
2

( )

adldf P
cdt

asntldf P
tl dwh ywd

×
+

=
× ×

 
 

ntbdwte 

Number of trucks 

from BD to WTE per 

ton of carried waste 

1/tn 

2
2

adbdwte
cdt

asntbdwte
tl dwh ywd

×
+

=
× ×

 
 

ntmbtwte 

Number of trucks 

from MBT to WTE 

per ton of carried 

waste 

1/tn 

2
2

admbtwte
cdt

asntmbtwte
tl dwh ywd

×
+

=
× ×

 
 

dpy(P) 

Travelled distance per 

year from bins to 

processes per ton of 

carried waste 

km/tn 
2 ( )

( )
ad P

dpy P
tl

×
=   

dpyldf(P) 

Travelled distance per 

year from processes to 

landfill per ton of 

carried waste 

km/tn 
2 ( )

( )
adldf P

dpyldf P
tl

×
=   

dpybdwte 

Travelled distance per 

year from BD to WTE 

per ton of carried 

waste 

km/tn 
2 adbdwte

dpybdwte
tl

×
=   

dpymbtwte 

Travelled distance per 

year from MBT to 

WTE per ton of 

carried waste 

km/tn 
2 admbtwte

dpymbtwte
tl

×
=   

atrc Annual truck cost € 
(1 )

(1 ) 1

trlf

trlf

i i
atrc trc

i

+
= ×

+ −
  

tc(P) 
Total annual 

transportation cost 
€/tn ( ) ( ) ( )tc P atrc nt P cpm dpy P= × + ×  X 



LIFE09 ENV/GR/000294  WASTE-C-CONTROL 

Midterm Report / Annex 7.3.3: Report on Software Tool                                                                                      15 

 

Symbol Description Units Calculation 
GAMS 

input 

from bins to processes 

per ton of carried 

waste 

tcldf(P) 

Total annual 

transportation cost 

from processes to 

landfill per ton of 

carried waste 

€/tn ( ) ( ) ( )tcldf P atrc ntldf P cpm dpyldf P= × + ×  X 

tcbdwte 

Total annual 

transportation cost 

from BD to WTE per 

ton of carried waste 

€/tn tcbdwte atrc ntbdwte cpm dpybdwte= × + ×  X 

tcmbtwte 

Total annual 

transportation cost 

from MBT to WTE 

per ton of carried 

waste 

€/tn tcmbtwte atrc ntmbtwte cpm dpymbtwte= × + ×  X 

eftbp(P) 

Emission factor from 

transportation from 

bins to processes 

€/tn ( ) ( )eftbp P efpm dpy P= ×  X 

eftpl(P) 

Emission factor from 

transportation from 

processes  to landfill 

€/tn ( ) ( )eftpl P efpm dpyldf P= ×  X 

efbdwte 

Emission factor from 

transportation from 

BD to WTE 

€/tn efbdwte efpm dpybdwte= ×  X 

efmbtwte 

Emission factor from 

transportation from 

MBT to WTE 

€/tn efmbtwte efpm dpymbtwte= ×  X 

 
Table 5: User input parameters - Processes 

Symbol Description Units 
GAMS 

input 

link(P,J) Indicator variable linking bin J to process P - X 

capmin(P) Minimum capacity for process P tn X 

capmax(P) Maximum capacity for process P tn X 

invmin(P) Investment cost for minimum capacity for process P €/tn  

invmax (P) Investment cost for maximum capacity for process P €/tn  

pvcost(P) Annual operation cost for process P €/tn X 

plf(P) Lifetime of process P y  

i Discount factor %  

cc(P,I,O) Conversion factor of material I in output O in process P - X 

rfemldf(T) Reduction factor for emissions of landfill for period T  - X 

el_eff Electric efficiency for WTE unit - X 

efproc(P) Emission factor from process P (per tn input) kgCO2/tn X 
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Table 6: Calculated parameters - Processes 

Symbol Description Units Calculation 
GAMS 

input 

CRF(P) 

Capital 

Recovery 

Factor 

- 

( )

( )

(1 )
( )

(1 ) 1

plf P

plf P

i i
CRF P

i

+
=

+ −
  

aicmin(P) 

Annual 

investment 

cost for 

minimum 

capacity unit 

€ ( ) ( )aicmin P capmin(P)×invmin(P)×CRF P=   

aicmax(P) 

Annual 

investment 

cost for 

maximum 

capacity unit 

€ ( )aicmax(P)= capmax(P)×invmax(P)×CRF P   

aicslope(P) 

Slope for the 

annual 

investment 

cost 

€/tn 
aicmax(P)- aicmin(P)

aicslope(P)=
capmin(P)- capmax(P)

 X 

aicintercept(P) 

Intercept for 

the annual 

investment 

cost 

€ aicintercept(P)= aicmin(P)- aicslope(P)×capmin(P)  X 

 

 
Table 7: User input parameters - Materials  

Symbol Description Units GAMS input 

price_i(I) Price of I-th material €/tn X 

price_o(O) Price of O-th output (maybe negative=cost) €/tn X 

el_price Price of electricity €/MWh X 

ncv(I) Net calorific value of material I MWh/tn X 

rectarget(I) Recycle target for material I % X 

 

The entire set of equations and calculations is presented in Appendix 2. 
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1.4 Modes of Operation and Expected Results 

 

The model can be used as an optimization tool or just as a simple calculation tool. The user 

can adjust the extent of optimization by controlling the degrees of freedom of the model. 

Instead of performing a full optimization (with all the degrees of freedom), he/she can 

consider some technologies as given and the system will be optimized given this information. 

In this case the corresponding decision variables will have fixed values in the optimization 

and will not be altered. Moreover, the user can impose constraints (user defined constraints) 

on the flows (e.g. no more than 30,000 tn/year can be sent from the mixed waste bin to the 

MBT units). The full model includes approximately 24,445 continuous variables, 210 integer 

variables and 12,399 constraints. 

 

The optimization of the multi-objective model provides a representative set of the Pareto 

optimal solutions for the MSW management problem. With the term “solution” we mean the 

structural characteristics (which units will be constructed in each period), the design 

characteristics (the capacity of the units, what capacity expansions will be required) and the 

operational characteristics (annual waste flows between the units). All these amounts are 

expressed with appropriate decision variables and their values will be the main output of the 

system, of course along with the value of the objective function(s). The algorithm that we use 

for the generation of the Pareto optimal solutions is the augmented ε-constraint 

(AUGMECON) (Mavrotas, 2009). 

 

The model is multiperiod and has a dynamic evolving element over time, following the 

scenario for the quantity of produced MSW (20y horizon divided into four periods). The 

results of the optimization will refer to each period of time and there will be inter-period 

constraints quantifying the relevant linking relationships. The model has been implemented 

and solved using the widely known modelling language GAMS / General Algebraic 

Modelling System (Brooke et al., 1998). 
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2 Software Tool 
 

The Waste-C-Control tool is a decision support software (DSS) targeted to experts and/or 

practitioners in the field of MSW management. The user is able to examine various scenarios 

by designing conceptual architectures of MSW systems by selecting among the component 

technologies. Depending on the selected component technologies the system creates the 

conceptual architecture by adding in the graphical map the respective type of bins in the 

collection system, the types of landfills for disposal following the superstructure constraints 

illustrated in Figure 1 and the links among the component technologies (Figure 2). Note that 

for the disposal we use two types of landfill, with the hazardous connected only with the 

Waste to Energy component. For each technology (i.e. composting, anaerobic, WtE, etc.), 

many types of processes have been incorporated. Therefore, the software contains an 

extensive library with cost data (capex, opex) and environmental data (emissions, fuel 

consumption, etc.), for each technology type. Data has been drawn from literature, but also 

from questionnaires distributed to operating plants in Greece and Europe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2: Conceptual map of an MSW system  

 

Subsequently, the user has to define the parameters of the MSW system: (a) the composition 

of the MSW generated, (b) the collection system parameters, i.e. bin models, collection 

frequency, etc., (c) the component technologies parameters, e.g. min/max capacities of units 

in tonnes per year, etc., and (d) the transportation parameters, e.g. truck models of each link, 

average distances, etc. Next, the user may define constraints to be considered in the 

optimization problem, e.g. recycling targets, restrictions on the number of units, or in the 

flows between component technologies and run the optimization. The outcome of the 

optimization is the “Pareto frontier”; in this case a curve with the x-axis representing the net 

present cost for the 20y horizon and the y-axis the environmental impact of each solution, 

thus tons of CO2-eq. (Figure 3). The user may select a point on the Pareto curve and see the 

parameters and outcomes of the respective solution analysed in the four 5-year periods 

(Figure 4).   
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Figure 3: Pareto curve for the feasible solutions of an MSW system  

  

 

 

Figure 4: Summary of the outcomes of a feasible solution  


