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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 

Different types of waste collection systems exist and the influence of each system on waste recovery differs. In order to 
sustainably recover resources from waste, it is cardinal to understand the different types of waste collection systems. In 
developed economies, different waste collection systems have been implemented to suit their context. As the developed 
economies pursue to recover resources from waste, it is vital that the influence of each collection system is understood. An 
extensive literature review was conducted on four different types of waste collection systems. Focus was paid on how each 
system has influenced resource recovery from the household perspective. The findings of the results are important to the waste 
management sector and manufacturing companies in the implementation of resource recovery systems and awareness programs.  
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 15th Global Conference on Sustainable Manufacturing. 
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1. Introduction  

Waste recovery has been influenced by a number of factors and each factor’s influence is different. Despite the 
difference in the impact these factors have in the management or recovery of re-use, recyclable or re-manufacture 
waste from households and other sectors, it is very cardinal to also consider that waste collection systems have an 
important influence in the management and recovery aspect of these end-of-life products. A number of waste 
collection systems exist in the management of household solid waste and each system has a different impact on 
waste recovery. According to [1] waste collection systems for households are divided into drop-off points and 
property-close collection systems. However, waste collection systems for households differ throughout the world 
and so is their organization [2]. [1] indicate that, property-close collection systems can be categorized into kerbside 
collection system and door to door collection system. In kerbside collection, each particular household is provided 
with containers and instructed to place the waste in containers at the kerbside while in door to door collection;  
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households are instructed to keep the waste containers at their premises but each household is initially provided with 
containers. In drop-off collection systems, residents are needed to deliver recyclables to the drop-off centers [3]. 
Buy-back collection system is a waste collection system based on waste recovery and recycling centers. Financial 
incentives are given to individuals who return recyclables to the centers [3]. In a deposit-refund system, a 
combination of a tax on product consumption with a rebate exists upon the return of the product’s packaging or the 
product for appropriate disposal or recycling [4]. 

[3] alluded that, for residents in the United States, the kerbside collection system is the most convenient though it 
requires separation of designated recyclables from households’ garbage by residents.  [5] also indicated that using 
the kerbside collection system, 55% of PET plastic containers were recovered for recycling. As for the Returnable 
Container Legislation in the United States, [6] indicate that, with the legislation, the recycling rate of PET bottles 
was higher. [7] also indicated that, the deposit system can contribute to 30% and 64% reduction in total road side 
litter. In a study by [5], drop-off collection system is only considered efficient in rural areas where kerbside 
collection systems are impractical.  

Several studies have looked at waste collection systems.  [8] conducted an economic and environmental 
assessment on waste collection systems. The technical aspects of municipal solid waste kerbside collection were 
analyzed [9]. Other studies have focused on benchmarking waste collection systems [10; 11].  Other studies have 
compared the efficiency of waste amounts collected by different types of waste collection systems [12] 13]. In all the 
studies, none assessed the influence of waste collection systems on waste recovery. However [14] notes that, the 
type of waste collection system impacts the amount and quality of recyclables intended for collection as well as user 
participation. They further indicate that, the type of collection system can establish how waste management and 
collection can be charged by municipalities.   

This study reviews the influence of four technical waste collection systems on the recovery of waste from 
households and other sectors. In order to achieve sustainability, manufacturing industries need to develop processes 
and systems that are safe for employees and the communities, conserve energy and natural resources and prevent 
pollution. However, to conserve natural resources, a number of strategies need to be implemented and one of these 
strategies is the production of products from re-manufactureable and recyclable end-of-life products. The use of 
remanufactureable and recyclable products in the production systems requires recovery of these end-of-life products 
from the supply chain and this is the stage where an understanding of the different types of waste collection systems 
and their influence on the users is cardinal. Therefore, this study provides relevant information on waste collection 
systems for incorporation in recovery programs of end-of-life products to manufacturing and waste management 
sectors. According to [15], management and solid waste collection are one of the problem avenues that are cardinal 
to many industries as well as to regions and communities. Therefore, this study attempts to bridge the gap to enable 
manufacturers and waste mangers design and implement waste collection systems that will enable them recover and 
utilize quality end-of-life products.  

The fundamental aspect of implementing waste collection systems for the purpose of waste recovery should not 
only be centered on the technical development, its capabilities and features but its influence on households should be 
addressed as well. Without a common understanding of the influence waste collection systems may have on resource 
recovery from the household perspective, there is a high risk of slowing down not only the recovery process but the 
operational aspects of sustainable manufacturing and waste recovery programs. Fig 1 depicts a conceptual 
relationship that waste collection systems and resource recovery have.  
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households are instructed to keep the waste containers at their premises but each household is initially provided with 
containers. In drop-off collection systems, residents are needed to deliver recyclables to the drop-off centers [3]. 
Buy-back collection system is a waste collection system based on waste recovery and recycling centers. Financial 
incentives are given to individuals who return recyclables to the centers [3]. In a deposit-refund system, a 
combination of a tax on product consumption with a rebate exists upon the return of the product’s packaging or the 
product for appropriate disposal or recycling [4]. 

[3] alluded that, for residents in the United States, the kerbside collection system is the most convenient though it 
requires separation of designated recyclables from households’ garbage by residents.  [5] also indicated that using 
the kerbside collection system, 55% of PET plastic containers were recovered for recycling. As for the Returnable 
Container Legislation in the United States, [6] indicate that, with the legislation, the recycling rate of PET bottles 
was higher. [7] also indicated that, the deposit system can contribute to 30% and 64% reduction in total road side 
litter. In a study by [5], drop-off collection system is only considered efficient in rural areas where kerbside 
collection systems are impractical.  

Several studies have looked at waste collection systems.  [8] conducted an economic and environmental 
assessment on waste collection systems. The technical aspects of municipal solid waste kerbside collection were 
analyzed [9]. Other studies have focused on benchmarking waste collection systems [10; 11].  Other studies have 
compared the efficiency of waste amounts collected by different types of waste collection systems [12] 13]. In all the 
studies, none assessed the influence of waste collection systems on waste recovery. However [14] notes that, the 
type of waste collection system impacts the amount and quality of recyclables intended for collection as well as user 
participation. They further indicate that, the type of collection system can establish how waste management and 
collection can be charged by municipalities.   

This study reviews the influence of four technical waste collection systems on the recovery of waste from 
households and other sectors. In order to achieve sustainability, manufacturing industries need to develop processes 
and systems that are safe for employees and the communities, conserve energy and natural resources and prevent 
pollution. However, to conserve natural resources, a number of strategies need to be implemented and one of these 
strategies is the production of products from re-manufactureable and recyclable end-of-life products. The use of 
remanufactureable and recyclable products in the production systems requires recovery of these end-of-life products 
from the supply chain and this is the stage where an understanding of the different types of waste collection systems 
and their influence on the users is cardinal. Therefore, this study provides relevant information on waste collection 
systems for incorporation in recovery programs of end-of-life products to manufacturing and waste management 
sectors. According to [15], management and solid waste collection are one of the problem avenues that are cardinal 
to many industries as well as to regions and communities. Therefore, this study attempts to bridge the gap to enable 
manufacturers and waste mangers design and implement waste collection systems that will enable them recover and 
utilize quality end-of-life products.  

The fundamental aspect of implementing waste collection systems for the purpose of waste recovery should not 
only be centered on the technical development, its capabilities and features but its influence on households should be 
addressed as well. Without a common understanding of the influence waste collection systems may have on resource 
recovery from the household perspective, there is a high risk of slowing down not only the recovery process but the 
operational aspects of sustainable manufacturing and waste recovery programs. Fig 1 depicts a conceptual 
relationship that waste collection systems and resource recovery have.  
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