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Abstract 


The life cycle assessment (LCA) of municipal solid waste (MSW) management systems is typically rather 
 arduous due to extensive data acquisition needed to calculate the direct and avoided emissions of the systems. A 
 possibility to diminish the workload of the LCA studies is to utilise default or generic data instead of direct and 
 case-specific data. However, it is crucial to know when this is justified. Direct and case-specific data should be 
 applied at least to the key processes and parameters which have the strongest influence on the total results, 
 whereas default data can be applied to the processes and parameters which have only a minor influence on the 
 total results. 


Mixed MSW management systems in the South Karelia region, Finland, and the city of Hangzhou, China, were 
 compared in this study in terms of the influence of different factors on the LCA results of the systems. The 
 comparison focused particularly on the influence of individual parameters on the global warming, acidification 
 and eutrophication potentials of the LCA studies. According to the study, parameters directly related to the 
 generation and collection of landfill gas, the energy and fossil carbon content of mixed MSW, energy 
 production efficiencies, as well as the nitrogen oxide and sulfur dioxide emissions of incineration had the 
 highest influence on the total results in both case studies, and therefore direct, case-specific data should be 
 applied particularly to them. The use of machinery in landfilling, the electricity and chemical consumption in 
 leachate treatment, the transportation of auxiliary materials (e.g. chemicals and incineration residues) as well as 
 the electricity consumption and the use of machinery in bottom and boiler ash treatment had instead only a 
 minor influence on the total results. Default or generic data could be applied to them to diminish the workload 
 of the LCA studies. It is worth mentioning that the findings of the study apply merely to these particular case 
 studies. Further research and corresponding comparisons are required to draw more profound and general 
 conclusions. 


Keywords 


Life cycle assessment, municipal solid waste, sensitivity, landfilling, incineration 



(3)1.  Introduction 


Waste is a worldwide issue. Particularly due to population growth and urbanisation in developing countries, the 
 generation of municipal solid waste (MSW) has increased significantly over the past decades. For instance, the 
 global MSW generation rate is expected to double by 2025 from the generation rate in 2012 (World Bank, 
 2012). Alongside the increase in MSW generation, the environmental impacts of MSW have been more 
 comprehensively identified globally. The growing awareness of the negative environmental impacts of MSW 
 has increased the use of life cycle assessment (LCA) methodology in the MSW management sector. By means 
 of LCA, the potential environmental impacts of MSW management systems can be evaluated (EN ISO 14040, 
 2006; EN ISO 14044, 2006). LCA enables taking into account both direct (i.e. emissions from treatment 
 processes) and avoided (i.e. emissions avoided due to energy or material substitution) emissions of MSW 
 management processes (Ekvall et al., 2007). Laurent et al. (2014) conducted a comprehensive review of the 
 application of LCA to MSW management systems. According to the study, LCA was first conducted on MSW 
 management systems in the 1990s, and currently it is a widely used method in the assessment of the 


environmental impacts of MSW management systems. The LCA of MSW management systems has been 
 primarily applied in high income countries, particularly in Europe. It has also gained popularity in lower income 
 countries during the past decade due to increased MSW generation and urbanisation. For instance, several MSW 
 LCA studies have been conducted in China in recent years. 


LCA studies of MSW management systems are typically highly case-specific, depending on the objective of the 
 study and local conditions and features. Nevertheless, the purpose of most LCA studies is the comparison of 
 different treatment and management options for MSW. For instance, De Feo and Malvano (2009) assessed the 
 environmental impacts of 12 different management options for MSW in a region in South Italy to select the best 
 MSW management system for the region. LCA has also been used to compare different source separation and 
 collection systems: for instance, Larsen et al. (2010) assessed five scenarios with alternative collection systems 
 for recyclables by means of LCA, and Rigamonti et al. (2009a) utilised LCA in the optimisation of collection 
 systems for recyclables. Additionally, LCA has widely been used as a decision support tool for policy making in 
 the field of MSW management. For instance, Turner et al. (2016) and Lazarevic et al. (2012) introduced 
 different approaches to how the LCA of MSW management systems can be utilised as a decision support tool. 


The intricacy of MSW management systems poses challenges for LCA studies. Of the main phases of LCA (i.e. 


goal and scope definition, inventory analysis, impact assessment and interpretation) (ISO 14040, 2006), 


particularly inventory analysis is highly time and resource-consuming due to the comprehensive data acquisition 
needed to calculate the direct and avoided emissions of the system. Various approaches have been developed to 
facilitate and simplify LCA (e.g. Fleischer et al., 2001). A simple and straightforward way to diminish the 
workload of MSW LCA studies is to use default or generic data (i.e. secondary data) instead of direct and case-
specific data (i.e. primary data) in inventory analysis. In order to do that without reducing the reliability of the 
results, it is important to know the influence of an individual parameter on the total results. Therefore, the 
following straightforward rule of thumb should be retained: one can apply default or generic data to parameters 



(4)with a minor influence on the total results while simultaneously applying direct and case-specific data to other 
 parameters in order to maintain the reliability of the LCA study. 


The influence of an individual parameter on the total results can be identified by sensitivity analysis, which 
 assesses the effect of input parameters’ changes on the total results. The more sensitive the result is to a given 
 parameter, the more case-specific and reliable the data concerning the parameter should be. Direct data should 
 be used at least concerning the key parameters which have the highest influence on the overall environmental 
 performance of MSW management systems. Regarding the LCA of MSW management systems, the key 
 processes and parameters have been rather well recognised in literature (see Table 1). The environmental 
 impacts of surrounding systems, e.g. electricity and heat production, often override the environmental impacts 
 of the MSW management system itself (Ekvall et al., 2007). Parameters related to energy and material recovery 
 and substitution (e.g. electricity and heat production efficiencies, material recovery efficiency) are therefore 
 particularly important in MSW LCA studies. While previous research has particularly focused on the key 
 processes and parameters of MSW management LCA studies, little research has been conducted to identify the 
 processes and parameters which have only a minor influence on the total results. Nevertheless, they are crucial 
 in terms of the above-mentioned simplification possibility, i.e. using default or generic data instead of direct and 
 case-specific data. 


Table 1 


Typical key factors in the LCA of MSW management systems presented in literature (literature studies 
 particularly focusing on the subject are listed as references). 


MSW management phase  Key factor  Reference 


MSW generation  Waste composition  Slagstad and Brattebø, 2013 


Source-separation efficiency  Rigamonti et al., 2009b 


Landfilling  Collection of landfill gas (LFG) and leachate  Manfredi and Christensen, 2009 
 Incineration  Energy recovery and substitution  Burnley et al., 2015 


Recycling  Material recovery and substitution  Rigamonti et al., 2009b 


Two different case studies are compared in this study: the South Karelia region in Finland and Hangzhou city in 
 China (see Fig. 1). South Karelia is a region in South-East Finland, and it consists of nine municipalities. 


Hangzhou is the capital city of the Zhejiang Province in Eastern China. In both case studies, mixed MSW (i.e. 


the remaining part of MSW after the source separation of different waste fractions) management system of the 
 area is investigated by means of LCA. The case studies have been initially reported by Hupponen et al. (2015) 
 and Havukainen et al. (2017). The comparison of the case studies focuses particularly on different input 


parameters used in the LCA of the mixed MSW management systems. The objective of the study is to determine 
the most and least important (i.e. sensitive) input parameters of the case studies in order to identify possibilities 
to simplify their LCA by using default or generic data instead of direct and case-specific data. 



(5)Fig. 1. Case study areas. 


The research questions are the following: 


-  What are the key factors, i.e. processes and input parameters, in the case LCA studies on South Karelia, 
 Finland, and Hangzhou, China? 


-  Which factors have instead only a minor influence on the total results in the case areas? 


-  How could the LCA of the case studies be simplified by using default or generic data instead of case-
 specific, direct data? 


2.  Materials and methods 


2.1  Description of the case areas 


The South Karelia region in Finland and Hangzhou city in China were selected as the case areas for the study to 
 analyse both high income and lower income countries’ mixed MSW management systems (see Supplementary 
 material A for further information). They represent distinctly different areas (e.g. population, geographical 
 location, income level) and mixed MSW management systems, however with some similarities, which enable 
 the comparison between them. For instance, incineration is a treatment method for mixed MSW in both areas. 


Since the case studies differ from each other in many respects, the similarities between them can be an 
 indication of a more extensive phenomenon. In other words, if the influence of a given parameter on the total 
 results is similar in both case studies, the same phenomenon can be valid in other mixed MSW management 
 systems, too. 


Key data (i.e. population, MSW generation rate, the composition of mixed MSW and collection system) 


concerning the case areas’ MSW management systems are presented in Fig. 2. In South Karelia, all mixed MSW 
generated in the region was landfilled until 2013. The incineration of mixed MSW started in 2013 and has 
increased in stages. Currently, all mixed MSW generated in the region is incinerated. Since there is no waste 
incineration plant in the region, mixed MSW is transported to a waste incineration plant in Riihimäki which is 
located approximately 220 km from the region. (Etelä-Karjalan Jätehuolto Oy, 2016.) In Hangzhou, incineration 
and landfilling are the main treatment methods for mixed MSW. In 2013, 58% of mixed MSW was landfilled 



(6)and the rest incinerated. At present, there are two landfills and four incineration plants in Hangzhou. 


(Havukainen et al., 2017.) 


Fig. 2. Key data of the case areas’ MSW management systems (Horttanainen et al., 2013; Regional Council of 
 South Karelia, 2016; Lappeenranta, 2016; Eurostat, 2016; Havukainen et al., 2016; Dong et al., 2013). 


2.2  Life cycle assessment 


As mentioned previously, the case studies have been initially reported by Hupponen et al. (2015) and 
 Havukainen et al. (2017) in peer-reviewed literature. Thus, the validity of the case studies has already been 
 checked. However, the South Karelia case study (Hupponen et al., 2015) was significantly modified in this 
 study to enable the comparison between them (see Chapter 2.3.1 for further information). The LCAs of both 
 cases, South Karelia and Hangzhou, were carried out according to the ISO standards 14040 and 14044 (ISO 
 14040, 2006; ISO 14044, 2006). The GaBi 6.0 LCA modelling software was used in both studies (Thinkstep, 
 2016). CML 2001 – November 2010 was used for impact assessment in the South Karelia case study, and CML 
 2010 – April 2013 was used in the Hangzhou case study. These particular versions of CML were used in this 
 study since they were also applied by Hupponen et al. (2015) and Havukainen et al. (2017). The impact 
 categories were the global warming potential (GWP) for a 100 year time span, acidification potential (AP) and 
 eutrophication potential (EP) in both studies. According to a review by Cleary (2009), these impact categories 
 have been most commonly applied in the LCA of MSW management systems. The functional unit of the LCA 
 studies was the same in both studies, i.e. the treatment of mixed MSW generated in the areas during a year: 


22 500 t in the South Karelia study (Etelä-Karjalan Jätehuolto Oy, 2013; Statistics Finland, 2016) and 3 086 kt 
in the Hangzhou study (Havukainen et al., 2017). 



(7)2.3  Scenarios and calculation principles 


2.3.1  South Karelia 


The scenarios of the South Karelia case study are the same as in a study by Hupponen et al. (2015), i.e. the 
 regional mixed MSW management situation in 2012 is assessed (see Fig. 3). There are two main scenarios: 


landfilling (Scenario 0) and incineration (Scenario 1). Additionally, there are three different sub-scenarios in the 
 incineration scenario: Riihimäki (Scenario 1.1; the situation in 2012, i.e. without plastic and bio refineries which 
 currently operate in the plant), Kotka (Scenario 1.2) and Leppävirta (Scenario 1.3), which are cities rather close 
 to South Karelia and represent different treatment options for mixed MSW generated in South Karelia. The sub-
 scenarios are rather different from each other. First of all, the incineration scenarios have different transportation 
 distances: 220 km (Scenario 1.1), 120 km (Scenario 1.2) and 210 km (Scenario 1.1). Another distinct difference 
 between the scenarios is the incineration technology. Mixed MSW is incinerated in a grate furnace in Scenarios 
 1.1 and 1.2, whereas in Scenario 1.3, refuse-derived fuel (RDF) is produced from mixed MSW and incinerated 
 in a fluidised bed boiler. Additionally, the substituted heat production differs between the scenarios. In 


Scenarios 1.1 and 1.2, the produced district heat substitutes heat produced by natural gas, whereas produced heat 
 substitutes biofuels (72% of the heat production), plastic waste (19%), heavy fuel oil (7%) and coal (2%) in 
 Scenario 1.3. 


Fig. 3. Mixed MSW management scenarios in the South Karelia case study. 


Hupponen et al. (2015) assessed the GWP of the management of mixed MSW from regional collection points 
(approximately 3 100 tmixed MSW/a). In this study, the mixed MSW management of the entire region is assessed 
instead of mere regional collection points. Additionally, the AP and EP of the mixed MSW management is 



(8)assessed in this study in addition to GWP. The GWPs of the management scenarios have been calculated 
 similarly as in a study conducted by Hupponen et al. (2015). The data used to calculate the APs and EPs of the 
 scenarios are presented in Supplementary material B. The environmental impacts of capital goods (e.g. trucks, 
 buildings, equipment, etc.) were not taken into account in the study, although according a recent study by 
 Brogaard and Christensen (2016), the capital goods of waste management systems can have a significant 
 influence on the total results. This results from the system boundaries of the case study initially defined by 
 Hupponen et al. (2015). 


2.3.2  Hangzhou 


The scenarios of the Hangzhou case study are the same as in a study by Havukainen et al. (2017). There are 
 three main scenarios in the Hangzhou LCA study (see Fig. 4): the actual mixed MSW management situation in 
 2013 (Scenario 0), the production and incineration of RDF at three incineration plants (Qiaosi, Yuhang and 
 Xiaoshan) to replace MSW and coal co-incineration (Scenario 1), and the production and incineration of RDF at 
 new plants with a higher electricity production efficiency (Scenario 2). Additionally, there are four different 
 treatment options for the organic reject generated from mechanical treatment in the LCA study (i.e. four 
 different sub-scenarios): landfill (Scenarios 1.1 and 2.1), biodrying (Scenarios 1.2 and 2.2), anaerobic digestion 
 (Scenarios 1.3 and 2.3) and ethanol production (Scenarios 1.4 and 2.4). As in the South Karelia study, the 
 environmental impacts of capital goods were not taken into account in this study, either, due to the initial system 
 boundaries of the study. 


Fig. 4. Mixed MSW management scenarios in the Hangzhou case study. 



(9)2.4  Comparison of the case studies 


2.4.1  Contribution analysis 


Contribution analysis is a commonly used method to present the results of LCA studies (Heijungs and Kleijn, 
 2001). In addition to presenting the results, it is a sensitivity analysis method even though not always identified 
 as one (Clavreul et al., 2012). In contribution analysis, the total LCA result is decomposed into individual 
 process contributions, i.e. the net result, either positive or negative, is presented as a sum of direct and avoided 
 emissions of individual processes. The positive and negative impacts of individual processes are typically 
 separately presented in contribution analysis in order to identify where direct and avoided emissions result from. 


Therefore, the most and least important processes can be identified through a contribution analysis. 


2.4.2  Perturbation analysis 


The influence of an individual parameter on the total result can be determined by means of a perturbation 
 analysis, where input parameters are individually varied and the total result is calculated for each variation 
 (Heijungs and Kleijn, 2001). The influence of each variation on the total result can be determined by the 
 following equation: 


parameter
 initial


Δparameterresult
 initial


Δresult


SR (1) 


where SR is the sensitivity ratio. As presented in the equation, SR is determined by proportioning the relative 
 change of the total result to the relative change of an individual parameter. (Clavreul et al., 2012.) Thus, the 
 change of a parameter results in an SR-fold change in the total result. For instance, if a parameter has an SR of 
 5, then a 20% increase in the parameter’s value results in a 100% increase in the total result. If the SR of a 
 parameter were negative, the total result would decrease when increasing the value of a parameter. Therefore, 
 the sign of an SR indicates what kind of influence a parameter has on the total result: parallel or reverse. By 
 determining the SRs for the input parameters, the most and least important parameters of the LCA study can be 
 identified. According to Heijungs and Kleijn (2001), parameters with SRs (as absolute values) higher than 0.8 
 are important. When the absolute value of an SR is higher than 1.0, the parameter can be regarded as 


particularly important. If the SR of a parameter is less than 0.2, the parameter’s influence on the total result is 
 rather minor. These definitions are however only approximate since the magnitude of an SR is highly dependent 
 on the impact category. Therefore, different impact categories’ SRs should not be compared with each other, 
 and the sensitivity of parameters should be evaluated within an impact category (Bisinella et al., 2016). 


It is worth to mention and emphasise that the South Karelia and Hangzhou case studies present actual mixed 
MSW management systems. Thus, they include case-specific, direct data derived from different operators in the 
case areas. In previous literature, perturbation analysis has been conducted in hypothetical MSW LCA studies 



(10)(Clavreul et al., 2012; Bisinella et al., 2016). Various parameters were tested in the South Karelia and Hangzhou 
 case studies. Approximately 50% of them were applied in both case studies. The list of the tested parameters is 
 presented in Supplementary material C. 


3.  Results and discussion 


3.1  Contribution analysis 


3.1.1  South Karelia 


The GWPs, APs and EPs of the mixed MSW management scenarios in the South Karelia region are presented in 
 Supplementary material D. According to the results, incineration (Scenarios 1.1, 1.2 and 1.3) is better option 
 than landfilling (Scenario 0) in all impact categories. Heat substitution made a significant contribution to the 
 results. In Scenario 1.3, the substituted heat is produced mainly by biofuels, whereas substituted heat is 
 produced by natural gas in Scenarios 1.1 and 1.2. Therefore, due to the higher amount of avoided emissions 
 resulting from substituting heat produced by natural gas, Scenarios 1.1 and 1.2 had negative GWPs. The GWP 
 of Scenario 1.3 was instead positive due to the lower amount of avoided emissions from substituting heat 
 produced by biofuels. On the other hand, Scenario 1.3 had the lowest AP and EP mainly due to avoided 
 emissions resulting from heat substitution and a higher electricity production efficiency. 


The collection and transportation of mixed MSW accounted for a larger proportion of the direct emissions in the 
 AP and EP impact categories than in GWP (see Table 2 presenting the main processes’ contributions to the 
 direct and avoided emissions). Landfilling made a similar contribution to the total results in all impact 


categories: it accounted for the vast majority of the direct emissions. The incineration of mixed MSW accounted 
 for a larger proportion of the direct emissions regarding GWP than the other impact categories. The treatment of 
 boiler ash, air pollution control (APC) residues and metals generated relatively more emissions concerning AP 
 and EP than GWP. The treatment of bottom ash and the use of chemicals in incineration made a minor 


contribution to the direct emissions in all impact categories. As for the avoided emissions of Scenarios 1.1–1.3, 
the most noteworthy difference between the scenarios is that metal substitution accounted for less emissions 
concerning EP compared to GWP and AP, whereas the proportion of energy (i.e. electricity, heat and process 
steam) substitution of the avoided emissions was similar between the impact categories, i.e. it accounted for the 
vast majority of the avoided emissions. Gravel substitution made only a minor contribution to the total results in 
all impact categories. 



(11)Table 2 


The contributions (%) of treatment processes to the total direct and avoided emissions in the South Karelia case 
 study. 


Impact category  GWP     AP     EP 


Scenario  0  1.1  1.2  1.3     0  1.1  1.2  1.3     0  1.1  1.2  1.3 


Direct emissions 


Transportation of mixed MSW  1.8  2.2  1.6  2.0  4.4  11.9  10.0  9.4  6.4  12.3  9.7  13.5 
 Landfill emissions  98.2  0.0  0.0  0.0  95.6  0.0  0.0  0.0  93.6  0.0  0.0  0.0 
 Incineration  0.0  93.3  93.8  90.8  0.0  75.4  74.4  68.1  0.0  78.2  79.1  66.7 
 Bottom ash treatment  0.0  0.1  0.1  0.0  0.0  0.5  0.8  0.0  0.0  0.4  0.8  0.0 
 Boiler ash treatment  0.0  1.2  1.2  4.4  0.0  5.4  6.0  16.9    0.0  3.0  3.1  12.8 
 Pretreatment of metals  0.0  1.8  1.9  1.7  0.0  6.0  7.2  5.0  0.0  4.4  4.9  5.1 
 Use of chemicals in 


incineration  0.0  1.4  1.5  1.0  0.0  0.8  1.6  0.6  0.0  1.6  2.5  1.9 


Avoided emissions 


Electricity substitution  0.0  21.0  15.5  60.3    0.0  51.7  42.8  55.4  0.0  38.8  30.1  52.6 
 Heat substitution  0.0  68.9  28.9  27.4    0.0  38.4  18.1  40.1    0.0  59.0  26.0  46.3 
 Steam substitution  0.0  0.0  46.4  0.0  0.0  0.0  29.0  0.0  0.0  0.0  41.8  0.0 
 Metal substitution  0.0  10.0  9.1  12.3    0.0  9.7  10.0  4.5  0.0  2.0  1.9  1.1 
 Gravel substitution  0.0  0.1  0.1  0.0     0.0  0.1  0.1  0.0     0.0  0.2  0.2  0.0 


3.1.2  Hangzhou 


The GWPs, APs and EPs of the mixed MSW management scenarios in Hangzhou are presented in 


Supplementary material E. Scenarios 0 and 1.1 had the highest GWPs, whereas Scenarios 1.1 and 1.2 had the 
 highest APs and EPs. Scenarios 2.3 and 2.4 had the lowest emissions in all impact categories. It is noteworthy 
 that the GWPs of the scenarios were positive. The APs and EPs were instead negative with the exception of the 
 EPs of Scenarios 1.1 and 1.2. The negative APs and EPs resulted from electricity substitution. 


The transportation of mixed MSW contributed relatively more to the total APs and EPs of the scenarios 
compared to the GWPs of the scenarios, as in the South Karelia case study (see Table 3 where the direct and 
avoided emissions of the main processes are presented). Landfilling accounted for a significantly lower 
proportion of the direct emissions concerning AP than EP and GWP. Incineration generated relatively more 
emissions regarding AP compared to the other impact categories. Bottom ash treatment also accounted for a 
larger proportion of the direct emissions concerning AP and EP than GWP. It is noteworthy that bottom ash 
treatment made a more significant contribution to the total results in the Hangzhou case study compared to the 
South Karelia case study. Boiler ash treatment made only a minor contribution to the direct emissions in all 
impact categories. The treatment of organic reject made a similar contribution to direct emissions in all impact 
categories. Mechanical treatment to produce RDF made a greater contribution to the direct emissions concerning 
AP and EP than GWP due to electricity consumption. The division of the avoided emissions was rather similar 
in all impact categories: electricity substitution generated most of the avoided emissions, whereas metal 
recycling did not yield a significant amount of avoided emissions. The contribution of electricity substitution 
from the combustion of LFG and the energy substitution from organic reject to the avoided emissions was 
noteworthy in all impact categories. 



(12)Table 3 


The average contributions (%) of treatment processes to the total direct and avoided emissions in the Hangzhou 
 case study. 


Impact category  GWP     AP     EP 


Scenario  0  1.1–1.4  2.1–2.4     0  1.1–1.4  2.1–2.4     0  1.1–1.4  2.1–2.4 


Direct emissions 


Transportation of mixed MSW  1.0  1.0  1.0  18.7  9.5  8.4  12.8  9.9  9.0 


Landfill emissions  65.9  57.1  55.5  1.2  0.6  0.5  47.8  33.9  31.6 


Incineration  31.4  31.2  32.3  67.9  31.0  34.0  34.3  23.3  26.4 


Bottom ash treatment  1.6  0.9  0.9  11.2  3.3  3.1  4.5  2.1  2.0 


Boiler ash treatment  0.1  0.0  0.0  1.0  0.2  0.2  0.6  0.2  0.2 


Organic reject treatment  0.0  5.0  5.3  0.0  5.3  5.2  0.0  4.8  4.9 


RDF production  0.0  4.7  4.9  0.0  50.1  48.6  0.0  25.9  26.0 


Avoided emissions 
 Electricity substitution of 


incineration  76.1  61.2  73.0  76.3  64.1  75.5  76.7  65.2  76.3 


Electricity substitution of LFG 


combustion  22.7  18.9  12.5  22.7  19.7  12.9  22.9  20.1  13.1 


Energy substitution of organic 


reject treatment  0.0  15.0  11.0  0.0  13.3  9.6  0.0  13.7  9.9 


Metal substitution  1.3  4.9  3.5     0.9  2.9  2.0     0.4  1.0  0.7 


3.2  Perturbation analyses 


3.2.1  South Karelia 


The most important, i.e. sensitive, parameters concerning the GWP, AP and EP of landfilling in the South 
 Karelia case study are presented in Fig. 5. As can be seen, due to the dependency of an SR on an impact 
 category, the most important parameters vary significantly between the impact categories. When it comes to the 
 least important parameters, certain ones stood out in all impact categories. The electricity and chemical 


consumption of leachate treatment had only a minor influence on the total results in all impact categories 
(SRs<0.01). Additionally, the NH3 emissions of landfilling had only a minor influence on the AP and EP of 
landfilling (SRs<0.007). Otherwise, there were no distinct similarities between the impact categories in terms of 
the least important parameters. 



(13)Fig. 5. The most important parameters and their SRs regarding landfilling in the South Karelia case study. 


The most important parameters concerning the GWPs, APs and EPs of the incineration scenarios (1.1–1.3) are 
 presented in Fig. 6. Among the least important parameters, particularly those related to the transportation of 
 auxiliary materials (i.e. other materials than waste) stood out in all impact categories (SRs<0.01). Furthermore, 
 certain parameters regarding bottom ash treatment, metal recycling as well as the treatment of boiler ash and 
 APC residues had only a minor influence on the total results in all impact categories. These parameters 


concerned the electricity consumption in the treatment of boiler ash and APC residues, the use of machinery (i.e. 


wheel loaders) in bottom ash treatment and the pretreatment of metals for recycling (SRs<0.01). 



(14)Fig. 6. The most important parameters and their SRs regarding incineration (Scenarios 1.1–1.3) in the South 
 Karelia case study. 


3.2.2  Hangzhou 


The most important parameters regarding landfilling (Tianziling and Liugongduan landfills) in the Hangzhou 
 case study are presented in Fig. 7. With regard to the least important parameters, the electricity consumption of 
 leachate treatment had only a minor influence on the total results regarding all impact categories (SRs<0.02), as 
 in the South Karelia case study. Parameters concerning the use of bulldozers in landfilling (i.e. diesel 


consumption and emissions generated during use) had only a minor influence on the total results in all impact 
categories (SRs<0.02). 



(15)Fig. 7. The most important parameters and their SRs regarding landfilling in the Hangzhou case study. 


The most important parameters regarding the GWPs, APs and EPs of the incineration of mixed MSW in the 
 Hangzhou case study are presented in Fig. 8. The transportation of auxiliary materials proved to have only a 
 minor influence on the total results in all impact categories (SRs<0.01), as in the South Karelia case study. 


Additionally, certain parameters concerning the treatment of boiler ash and metal recycling were among the 
least important parameters. These parameters concerned the share of aluminium and steel in bottom ash, the 
amount and water content of boiler ash, and the cement consumption of boiler ash treatment (SRs<0.02). 



(16)Fig. 8. The most important parameters and their SRs regarding incineration in the Hangzhou case study. 


3.2.3  Comparison of the case studies 


The case studies are compared to each other in terms of the SRs of the parameters that were applied in both 
 studies. These parameters’ mean values and coefficients of variation (CV) are presented in Table 4. The mean 
 values and CVs were calculated from the parameters’ SRs in the different scenarios of each case study, i.e. case 
 by case. Furthermore, the Mann-Whitney U test on a 95% confidence level test was applied to identify 


significant differences among the case studies (see Supplementary material F where the results of the test are 
presented) (Brunner and Puri, 1996). A simple guideline when interpreting the results of the test: the smaller the 



(17)p-value is, the more significant the difference among the case studies is. The range of p-values is 0-1 (p-value 
less than 0.05 indicates a significant difference). The analysis was carried out with SPSS Statistics Version 23. 



(18)Table 4 


Comparison of the SRs of the parameters that were applied in both studies. 


Parameter 


SRs’ mean values and CVs (in brackets) 


GWP  AP  EP 


South 


Karelia  Hangzhou  South 


Karelia  Hangzhou  South 


Karelia  Hangzhou 
 Landfilling 


LFG collection rate  -2.73 


(-) 


-0.42 


(-)  -  -1.29 


(-)  -  -1.07 


(-) 


LFG oxidation rate  -0.52 


(-) 


-0.11 


(0.1%)  -  0.14 


(-)  -  0.12 


(-) 
 LFG generation potential  0.97 


(-) 


0.98 


(0.1%)  -  -1.29 


(-)  -  -1.07 


(-) 
 Bulldozer diesel consumption  0.01 


(-) 


0.001 
 (18%) 


0.04 
 (-) 


0.01 
 (40%) 


0.05 
 (-) 


0.01 
 (40%) 


Bulldozer emissions  0.01 


(-) 


0.001 
 (18%) 


0.03 
 (-) 


0.01 
 (40%) 


0.05 
 (-) 


0.01 
 (40%) 


Amount of leachate   -  -  -  -  0.001 


(-) 


1.19 
 (40%) 


Amount of pollutants in leachate  -  -  -  -  0.001 


(-) 


1.19 
 (40%) 
 Electricity consumption of 


leachate treatment 


0.003 
 (-) 


0.001 
 (18%) 


0.01 
 (-) 


0.02 
 (40%) 


0.005 
 (-) 


0.01 
 (40%) 


Incineration         


Electric efficiency of incineration  -2.30 
 (37%) 


-0.82 
 (64%) 


-0.85 
 (12%) 


-1.42 
 (17%) 


-1.41 
 (35%) 


-1.95 
 (32%) 


LHV of mixed MSW  -6.70 


(38%) 


-0.71 
 (58%) 


-1.46 
 (9%) 


-1.25 
 (16%) 


-3.28 
 (38%) 


-1.70 
 (30%) 
 CO2,fossil emissions of incineration  6.29 


(33%) 


2.16 


(25%)  -  -  -  - 


NOx emissions of incineration  -  -  0.28 


(45%) 


0.20 
 (58%) 


1.64 
 (58%) 


0.63 
 (65%) 


SO2 emissions of incineration  -  -  0.05 


(50%) 


0.09 


(57%)  -  - 


HCl emissions of incineration  -  -  0.01 


(44%) 


0.01 


(60%)  -  - 


Electricity own use in incineration  0.30 
 (32%) 


0.19 
 (23%) 


0.12 
 (35%) 


0.41 
 (43%) 


0.21 
 (49%) 


0.58 
 (53%) 
 Cement consumption for residue 


treatment 


0.12 
 (57%) 


0.07 
 (50%) 


0.03 
 (21%) 


0.05 
 (62%) 


0.07 
 (18%) 


0.09 
 (69%) 
 Amount of residues (i.e. flue gas 


residues) 


0.14 
 (56%) 


0.01 


(61%)     0.04 
 (20%) 


0.01 


(72%)     0.09 
 (20%) 


0.02 
 (81%) 


Metal recycling         


Proportion of aluminium in bottom 
 ash 


-0.41 
 (35%) 


-0.01 
 (23%) 


-0.12 
 (2%) 


-0.02 
 (40%) 


-0.02 
 (20%) 


-0.01 
 (53%) 
 Proportion of steel in bottom ash  -0.26 


(35%) 


-0.002 


(25%)     0.01 
 (0.2%) 


-0.001 


(40%)     0.08 
 (19%) 


-0.0003 
 (52%) 


Transportation         


Transportation distance of mixed 
 MSW 


0.10 
 (69%) 


0.02 
 (28%) 


0.04 
 (34%) 


0.03 
 (47%) 


0.17 
 (72%) 


0.10 
 (59%) 
 Transportation distance of residues  0.002 


(85%) 


0.002 
 (70%) 


0.001 
 (73%) 


0.005 
 (80%) 


0.004 
 (80%) 


0.01 
 (86%) 
 Transportation distance of cement  0.001 


(72%) 


0.001 


(63%)     0.0003 
 (44%) 


0.002 


(74%)     0.001 
 (39%) 


0.01 
 (81%) 
 The parameters concerning landfilling could not be analysed by the Mann-Whitney U test due to lack of data: 


the South Karelia case study included one landfilling scenario and the Hangzhou case study included two.  



(19)Therefore, these parameters’ SRs among the case studies are compared solely based on the data presented in 
 Table 4. As can be seen, among the parameters related to landfilling, the collection rate of LFG was 


considerably more sensitive in the South Karelia case study than in the Hangzhou case study with regard to 
 GWP. The collection rate of LFG was 75% in the South Karelia case study, whereas it was 25% in the 


Hangzhou case study. Based on this, the higher the collection rate is, the more sensitive it is. The collection rate 
 of LFG also had an influence on the total AP and EP in the Hangzhou case study due to the electricity 


production from LFG. The oxidation rate of LFG was also more sensitive in the South Karelia case study in 
 terms of GWP. The oxidation rate was approximately four times higher in the South Karelia case study, which 
 indicates the same phenomenon as the collection rate of LFG. The LFG generation potential was equally 
 sensitive concerning the GWPs of both case studies. In the Hangzhou case study, it also had an effect on the 
 total APs and EPs due to electricity substitution. In terms of the parameters concerning the use of bulldozers, the 
 parameters were more sensitive with regard to GWP in the South Karelia case study than in the Hangzhou case 
 study. However, such distinct differences were not identified in the other two impact categories. The influence 
 of parameters concerning the generation of leachate and the concentration of pollutants in it differed between 
 the case studies due to the higher concentration of pollutants in leachate in the Hangzhou case study. 


As for the parameters concerning the incineration of mixed MSW, it can be seen that the electric efficiency of 
 incineration was more sensitive regarding the GWP in the South Karelia study due to a higher energy production 
 rate, which correspondingly results from the higher energy content of mixed MSW in South Karelia (the p-value 
 of the Mann-Whitney U test was 0.071 → a rather significant difference among the case studies). The parameter 
 was more sensitive regarding the AP in the Hangzhou case study (p-value 0.036 → a significant difference). In 
 terms of EP, there was no distinct difference between the case studies (p-value 0.393). Concerning GWP, the 
 LHV of mixed MSW was substantially more sensitive in the South Karelia case study (p-value 0.036). The 
 parameter itself was also substantially higher in the South Karelia study. This again indicates the correlation 
 between parameter’s value and sensitivity: the higher the LHV of mixed MSW is, the more sensitive it is. There 
 were no such distinct differences between the case studies in terms of the parameter in the AP and EP impact 
 categories (p-values 0.143 and 0.250). As did the LHV, the CO2,fossil emissions of incineration was significantly 
 more sensitive regarding GWP in the South Karelia case study (p-value 0.036): its SR was multiple times higher 
 than in the Hangzhou case study due to the higher fossil carbon content in the mixed MSW. There were no 
 distinct and noteworthy differences between the case studies regarding the SRs of NOx (p-values 0.393 and 
 0.250 in the AP and EP impact categories), SO2 (p-value 0.571 in the AP impact category) and HCl (p-value 
 0.114 in the AP impact category) emissions. The electricity own use in incineration was more sensitive in terms 
 of AP in the Hangzhou case study (p-value 0.036). In terms of the other impact categories, the sensitivity of the 
 parameter did not vary significantly among the case studies. The SRs of cement consumption in residue 


treatment did not vary substantially between the case studies (p-values 0.571, 0.571 and 0.786 in terms of GWP, 
 AP and EP). The SRs of the amount of residues varied significantly between the case studies (p-values 0.036 in 
 all impact categories). 


Parameters concerning metal recycling had rather a minor influence on the total results in both case studies, and 
their SRs did not vary significantly between the studies (p-values 0.095 in all impact categories). However, as 



(20)can be noticed in Table 4, parameters concerning metal (i.e. aluminium and steel) recycling were more sensitive 
 in the South Karelia case study, particularly in terms of GWP. Parameters regarding transportation were similar 
 from their sensitivity point of view in both case studies with one exception. The transportation of mixed MSW 
 was significantly more sensitive in South Karelia case study in terms of GWP (p-value 0.036). 


3.3  Factors influencing the LCA of the case studies 


The contribution analyses of the case studies demonstrated how critical energy substitution was in the case 
 studies. In the South Karelia case study, heat substitution had a remarkably strong influence on the total results, 
 and it determined the order of the incineration scenarios in all impact categories. Electricity substitution also had 
 a major influence on the total results. In the Hangzhou case study, the influence of energy recovery and 


substitution was not as obvious due to only electricity recovery from mixed MSW. Nevertheless, energy 
 recovery and substitution was evidently the most critical individual process influencing the total results of both 
 case studies. It is therefore highly recommendable to use case-specific and direct data regarding parameters 
 concerning energy recovery and substitution (e.g. energy content of mixed MSW, energy production 
 efficiencies, etc.). 


The perturbation analyses of the case studies demonstrated that the most critical parameters concerning 
 landfilling were directly related to LFG (i.e. generation potential, collection rate, treatment efficiency) and 
 leachate (i.e. generation potential, concentration of pollutants), even though there were some inconsistencies 
 between the case studies, as presented in Table 4. The LHV of the mixed MSW, CO2,fossil emissions of 


incineration, and energy production efficiencies were clearly the most critical ones of the parameters related to 
 incineration in the case studies. Additionally, the NOx and SO2 emissions of incineration had a notable influence 
 on the total results. In terms of metal recycling, the most important parameters were related to the recoverable 
 amount of metal in mixed MSW, or rather in bottom ash. Of the transportation-related parameters, parameters 
 concerning the transportation of mixed MSW had the strongest influence on the total results. 


As presented in Table 4 and previously discussed, parameters with only a minor influence on the total results 
 were identified in all the main mixed MSW management phases: transportation, landfilling and incineration. In 
 terms of the least important parameters concerning landfilling, the use of a bulldozer in landfilling, and the 
 electricity and chemical consumption in leachate treatment had a fairly minor influence on the total results. 


Certain parameters related to bottom and boiler ash treatment were the least important ones related to 


incineration. For instance, the electricity consumption during the treatment did not have a notable influence on 
 the total results. Additionally, the transportation of auxiliary materials had a rather minor influence on the total 
 results, regardless of the impact categories. 


The perturbation analyses of the case studies also demonstrated how the magnitude of an SR is dependent on the 
value of a parameter. With regard to certain parameters (e.g. the LHV of mixed MSW and the collection rate of 
LFG), the correlation between the magnitude of an SR and the value of a parameter was the following: the 
higher the value of a given parameter is, the more sensitive the parameter is. 



(21)A possibility to simplify the LCA of the case studies is to apply default or generic data instead of direct, case-
 specific data. Default data should be applied with caution, i.e. to parameters which have only a minor influence 
 on the total results. The exclusion of certain processes (e.g. the transportation of auxiliary materials) from the 
 assessment is also a possibility to simplify the LCA of the case studies. However, it requires particular caution. 


Possibilities to simplify the LCA of the South Karelia and the Hangzhou case studies are presented in Table 5. 


Table 5 


Possibilities to simplify (i.e. apply default or generic data instead of case-specific, direct data) the LCA of the 
 South Karelia and Hangzhou case studies. 


Simplification possibility 


Landfilling  ─ Electricity and chemical consumption in leachate treatment 


─ The use of machinery in landfilling (i.e. the diesel consumption of a bulldozer) 
 Incineration  ─ The treatment of boiler ash and APC residues: electricity consumption, the use 


of machinery (i.e. the diesel consumption of a wheel loader) 


─ Bottom ash treatment and metal recycling: the use of machinery in bottom ash 
 treatment, the pretreatment of metals for recycling (i.e. the use of machinery and 
 electricity consumption) 


Transportation  ─ The transportation of auxiliary materials, such as chemicals, APC residues, 
 boiler and bottom ash (i.e. diesel consumption and transportation distances) 


The possibilities to simplify the LCA of the South Karelia and Hangzhou case studies were identified and 
 discussed in this study. However, one should identify the limitations of the study. First of all, only three impact 
 categories were assessed in the case studies. Therefore, the simplification possibilities concern only the GWP, 
 AP and EP impact categories. Secondly, only two different case studies were compared in this study. The 
 findings of the study apply solely to the case studies, and more case studies are required in order to draw more 
 extensive and general conclusions. Thirdly, it should be noticed that the study focused on individual parameters 
 and their sensitivity, and the identified simplification possibilities concerned merely them. In other words, this 
 study did not concern process, modelling or scenario uncertainties, although they can also have a strong 
 influence on the overall uncertainty of LCA studies (Clavreul et al., 2012). This is due to the fact that parameter 
 sensitivity can be computationally quantified (i.e. by determining SRs), and thus utilised in the comparison of 
 different case studies. Fourthly, it is worth noting that the differences between the LCAs of the case studies (e.g. 


system boundaries, modelling principles, etc.) can influence the magnitude of SRs. Therefore, the most and least 
 important parameters were identified case by case based on the ranking of the SRs rather than focusing merely 
 on the magnitude of SRs. For instance, although the SR of a parameter would vary notably (e.g. 1.5 and 2.5) 
 between the case studies, if the parameter were among the most important parameters in both studies based on 
 the case-specific ranking of SRs, the parameter would be identified as an important one, and vice versa. 


Regardless of the limitations of the study, the study introduces a novel perspective to the LCA of MSW 


management systems. When default or generic data is enough instead of direct, case-specific data? It is not easy 
to draw the line between them. However, the study presents examples on how the particular case studies could 
be simplified in this manner. It should be acknowledged that the simplification possibilities presented in this 
study are rather conservative due to the above-mentioned limitations. Therefore, they may well be applicable in 
other case studies, too. 



(22)4.  Conclusions 


Mixed MSW management systems in the South Karelia region, Finland and the city of Hangzhou in China were 
 compared in this study in order to find out the similarities and differences between the case studies in terms of 
 the influence of different factors on the total results of the LCA studies. The comparison of the case studies 
 focused particularly on the influence of various input parameters on the total results, i.e. the GWPs, APs and 
 EPs of the systems. After the comparison, possibilities to simplify and thus diminish the workload of the case 
 studies were discussed and introduced in the study. 


Even though there were differences in the influence of individual parameters on the total results of the case 
 studies, certain factors stood out. Energy recovery and substitution were the most critical individual processes 
 influencing the results of the case studies. In terms of individual input parameters, those directly related to the 
 generation and collection of LFG, the energy and fossil carbon content of mixed MSW, energy production 
 efficiencies, as well as the NOx and SO2 emissions of incineration had a significant influence on the total results 
 in both case studies. Therefore, direct and case-specific data should be particularly applied to these parameters. 


Parameters related to the use of machinery in landfilling, the electricity and chemical consumption in leachate 
treatment and the transportation of auxiliary materials were not that crucial regarding the total results of the case 
studies. Additionally, certain parameters related to boiler and bottom ash treatment had a minor influence on the 
total results. To diminish the workload of the LCA of the case studies, default or generic data could be applied 
to these parameters instead of case-specific, direct data. It is worth noting that the findings of the study apply 
only to these particular case studies. Therefore, to draw more general conclusions, further research on the 
subject is required. 



(23)Acknowledgements 


This study was carried out in the Material value chains (ARVI) programme (2014─2016). The ARVI 
programme was funded by Tekes (the Finnish Funding Agency for Innovation), industry and research 
organisations. 



(24)References 


Bisinella V., Conradsen, K., Christensen, T.H., Astrup, T.F., 2016. A global approach for sparse representation 
 of uncertainty in Life Cycle Assessments of waste management systems. International Journal of Life Cycle 
 Assessment 21 (3), 378–394.  


Brogaard, L.K., Christensen, T.H., 2016. Life cycle assessment of capital goods in waste management systems. 


Waste Management (2016), dx.doi.org/10.1016/j.wasman.2016.07.037. 


Brunner, E., Puri, M.L., 1996. Nonparametric methods in design and analysis of experiments. In: Ghosh, S., 
 Rao, C.R. (Eds.), Handbook of Statistics 13 – Design and Analysis of Experiments. Elsevier Science B.V., 
 Amsterdam, the Netherlands. 


Burnley S., Coleman, T., Peirce, A., 2015. Factors influencing the life cycle burdens of the recovery of energy 
 from residual municipal waste. Waste Management 39, 295–304. 


Clavreul, J., Guyonnet, D., Christensen T.H., 2012. Quantifying uncertainty in LCA-modelling of waste 
 management systems. Waste Management 32 (12), 2482–2495. 


Cleary J., 2009. Life cycle assessment of municipal solid waste management systems: A comparative analysis of 
 selected peer-reviewed literature. Environment International 35 (8), 1256-1266. 


De Feo, G., Malvano, C., 2009. The use of LCA in selecting the best MSW management system. Waste 
 Management 29 (6), 1901–1915. 


Dong, J., Ni, M., Chi, Y., Zou, D., Fu, C., 2013. Life cycle and economic assessment of source-separated MSW 
 collection with regard to greenhouse gas emissions: a case study in China. Environmental Science and Pollution 
 Research 20 (8), 5512–5524. 


Ekvall, T., Assefa G., Björklund, A., Eriksson O., Finnveden G., 2007. What life-cycle assessment does and 
 does not do in assessments of waste management. Waste Management 27 (8), 989–996. 


EN ISO 14040, 2006. Environmental management. Life cycle assessment. Principles and framework. European 
 Committee for Standardization, Brussels, Belgium. 


EN ISO 14044, 2006. Environmental management. Life cycle assessment. Requirements and guidelines. 


European Committee for Standardization, Brussels, Belgium. 


Etelä-Karjalan Jätehuolto Oy, 2013. Annual report 2012 (in Finnish). 


www.ekjh.fi/Vuosikertomukset/Vuosikertomus2012.pdf (accessed 8.4.2016). 



(25)Etelä-Karjalan Jätehuolto Oy, 2016. Kukkuroinmäki waste management centre (in Finnish). 


www.ekjh.fi/kuk_jatteiden_kasittely.html (accessed 6.5.2016). 


Eurostat, 2016. Municipal solid waste statistics. ec.europa.eu/eurostat/statistics-
 explained/index.php/Municipal_waste_statistics (accessed 29.8.2016). 


Fleischer, G., Gerner, K., Kunst, H., Lichtenvort, K., Rebitzer, G., 2001. A semi-quantitative method for the 
 impact assessment of emissions within a simplified life cycle assessment. The International Journal of Life 
 Cycle Assessment 6 (3), 149–156. 


Havukainen, J., Kapustina, V., Li, X., Zhan, M., Horttanainen, M., 2016. Municipal Solid Waste Management 
 in Hangzhou, China. The 31th International Conference on Solid Waste Technology and Management 


Philadelphia, PA U.S.A. April 3–6, 2016. 


Havukainen, J., Zhan, M., Dong, J., Liikanen, M., Deviatkin, I., Li, X., Horttanainen, M., 2017. Environmental 
 impact assessment of municipal solid waste management incorporating mechanical treatment of waste and 
 incineration in Hangzhou, China. Journal of Cleaner Production 141, 453–461. 


Heijungs R., Kleijn, R., 2001. Numerical approaches towards life cycle interpretation five examples. 


International Journal of Life Cycle Assessment 6 (3), 141–148. 


Horttanainen, M., Teirasvuo, N., Kapustina, V., Hupponen, M., Luoranen, M., 2013. The composition, heating 
 value and renewable share of the energy content of mixed municipal solid waste in Finland. Waste Management 
 33 (12), 2680–2686. 


Hupponen, M., Grönman, K., Horttanainen, M., 2015. How should greenhouse gas emissions be taken into 
 account in the decision making of municipal solid waste management procurements? A case study of the South 
 Karelia region, Finland. Waste management 42, 196–207. 


Lappeenranta, 2016. The waste management regulations of South Karelia from 1.1.2015 onwards (in Finnish). 


www.lappeenranta.fi/fi/Palvelut/Ymparisto/Jatehuolto-ja-kierratys/Jatehuoltomaaraykset (accessed 10.5.2016). 


Larsen, A.W., Merrild, H., Møller, J., Christensen, T.H., 2010. Waste collection systems for recyclables: An 
 environmental and economic assessment for the municipality of Aarhus (Denmark). Waste Management 30 (5), 
 744–754. 


Laurent, A., Bakas, I., Clavreul J., Bernstad, A., Niero, M., Gentil., E., Hauschild, M.Z., Christensen, T.H., 
 2014. Review of LCA studies of solid waste management systems – Part I: Lessons learned and perspectives. 


Waste Management 34 (3), 573–588. 



(26)Lazarevic, D., Buclet, N., Brandt, N., 2012. The application of life cycle thinking in the context of European 
 waste policy. Journal of Cleaner Production 29–30, 199–207. 


Manfredi, S., Christensen, T.H., 2009. Environmental assessment of solid waste landfilling technologies by 
 means of LCA-modeling. Waste Management 29 (1), 32–43. 


Regional Council of South Karelia, 2016. Population – South Karelia (in Finnish). 


www.ekarjala.fi/liitto/tietopalvelu/tilastoja/vaesto/ (accessed 29.8.2016). 


Rigamonti, L., Grosso, M., Giugliano, M., 2009a. Life cycle assessment for optimizing the level of separated 
 collection in integrated MSW management systems. Waste Management 29 (2), 934–944. 


Rigamonti, L., Grosso, M., Sunseri, M. C., 2009b. Influence of assumptions about selection and recycling 
 efficiencies on the LCA of integrated waste management systems. International Journal of Life Cycle 
 Assessment 14 (5), 411–419. 


Slagstad, H., Brattebø, H., 2013. Influence of assumptions about household waste composition in waste 
 management LCAs. Waste Management 33 (1), 212–219. 


Statistics Finland, 2016. The key numbers of municipalities (1987-2014) (in Finnish). 


pxnet2.stat.fi/PXWeb/pxweb/fi/Kuntien_avainluvut/Kuntien_avainluvut__Kuntien_avainluvut/kuntien_avainluv
 ut_aikasarja.px/?rxid=bae420bb-18ff-4124-8203-c64d79d1b3f0 (accessed 8.4.2016). 


Thinkstep, 2016. GaBi Product Sustainability Software. www.gabi-software.com/nw-eu-english/software/gabi-
 software/ (accessed 8.4.2016). 


Turner, D.A., Williams, I.D., Kemp, S., 2016. Combined material flow analysis and life cycle assessment as a 
 support tool for solid waste management decision making. Journal of Cleaner Production 129, 234–248. 


World Bank, 2012. WHAT A WASTE – A Global Review of Solid Waste Management. Urban Development 
 Series, March 2012, No. 15. Washington, DC, 20433, USA. 


siteresources.worldbank.org/INTURBANDEVELOPMENT/Resources/336387-
1334852610766/What_a_Waste2012_Final.pdf (accessed 10.6.2016). 





    
  




      
      
        
      


            
    
        Viittaukset

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Lataa nyt ( PDF - 26 sivua - 0.94 MB )
            

      


      
      
        
  LIITTYVÄT TIEDOSTOT

  
    
      
          
        
            Liikenteen palvelutason määritelmiä, tekijöitä ja mittareitaEsiselvitys
        
      

        Pyrittäessä helpommin mitattavissa oleviin ja vertailukelpoisempiin  tunnuslukuihin yhteiskunnallisen palvelutason määritysten kehittäminen  kannattaisi keskittää oikeiden

    
      
          
        
            T Meriliikenteen turvallisuudestaSuomenlahdella
        
      

        Hä- tähinaukseen kykenevien alusten ja niiden sijoituspaikkojen selvittämi- seksi tulee keskustella myös Itäme- ren ympärysvaltioiden merenkulku- viranomaisten kanssa.. ■

    
      
          
        
            Hihnakuljettimien käytön
        
      

        Jos valaisimet sijoitetaan hihnan yläpuolelle, ne eivät yleensä valaise kuljettimen alustaa riittävästi, jolloin esimerkiksi karisteen poisto hankaloituu.. Hihnan

    
      
          
        
            Kati Tillander & Olavi Keski-Rahkonen
        
      

        Vuonna 1996 oli ONTIKAan kirjautunut Jyväskylässä sekä Jyväskylän maalaiskunnassa yhteensä 40 rakennuspaloa, joihin oli osallistunut 151 palo- ja pelastustoimen operatii-

    
      
          
        
            Mansikan korjuun ja
        
      

        Mansikan kauppakestävyyden parantaminen -tutkimushankkeessa kesän 1995 kokeissa erot jäähdytettyjen ja jäähdyttämättömien mansikoiden vaurioitumisessa kuljetusta

    
      
          
        
            pienhiukkaspäästöt Suomessa
        
      

        hengitettävät hiukkaset ovat halkaisijaltaan alle 10 µm:n kokoisia (PM10), mutta vielä näitäkin haitallisemmiksi on todettu alle 2,5 µm:n pienhiukka- set (PM2.5).. 2.1   HIUKKASKOKO

    
      
          
        
            aerodynamiikkaan ja kuormituksiin
        
      

        Tornin värähtelyt ovat kasvaneet jäätyneessä tilanteessa sekä ominaistaajuudella että 1P- taajuudella erittäin voimakkaiksi 1P muutos aiheutunee roottorin massaepätasapainosta,

    
      
          
        
            Työn merkityksellisyyden rakentami nen ja jännitteet muuttuvassa yliopistossa
        
      

        Työn merkityksellisyyden rakentamista ohjaa moraalinen kehys; se auttaa  ihmistä valitsemaan asioita, joihin hän sitoutuu. Yksilön moraaliseen kehyk- seen voi kytkeytyä

      



      

    

    
            
            
      
  LIITTYVÄT TIEDOSTOT

  
          
        
    
        
    
    
        
            Energiatehokkuuden kehittyminen Suomessa
        
        
            
                
                    
                    91
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Tuulivoimaloiden melun synty, eteneminen ja häiritsevyys
        
        
            
                
                    
                    42
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Turvepohjaisen F-T-dieselin  tuotannon ja käytön 
        
        
            
                
                    
                    52
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            VTT TIEDOTTEITA 2259
        
        
            
                
                    
                    96
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Ulkoistaminen ja alihankkijoiden
        
        
            
                
                    
                    73
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Assessing a prospective landfill  gas to energy project in Agadir, Morocco
        
        
            
                
                    
                    112
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Separation of plastic waste from mixed waste: Existing and emerging sorting technologies performance and possibilities of increased recycling rate with Finland as case study
        
        
            
                
                    
                    107
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Comparison of the Turkish and the Finnish Municipal Solid Waste Management Systems With a Regard to Waste to Energy Possibilities in Turkey
        
        
            
                
                    
                    75
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Yhtiö

        	
             Tietoa meistä 
          
	
            Sitemap

          


      

      
        Ota Yhteyttä  &  Apua

        	
             Ota yhteyttä
          
	
             Feedback
          


      

      
        Oikeustieteellinen

        	
             Käyttöehdot
          
	
             Tietosuojakäytäntö
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Hanki ilmaiset sovelluksemme

        	
              
                
              
            


      

    

    
      
        
          Koulut
          
            
          
          Aiheet
                  

        
          
                        Kieli:
            
              Suomi
              
                
              
            
          

          Copyright 9pdf.co © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




     
     

    
        
            
                

            

            
                                 
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


