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Abstract: Integrated waste management is one of the holistic approaches to environmental and resource management 

emerged from the concept of sustainable development. Most of the European countries follow the following hierarchy for 

waste management: prevention (in waste generation), reuse, recycling and disposal of waste. Solid waste is a major 

contributor of many different adverse environmental impacts. Life cycle assessment (LCA) is a decision-support tool that 

can quantify the environmental impacts of solid waste management options considering optimum system 

boundary(cradle to grave). LCA process is a systematic approach and consists of the following four major 

components:(1) goal definition and scoping to define and describe the product, process or activity, (2) inventory 

analysis(data collection),(3) impact assessment(including classification, characterization, normalization, grouping, 

weighting, and valuation), and(4) interpretation of the results. The LCA computer models can calculate the net energy 

use, global warming potential, and acidification potential for various types of municipal solid waste management 

options. The system boundary defines the unit processes that are included in the LCA process to be modeled , time and 

environment is an important part of system boundaries. This review described the applications of LCA in solid waste 

management options andthe methodological issues. Specific attention was paid to address system boundaries for various 

options of solid waste management to facilitate optimum life cycle inventory. This review will help structuring 

information for decision processes using LCA in municipal solid waste management. 
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Introduction 

The quantity of solid waste is becoming a growing problem for world wide. The continuous increase in 
volume and types of municipal solid waste (MSW) as a result of continuous economic growth, urbanization 
and industrialization.Solid waste is heterogeneous in nature and consists of a number of different materials 
derived from various types of human and animal activities (Yadav and Samadder 2013).Municipal solid 
wastes (MSW) can be classified into bio-medical solid waste, industrial solid waste and agricultural 
waste.Many categories of municipal solid waste are found such as food waste, rubbish, commercial waste, 
institutional waste, street sweeping waste, industrial waste, construction and demolition waste and sanitation 
waste. The composition of generated waste is extremely inconstant as a consequence of season, lifestyle, 
demographic, geographic, and legislation impacts. The key challenges of solid waste management is to 
collect, recycle, treatment and dispose of increasing quantities of municipal solid waste (Cherubini et al., 
2009).Municipal solid waste contains compostable organic matter (fruit and vegetable peels, food waste), 
recyclables (paper, plastic, glass, metals), toxic substances (paints, pesticides, used batteries, medicines), and 
soiled waste (blood stained cotton, sanitary napkins, disposable syringes)(Kausal et al., 2012; Upadhyay et al., 
2012; Reddy and Galab, 1998). Thepapers, plastics, yard debris, food waste, wood, textiles, disposable 
diapers, bones, leather and other organics are combustible materials although glass, metal and aluminum are 
non-combustible materials. MSW generating harmful chemicals and additives in different waste fractions and 
leads to waste management becoming one of the most prioritized problems for urban territories. The major 
concerns associated with waste management are not only public health and safety but also sustainable 
development. The sustainable development of MSW management has to be balanced between environmental 
effectiveness, economic affordability and social acceptability ensure the quality of life now and for coming 
generations. Concerning the environmental sustainability of MSW management systems, energy and resource 
conservation and reduced environmental impacts are needed (Liamsanguan and Gheewal 2008).There are a 
number of useful assessment tools, particularly with reference to the environmental, economic and social 
dimensions of waste management. Life Cycle Assessment (LCA) is a commonly utilized tool for 
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environmental impact assessment of solid waste from “cradle to grave” approach (Rigamonti et al., 
2010).LCA follow the International Organization for Standardization (ISO) standards14040 and 14044 (ISO, 
2006a, b). LCA is currently being used in several countries to evaluate treatment options for waste fractions 
(Obersteiner et al., 2007; Buttol et al., 2007; Boer et al., 2007; Winker et al., 2007). The system boundary is  
an important part of LCA methodology. This paper summarizes the methodology for applying LCA to 
Integrated Solid Waste Management (ISWM) and also define the system boundaries for different options of 
waste management like recycling, composting, incineration and landfill.  

 

Material and methodology of LCA 

LCA is the internationally standardized scientific method. It is considered as one of the most effective 
management tool for identifying and assessing the environmental impacts related with waste management 
options (Finnveden 1999; Othman et al. , 2013). LCA facilitates study of waste treatment technologies to 
determine the best option, as it supports a holistic approach to sustainable waste management and to provide 
direction for developing environmentally sound strategies (Khoo et al., 2009). This process is a systematic 
approach and consists of the following four major components or phases: (a) goal definition and scoping that 
defines and describes the product, process or activity, (b) inventory analysis in which data are collected, (c) 
impact assessment that includes classification, characterization, normalization, grouping, weighting, and 
valuation, and (d) interpretation of the results (Barton et al. 1996).  

Goal and scope definition 

Goal and scope part of LCA methodologydefine the objective of study with functional unite and system 
boundaries. System boundary is an important part of study and it is necessary to define it carefully, to ensure 
that environmental credits’ for recovery of energy and materials are correctly evaluated. The quantity of waste 
that used in study called functional unite (FU) and it provide a basis for comparison, and it is common 
between all alternatives. 

Inventory Analysis 

Life cycle inventory analysis of solid waste is simply listing the all inputs and outputs of process in limited 
time period and system boundary (Finnveden et al., 1995). It also predicts both environmental performance (in 
terms of gaseous emissions) and economic costs. Life cycle inventory phase is the phase of data collection, all 
input and outputs of related to study. Data collection is an important part for LCA study, the accuracy and 
reliability of data play important part and the choice of data will influence the overall results. 

Impact Assessment  

TheLife Cycle ImpactAssessment (LCIA) is a phase of LCA,targeted at understanding and assessingthe 
magnitude and significance of the potential environmental impacts of a product system. It is divided into 
several elements some are described as mandatory in an LCIA and some as optional. The first mandatory 
element is a selection of a manageable number of impact categories of resource use and environmental 
impacts, indicators for the categories and models to quantify the contributions of different inputsand emissions 
to the impact categories. The second mandatory element (classification) is atask of the inventory data to the 
impact categories. The third mandatory element (characterization) is a quantification of the contribut ions to 
the chosen impacts from the product system. Thenormalization is related the scale of the impacts in 
thedifferent categories to reference values; an example of areference value is the total contribution to an 
impact category by a nation. Grouping includes sorting and probably ranking of the indicators. Weighting 
aims at converting and possibly aggregating indicator results across impact categories resulting in a single 
result, sometimes with a monetary measure (Clift et al. , 2000).Weighting has always a controversial issue, in 
large part because this element requires social, political and ethical values (Foster 1997; Finnveden 1997; Clift 
et al., 2000). Where weighting is taken to the limit of aggregating all the impacts into a single score, usually 
expressed in monetary terms as damage costs’, the process may be called Valuation and amounts to a form of 
Cost-Benefit Analysis (CBA) (Clift et al., 2000).  
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Interpretation 

Interpretation is recognized as the final phase of an LCA. In this phase, the findings of either the inventory 
analysis or the impact assessment or both are combined in line with the defined goal and scope of the study 
(Rigamonti et al., 2010;Borghi et al., 2007). The results are used to effect environmental improvements’, in 
the case of policy or planning for integrated waste management, as input to some form of decision process.  
 

System boundaries for different Municipal Solid Waste Management Options 

Recycling 
Recycling of MSW is recognized as the most ecofriendly strategy for dealing with MSWM. Developed 
nations, like USA, recover as much as 30% of the total waste by recycling (EPA 2004).  
The system boundary for recycling option described in fig. 1. It is included all inputs (E= Energy, 
M=Material), outputs (E1 = Emission in air and water), solid waste generation,waste transportation, 
segregation, shredding, recycling and new product (recycled material).  

 

 

 

 

 

 

 

 

 

 
Figure 1: System boundary for recycling 

Composting 

The bacterial conversion of the organics present in MSW in the presence of air under hot and moistcontains is 
called composting, and the final product obtained after bacterial activity is called compost (humus), which has 
very high agricultural value. It is used as fertilizer, and it is non odorous and free of pathogens (Ahsan, 1999; 
Khan, 1994). As a result of the composting process, the waste volume can be reduced to 50-85%. The 
composting methods may use either manual or mechanical means and are accordingly termed as a manual or 
mechanical process. Manual composting is carried out in smaller urban centers and mechanical composting 
plants have been set up in big cities with high amount of waste. (Bhide and Shekdar, 1998; Chakrabarty et al., 
1995).The system boundary of composting have collected waste generation, transportation, segregation, 
mechanicbiological process and end product compost.The system boundary of composting option included 
waste generation to compost formation, as described in fig. 2. 

 

 

 

 

 

 

 

 

 

 

                                      Figure 2: System boundary of composting option 
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Incineration 

Incineration is the process of control and complete combustion, for burning solid wastes. It leads to energy 
recovery and destruction of toxic wastes, for example, waste from hospitals. The temperature in the 
incinerators varies between 980 to 2000 ºC. The most attractive feature of the incineration process is that it 
can be used to reduce the original volume of combustible solid waste by 80-90% (Jha et al., 2003; Ahsan, 
1999; Peavey et al., 1985).System boundary of incineration option included input (material and energy) and 
outputs (emission in air and water). Other steps of system boundary are waste generation, segregation,  
collection, transportation, incineration and final product ash content as described in fig. 3. 

 

 

 

 

 

 

 

 

 

 

Figure 3: System boundary of Incineration option 

Landfilling 

Landfilling is one of highly used solid waste management option which used by most of low economic group 
countries.Landfill is the least preferred option in the waste hierarchy and should only be used as a last option 
after re-use, recycling, incineration and composting options. More than 90% of MSW in cities and towns are 
directly disposed of on land in an unsatisfactory manner. In the majority of urban centers, MSW is disposed of 
by depositing it in low-lying areas outside the city without following the principles of sanitary landfilling. 
Pollution of surface and groundwater by leachate, migration of combustible gases (methane), odours and 
breeding of disease carriers are all common results. Compaction and leveling of waste and final covering by 
earth are rarely observed practices at most disposal sites, and these low-lying disposal sites are devoid of a 
leachate collection system or landfill gas monitoring and collection equipment (Bhide and Shekdar 1998; 
Gupta et al., 1998).In larger towns or cities like Delhi and other metropolitan cities, the availability of land for 
waste disposal is very limited (Mor et al., 2006; Siddiqui et al., 2006; Sharholy et al., 2006; Gupta et al., 1998; 
Das et al., 1998; Kansal et al., 1998; Chakrabarty et al., 1995; Khan, 1994). The system boundary of this 
option started from generation point and end at energy recovery in the form of biogas collection.  

 

 

 

 

 

 

 

 

 

 

 

                                        Figure 4: System boundary of landfilling option 
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Discussion  

The paper describes the methodology of life cycle assessment for municipal solid waste management options. 
In LCA System boundary is an important part of this paper that is primary step of any LCA study it provide a 
limited boundary to study and make the study easier, it also helping in comparing the options and making 
decision easier.This paper describe the system boundary for every option like recycling, composting, 
incineration and landfilling. Every option has different steps (middle stages) but starting point is the same, 
point of generation of solid waste (cradle) and end point is grave.The fig. 1, 2, 3, 4 shows a generic system 
boundary for solid waste management options that included the all input and output material, energy, 
emissions and final product. 

 

Conclusion 

The paper enable us to understand more precisely the potential differences in the system boundary of solid 
waste management options.These system boundary helps in comparison and provide reliableresults. The 
resultsstudies Liamsanguan and Gheewala (2008), Song et al., (2013) and many previous studies on integrated 
solid waste management showed LCA helping decision making andenvironmental impacts from different 
treatment options incineration technologies is large and it is environmentally beneficial in comparison to 
incineration and landfilling.  
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