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Abstract: Human presence in the environment is sadly reflected by trash they leave behind. From this mass of 

debris, only some, especially those biodegradable, can be cosiderat truly "garbage", the rest being recyclable, 

easily convertible into raw materials. Therefore, the world is looking for solutions to value these "resources". The 

main sought components are metal, plastic, glass and paper. Reduction of waste is, for several decades, the goal 

of many countries in environmental policy, especially of those from the European Union. As a result of 

encouraging recycling and supporting such initiatives through funded programs, the results began to appear, but 

it requires more involvement from both the citizens and the stakeholders. The recovery and the recycling involve 

selective waste collection. Operators in the field of selective waste collection, although facing many problems in 

their work, must find ways to increase waste recovery. One way would be to optimize the selective waste 

collection. This study presents a mathematical model that is suitable to be used for production scheduling in 

collection centers or sorting stations. 
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1.INTRODUCTION  
 

The presence of waste is strictly related to 

human existence. In prehistory, the waste 

generated by human was mainly 

biodegradable and did not affect the 

surroundings. Starting with Ancient world, 

especially in urban areas, household waste 

thrown casually began to be a problem for 

communities. Their leaders searched for 

solutions to reduce the impact of smell, 

epidemic and aesthetic presence of waste by 

setting up on the streets -as claimed by Dinu 

et al, (2006) - "waste dumps, at least 1.5 km 

away from the city walls" (Greece, around 

500 BC) and "collection services" (China, 

around 200 BC) ".  

Without reviewing the entire evolution of 

methods of collection and storage of solid 

waste and environmental laws surrounded 

recorded over time globally, we can say that, 

although there have been many good changes, 

in regional area can be made further 

improvements in this direction. Population 

began to have an important role in waste 

management by using recycled materialsby 

using the methods of composting organic 

waste, especially by reducing the amount of 

garbage produced. Ongoing management of 

household waste (collection, transport, 

treatment, recovery and disposal of waste, 

including the monitoring of these operations 

and monitoring of landfills after their closure) 

reduce the impact and risk to the environment 

and public health (air pollution, changes in 

the landscape and visual discomfort , changes 

in soil fertility, pollution of surface water, 

etc.). The difficulty is compounded by storing 

waste management maretialelor nereciclabele 

recycled. 

Over the past years European 

environmental policy has been integrated as 

major objective the focus on prevention of 

waste (EC, 2011). Reuse, recycling and  
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recovery of waste is also a concern of the 

European Union (EU, 1999 EU, 2008). These 

tools determine together, broader goals for 

better waste management in 2020. 

Effective implementation of policies on 

waste countries shows that their management 

has changed significantly in the period 2001-

2010 (EEA, 2013). Implementation at the 

local level is essential for achieving good 

results. In support of these initiatives can 

serve as best practice examples regions with 

high rates of recycling both at national and 

European. 

Among the issues concerning waste 

management in Romania the selective waste 

collection highlights, so by the Law 

211/2011regarding the regime of waste "local 

authorities are obliged since 2012 to ensure 

separate collection of at least the following 

types of waste paper, metal, plastic and glass 

" (Act 211, 2011). 

As economic process selective collection 

is attractive especially for sanitation operators 

and collectors authorized under that, as a 

Ecorom survey(2013) considers,  in "urban 

area the waste generated by a person is, on 

average, approximately 346 kilograms of 

household waste / year, while in rural areas, 

on average, about 95 kilograms of household 

waste / year. "Their interest is all the greater 

as the amount of recyclable waste in Romania 

generated annually by a person is 134.6 kg 

(Ecomagazin, 2014). To obtain the efficiency 

of resources it is necessary to improve the 

waste management. These efforts will give 

more value to resources taken from nature 

and will greatly reduce the environmental 

costs. They will be key to future economic 

growth applies to every country in the world. 

Considering waste management an 

extremely topical issue and taking heed of the 

law mentioned above, by This study intends 

to present a  ways to optimize the selective 

waste collection. Such a model can be 

adopted by any landfill or recycling plant 

administrator. It is based on mathematical 

relationships of linear programming. The 

solution determined represents a decision 

based on a production program, in this case, 

the volumes available to beneficiaries. The 

case study capitalizes data from the 

EcoMunte operator and were processed by 

the author through a mathematical model. It 

may be used as a starting point for any other 

types of tests (eg transport programs). The 

objective function of the mathematical model 

aims to minimize the costs. 

 

2.MATERIALS AND METHODS 

 

From day to day real world problems are 

getting more complicated. Meeting them 

claims an abstraction and simplification of 

reality in patterns by means of which any 

activity can be optimized. Optimization is the 

operation of studying a problem whose 

solution is the best at any given time 

compared to other possible outcomes in 

relation to some "external restrictions or 

willingly accepted" (Rose, 2004). 

 

2.1. Process optimization 
In order to streamline their operations, 

governments, private companies, other 

organizations are proposing similar purposes:  

• Increase productivity by optimizing costs  

• Increase operational efficiency by 

reducing production cycle 

• standardization of "best practices" to 

reduce the risk 

As way of working, optimization and 

monitoring processes must be made almost 

simultaneously, they having strong 

synergistic attributes. Optimization is a step-

down menus immediately after having made 

a series of findings from monitoring. It can be 

followed or not by process improvements. 

From monitoring to optimization there is a 

natural transition while the data relating to the 

processes are monitored and collected in real-

time. A clear definition of variables will 

enable a compelling analysis of data taken in 

the field and will give consistency to reports 

and worksheet. Answers that can be offered 

as a result of data mathematical processing 

provides execution of adjusting the 

parameters of the process. As a result it can 

update on the go the Regulation of the 

Management. 
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However, it points out that optimization 

processes is not exactly the best solution, but 

only one of all possible solutions The 

solutions feasible at that time. The argument 

of this statement is found in the fidelity with 

which the mathematical model can capture 

the subject optimization. Any improvement 

that can be made to the model can generate a 

more convenient solution compared to 

baseline of process development. 

 

2.2 The mathematical model 
For any economic agent production 

planning is of particular importance. By 

planning and process optimization operators 

can obtain a higher recovery of resources, 

proper sizing of expenditure and profit. The 

purpose of action planning will be the 

decision of allocation of material, financial 

and human resources available to the firm to 

meet deadlines and specifications assortment, 

quantitative qualitative established contracts 

with partners.  

The primary objective of optimizing 

production plan is to establish separate 

collection of waste types which ensure 

maximum recovery of household waste. The 

trader may follow either minimizing costs or 

maximizing profits. 

The mathematical model to optimize the 

program production of a unit making garbage 

selection from the population falls into the 

standard linear programming. The main 

restriction: 

 Amount of waste types that will collect 

 gain must be equal to or greater than the 

volume of contracts  

x1j + x2j +... + xmj > pj  (j  N), where: 

pj = amount of assortment required,   

N = (1...n) - multitude of varieties that can 

be obtained from dimensional varieties. 

 The amount proposed varieties is equal 

 to the volume of trash collected. 

x1j + x2j +... + xmj = bi      (i  M), 

where: 

M = (1...m) - set assortments.  

bi = amount of assortment i (i  M ) 

For this restriction should be written as 

many equations as  types of assortment. 

 The total quantity of industrial 

varieties must be equal to or less than the 

product of this index Iu (%) and available 

quantities of household waste collected. 

xij  aij * bi         (i  M, j  N), where: 

aij = pecentage that indicates how much j 

type assortment can be obtained from I type 

assortment. 

 Terms of non negativity: 

xij  0 

The objective function aims to minimize 

production costs. 

Z =  xij * cj, 

where cij = production cost of the 

assortment j. 

 

3. RESULTS AND DISCUSSION 

Ignoring aspects of the proposed method 

for calculating the initial theory focused 

mainly on theoretical results. The use of 

mathematical software using computers and 

the latest approaches of linear programming 

allows for iterative solution methods. Thus, 

using iformatic QM program (Quantitative 

Analysis for Management) we proceeded to 

establish a production schedule for the 

EcoMunte operator.  

This operator appeared at the initiative of 

Comăneşti City Council through a project on 

waste management: estimated at 1.100 

million euros. Through it is made the 

collection of household waste from Mountain 

Valley from Ghimeş to Slanic Moldova. 

The mathematical model to optimize 

production of selected waste take the form of 

a system of linear equations. For ease 

exemplification have been defined required 

and type of waste collection points (PC) as 

variables in the model (Table 1). The 

specifications were made on monthly average 

quantities that can be collected, processed, 

respectively, these restrictions of the problem 

of providing background.  

Given the importance of the production 

program, with the help of accounting 

department were established handling and 

transportation costs for each collection point 

for waste types (Table 1) as follows: 
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Table 1. Handling and transport costs at workstations and and types of waste 

  

paper  

cardboard 

 

Metal 

steel 

 

Glass 

 

household 

 

Plastic 

Folii 

 

Plastic  

PET 

 

Metal 

aluminiu 

 

Colected 

(t)   

PC 2 33 110 21 200 359 646 855 970 

PC 2 33 121 29 215 381 698 798 850 

PC 3 38 115 24 209 332 704 821 900 

PC 4 41 106 20 M 344 659 852 1045 

PC 5 44 99 26 202 376 619 800 822 

PC 6 36 111 22 225 363 711 833 900 

PC 7 40 109 22 201 375 638 866 850 

PC 8 37 118 23 216 341 679 869 900 

PC 9 39 122 24 228 337 700 799 870 

Processed (t) 1500 1000 300 2000 800 1500 50  

 

The data analysis reveals that the average 

quantities collected is greater than the 

quantities contracted. To determine the cost 

of production program Minin problem will be 

modeled as a transportation problem where 

the sources are collection points and the types 

of waste are destinţiile. 

For this purpose, the original problem will be 

converted into a balanced transportation 

problem in which demand will be equal to the 

offer by introducing the new range of waste a 

fictional unit cost of production will be zero. 

Notional amount of waste will be penalized 

with a processing cost of 500 lei/t (M). 

The objective function of the model is to 

minimize the total cost.  

(min) f(xij) = 33x11 + 110x12 + 21x13 + 200x14 

+ 359x15 + 646x16 + 855x17 + 33x21 + 121x22 + 

29x23 + 215x24 + 381x25 + 698x26 + 798x27 + 

38x31 + 115x32 + 24x33 + 209x34 + 332x35 + 

704x36 + 821x37 + 41x41 + 106x42 + 20x43 + 

Mx44 + 344x45 + 659x46 + 852x47 + 44x51 + 

99x52 + 26x53 + 202x54 + 376x55 + 619x56 + 

800x57 + 36x61 + 111x62 + 22x63 + 225x64 + 

363x65 + 711x66 + 833x67 + 40x71 + 109x72 + 

22x73 + 201x74 + 375x75 + 638x76 + 866x77 + 

37x81 + 118x82 + 23x83 + 216x84 + 341x85 + 

679x86 + 869x87 + 39x91 + 122x92 + 24x93 + 

228x94 + 337x95 + 700x96 + 799x97 + 0*(x18 + 

x28 + x38 + x48 + x58 + x68 + x78 + x88 + x98) 

The optimal solution of the problem in this 

embodiment is unique and can be determined 

by several methods (Table 2). 

 
Table 2 The optimum solution on the basis of cost 

Used method Optimal total cost (lei) Total initial cost (lei) 

North West Corner Method (NW); 1.822.581 2.194.228 

Minimum cost method from table 1.822.581 1.881.769 

Vogel's method 1.822.581 1.902.180 

 

 

4.CONCLUSION  

The importance of this study is given by, 

on the one hand, the current trends in 

environmental and related selective waste 

collection, and on the other hand, decision-

makers need to find ways to manage effective, 

measurable results to allow comparisons for 

more accurate decisions. 

By using QM software package, it can 

stimulate and determine through iterative 

actions the mathematical solutions to real 

problems, so that decision makers can have 

the most solid support for decisions that they 

can take related to their activities. 

In the case of selective waste collection from 

the EcoMunte operator, throgh themathematical 

model presented, it was shown by three 

methods of the software that the optimal 

 solution is the same, even if they result in 

different total costs. Moreover, it can be 

observed the possibility of easing the 

management that has sufficient waste to create 

stocks. This can be understood as a strategy for 

months with production declining when 

surpluses of waste can ensure the menajere Eco-Rom Ambalaje                                                           
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maintenance of production at constant level, 

given a constant demand.  

In the case of maintaining the level of 

collection environments collection points 

obtained, the company must find new 

contracts for not go in "household" garbage 

collected amounts for not increase the costs. 

In addition, sorting it can be vary for each of 

the quantity of waste collected. This would 

increase labor costs, but on the other hand, 

will produce revenue growth to capitalization.  

Therefore, optimization of selective waste 

collection is possible and is suitable for using 

the mathematical models.  

 

BIBLIOGRAPHY  
 

[1] Adochiței L. (2007). Zona ecologica in 

Comanesti / Cel mai mare proiect al 

Agentiei de Dezvoltare Regionala N-E se 

deruleaza pe Valea Muntelui, Agenda 

Bacau, http://www.agendabacau.ro/stiri-

zilnice/desteptarea/1396_zona-ecologica-

in-comanesti---cel-mai-mare-proiect-al-

agentiei-de-dezvoltare-regionala-n-e-se-

deruleaza-pe-valea-muntelui.html 

[2] Dinu, D. și colab, (2006). Deşeurile şi 

mediu. Ghid ecologic şcolar, Vol.II, 

Braşov, 

http://www.cpnt.ro/download/Deseurile_si

_Mediul.pdf  

[3] LEGE Nr. 211, privind regimul deşeurilor 

M.O. nr. 837 din 25 noiembrie 2011  

 http://www.mmediu.ro/beta/wp-

content/uploads/2012/05/2012-05-

17_LEGE_211_2011.pdf  

[4] Ecorom (2013) Studiu analiza deseuri  

http://www.slideshare.net/responsabilitate_s

ociala/studiu-analiza-deseuri-menajere-

ecorom-ambalaje#  

[5] Ecomagazin. (2014). Colectarea separata 

pentru plastic, metal, hartie si sticla ar putea 

deveni obligatorie din 2016, 

http://www.ecomagazin.ro/colectarea-

separata-pentru-plastic-metal-hartie-si-sticla-

ar-putea-deveni-obligatorie-din-2016/  

[6] EC, 2011, Communication from the 

Commission to the European Parliament, the 

Council, the European Economic and Social 

Committee and the Committee of the 

Regions — Roadmap to a Resource Efficient 

Europe, COM(2011) 571 final, Brussels, 

http://ec.europa.eu/environment/resource_eff

iciency/pdf/com2011_571.pdf . 

[7] EEA, (2013). Managing municipal solid 

waste, European Environment Agency, 

No.2/2013, Copenhagen, 

http://www.eea.europa.eu/publications/mana

ging-municipal-solid-waste. 

[8] EU, (2008). The EU's Waste Framework 

Directive.  

[9] EU, (1999). The Landfill Directive  

[10] Trandafir, R. (2004). Modele şi algoritmi 

de optimizare, ed. AGIR, 

http://civile.utcb.ro/mao.pdf  

[11] Văduva, I., Dinescu, C., Săvulescu, B. 

(1974). Modele matematice  ale organizării 

și conducerii producției Vol. I, II. ed. 

Didactică şi Pedagogică, Bucureşti. 

[12] Văduva, I. Modele de simulare cu 

calculator ul. Ed. Tehnică, Bucureşti, 1977 

[13] Zidăroiu, C. (1983). Programare liniară, 

ed. Tehnică, Bucureşti.  

 

 

 

      

 

 

 

 

 

 

 

 

 

 

http://www.agendabacau.ro/stiri-zilnice/desteptarea/1396_zona-ecologica-in-comanesti---cel-mai-mare-proiect-al-agentiei-de-dezvoltare-regionala-n-e-se-deruleaza-pe-valea-muntelui.html
http://www.agendabacau.ro/stiri-zilnice/desteptarea/1396_zona-ecologica-in-comanesti---cel-mai-mare-proiect-al-agentiei-de-dezvoltare-regionala-n-e-se-deruleaza-pe-valea-muntelui.html
http://www.agendabacau.ro/stiri-zilnice/desteptarea/1396_zona-ecologica-in-comanesti---cel-mai-mare-proiect-al-agentiei-de-dezvoltare-regionala-n-e-se-deruleaza-pe-valea-muntelui.html
http://www.agendabacau.ro/stiri-zilnice/desteptarea/1396_zona-ecologica-in-comanesti---cel-mai-mare-proiect-al-agentiei-de-dezvoltare-regionala-n-e-se-deruleaza-pe-valea-muntelui.html
http://www.agendabacau.ro/stiri-zilnice/desteptarea/1396_zona-ecologica-in-comanesti---cel-mai-mare-proiect-al-agentiei-de-dezvoltare-regionala-n-e-se-deruleaza-pe-valea-muntelui.html
http://www.cpnt.ro/download/Deseurile_si_Mediul.pdf
http://www.cpnt.ro/download/Deseurile_si_Mediul.pdf
http://www.mmediu.ro/beta/wp-content/uploads/2012/05/2012-05-17_LEGE_211_2011.pdf
http://www.mmediu.ro/beta/wp-content/uploads/2012/05/2012-05-17_LEGE_211_2011.pdf
http://www.mmediu.ro/beta/wp-content/uploads/2012/05/2012-05-17_LEGE_211_2011.pdf
http://www.slideshare.net/responsabilitate_sociala/studiu-analiza-deseuri-menajere-ecorom-ambalaje
http://www.slideshare.net/responsabilitate_sociala/studiu-analiza-deseuri-menajere-ecorom-ambalaje
http://www.slideshare.net/responsabilitate_sociala/studiu-analiza-deseuri-menajere-ecorom-ambalaje
http://www.ecomagazin.ro/colectarea-separata-pentru-plastic-metal-hartie-si-sticla-ar-putea-deveni-obligatorie-din-2016/
http://www.ecomagazin.ro/colectarea-separata-pentru-plastic-metal-hartie-si-sticla-ar-putea-deveni-obligatorie-din-2016/
http://www.ecomagazin.ro/colectarea-separata-pentru-plastic-metal-hartie-si-sticla-ar-putea-deveni-obligatorie-din-2016/
http://ec.europa.eu/environment/resource_efficiency/pdf/com2011_571.pdf
http://ec.europa.eu/environment/resource_efficiency/pdf/com2011_571.pdf
http://www.eea.europa.eu/publications/managing-municipal-solid-waste
http://www.eea.europa.eu/publications/managing-municipal-solid-waste



