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Abstract: 
 
Waste management plays an important role in reducing greenhouse gas (GHG) 
emission. The purpose of this study is to explore the economic, social and envi-
ronmental factors that could significantly affect GHG emission from waste 
management in European Union countries. Based on the cross-section data in 
2008 among European Union countries, three components (significant factors) 
were extracted from 12 possible factors by the principal component analysis. 
Also, the relation between GHG emission from waste sector and significant fac-
tors was quantified through the multiple linear regression. On one hand, the 
results demonstrated that 42.4% of the GHG emission from waste sector could 
be explained by two significant factors: Component 1 (external issues from 
economy, society and environment) and Component 2 (internal issues from 
waste management and environmental awareness). On the other hand, the find-
ings indicated that Component 3 (the waste from waste management) could not 
statistically explain the GHG emission from waste sector. However, the exact 
contribution of each possible factor to GHG emission is still unknown and the 
other 57.6% of the GHG emission from waste sector has not been ascertained. 
Therefore, further research might concentrate on investigating how GHG emis-
sion has been affected by each possible factor, as well as exploring other undis-
covered factors that could affect the GHG emission from waste management.  
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1 INTRODUCTION 

1.1 Topic discussion and background 

Nowadays, the rapid increase of waste is becoming a serious issue faced by 
human beings. Waste generated in European countries is about 3 billion tonnes 
each year, of which 90 million tonnes are hazardous waste. According to the 
data from European Statistics (Eurostat), each person in Europe produced 6 
tonnes of solid waste per year (European Commission, 2012a). Proper manag-
ing of the waste plays an important role in tackling issues caused by the grow-
ing amount of waste.  

The responsibility extends the fence of management to international level, 
due to the fact that some environmental problems have no national boundaries. 
Incidents such as the widespread phenomenon of acid rain demonstrated that 
toxic contaminants could not be considered only at the domestic level. However 
the individual householder is still important, since they are involved in the 
primary stage of a waste management system. Waste management covers the 
life cycle of waste from production, handling, processing, storage and trans-
porting to final acceptable disposal (Eionet, 2009). In order to explore the capac-
ity of waste management system, this study proposed statistical methods for 
assessing the environmental performance of waste management system among 
the 27 European Member States (EU 27)1, specifically mentioned (greenhouse 
gas) GHG emission from waste sector.  

GHG emission is one important environmental impact caused by waste, 
since every year huge amounts of GHG from waste sector are emitted into the 
atmosphere. To illustrate, the GHG emission from waste in 2009 in EU 27 is 
146,530,870 tonnes, while this portion only occupies less than 5% of total GHG 

                                                 
1 Belgium (BE), Greece (EL), Luxembourg (LU), Denmark (DK), Spain (ES), Nether-

lands (NL), Germany (DE), France (FR), Portugal (PT), Ireland (IE), Italy (IT), United 
Kingdom (UK) , Austria (AT), Finland (FI), Sweden (SE), Poland (PL), Czech Repub-
lic (CZ), Cyprus (CY), Latvia (LV), Lithuania (LT), Slovenia (SI), Estonia (EE), Slova-
kia (SK), Hungary (HU), Malta (MT), Bulgaria (BG), Romania (RO) 
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emission. As mentioned before, waste management system is significant for 
handling waste issues, so the operation and efficiency of waste management 
system can affect the GHG emission particularly. 

In brief, the aim of this paper is to assess the environmental performance 
of waste management among EU countries, and GHG emission from waste sec-
tor has been used as the environmental performance indicator. The study 
started by collecting the possible factors from the perspectives of economics, 
society and environment, and then the principal component analysis (PCA) was 
used to distinguish the significant factors. Based on the results of the PCA, 
comprehensive score of the extracted components has been calculated. The final 
model was formed via the multiple regression between GHG emission from 
waste sector and significant factors.  At the last end of this paper, the interpreta-
tion of the empirical results and conclusion were discussed and presented cor-
respondingly.  

1.2 Motivation for the research 

It is necessary to study the GHG emission of waste management. Good waste 
management practices not only offer direct reduction of GHG emission but also 
provide significant global warming factor savings (Gentil, Clavreul, & 
Christensen, 2009). Besides the theoretical study, the project (EEA, 2008) of Eu-
ropean Environmental Agency (EEA) that is related to municipal waste man-
agement, also demonstrated that better management of municipal waste would 
reduce GHG emission in Europe, due to two separate perspectives: on one hand, 
the quantities of municipal waste entering the municipal waste management 
system grow correspondingly with the increase of waste generation and further 
improvement of waste management processes that directly leads to the emis-
sion of GHG; on the other hand, the capacity of GHG emission mitigation of 
municipal waste management is enhanced through incremental implementing 
of recycling and incineration. As a result, the GHG emission saving can partly 
or even completely offset the increased direct emission caused by the increasing 
generated waste. Under the assumption that the waste management capacity 
can match the increasing waste quantities correspondingly, EEA declared that 
GHG emission is expected to decrease considerably by 2020. However, once the 
improved waste management cannot deal with the increased volume of munic-
ipal waste properly, the target of mitigating GHG emission could not be 
reached. Therefore, to evaluate the environmental performance of waste man-
agement from the perspective of GHG emission not only offers valuable infor-
mation to managers for decision making, but also supports legislators to streng-
then supervision and regulation toward waste management system at different 
levels.  

Compared with this above scientific motivation, interest was the initial 
and primary driver that stimulated my enthusiasm towards this topic. During 
the past one and a half years of study in Finland, the serious attitude of the 
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country toward waste separation and recycling has given me special and deep 
impression. I was curious about the operation mechanism, the efficiency, the 
environmental performance, the measurement of performance, as well as the 
scope of utilization of waste management. After gaining basic knowledge of 
Finnish waste management system, I cannot help comparing it with the waste 
management system in China and I started to wonder the reasons that caused 
such a big gap between these two countries. The curiosity and patriotism to-
wards my home country encourage me to study further in this field. I hope to 
have a clear overview about waste management in EU countries and this know-
ledge might be a reference for establishing Chinese waste management system. 
Additionally, this topic is a multidisciplinary combination of management and 
environmental science. There is possibility to explore the GHG emission of 
waste management from the viewpoint of Corporate Environmental Manage-
ment. Furthermore, the data offered by Eurostat and EEA is suitable for statis-
tical analysis. Overall, based on both scientific and personal motivations stated 
above, the assessment of GHG emission from waste management is an appro-
priate topic for the thesis of master degree. 

1.3 Aims of the research 

This thesis emphatically investigated the waste management in EU 27. The 
GHG emission from waste management sector could be affected by certain so-
cial, economic, and environmental factors that have been proposed at the be-
ginning of this study and these factors could be distinguished and assessed by 
statistical methods. On grounds of theses hypotheses, this thesis aim was to 
study the GHG emission of waste management. In order to measure the GHG 
emission of waste management, first of all, it was necessary to have a basic un-
derstanding about the operation mechanism of waste management. And then 
through quantitative research methodology, the next step of the study was to 
investigate factors that could affect the GHG emission from waste sector signifi-
cantly, as well as how the GHG emission from waste sector relates to those 
possible factors. Additionally, this study has been evaluated and suggestions 
were propounded for further research. 
  



10 
 

2 RESEARCH QUESTIONS 

According to the important role of waste management in handling the waste, it 
was necessary to evaluate the performance of waste management. There are 
various environmental performance indicators for waste management, namely, 
acidification, nutrient enrichment and global warming  etc.(Merrild, 2009). 
Compared with other indicators, GHG emission is a reasonable indicator for 
this study and the reasons are listed in the following theoretical framework part 
(see 3.4 Measuring environmental performance of waste management by using 
GHG emission).  

In order to assess the GHG emission from waste management, it is neces-
sary to understand how GHG emission is related to different social, economic 
and environment-related factors (Liu & Wu, 2010). The further study concern-
ing which are significant factors among those selected factors and how those 
significant factors affect the GHG emission could be investigated by certain sta-
tistical methods. Principal component analysis is an efficient statistics method 
for dimensionality reduction ((Jolliffe, 1986), thus, in this study, it could be used 
to distinguish the significant factors among these original selected factors. 
Moreover, multiple regression can be used as a test for explaining causal theo-
ries (Cooper & Schindler, 2008), therefore the relation between these significant 
factors and GHG emission can be examined by the multiple linear regression.  

Conclusively speaking, the research questions of this study are based on 
three hypotheses: Firstly, GHG emission from waste management could be af-
fected by social, economic and environmental factors. Secondly, significant fac-
tors could be distinguished by principal component analysis. Thirdly, relation 
between GHG emission and significant factors can be examined by multiple 
regression. On grounds of the above hypotheses, the research questions are de-
fined as follows: 

i. What are the possible economic, social and environmental factors that 
could affect the GHG emission from waste management in EU countries? 
How to distinguish these possible factors? 

ii. What are the significant factors that could affect the GHG emission from 
waste management?  
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iii. How do these significant factors affect GHG emission? What is the exact 

relation between the GHG emission and significant factors? 
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3 THEORETICAL FRAMEWORK 

3.1 Key Concepts 

3.1.1 Waste and municipal waste 

In this study, the research scope is mainly focused on general waste, and it is 
important to have an overview about the definition of general waste. With a 
combination of statements in European Union Commission, the Secretariat of 
the Basel Convention and Organization for Economic Co-operation and Devel-
opment2 (OECD) defined waste as: ―wastes are substances or objects which are 
disposed of or are intended to be disposed of or are required to be disposed of 
by the provision of law. Wastes may be generated during the extraction of raw 
materials during the processing of raw materials to intermediate and final 
products, during the consumption of final products, and during any other hu-
man activity (Eionet, 2009).‖ A stricter definition (Eionet, 2009) made by 
OECD/Eurostat Joint Questionnaire on waste excludes the residuals directly 
recycled or reused at the place of generation and the waste materials that are 
directly discharged into surrounding water or air. 

(Eionet, 2009) categorized the waste into the following types based on the 
characteristics of the waste: municipal waste (including household and com-
mercial), industrial waste, hazardous waste, construction and demolition waste, 
mining waste, waste from electrical and electronic equipment (WEEE), biode-

                                                 
2 Background information of OECD: As a forum of governments of 30 democracies, 

OECD work to address the economic, social and environmental challenges of globa-
lization, by providing a setting where governments could compare policy expe-
riences, seek answers to common problems, identify good practice and work to coor-
dinate domestic and international policies. ―The OECD member countries are: Aus-
tralia, Austria, Belgium, Canada, the Czech Republic, Denmark, Finland, France, 
Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Korea, Luxembourg, Mex-
ico, the Netherlands, New Zealand, Norway, Poland, Portugal, the Slovak Republic, 
Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United States. The 
Commission of the European Communities takes part in the work of the OECD 
(OECD, 2008).‖ 
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gradable  municipal waste, packaging waste, end-of-life vehicles and tyres, as 
well as agricultural waste. (Chiras, 2005) pointed out that the great bulk of the 
waste is generated by three major sources: domestic refuse, agricultural waste 
and industrial waste. The type of waste from domestic and agriculture sources 
is generally similar, but the industrial waste varies widely and is largely de-
pendent on the type of industry involved. Apart from the three main sources of 
waste, there are other small but significant sources, typically laboratories and 
hospitals. And there has been a growing realization of the limited assimilative 
and carrying capacity of our environment, and if the waste could not be han-
dled properly it will poison the environment, including the air we breathe and 
the water we drink. That means that pollution control has essential meaning for 
safeguarding the environment and enhancing the quality of human life 
(Kharbanda & Stallworthy, 1990). 

Waste has been categorized in detail in the document of ―List of Waste‖ 
(European Communities, 2000). The List is used to classify substances and items 
when they become waste, instead of defining substances and items as waste.  

However, previous researches that related to waste management are 
mainly focused on municipal waste (e.g. Kijak & Moy, 2004; Morrissey & 
Browne, 2004; Kirkey et al., 2006; Liu & Wu, 2010; Huang, Pan, & Kao, 2011). 
When general waste has been discussed in this study, the concept of municipal 
solid waste cannot be ignored, thus, it is necessary to know the basic knowledge 
of municipal solid waste.  

OECD (2011) defines municipal waste as waste that was collected and 
treated by or for municipalities. Municipal waste covers waste from commerce 
and trade, office buildings, institutions and small businesses, yard and garden 
waste, street sweepings, the contents of litter‘s containers, and market cleansing 
waste. The waste from construction and demolition activities, as well as munic-
ipal sewage networks and treatment are excluded. In comparison, as defined by 
U.S. Environmental Protection Agency (US-EPA, 2012a), municipal waste—
more commonly known as trash or garbage—consists of everyday items human 
beings use and then throw away, such as product packaging, grass clippings, 
furniture, clothing, bottles, food scraps, newspapers, appliances, paint, and bat-
teries, which comes from household, schools, hospitals, as well as businesses. 
Therefore, to some extent, the scope of the municipal waste of OECD is almost 
the same as the definition of municipal solid waste of US-EPA. This kind of si-
milarity enhances the comparability of data collected from these two different 
databases, providing a good platform for studying municipal waste. 

Factors that could affect the amount of municipal waste generation at the 
national level varied from the rate of urbanization, the types and the patterns of 
consumption, the household revenue and lifestyles (OECD, 2011). The main 
policy challenge of municipal waste management is to move further towards 
life cycle management of products and to extend producer responsibility, as 
well as to strengthen measures for waste minimization, especially for waste 
prevention and recycling (OECD, 2008). OECD (2008, 2011) also declared that 
municipal waste management and treatment occupied more than one third of 
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the public sector‘s financial efforts on pollution controlling and reducing, even 
though the municipal waste only a small portion of total waste.  

The previous researches emphasized the important of municipal waste 
management; nevertheless, in respect to the fact that data on municipal waste is 
not sufficient for the methodology of this study, therefore, general waste has 
been chosen as the research scope for this thesis. And the former research re-
sults of municipal waste could be good references for investigating general 
waste. 

 

3.1.2 Waste management hierarchy 

Waste management is one solution for the environmental problems caused by 
the increasing volume of waste. It is necessary for the waste to be managed 
properly, as (Kharbanda & Stallworthy, 1990) said ―Waste is waste, but it need 
not be ‗wasted‘, nor should it be ‗wished away‘‖.  

Generally speaking, the process of waste management is the processed of 
handling waste from humans and organism, including minimization, handling, 
processing, storage, recycling, transport and final disposal. The legal definition 
of waste management is established by the Waste Framework Directive 
75/442/EEC, ―waste management shall mean the collection, transport, recovery 
and disposal of waste, including the supervision of such operations and after-
care of disposal.‖ In comparison, the definition stated by OECD/Eurostat Joint 
Questionnaire excludes supervision, ―waste management means the collection, 
transport, treatment and disposal of waste, including after-care of disposal sites‖ 
(Eionet, 2009). In this thesis, waste management is defined as the processes of 
dealing with the waste through using waste management choices, namely, 
waste preparing for re-use, transportation, recovery, recycling, as well as dis-
posal.  

Waste Framework Directive (2008) lays down some basic waste manage-
ment principles: ―waste should be managed without endangering human 
health and harming the environment and in particular without risk to water, air, 
soil, the countryside or places of special interest‖. A priority order of waste 
management hierarchy has been applied EU 27 (see figure 1). The hierarchy of 
waste management includes: waste prevention, preparing for re-use, recycling, 
recovery and disposal. 
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FIGURE 1 Waste management hierarchy of EU (Waste Framework Directive, 2008) 

Waste prevention aims to reduce both the quantity and the harmfulness to the 
environment from the end-of life materials or substances (Eionet, 2009), the 
items or substances could be end-of life vehicles, packaging waste, waste elec-
trical and electronic equipment etc. However if there is too much reduction, 
there can be unexpected side-effects, for instance, a cardboard used for packag-
ing bottles may not be strong enough to support the weight of the bottle if the 
weight of the cardboard is over-reduced. 

Preparing for re-use means end-of-life products and equipment or its 
components is used for the same purpose for which they were conceived, in 
order to avoid or reduce the generation of waste (Eionet, 2009). During this 
process, the products were checked, cleaned and/or repaired. Separation and 
return system are required for the products that could not be continually used 
by the same organization.  

Recovery is defined as any waste management operation that segregate a 
waste material from the waste stream, resulting in a certain product with a po-
tential economic or ecological benefit. For instance energy recovery, material 
recovery, biological recovery and re-use are operations that belong to recovery, 
however, directly recycling or reusing within industrial plants at the generating 
process is not counted. Energy recovery means recovering the heat from direct 
incineration with or without other waste. In this way, packaging waste has been 
used as a means to generate energy (European Parliament and Council Direc-
tive 94/62/EC, 1994). Energy recovery is an irreversible step, since it is possible 
only once. And the environmental benefits of energy recovery depend on ener-
gy recovery efficiency, the type of waste or waste derived fuel, the type of ener-
gy replaced etc. 

Disposal to landfills is another important waste management method due 
to the fact that the disposal of waste to landfills is unavoidable in some occa-
sions. Disposal is defined as any waste management operation serving or carry-
ing out the final treatment and disposal of waste. It includes the following op-
erations: the first one is final treatment, covering incineration without energy 
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recovery (on land or at sea), and biological, physical, chemical treatment result-
ing in products or residues that are discarded; the second operation is final dis-
posal, containing deposit into or onto land, which includes specially engineered 
landfill, deep injection, surface impoundment, release into water bodies and 
permanent storage (Eionet, 2009). However, landfill caused environmental 
problems, such as occupation of vast areas, significant emission of methane, as 
well as contamination of surface water bodies due to the penetration of leach. 

3.1.3 Sustainable waste management 

Each year, the human population produces mountains of solid waste, and the 
amount of generation is increasing sharply. Waste management includes the 
following materials: solid, liquid, gas or radioactive (Chiras, 2005). In this study, 
consideration has been mainly focus on the general waste management due to 
the variability of the data and related literature. 

Waste disposal is an important issue when concerning sustainable waste 
management. Solid waste management strategies fall into three categories 
(Chiras, 2005): the most widely used is the traditional output approach, landfill 
and incineration; one more sustainable approach is known as the input ap-
proach, consisting reducing consumption, increasing product durability and 
decreasing material in products; the last one is the throughout approach, in 
which recycling, reusing and composting are used as for building a sustainable 
society.  

(Chiras, 2005) discussed the sustainability of several waste management 
choices. Garbage open dump has previously been used by humans, but in many 
developed countries, open dump has been replaced by sanitary landfill. It is a 
natural or man-made excavation into which solid wastes are dumped, com-
pressed and covered daily with a layer of dirt. For a long time, the ocean was 
viewed as a huge waste dump site; however this practice is no longer legal in 
the United States and according to the regulation of EU in 2006. Exporting toxic 
wastes to developing countries that do not have the capabilities to treat the 
waste sustainably is not allowed either. Incineration is another output approach 
in many industrial countries, and it can reduce the amount of wastes that goes 
to landfill. Incinerators are known as waste-to-energy plants, which are more 
expensive to build and operate than landfill or recycling programs, thus some 
argue that incineration is an unsustainable way to deal with solid waste. Com-
pared with landfill and incineration, the source reduction is a more sustainable 
solution. There are three approaches under the source reduction category: in-
crease product life span, reduce the consumption of raw material and decrease 
the consumption of goods.  

Moreover, to build a sustainable society requires the throughout approach. 
Reusing materials could reduce consumption of resources, and also bring eco-
nomic benefit. Japan is a world leader in recycling, and about half of Japan‘s 
waste is composted and recycled. However, for other countries, even though 
the recycle rate is increasing, but there is also a long way to go in order to tap  
the full potential of recycling. Recycling programs generally involve drop-off 
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sites or curbside pickup, running either by private companies or by municipal i-
ties(Chiras, 2005). Another throughout strategy is composting, a form of nu-
trient recycling. Organic waste3 is dealt with by composting, and the resulting 
product, compost (which is a nutrient and organic waste) can be used to build 
soil fertility. Composting occurs in backyards, in neighborhood facilities, or in 
large municipal operations.  

3.1.4 GHG emission 

Environmental indicators are essential tools for tracking environmental 
progress, supporting policy evaluation and informing the public (OECD, 2008). 
Environmental indicators have gained increasing importance at both national 
and international level since the early 1990s (OECD, 2008). Environmental im-
pacts have been listed by OECD (2008) as follows: climate change, ozone layer, 
air quality, waste generation, freshwater quality, freshwater resources, forest 
resources, fish resources, energy resources and biodiversity. When waste man-
agement has been considered, GHG emission becomes an more important issue 
(Christensen et al., 2009). 

In general, the term GHG means the gases that could absorb the solar rad-
iation or destroy the protective layers in the upper atmosphere and cause 
greenhouse impact. These gases include carbon dioxide, methane, ozone, fluo-
rocarbons and so on. There are many other chemicals being released into the air, 
where the effect is not yet known (e.g. the aero plane jet gases). When GHG 
emission is mentioned, it refers to the GHG that is emitted to the atmosphere 
either through natural process or through human activities (US-EPA, 2012b). In 
this paper, the GHG emission is defined as the integrated GHG that emitted to 
the atmosphere through human activities. 

Increasing atmospheric GHG affects global temperatures and the earth‘s 
climate, and produces consequences for ecosystems, human settlements, agri-
culture and other socio-economic activities (OECD, 2008). Since carbon dioxide 
(CO2) emission and other GHG emission are still growing in many countries, it 
is significant to consider the CO2 and other GHG emission consistently. 

Even though CO2 is a major contributor to the greenhouse effect, it is not 
the only one, so the combination with other indicators would make the inter-
preting of these indicators more feasible and authentic, hence it is important to 
reiterate that any decision-making process of waste management policy should 
include other environmental indicators, as well as social and economic consid-
erations (Gentil et al., 2009). 

Environmental performance can be assessed at both domestic and interna-
tional platforms: the main international agreements are the United Nations 
Framework Convention on Climate Change (UNFCCC, 1992), and the Kyoto 
Protocol in 1997 that formulated various national and regional targets of reduc-
tion or limitation of GHG emission. Using 1990 as the reference year, the Kyoto 

                                                 
3  Organic waste: Waste containing carbon compounds; derived from animal and plant 

materials (Eionet, 2011) 
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Protocol has been implemented since 2005. In the claim of OECD (2008), emis-
sion intensities per unit of GDP and per capita are shown, and GHG emission 
referring to the sum of the 6 gases of the Kyoto Protocol (carbon dioxide (CO2), 
Methane (CH4), Nitrous oxide (N2O), Perfluorocarbons (PFCs), Hydrofluoro-
carbons (HFCs) and Sulphur hexafluoride (SF6) is expressed in CO2 equivalents.  

The GHG emission data used in this study has been retrieved from the 
EEA database. In the manual for the EEA GHG data viewer (EEA, 2012), there 
indicate six main GHGs that have been reported in terms of CO2 equivalents, 
according to the global warming potential (GWP) of each gas (see table 1). The 
following equation has been utilized for the integrated GHG emission calcula-
tion: All GHG (CO2 equivalent) = (CO2) + (21 * CH4) + (310 * N2O) + (SF6) + 
(HFCs) + (PFCs) (UNFCCC, 1996; EEA, 2012). 

TABLE 1 Integrated GHG emission, CO2 equivalents (UNFCCC, 1996; EEA, 2012) 

Greenhousegas (GHG)  Globalwarmingpotential (GWP)  
CO2  1  
CH4 21  
N2O  310  
SF6 reported in CO2 equivalent 
HFCs reported in CO2 equivalent 
PFCs reported in CO2 equivalent 

 
The GHG emission sector covers energy, industrial processes, solvent and other 
product use, agriculture, land use, land use change and forestry (LULUCF), 
waste, international bunkers, CO2 emission from biomass and multilateral op-
erations (EEA, 2012). Waste sector includes total emission from solid waste dis-
posal on land, wastewater, waste incineration and any other waste manage-
ment activity. However, any CO2 emission from fossil-based products (incinera-
tion or decomposition) and CO2 from organic waste handling and decay are 
excluded in this data (EEA, 2012). In the study, the data on GHG emission from 
waste management per habitant has been used. The statistic data on emission 
per capita presents the ratio of total emission divided by total population of the 
selected geographic entity.  

3.2 Previous research of GHG emission from waste management 

3.2.1 GHG emission from waste management 

Climate change and GHG emission have become significant issues related to 
waste management in recent years (Christensen et al., 2009). 

(IPCC, 2007) provided an in-depth analysis of the costs and benefits of dif-
ferent approaches to mitigate and curb climate change. (Bogner et al., 2007) de-
clared that the waste sector contributes less than 5% of global GHG emission 
CH4, as the largest GHG emission from the waste sector, is emitted during land-
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fill, wastewater transport, sewage treatment process as well as leakages from 
anaerobic digestion of waste or wastewater sludge. N2O is mainly emitted from 
human sewage and wastewater treatment. Compared with CH4 and N2O, CO2 
from the non-biomass portion of incinerated waste occupied a small source of 
GHG emission, and open burning of waste in developing countries contributed 
to the air pollution significantly. What is more, this research report also indi-
cated total emissions have historically increased and would continue to increase. 
Compared with the 1120 Tg4 CO2-eq (rounded) of Annex I5 and economics in 
transition (EIT) countries6  of the United Nations Framework Convention on 
Climate Change (UNFCCC) in 1990, the total emissions from waste will proba-
bly reach 1740 Tg CO2-eq in 2020, which is about 55% more than the total emis-
sion amount in 1990. As mentioned before, total emission includes average 
landfill CH4, wastewater CH4, wastewater N2O and incineration CO2. On one 
hand, the mitigation of landfill CH4 in developed countries has been caused by 
increased recovery of landfill CH4, decreased landfill and decreased waste gen-
eration. On the other hand, developing countries emit more GHG emission, ac-
companied with the rapid growth of the national population and urbanization. 

(Angelini, Ann Gardiner, Wesselink, & Bates, 2009) proclaimed that CH4 
emission from landfills accounts for 75% of the waste-related GHG emission in 
the EU 157 (excluded CH and NO). As the largest source of GHG emission from 
the waste sector, landfill CH4 has decreased during the last 20 years due to in-
creased rates of recovery of landfill CH4 in many countries and decreased rates 
of landfill in the EU. The recovery and utilization of landfill CH4 as a source of 
renewable energy has been implemented widely since 1975. The research re-
sults (Bogner et al., 2007) of IPCC stated that landfill CH4 started to stabilize 
emission. Among the EU15, there is trend indicating that landfill CH4 emission 
is declining substantially. By 2012, EU 15 committed to reduce their GHG emis-
sion by 8% compared to the emissions in 1990. According to the scenarios pre-
sented in Projections of Municipal Waste Management and Greenhouse Gases 
(Bakas, Sieck, Hermann, Andersen& Larsen, 2011), the minimum mitigation 
contribution of municipal waste management is 49 Tg CO2-eq in the baseline 
scenario. And this amount corresponds to 1.16% of the 1990‘s emissions (4,266 
Tg CO2-eq). While since municipal solid waste only occupies 8-9% of total 

                                                 
2 Tg = 1 milliontonnes 
3 Annex I: There are40 Annex I countries plus the European Union. These countries are 

classified as industrialized countries and countries in transition: Australia, Austria, 
Belarus, Belgium, Bulgaria, Canada, Croatia, Czech Republic, Denmark, Estonia, Fin-
land, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Latvia, Liech-
tenstein, Lithuania, Luxembourg, Monaco, Netherlands, New Zealand, Norway, Pol-
and, Portugal, Romania, Russian Federation, Slovakia, Slovenia, Spain, Sweden, 
Switzerland, Turkey, Ukraine, United Kingdom, United States of America (UNFCCC, 
2010). 

4 EIT countries refer to countries undergoing the process of transition to a market 
economy under the UNFCCC, including Belarus, Bulgaria, Croatia, Estonia, Latvia, 
Lithuania, Romania, Russian Federation, Slovenia and Ukraine. 

5 EU 15: EU member states before 2004, including Belgium (BE), Greece (EL), Luxem-
bourg (LU), Denmark (DK), Spain (ES), Netherlands (NL), Germany (DE), France 
(FR), Portugal (PT), Ireland (IE), Italy (IT), United Kingdom (UK), Austria (AT), Fin-
land (FI), and Sweden (SE). 
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waste in the EU, the 1.16% estimates an optimistic and significant result. For 
developing countries, rates of landfill CH4 emissions are expected to increase 
concurrently with increased landfill. However, incentives such as the Clean De-
velopment Mechanism (CDM) can accelerate rates of landfill CH4 recovery and 
use in parallel with improved landfill practices. 

3.2.2 Technologies of mitigating GHG emission from waste management 

There are mature technologies available for mitigation of GHG emission from 
waste section, which include ―Landfill with landfill gas recovery (reduces CH4 
emission), post-consumer recycling (avoids waste generation), composting of 
selected waste fractions (avoids GHG generation), and processes that reduce 
GHG generation compared to landfill (thermal processes including incineration 
and industrial co-combustion, mechanical biological treatment (MBT) with 
landfill of residuals, and anaerobic digestion) (IPCC, 2007)‖. So to some extent, 
the local, regional or national factors that are related to either waste manage-
ment or GHG emission could affect the mitigation of GHG from the waste sec-
tor particularly. Accordingly, technologies at different gradient were discussed 
in the waste management operations (see figure 2). 

 

 

FIGURE 2 Technology gradient for waste management: major low-technology to high-
technology options applicable to large-scale urban waste management (IPCC, 2007) 

Direct field measurement of landfill CH4 emission depends on waste composi-
tion, cover materials, soil moisture, temperature and other variables (Bogner et 
al., 1997a; 2007). Primarily, the implementation of an active landfill gas extrac-
tion system using vertical wells or horizontal collectors is the most important 
method to reduce emission. For instance, landfill CH4 is used to fuel industrial 
boiler sand to produce a substitute natural gas after removal of CO2 etc. A sec-
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ondary control on landfill CH4 emissions is CH4 oxidation by indigenous me-
thanotrophic microorganisms in cover soils. Some studies demonstrate that at-
mospheric CH4 maybe oxidized at the landfill surface (Bogner et al., 1995; 1997b; 
1999; 2005; Borjesson & Svensson, 1997; IPCC, 2007). 

(Bogner et al., 2007) indicated that the landfill is not only an important 
source of CH4 emission, but it is also a long-term sink for carbon. ―Since lignin 
is recalcitrant and cellulosic fractions decompose slowly, a minimum of 50%of 
the organic carbon during landfill process was not converted to biogas carbon 
but remained in the landfill (Bogner et al., 2007).‖ Moreover, when energy use is 
combined with landfill, the role of energy, as a link for carbon of landfill, is be-
coming much more crucial. Besides, the portion of carbon in landfill is changing 
according to the original waste composition and landfill conditions.  

3.2.3 Legislations of mitigating GHG emission from waste management 

(IPCC, 2007) stated that waste-management policies are closely related to and 
are integrated with climate policies in EU countries. Besides government regu-
lation, economic drivers are also being used to promote recycling, waste mini-
mization and selected waste management technologies. Compared with devel-
oped countries, policies in developing countries are mainly targeted to mitigate 
the uncontrolled dumping of waste particularly. 

(Waste Framework Directive, 2008) proposed that it is important to reduce 
GHG emission from waste disposal and landfill, in accordance with the waste 
hierarchy. (Bakas, Sieck, Hermann, Andersen, & Larsen, 2011) presented that 
increasing waste recovery and reducing waste accumulated at landfill play a 
crucial role in tackling environmental impacts of increasing waste volumes. For 
instance, management of municipal waste is driven by landfill diversion targets 
set out in the Landfill Directive, as well as the targets for re-use and recycling of 
waste materials set out in the Waste Framework Directive in EU. By 2020, the 
preparing for re-use and the recycling of waste materials (e.g. paper, metal, 
plastic and glass etc.) from households and other similar waste streams shall 
increase to a minimum of overall 50% by weight. 

(Bakas et al., 2011) also reported that a further reduction of the quantity of 
municipal waste going to landfill is projected in EU, which reflects the efforts 
made at national and European levels to achieve the objectives set in the Sixth 
Environment Action Program or other specific directive, for instance Landfill 
Directive. This report introduced that EU is expected to reduce landfill as a 
share of municipal solid waste treatment to 28% (2007: 40%) by 2020. The recy-
cling is supposed to reach a level of 49% and incineration of waste with energy 
recovery is assumed to reach a level of 23% by 2020. While, the projection also 
unfolds that the absolute amount of landfill waste would increase in 2017, due 
to the increasing of waste amounts. 

Besides the Waste Framework Directive, EU Landfill Directive, another re-
lated interface concerning the GHG emission and waste management is the 
regulation under the Clean Air Act. (US-EPA, 2008) proclaimed the regulation 
of GHG under the Clean Air Act. Under these regulation and practices, waste is 
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also a core sector, together with other sectors such as energy supply, transporta-
tion, buildings, industry, agriculture and forest. The regulation report identified 
technologies of GHG mitigation for each sector that are currently accessible and 
additional technologies are expected to be commercialized by 2030. 

3.2.4 Strategies of mitigating GHG emission from waste management 

(Bogner et al., 2007) concluded the GHG-mitigation strategies in waste man-
agement, namely ―landfill CH4 recovery and utilization, optimizing methano-
trophic CH4 oxidation in landfill cover soils, alternative strategies to landfill  for 
GHG avoidance (composing, incineration and other thermal processes, MBT), 
waste reduction through recycling, and expanded wastewater management to 
minimize GHG generation and emission (Bogner et al., 2007).‖ 

(Bogner et al., 2007) also stressed that the national and regional difference 
in definitions, data collection and statistical analysis could lead to high uncer-
tainties with regarding GHG emission from waste. Decisions for alternative 
waste management strategies are often made locally; however, there are also 
regional drivers based on national regulatory and policy decisions. Selected 
waste management options also determine GHG mitigation options. For the 
many countries which continue to rely on landfill, increased utilization of land-
fill CH4 can provide a cost-effective mitigation strategy.  

Even though GHG emission of waste section can be effectively decreased 
by current waste management technologies, however, the cost of these technol-
ogies has become a watershed of the various results of waste management be-
tween developed countries and EIT and developing countries. Nowadays, the 
CDM is increasingly used to narrow the gap of technological diffusion. For the 
long term, more profound changes in waste management strategy are expected 
in both developed and developing countries, including more emphasis on 
waste minimization, recycling, re-use and energy recovery (IPCC, 2007). 

According to the Climate Change 2007 (IPCC, 2007), it is predicted that 
landfill CH4 recovery will increase significantly in the developing countries of 
Asia, South America and Africa during the first two decades of the twenty-first 
century, since controlled landfill is phased in as a major waste-disposal strategy. 
To date, both Joint Implementation (JI) in the EIT countries and the CDM in de-
veloping countries are providing strong economic incentives for improved 
landfill practices (to permit gas extraction) and landfill CH4 recovery. 

As mentioned before, since being short of financial support, as well as 
lacking existing infrastructure for collection and treatments of municipal waste, 
open dumping and burning are the dominant waste disposal methods in many 
EIT 8and developing countries. Thus, through the mechanisms of JI and CDM, 
the EIT and developing countries could get the financial assistance from indu-
strialized countries, and the benefits are twofold: improving waste management 

                                                 
6 EIT countries refer to countries undergoing the process of transition to a market 

economy under the UNFCCC, including Belarus, Bulgaria, Croatia, Estonia, Latvia, 
Lithuania, Romania, Russian Federation, Slovenia and Ukraine. 
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practices and reducing GHG emission. In the future, waste sector projects in-
volving municipal wastewater treatment, carbon storage in landfills or compost, 
and avoided GHG emission due to recycling, composting or incineration could 
potentially be implemented together with the development of approved me-
thodologies (IPCC, 2007). 

3.3 Previous methodologies of GHG emission from waste man-
agement 

3.3.1 Integrated waste management 

The first waste management models were optimization models that dealt with 
the problems specifically, and more recent models are focusing on integrated 
waste management, and the term sustainable waste management has been used 
in these models. In order for a waste management system to be sustainable, it 
must consider environmental, economic and social aspects. Successful waste 
management is not just based on economic criteria, or diversion rates from 
landfill, but also based on involving stakeholders and satisfying social needs 
(Morrissey & Browne, 2004). Sustainable waste management can be defined as 
using material resources efficiently in a way to combine the economic, social 
and environmental goals of sustainable development, to decrease the amount of 
waste generation, as well as to reduce the impacts to the environment (Waste-
Portal, 2012). 

Another concept related to sustainable waste management is the inte-
grated sustainable waste management (ISWM). ISWM has been developed in 
order to solve certain common problems with municipal waste management in 
low-and-middle-income countries in the South, and also in countries in transi-
tion. There are three significant dimensions in waste management, stakeholders, 
waste system elements and sustainability aspects, and the waste management 
hierarchy is a cornerstone of the ISWM approach (WastePortal, 2012). 

3.3.2 Linear programming optimization models 

Previous study about the models of municipal waste management linear pro-
gramming techniques was the first to propose an economic optimization model 
for planning a solid waste management system (Lu, Huang, He, & Zeng, 2009). 
In the field of waste management study, Kuhner and Harrington (1975; Lu et al., 
2009) developed a mixed-integer linear programming model, and in the mixed-
integer linear programming model of Baetz (1990; Lu et al., 2009), the optimal 
facility-expansion patterns and the related system cost over a given time period 
has been measured. A few studies indicated that the disposal stage of the mu-
nicipal waste management has significant impacts on GHG emission. Landfill 
was the biggest source of CH4 in the United States. Based on a case study of two 
waste-to-energy facilities and one landfill (Lu et al., 2009), it has been shown 
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that the CH4 emission is the most considerable concern of climate change im-
pact. And the authors also suggested that improving landfill techniques could 
reduce the GHG emission from the solid waste management system.  

3.3.3 Life cycle assessment (LCA) models 

(Chen & Lin, 2008) stated that the performance of municipal waste management 
varies due to the differences in local environments and lifestyles. Thus, when 
the relation between municipal solid waste management and GHG emission is 
being investigated, LCA may be used. The author studied the GHG emission of 
the municipal solid waste management by measuring the emission from differ-
ent life cycle stages, namely, collection, transportation, recycling, incineration, 
bio-waste for composting, landfill as well as swine feeding.  

(Chen & Lin, 2008) concluded that the impact of waste collection vehicles 
also needed to be considered for GHG emission mitigation, however, recycling 
is the most effective approach for reducing GHG emission. (Zhao, der Voet, 
Zhang, & Huppes, 2009) used LCA to measure GHG emission in one case study 
that had been conducted in Tianjin, China. It has been estimated that the effi-
ciency of landfill gas has high sensitivity to GHG emission, and the technical 
specifications of landfill gas recovery have been highly recommended. In addi-
tion, the recycling of bio-waste makes a considerable contribution to GHG 
emission mitigation, due to the fact that there is high organic content in munic-
ipal solid waste. Besides, the study also found a linear relation of inverse pro-
portion between recycling rate and total GHG emission.  

In 2006, researchers in Denmark developed an LCA-based model: Envi-
ronmental assessment of solid waste system and technologies (EASEWASTE), 
in order to assess the overall resources consumption and environmental per-
formance of municipal waste management systems. EASEWASTE model at-
tempts to cover all relevant recourses and environmental impacts. It targets to 
identify the processes or waste sources that can significantly affect environment, 
via comparing among different waste management systems (Kirkeby et al., 
2006). However, the author also points out that EASEWASTE is a decision-
support model instead of a decision-making model (Kirkeby et al., 2006).  

After EASEWASTE has been developed, a number of studies have been 
launched based on this model. (Gentil et al., 2009) investigated global warming 
factors (GWF) of municipal solid waste management in European countries. 
This study demonstrated that the energy production can affect the GWF signifi-
cantly; however, energy production is an external factor to waste management, 
since it has been controlled by energy policy of a country. Moreover,  Gentil et 
al. (2009) discovered that the LCA result could be influenced by the modeling 
choices, for instance, substituting margin energy data and average energy mix 
data can lead to opposite data, and the authors named this situation as ‗mode l-
ing external factor‘, which is beyond the control of the waste management in-
dustry, as well as the policy makers. It inferred that the EU countries with lower 
GWF performance in waste management could learn to implement the tried-
and-true policy in high performance EU countries. Besides, (Gentil et al., 2009) 
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stated that appropriate management of solid waste does contribute to GHG 
emission mitigation to a small but noticeable extent. Simultaneously, (Gentil et 
al., 2009) expressed that if waste management could be implemented globally, it 
could be controlled at a low technological cost. In addition, Gentil et al. (2009) 
declared that a high level of energy recovery and material recovery, which 
substitute fossil energy and raw materials production, could lead to a conse-
quence of considerable GHG emission mitigation. However, the technologies of 
waste management are available at different levels. Eventually, (Gentil et al., 
2009) concluded that waste management technologies can dramatically affect 
the national GWF performance of waste management within the national 
framework. 

3.4 Measuring environmental performance of waste management 
by GHG emission 

The GHG is a contributor to global warming, so when concerning the environ-
mental impacts related to GHG, the term global warming has been used. 
(Merrild, 2009) explored how robust global warming is an indicator for the en-
vironmental performance in the field of waste management. However, the au-
thor also identified global warming as a poor representative as indicator of en-
vironmental performance in waste management, and therefore, other indicators 
should also be considered. As did the global warming, the acidification and nu-
trient enrichment had better performance since both of them showed the same 
trend of the modeled waste management scenarios. Even though global warm-
ing, acidification and nutrient enrichment were better represented in Merrild‘s 
study, there are other impact categories that could affect the results of the waste 
management system.  However, some indicators are relevant only in relation to 
specific waste segments. Using global warming as the only indicator for as-
sessment of waste management strategies could not represent the performance 
of waste management accurately, so that the more indicators that have been 
included, the better the representation will be.  

However, compared with other indicators, GHG shows higher compara-
bility. The high comparability of GHG was due to the categorization methods 
based on the global warming potentials from the IPCC. IPCC has abundant da-
ta related to the climate change among different Parties and this data also cov-
ers a long time range. Another reason for using GHG as an important indicator 
is because of the characteristics of waste management itself. During the process 
of waste management, the energy aspects are the most important parameter for 
the global warming results, so GHG could be a good approximation for calcu-
lating the environmental impact for most of the materials. 

Besides what was mentioned above, GHG has practical meanings. By us-
ing only one indicator, the results from the assessment would appear simpler 
and more accessible for the decision-makers. So the GHG will undoubtedly be 
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an important part of future decision-making. What is more, the GHG is as-
sessed from a global point and could thus more easily be applied as a general 
impact assessment. Other impacts, such as toxicity categories, the natural re-
source and land use, are indicators based on a regional or local scale, and be-
cause the geographical information is not included in the characterization of the 
impacts of emission to those categories, so it might not describe the conse-
quences correctly.  

In summary, the GHG has higher comparability and strong operability, 
and this could be a persuasive reason for choosing GHG as the measurement of 
the field of waste management.  

3.5 Possible factors affecting GHG emission from waste man-
agement 

Possible factors to study include macro economic and social, as well as envi-
ronmental factors that have been chosen for the purpose of exploring the signif-
icant factors in the GHG emission from the waste management sector. These 
factors were selected based on previous research. (Ayalon, Avnimelech, & 
Shechter, 2001) emphasized the importance of intensive scientific, economic and 
political efforts in mitigating the GHG emission from waste management. 
(Weitz, Thorneloe, Nishtala, Yarkosky, & Zannes, 2002) also addressed technol-
ogical advancement, environmental regulations, and recourse conservation and 
stated that recovery can significantly mitigate the GHG emission from munici-
pal solid waste management, based on the life-cycling methodology that track 
the GHG emission changes in the United States during the past 25 years. What 
is more, in one municipal waste management study of Taiwan (Chen & Lin, 
2008), the author proclaimed the importance of considering the physical com-
position of the waste and the waste treatment policy and treatment choices, 
when studying the correlation between waste management and GHG emission. 
On one hand, it is necessary to consider the waste treatment choices, how many 
percentage of waste have been treated by incineration, disposal, recycling or 
recovery. On the other hand, in respect to the fact that the waste management 
technologies have reached to a certain level in developed countries, it is impor-
tant to consider the source of the waste. And the quantity and physical compo-
sition of the waste are governed by local residents‘ life style, which is mainly 
affected by local economics, society and environment. Besides the economic and 
social factors and the waste management system itself, (Fruergaard, Astrup, & 
Ekvall, 2009) reported that the energy system is another essential factor in ac-
counting for GHG emission from waste management. Last but not least, intui-
tively, this thesis suppose that environmental management awareness is anoth-
er factor that can affect the GHG emission from waste management, and there-
fore, in this study, the EMAS registration of organizations has been used as an 
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indicator to reflect the environmental management awareness in each EU coun-
try. 

As a summary, there are five perspectives that have been considered in 
this study: waste management generation and treatment, energy consumption, 
the level of economic development, the social condition and environmental 
management awareness. Furthermore, under these five perspectives, eleven 
possible factors have been discussed, namely, generation of waste from waste 
management, total waste treatment, recycling rates for packaging waste, total 
environmental tax, population, gross domestic product (GDP), final energy 
consumption, final consumption expenditure, expenditure on social protection, 
research and development (R&D) expenditure, organization with (Eco-
Management and Audit Scheme) EMAS registration. 

3.5.1 Generation of waste from waste management 

(Ristić, 2005) used total waste generation as one of the basic indicators for as-
sessing integrated solid waste management. More specifically, the research 
scope of this thesis is EU 27, which has launched the Waste Framework Direc-
tive on November 19th, 2008 (Waste Framework Directive, 2008). Therefore, for 
EU 27, the waste management technologies have been developed for a period of 
time. Moreover, by using the LCA method, (Chen & Lin, 2008) stated that the 
quantity and physical composition of waste is a significant factor for the GHG 
emission from waste management in developed countries. Thus it makes sense 
to consider the quantity and physical composition of the generated waste when 
the GHG emission from waste management has been investigated in EU 27. 
Even though both GHG emission and the amount of waste generation are the 
environmental performance indicators of waste management, it is reasonable to 
choose the amount of waste generation as a factor, in order to investigate the 
relation between generation of waste and the GHG emission. 

Based on the availability of the data (Eurostat, 2011a), the generation of 
waste could be classified under the category of economic activities or by waste 
categories. Under the category of the economic activities9 (Eurostat used NACE 
Rev.2 as framework), ALL NACE activities plus households have been used as 
the total amount of generation of waste, including wholesale of waste and scrap, 
households, construction, generation of waste from waste management (collec-
tion, treatment, and disposal activities; materials recovery), generation of waste 
from wastewater management (water collection, treatment and supply; sewe-
rage; remediation activities and other waste management services), manufac-
turing, mining and quarrying, fishing and aquaculture, electricity, gas, steam 
and air condition supply.  

In this study, attentions has been paid to the generation of waste from 
waste management (see figure 3), although it only occupies 6.4% at EU 27 coun-
tries level in 2008 (the ALL NACE amount of waste is 2615.22 million tonnes in 

                                                 
9 Eurostat used NACE Rev.2 as framework, and NACE represents for European Clas-

sification of Economic Activities (Eurostat, 2011a). 
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EU 27 countries, and the waste generated from waste management is 168.15 
million tonnes). Eurostat refers to this kind of waste as secondary waste, and 
there are three activities according to the NACE Rev.2, which are linked to the 
waste management and contain secondary waste: waste collection, treatment 
and disposal activities, materials recovery, remediation activities and other 
waste management services (Eurostat. n.d.). 

(Weitz et al., 2002) indicated that the GHG emission has been mitigated by 
municipal solid waste management actions in the United States, even though 
waste generation has increased by almost 2-fold. In this case, it was demon-
strated that the technology advancement of municipal solid waste had a posi-
tive impact on mitigation of GHG emission. However, what is the situation in 
EU 27? It is interesting to investigate whether or not the technology advance-
ment of waste management can offset the negative impact produced by waste 
from waste management in EU 27. Thus, through using waste generated by 
waste management, this study aimed to investigate the side effect of the waste 
management system. 
 

 

FIGURE 3 Generation of waste from waste management 

3.5.2 Total waste treatment 

Previous studies (Ayalon et al., 2001; Weitz et al., 2002; Chen & Lin, 2008) illu-
strated that GHG emission has been avoided due to the development of the 
waste management technologies and waste management choices. (Ayalon et al., 
2001) also demonstrated that the additional financial benefits that could be 
achieved through the waste management strategies, for example, landfill CH4 

was used as a renewable energy. What is more, GHG emission from the waste 
and wastewater merely occupied a small portion of the total GHG emission. 
However, this cannot be ignored due to the huge amount of total GHG emis-
sion. For instance, the GHG emission from waste and wastewater contributed 4% 
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among 27 EU countries in 2009, but if this part could be dealt properly, 
146530.87 Gg10 CO2 equivalent GHG emission could be mitigated. Thus, it is 
important to consider the GHG emission from the waste treatment. Accordingly, 
as a measurement of the environmental performance of waste management, the 
total waste treatment amount could be used as an indicator for assessing the 
GHG emission from the waste management. 

The total waste treatment (Eurostat, 2011a) is the amount of waste that has 
been treated in EU countries, and it also includes the amount of waste that is 
imported and treated in the EU, but excludes the amount of waste that has been 
exported to other non-EU countries for recovery or disposal. Based on the data 
offered by the European Commission (Eurostat, 2011a), there are 2.39 billion 
tonnes of waste that was treated in the EU countries in 2008. Furthermore, 49% 
of the total waste was dealt by disposal, 46% went to recovery other than ener-
gy recovery, and only another 3% and 2% were subjected to energy recovery 
processes and incineration without energy recovery. When compared with the 
data (Eurostat, 2011a) in 2004, the total waste treatment amount in 2008 in-
creased by 6% or 146 million tonnes. During 4 years‘ time, the incineration of 
waste decreased by 5%, and the amount of incinerated waste and recovered 
(excluding energy recovery) increased by 20% and 21%, respectively. The statis-
tics data (Eurostat, 2011a) confirms some general trends in European waste 
management: the incineration and recovery other than energy recovery have 
increased from 2004 to 2008, whereas the amount of disposal has declined (see 
figure 4).  
 

 

FIGURE 4 Total waste treatments in EU 27 countries 

(Gentil et al., 2009) concluded that waste management technology parameters 
affected the national global warming factor dramatically. This study would like 

                                                 
7 1 Gg = 1 000 tonnes = thousand tonnes; 
 

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

total waste 
treatment

incineration recovery other 
than enerngy 

recovery

disposal

Total  waste treatment in 
EU 27 countires 

unit: 1000 tonnes

2004

2006

2008



30 
 
to investigate how each waste management choice can influence the GHG emis-
sion in EU 27. Based on the three common waste treatment choices (Eurostat, 
2011a), three indicators have been used as the possible factors that could influ-
ence the GHG emission: recovery rate of total waste treatment, incineration (inc. 
energy recovery) rate of total waste treatment, as well as disposal rate of total 
waste treatment. 

Besides the above, another possibility of consider waste treatment is using 
the waste treatment rate. However, Eurostat11 clarified that the generation of 
waste cannot be directly linked to the information on the treatment of waste. 
The reasons for this were as follows: the generation of waste concerns the waste 
that has been produced in the country, the treatment of waste concerns the 
waste that has been treated in the country, and therefore, differences can occur 
due to import and export of waste. Moreover, the generation of waste includes 
the waste produced by waste treatment activities (sorting, composting and inci-
neration). Whereas the treatment data only includes the final treatment, errors 
of measuring the weight may caused by the time lag. Therefore, there was no 
comparison between the statistics data on waste generation and waste treat-
ment among EU countries, and the two components of waste data that are 
equal only happen by accident or by mistake. 

3.5.3 Recycling rates for packaging waste 

(Eurostat, 2011b) stated that prevention and better management of waste is one 
of the priorities in EU‘s sustainable development strategies . Thus, it is essential 
to consider the impact from the prevention strategies. Recycling, as well as oth-
er waste management strategies could affect the GHG emission of the waste 
management system. (US-EPA, 2012b) concluded that the concept of recycling 
is a more efficient strategy than source reduction, due to the fact that recycling 
supposedly displaces 100 percent of primary inputs, while source reduction is 
supposed to displace some recycled or primary inputs. These recycled materials 
include aluminum corrugated cardboard, newspaper, dimensional lumber, and 
fiberboard. (Chen & Lin, 2008) indicated that out of all the solid waste man-
agement sub-models, the most efficient method of mitigating GHG emission is 
recycling. However, due to the limited scope in their research that was carried 
out by life cycle inventory, this result could not be utilized extensively. Howev-
er, this information could be used as a reference for this article, and therefore, in 
this study recycling rate has been considered as a possible indicator for assess-
ing the GHG emission from waste management.  

Based on the fact that only the data on recycling and recovery, specifically 
on packaging waste sector are available in the Eurostat database, the recycling 
rates of packaging waste has been used as an indicator in this study, in order to 
explore how recycling can affect GHG emission. Recycling, which excludes the 
direct recycling or re-use within industrial plants, is one important operation of 

                                                 
11 This information has been offered by the EU statistics support through email, related 

information could be checked from http://tilastokeskus.fi/tup/esds/index_en.html 

http://tilastokeskus.fi/tup/esds/index_en.html
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material recovery. Generally speaking, recovery (Eurostat, 2011a) refers to 
waste management operations that result in a certain product with potential 
economic or ecological benefit, through the way of diverting a waste material 
from the waste stream. Material recovery, energy recovery, biological recovery 
and re-use have been included in recovery. However, recovery in the European 
Union waste strategy only refers to energy recovery and recycling refer to a ma-
terial recycling with structural changes in products.  

Whereas data on waste streams managed by prevention strategies are dif-
ferent among EU countries, there are some certain waste streams that could be 
considered specifically, for instance, packaging, end of life vehicles, batteries 
and waste electrical and electronic equipment. While packaging waste is one of 
these available waste streams that have recorded data (Eurostat, 2012). The 
packaging waste mainly contains paper and cardboard, plastic, wooden, metal-
lic and glass packaging. The recycling rate for packaging means the total quan-
tity of recycled packaging waste, divided by the total quantity of general pack-
aging waste.  

3.5.4 Total environmental tax 

What is more the environmental tax could bring monetary benefits. Based on 
the Swedish experience on environmental tax, (Sterner, 1994) expressed that the 
environmental effect of the environmental taxes, especially the energy taxes and 
the carbon taxes could be seen in the long run, while the revenue contribution is 
obvious right away. In comparison, taxes on sulphur and tax differentiation on 
fuel has been proved functioned well on solving environmental issues, however, 
there was no essential contribution to the revenue. 

Environmental tax has been defined by the European Commission as ―a 
tax based on a physical unit of something that has a proven, specific negative 
impact on the environment (Eurostat, 2006)‖. Taxes are a tool for implementing 
the ‗polluter pays‘ principle, since they allow taking into account environmental 
externalities. In the EU, there is an increasing preference for using environmen-
tal tax to achieve the environmental goals (Eurostat, 2010a). Environmental tax 
has been divided into three groups: energy taxes, transport taxes and pollu-
tion/resource taxes (Eurostat, 2006). Energy taxes include taxes on energy 
products used for transport and stationary purposes. Petrol and diesel form the 
most essential energy for transportation purposes, whereas, fuel oils, natural 
gas, coal, and electricity are used for the stationary purpose. The CO2 tax is a 
component of energy taxes. The second one is transportation taxes. Transport 
taxes contain the taxes on transport equipment, taxes related to transport ser-
vices. The pattern of transport taxes can be recurring taxes such as road tax or 
nonrecurring taxes like the sales of transport equipment. In order to distinguish 
between energy taxes and transportation taxes, an alternative name ―taxes on 
vehicles‖ has been used for transportation taxes, due to the fact that the trans-
port fuels have been counted under the category of energy taxes. The last type 
of environmental tax is pollution or resource taxes, including ―taxes on meas-
ured or estimated emissions to air and water, management of solid waste and 
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noise (Eurostat, 2006)‖. However, as was mentioned above, the CO2 tax is an 
exception of the pollution/resource taxes, since it has been included in the 
energy taxes section. 

According to the above discussion, would it be more reasonable to use 
pollution or resource tax only instead of total environmental tax in this study? 
Evidently, the pollution or resource taxes are the most relevant ones when con-
sidering the GHG emission from the waste management. However, in the EU 
countries energy products and transport are the main driving force behind 
GHG emission, and they are also the major source of environmental tax reve-
nue (Eurostat, 2010a). When GHG emission from waste management has been 
considered, the energy and transportation could not be excluded. Therefore, in 
this study, the total environmental tax that includes energy tax, transportation 
tax and pollution or resource taxes was explored. 

3.5.5 Population 

Some previous research (Dietz & Rosa, 1997; Hamilton & Turton, 2000) held the 
opinion that there is a certain relation between population and GHG emission. 
(Dietz & Rosa, 1997) modeled Impact = Population*Affluence*Technology 
(IPAT) to reflect the impacts of population, affluence, and technology on na-
tional CO2 emissions. The result suggested that the population and economic 
growth over the next decade will increase GHG emission. (Eurostat, 2010a) 
suggested that when the causes of GHG emission were considered, the size of 
the population in each country needs to be taken into account. Moreover, 
(Hamilton & Turton, 2000) demonstrated that there is a high correlation be-
tween population growth and greenhouse gas emissions in OECD countries. 

A larger number of population may result in more product consumption, 
along with a higher amount of waste generation, as well as GHG emission from 
the waste management part. Taking China as an example, China is the biggest 
GHG emission country worldwide and China is also one of the countries that 
has the biggest number of population.(Liu & Wu, 2010) investigated the factors 
that influence municipal solid waste generation in China. They explored the 
relation between the waste production and socio-economic factors, and the re-
sults showed three dimensions: economy and urban development, energy con-
sumption and urban scale have significant influences on the generation of mu-
nicipal waste. And the urban population had the highest loadings in all factors. 

In this study, the research scope is based on the cross-country level, thus, 
the population of each country could be a possible factor that affects the GHG 
emission from waste management. However, population is an indicator that 
has strong relations with other possible factors. In order to reduce the multicol-
linearity, as well as controlling the amount of indicators, this study embedded 
the population into other indicators through calculating the per capita value of 
each indicator. 
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3.5.6 GDP 

(Huang, Lee, & Wu, 2008) introduced the most frequently used methodology 
for analyzing the relation between economic development and environmental 
protection namely, the environmental Kuznets curve (EKC) hypothesis. The 
EKC hypothesis was proposed by Dr. Simon Kuznets, and he hypothesized that 
the relationship between economic development and environmental deteriora-
tion can be expressed by an inverted-U curve (see figure 5). Previous studies 
mainly use the air pollution indicators (e.g. GHG emission) and water pollution 
indicators (e.g. dissolved oxygen) to measure environmental quality. What is 
more, they research results (Grossman & Krueger, 1991, 1995) are various from 
case to case. (Grossman & Krueger, 1991) found that this inverted-U curve ex-
isted among the surfer dioxide and the per capita income. (Grossman & Krueg-
er, 1995) examined the relation between per capita income and four environ-
mental indicators, and the results demonstrated that with the growth of eco-
nomics, environmental quality will deteriorate first, and then after the envi-
ronmental deterioration has reached a certain peak, environmental quality may 
improve.  

GDP has been widely used as an economic performance indicator. There is 
a controversy about the relation between GDP and GHG emission for a few 
decades. On one hand, the increasing of national economy may increase the 
consuming of the products, and there is a potential of increasing GHG emission 
due to the increasing amount of waste generation. On the other hand, a stronger 
national economy could offer sufficient financial and technical supports for the 
waste management, and the GHG emission could be mitigated according to the 
improvement of the waste management strategy and technology. 

(Huang et al., 2008)revisited the EKC and the research results showed that 
in industrialized countries, the coefficient between GDP growth and environ-
mental deterioration was not high, and external independence needed to consi-
dered. The author concluded that solely based on the validated EKC, it is not 
reasonable to propose the decoupling of economic growth and GHG emission. 
To consider the country‘s actual emission and historical perspective is necessary, 
when investigating the relation between economic growth and environmental 
deterioration.  
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FIGURE 5 Application of the Environmental Kuznets Curve hypothesis (Huang et al., 2008) 

Besides the EKC, there is also other research that studies the relation between 
GDP and the GHG emission. (Tucker, 1995) proposed that there was a negative 
relation between GDP and carbon dioxide emission:  the accelerating increase of 
GDP per capita could lead to the decelerating of GHG emission, according to an 
examination of 137 countries across 21 years.(Liu & Wu, 2010) acknowledge 
that there was no clear cut between the growth of GDP and the municipal waste 
generation. Nevertheless, currently, China is under the transition from a devel-
oping country to a developed country. The situation in the EU countries could 
be totally different from China. For instance, as a leader of European environ-
mental protection, Germany generated 587 kg municipal waste per capital in 
2009. In comparison, the average amount of waste generation in the EU 27 was 
512 kg per capital. Waste management industry in Germany has become an ex-
tensive and powerful economic sector in recent decades. GDP in Germany im-
proved slightly in 1999 and then was stationary for the following 4 years, until 
in 2004 there was a revival of the GDP, and after that the GDP has been conti-
nuously increasing. However, the volume of waste generation has continuously 
decreased, so there is a decoupling between the GDP and the waste generation 
(see figure 6).  
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FIGURE 6 Decoupling of waste generation from economic output in Germany (BMU, 2011) 

Based on the knowledge from former research, this study is focused on investi-
gating the relation between GDP and GHG emission from the waste section 
among EU 27.  

 

3.5.7 Final energy consumption 

The GHG emission from the energy consumption occupies a large portion of 
the total GHG emission and energy consumption in GHG emission has been 
mentioned infrequently in previous researches (Chen & Lin, 2008; Finnveden, 
Johansson, Lind, & Moberg, 2005; Fruergaard et al., 2009; Liu & Wu, 
2010).(Finnveden et al., 2005) indicated that the energy system is a key influence 
for the result of the LCA study related to waste management. (Fruergaard et al., 
2009; Liu & Wu, 2010) also emphasized the energy system is essential to the 
GHG emission from waste management and waste technologies. Furthermore, 
(Chen & Lin, 2008) suggested that the reducing of energy consumption helps 
achieve the goal of reducing GHG emission from waste management, due to 
that fact that energy consumption happens in the whole process of waste man-
agement. According to these studies, the energy consumption in the waste 
management sector is the most appropriate data that needs to be studied. How-
ever, since the data on energy consumption in the waste management sector 
was not available, the total amount of final energy consumption has been cho-
sen as a possible indicator in this study. What is more, energy consumption is 
an important indicator of the development of national society and economy, 
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moreover, energy consumption is a critical issue that has been discussed 
worldwide.  

The Eurostat database (Eurostat, 2012) defined the final energy consump-
tion as all energy delivered to the final consumers for all energy uses, including 
industry, transport, households, as well as other sectors. The deliveries for 
transformation self-use in the energy manufacturing plants, and network losses 
have been excluded. The unit of the energy consumption is joule or equivalent 
weight of oil in the Eurostat database. Moreover, the study of (Fruergaard et al., 
2009) recommended to use the average/marginal energy data in account for 
GHG emission from waste management system, and consequently equivalent 
Kg of oil per habitant has been used as the unit of final energy consumption in 
this study. 

3.5.8 Final consumption expenditure 

Final consumption expenditure is the amount of expenditure on consumption 
goods and services. Final consumption expenditure aggregates include the con-
sumption of households, non-profit institutions serving households (NPISHs) 
and government units for the direct satisfaction of individual needs or collec-
tive needs of members of the community (European Commission, 2009). The 
individual consumption is used to satisfy the need of individual household for 
goods and services, and the collective consumption service has been provided 
for the community (such as the all households living in a particular region), 
whereas the services offered by NPISHs have some of the characteristics of col-
lective consumption services. What is more, in comparison, the actual final con-
sumption expenditure is another term to measure the benefit from consumption, 
in other words, to measure the amount of consumption goods and services ac-
quired (European Commission, 2009). In total, there is a complicated definition 
related to final consumption expenditure. However, in this study final con-
sumption expenditure itself has been used as an indicator to reflect the capacity 
of consumption in an individual country, and therefore the comparison with 
other indicators that have a similar function have not been emphasized in this 
study. 

The process of providing goods and services causes GHG emission. 
(Hertwich & Peters, 2009) investigated the relation between GHG emission and 
final consumption in 73 nations and 14 aggregated world regions. The results 
showed there is a remarkable global connection between per capital consump-
tion expenditure and GHG emission. Moreover, daily consumption and pro-
duction is a strong driver for the GHG emission, and especially high expendi-
ture, mobility and consumption of manufactured goods cause the largest GHG 
emission. However, when the scope was narrowed down to EU countries, the 
question of how the consumption expenditure could affect the GHG emission is 
still under investigation. Does increase in wealth lead to more sustainable con-
sumption style, and mitigation of GHG emission? Or vice versa, it is so that the 
increasing consumption expenditure stimulates goods producing, and as a re-
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sult, leads to more serious GHG emission. To explore how consumption could 
affect the GHG emission is deserved for further study.  

3.5.9 Expenditure on social protection 

In this study, not only the environmental and economic factors were considered, 
but also social welfare was of interest. With respect to the fact that in the Euro-
pean Union, the social protection system has been highly developed, it is neces-
sary to consider whether or not social welfare could influence the GHG emis-
sion from waste management. 

(Magnani, 2000) analyzed the EKC together with environmental protec-
tion, and the author concluded that in high-income countries, the economic 
growth and corresponding improvement of social indicators can help achieve 
the pollution emission mitigation. (Rozakis, Sourie, & Vanderpooten, 2001) 
stated that in France public expenditure is the first priority in public decision-
making, when the environmental, economic and social factors have been consi-
dered.(Andriantiatsaholiniaina, Kouikoglou, & Phillis, 2004)demonstrated that 
low social expenditure has negative influences on policy sustainability.  

The original consideration of the study was to use the environmental pro-
tection expenditure as an indicator for representing the social welfare that may 
affect the GHG emission. However, due to the lack of sufficient data on envi-
ronmental protection expenditure, intuitively, this study would like to use ex-
penditure on social protection as a substitute. 

(Eurostat, 2010b) defined the social protection expenditure as an indicator 
for social welfare, in order to protect people from the risks related to unem-
ployment, parental responsibilities, ill health and invalidism, loss of a spouse or 
patent, old age, housing and social exclusion. The disparities of expenditure on 
social protection among countries have been caused by the varieties of wealth 
levels, as well as the differences of social protection systems. On ground of the 
availability of the data, expenditure on social protection has been chosen as a 
potential indicator, including both the expenditure on social protection (% of 
GDP) and the expenditure on social protection per inhabitant (PPS per inhabi-
tant). The first indicator expenditure on social protection (% of GDP) presents 
three components: social benefits, administration costs and other expenditure 
that has been included in the social protection schemes. The social benefits that 
contains transfers has been used to relieve households and individuals from the 
burden of a defined set of risks and needs; the administration costs refer to the 
cost for the management and administration of the scheme; other expenditure 
includes ―miscellaneous expenditure by social protection schemes, principally, 
payment of property income (Eurostat, 2010b)‖. 

The second indicator is expenditure on PPS per inhabitant, standing for 
the total expenditure on social protection, divided by population. As alleged by 
the Eurostat (2010b), if social protection expenditure is expressed in terms of 
per-capita (PPS), it is more obviously to indicate differences among countries, 
and based on this reason, in this article, expenditure on social protection per 
inhabitant has been chosen and tested by statistics methods. 
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3.5.10 R&D expenditure 

(Eurostat, 2012) defined R&D expenditure as a stock of enhancing knowledge, 
namely, the knowledge of man, culture and society, as well as utilizing this new 
technology or knowledge. When R&D has been used as an indicator in this 
study, the data is aggregate data, including the business sector, government 
sector, higher education sector and private non-profit sector, in order to explore 
the influence of R&D at the national level.  

R&D expenditure is a reasonable indicator for measuring how economics 
(Magnani, 2000) and technology (Cole, Elliott, & Shimamoto, 2006) affect envi-
ronmental care. (Magnani, 2000) concluded that the economic condition af-
fected the ability and willingness for payment of environmental care, through 
using R&D expenditure for environmental protection as an indicator. What is 
more, (Cole et al., 2006) assumed that the research and development (R&D) is a 
significant indicator for measuring technology development. The R&D expendi-
ture in a company has positive effects on adopting technical environmental so-
lutions, and companies with higher R&D expenditure had the tendency to 
adopt more developed environmental systems and structure according to a re-
search of certain Japanese firms.  

In the area of waste management, many waste management technologies 
have been developed and utilized in developed countries(Chen & Lin, 2008). 
The technology factor plays an important role in dealing with controlling the 
GHG emission from waste management (Ayalon et al., 2001; Weitz et al., 2002). 
At the multination level, intuitively, I suppose it is meaningful to investigate 
how R&D could affect the GHG emission in the waste management sector with-
in the EU 27 from the perspective of macroeconomics. Based on this thought, 
this study would like to explore the relation between R&D and GHG emission 
from waste sector. 

3.5.11 Organizations with EMAS registration 

(European Commission, 2012b) regarded EMAS as a voluntary tool that is 
available for organizations to improve their environmental and financial per-
formance, as well as communicate their environmental achievements to stake-
holders and society in general. Recently, around 4500 organizations and ap-
proximately 7800 sites are EMAS registered. 

(Nakamura, Takahashi, & Vertinsky, 2001) suggested that the environ-
mental values, beliefs, and attitudes are another important perspective that can 
affect companies obtaining environmental certification, on ground of the hypo-
theses of profit maximization and incorporate utility maximization arguments. 
Moreover, (Morrow & Rondinelli, 2002) proclaimed that the main international 
criteria for assessing environmental management are ISO 14001 and EMAS in 
European countries and United States. In their study, the results have been 
summarized into two perspectives. On one hand, the authors explored the mo-
tivations of adoption and certification of the environmental management sys-
tem (EMS) and the findings could be concluded as follows: environmental 
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management system certification is a competitive advantage for the company in 
the international market, as well as it is an indicator of environmental responsi-
bility. On the other hand, the fact that the benefits to environmental improve-
ments cannot be seen from the adoption and certifications directly, however, 
there are certain positive effects on improvement of environmental performance. 
Because the companies with the EMS certification registration need to report 
their environmental performance in the negatively affecting parts (e.g. waste 
emission reducing, waste recycling), the implementation of EMS certification 
can improve the environmental awareness of employees in their routine work, 
as well as strengthen the responsibilities for reducing negative affecting to envi-
ronment. Based on the former research above, the reason for using the data on 
EMAS registration in this study lies on the assumption that the amount of 
EMAS registration represents to what extent the domestic organization has rea-
lized the importance of environmental performance. 

However, EMAS is not the only certification that can be used to measure 
the environmental awareness of the organization, for instance, ISO 14001 is 
another commonly used environmental criterion. The reason for choosing 
EMAS instead of ISO 14001 was based on the fact that the EMAS registration is 
the only certification data that could be found in the EU official database. De-
spite the availability of the data (Eurostat, 2012), EMAS criteria have been pro-
moted by EU for the past decade (European Commission, 2012b), and they have 
been widely used in the EU countries to improve their environmental perfor-
mance. Therefore, the amount of organizations with EMAS registration at na-
tional level has been investigated in this study. 
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4 METHODOLOGY 

4.1 Research design 

The study is quantitative by its nature, although it is includes some qualitative 
parts as well. (Cooper & Schindler, 2008) stated quantitative research attempts 
to precisely measure something that related to how much, how often, how 
many, when and who, and survey is the dominant methodology of the quantit-
ative research. Quantitative research is often used for theories testing. In quan-
titative research, the data has been reduced to numerical codes for compute-
rized analysis, and statistical and mathematical methods are the main methods 
of data analysis. In this study, PCA and multiple regression have been utilized 
to analyze the data. The procedure of this study contains three steps (see figure 
7). The first step is to develop criteria for selecting a set of possible factors, and 
then according to the criteria, to collect possible factors that could affect GHG 
emission from waste management. Secondly, to collect data on the selected fac-
tors, as well as data on GHG emission from waste sector in EU countries. Third-
ly, according to the characteristic of the data, PCA has been used to distinguish 
the significant factors (principal components). Moreover, to calculate the com-
prehensive scores based on the principal components, as well as to compare the 
evaluation results with the real GHG emission from waste sector among EU 
countries; lastly, using the GHG emission data and the three principal compo-
nents to do stepwise multiple regression. 

The research subjective was defined at an international level, specifically 
among EU 27. As IPCC (2007) pointed out, the estimation of data on waste pro-
duction and management practices are uncertain because of data are lacking, 
inconsistent or incomplete, and data collected methodology in developing 
countries and developed countries are different. Developed countries use more 
detailed methodologies, activity data and emission factors, as well as national 
statistics and surveys, and are sharing their methods through bilateral and mul-
tilateral initiatives. Therefore, narrowing down the scope to the EU 27 can im-
prove the representativeness and comparability of significant factors identify-
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ing and modeling. However, not all EU 27 have been studied, there are 2 coun-
tries: Greece and Malta, have been excluded in this study due to the not suffi-
cient data. Greece lacks the data on total intramural R&D expenditure and Mal-
ta lacks the data on recycling rate of packaging material. Because of the eco-
nomic recession and inadequacy support measures, the R&D expenditure in 
Greece faced big challenge (MaPEer SME, 2011), this is the possible reason why 
there was no data has been published. Malta hasn‘t supply any data related to 
the recycling rate of packaging waste in 2008 (Eurostat, 2011b). Thus, the re-
quirement of data integrity in this study decides the exclusion of Greece and 
Malta. Nevertheless, these two countries could be investigated in the further 
study. 

 

 

FIGURE 7 Design in the research progress 

Factors acquisition

•Setting criterias for factors gathering;

•Basing on selection criterias to select possible affecting factors
among available indicators.

Data collection

•Collecting data of acquired affecting factors among EU
countries in year 2008, as well as the data of GHG emissions
from waste sector in year 2008 among EU countires.

Data analysis

•Using PCA method to analyze data of year 2008 to identify
significant factors;

•Using significant factors to do comprehensive evaluation
among 25 EU countries;

•Comparing the evaluation results with the real GHG emission
from waste;

•Modeling. Using regrression to explore the relation between
the significant factors and GHG emission.
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4.2 Possible factors acquisition 

In order to acquire the possible factors, a series of criteria for selecting is needed. 
Referring to the criteria for assessing the performance of solid waste recycling 
programs (Suttibak & Nitivattananon, 2008) and requirements for evaluating 
the performance of municipal solid waste collection (Huang, Pan, & Kao, 2011), 
the following criteria have been used in this study: 

 
(1) Direct: the selected indicators should be able to respond to the result it is 

intended to measure; 
(2) Objective: the indicators need to be unambiguous, understandable, as well 

as comparable at the international level; 
(3) Comprehensive: the indicators need to be adequate, and represent the poss-

ible perspectives that could affect the results; 
(4) Distinguishable: there is a balance between adequate and concise, too many 

indicators may increase the complexity, and it may enlarge the errors caused 
by the limitation of the samples. Therefore, if two indicators are highly cor-
related, only one of them could be used. 

(5) Reliable: the quality of data related to the indicators need to be considered, 
the source of data should be sufficiently reliable, and the data should be eas-
ily obtained. 

(6) Measurable: the possible factors need to have corresponding numerical data, 
which is based on the requirement of the quantitative methodology.  

 
Based on the criteria above, as well as the possible factors that have been sum-
marized in the literature review part (see 3.5 possible factors), there are 12 indi-
cators that have been chosen (see table 2): waste from waste management, re-
cover rate of total waste treatment, incineration (incl. energy recovery) rate of 
total waste treatment, disposal rate of total waste treatment, recycling rate for 
packaging waste, final energy consumption per habitant, environmental tax per 
habitant, GDP per habitant, final consumption aggregates per habitant, expend-
iture on social protection per habitant, total intramural R&D expenditure per 
habitant and organizations with EMAS registration. These items could be di-
vided into the following categories, according to the original consideration of 
this study: (a) waste management generation and treatment, (b) energy con-
sumption; (c) the level of economic development; (d) the social condition; (e) 
environment management awareness.  
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TABLE 2 Description of indicators influencing GHG emission from waste management in 
EU countries 

Name Description Unit Category 

Waste from waste 
management per 
habitant (X1) 

The amount of waste generated from the 
process of waste management, divided by 
population 

Kg per 
habitant 

(a) 

Recover rate of total 
waste management 
(X2) 

Amount of recovered waste divided by the 
total amount of waste management 

% (a) 

Incineration (incl. 
energy recovery) 
rate of total waste 
management (X3) 

Amount of incinerated waste, including 
energy recovery, divided by the total 
amount of waste management 

% (a) 

Disposal rate of 
total waste man-
agement (X4) 

Amount of waste treated by disposal, di-
vided by the total amount of waste man-
agement 

% (a) 

Recycle rate for 
packaging waste 
(X5) 

Amount of recycled packaging waste di-
vided by the total amount of packaging 
waste 

% (a) 

Final energy con-
sumption per habi-
tant (X6) 

The total energy consumed by end users, 
divided by the total population 

Kg oil per 
habitant 

(b) 

Environmentaltax 
per habitant (X7) 

The total amount of environmental tax di-
vided by the total population 

Euro per 
habitant 

(c) 

GDP per habitant 
(X8) 

Gross domestic product, divided by total 
population 

Euro per 
habitant 

(c) 

Final consumption 
aggregate per habi-
tant (X9) 

The total amount of consumption aggregate 
divided by total population 

Euro per 
habitant 

(c) 

Expenditure on 
social protection 
per habitant (X10) 

The amount of expenditure spent on social 
protection divided by the population 

Euro per 
habitant 

(d) 

Total intramural 
R&D expenditure 
per habitant (X11) 

The amount of expenditure spend on re-
search and development, divided by the 
population 

Euro per 
habitant 

(d) 

Organizations with 
EMAS registration 
(X12) 

The amount of organizations that have reg-
istered EMAS certification. 

/ (e) 

 

4.3 Data collection 

In this study the data that has been used including primary sources and sec-
ondary sources. According to the statement of Business Research Methods 
(Cooper & Schindler, 2008), information sources are generally categorized into 
three levels: primary sources, secondary sources, and tertiary sources. Primary 
sources are original works of research or raw data without interpretation or 
pronouncements, for instance, laws, government data that has been used in this 
study. However, primary information could become the secondary literature 
for supporting the original research. Secondary data are interpretations of pri-
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mary data, textbook, magazine articles, as well as other referenced materials are 
under this category. Nevertheless, when the official publication such as annual 
reports, government project analysis reports are used in this study, they are 
viewed as the primary source, since it is represent the official position of the 
corporation. In general, in this article, the statistic databases and the official re-
ports are primary source, and the retrieved journal articles and textbooks are 
used as second sources. Moreover, the quantitative analysis is mainly based on 
the primary sources collected from the official publication, and the secondary 
data is dominantly contained by the theoretical framework. 

The data for this research was acquired mainly by existing databases from 
the official websites. The internet-based data was secondary data, and which 
was modified to meet the need of the research. The initial data was retrieved 
from the existing databases: Eurostat and EEA, in order to keep the representa-
tiveness and comparability of the data. In this study, the data on GHG emission 
from waste sector and the data on 12 possible factors in EU 27 were collected 
(see Appendix 1 DATA table 5, table 6 and table 7). 

There are limitations of the collected data. First of all, even though the da-
ta was retrieved from EU databases, the way how data has been collected and 
calculated could be different. Secondly, this study only considered the cross-
section data for EU 27 in 2008, and neither time series data nor data in other 
years except 2008 have been used. Since some indicators do not have complete 
time series data, and 2008 is the year when EU 27 has the most sufficient 
amount of corresponding data for each possible indicator. Thirdly, not all se-
lected indicators have high representativeness. For instance, the recycle rates for 
packaging has been used to stand for the waste treated by recycling, due to the 
fact that there is no data on recycle rate for all waste streams has been recorded, 
and only the data on packaging waste is available in the Eurostat. What is more, 
quite a few factors are the indicators of macroeconomic and social phenomenon 
(e.g. final energy consumption, environmental tax, GDP, final consumption ag-
gregates, expenditure on social protection, total intramural R&D expenditure 
and organizations with EMAS registration etc.), and it is difficult to tell to what 
extent these indicators could specifically affect the GHG emission from the 
waste sector.  

4.4 Data analysis 

Since correlations of these 12 possible indicators were high. Direct regression 
between these 12 possible factors and the GHG emission could result the model 
with a high risk of multicollinearity. The multicollinearity cannot be accepted 
by classical liner regression model. Therefore, it was not reasonable to do direct 
regression in this study. Furthermore, PCA was a method that can deal with 
high correlated data. However, there is no direct PCA method in SPSS software, 
the PCA method is existed as a usual analysis principle in factor analysis. 
Therefore, this study used the factor analysis for utilizing the function of PCA.  
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The first step of PCA is to standardize the data. It is significant to examine 
the correlations among the investigated factors. And the correlation matrix is 
the most intuitive standard. There are many ―rule of thumbs‖ that have been 
stated, for instance, (Habing, 2003) claimed that a substantial number of correla-
tions need to be higher than 0.3, and other methods also have been used to test 
the appropriateness of the data, namely, Bartlett‘s test, and the Kaiser-Meyer-
Olkin test (KMO). In statistics software SPSS 18.0, the Kaiser-Meyer-Olkin 
measure of sampling adequacy (KMO-test) is offered to assess the adequate of 
the samples. Generally speaking, the value of KMO needs to be higher than 0,5, 
while other article (Liu & Wu, 2010) suggested it should be higher than 0.7. Bar-
tlett‘s test was applied to check the hypothesis: the variables are uncorrelated. 
Bartlett‘s test result (P-value) has been assumed under 0.05 in this study. If the 
P-value was less than 0.05, the original assumption was invalid; hence PCA 
could be applied.  

Besides the adequacy, the sample size, the communality and the factor 
scores etc. also need to be checked. (Cooper & Schindler, 2008) mentioned the 
communality of a variable represents the percentage of the variance in the vari-
able that could be accounted for all extracted factors. (Field, 2000) pointed out 
that the sample size could influence the reliability of the factor analysis. Fur-
thermore, he stated that the absolute sample size and the absolute magnitude of 
factor loadings could decide the reliability of the factor. In other word, if the 
loadings of factors were higher, the sample could be smaller. In this study SPSS 
18.0 was utilized to analyze the data. 

4.4.1 Significant factors identification 

The preliminary thought of this study was to use PCA to identify predominant 
factors among 12 possible factors, based on the samples from EU countries. 
During the stage of significant factors identification, 12 possible factors were 
investigated as possible factors. The original data has been standardized before 
being used for statistics analysis. 

4.4.2 Comprehensive evaluation 

Based on the component score coefficient matrix (see Appendix 3 table 11), it 
was possible to compute the equation of each component. Here F1, F2 and F3 
represented the score of each component, and the F represented the compre-
hensive score of these three components. The percentage of the variance of each 
component has been used as weight for calculating F. 

4.4.3 Modeling 

In order to assess to what extent these three main components could affect the 
GHG emission the stepwise regression analysis method had been used to form 
a multivariate statistics model. The multiple regression is utilized in three pers-
pectives: predicting values, controlling the contribution of the independent va-
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riable on dependent variable, as well as explain causal theories (Cooper & 
Schindler, 2008). In this thesis, the multiple regression was used for investigat-
ing how these components could affect the GHG emission from waste, and all 
those components had been used as independent variables for the linear regres-
sion for dependence variable: GHG emission.  

At the beginning of model construction, it is necessary to test the statio-
nary of the data. However, cross-section data has been assumed to be stationary 
by itself, due to the mean and variance of the cross-section data could be used 
as a base for the overall mean and variance. Therefore, data used in this study 
was valid for regression analysis. 

After considering the stationary of data, it is necessary to consider the 
multicollinearity of the model. In this paper, these three components were in-
dependent from each other, and the variable inflation factor (VIF) values of the 
components were 1, which indicated there is no multicollinearity among com-
ponents (see Appendix 4 table 16).  

Based on the stationary test and the multicollinearity test above, the SPSS 
18.0 software has been used for the stepwise multiple regression. The results 
have been listed in the section of empirical results and discussion. 
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5 EMPIRICAL RESULTS AND DISCUSSION 

5.1 Results of significant factors identification 

At the beginning of analysis, attentions were paid on the independent variables: 
the possible factors. PCA was implemented to identify three new dimensions 
that were used as representatives of twelve possible factors. These three prin-
cipal components were significant factors that we targeted to find at the begin-
ning of this study.  

As mentioned before, it was necessary to test the appropriateness of the 
data when doing PCA. Firstly the correlation of these 12 possible factors has 
been listed below (see Appendix 2 table 8). There were seven of them which 
have the correlations with others that were lower than 0.3. Namely organiza-
tions with EMAS registration(X12), waste generated from waste management 
(X1), recover rate of total waste treatment, incineration rate of total waste man-
agement, disposal rate of total waste management, energy consumption, as well 
as total intramural R&D (X11). And X12, X1 had the biggest amount of correla-
tion coefficient that is lower than 0.3. However, the KMO of this PCA was 0.542 
(see Appendix 2 table 9) and the Bartlett‘s test P-value was 0.000, demonstrating 
it was suitable to do the PCA among these 12 variables. 

The Factor Matrices (see Appendix 2 table 10) was the summarized com-
puting results from SPSS 18.0. The correlation coefficients between each factor 
and the variables are called loadings. Eigenvalue is the sum of the variances of 
the factor values divided by the number of the variables. An eigenvalue illu-
strates the percentage of variance explained by components. For instance, 
Component 1 could explain 53.7% of the total variance. Besides, communality 
was another parameter needed to pay attention to. For instance, the communal-
ity of standardized variable 1, which was 0.790, illustrating 79.0% of the va-
riance of standardized variable 1 could be explained by Component 1, 2 and 3. 
Furthermore, in this study, the un-rotated factor loadings were not informative 
enough to classify the variables, so the rotated factors loadings had been consi-
dered for categorizing, correspondingly twelve variables was summarized into 
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three underlying components. This study used the most significant factor scores 
to form the three principal components, and the explaining ratio was 79.0%. 
When checking from rotated factors matrices, loading of Component 1 ac-
counted for 53.7% of total variance, and standardized X6, X7, X8, X9, X10 and 
X11 had been identified in Component 1. Similarly, standardized X2, X3, X4, X5 
and X12 had been classified under Component 2, which represented 16.9% of 
the variance. While standardized X1 (see Appendix 2 table 10) had been con-
tained under Component 3, which occupied 8.5% of the variance. 

The results showed more clearly through table 3. Overall, three compo-
nents combined together could represent 79.0% of total variance, which is rea-
sonable result from the perspective of statistics. This result estimated that these 
three components could be used to stand for the initial twelve possible factors.  

TABLE 3 Significant factors identification 

Factors and variables Rotated loadings 
Component 1 (F1), external issues from economy, society and environment (accounted for 
53.6% of the variance). 

GDP at market price, euro per habitant  .945 

expenditure on social protection euro per inhabitant .934 

total intramural R&D expenditure, euro per habitant  .922 

final consumption aggregates, euro per habitant, current prices  .902 

final energy consumption per habitant,  Kg oil  .884 

environmentaltax, euro per habitant .865 

Component 2  (F2), internal issues from waste management and environmental management 
awareness (accounted for 16.9% of the variance). 

disposal % of total waste treatment -.903 

recovery % of total waste treatment .858 

recycling rates for packaging waste % .647 

organizations with EMAS registration  .596 

incineration (inc. energy recovery) % of total waste treatment  .523 

Component 3 (F3), waste generation from waste management 
(accounted for 8.5% of the variance) 

Waste from waste management, Kg per habitant .860 

 
Referring to one similar research (Liu & Wu, 2010), the definition of each com-
ponent is a summary of the possible factors that have been classified under each 
component. First of all, the six possible factors classified under Component 1 
were factors from the external macro environment, presenting the factors from 
the perspective of economy, society and energy consumption. According to this 
category, Component 1 was defined as external issues, including economic, so-
cial development and energy consumption. Secondly, disposal, recovery, recy-
cling, incineration are methods that have been utilized in waste handling, and 
EMAS registration reflects the environmental awareness of a company. Both 
waste management and environmental awareness are related to the internal 
management of the entity launched the waste management activities. Therefore, 
Component 2 was named as internal issues, focused on waste management and 
environmental management awareness. Thirdly, waste from waste manage-
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ment has been separated as the last component, thus, Component 3 was inter-
preted as waste generation from waste management. In conclusion, three new 
dimensions were characterized as follows: external issues from economy, socie-
ty and environment (Component 1), internal issues from waste management 
and environmental management awareness (Component 2), waste generation 
from waste management (Component 3). Compared among these three compo-
nents, external issues had the highest representativeness, following by internal 
issues that focused on environmental part and waste generation from waste 
management had the least representativeness. It demonstrated that Component 
1 was the most significant factors among these available twelve factors. 

In Component 1, the accumulated variance was 53.7%, including GDP, 
expenditure on social protection, total intramural R&D expenditure, final con-
sumption aggregates, final energy consumption and environmental tax. Com-
pared with Component 2 and Component 3, external issues from economy, so-
ciety and environment played an important role in GHG emission of waste 
management. In detail, GDP had the highest loadings (0.945) among all va-
riables in Component 1, besides, expenditure on social protection and expendi-
ture on R&D also occupied high loadings (expenditure on social protection had 
the loading of 0.934, and expenditure on R&D had the loading of 0.922). These 
three items influenced Component 1 considerably. GDP is one of the most 
widely used economic performance indicator. As for the R&D expenditure and 
social protection expenditure, they measure the technology development of a 
society. Even though R&D might not have a directly affect on GHG emission 
from waste sector, it was possible to consider this influence through the way of 
component analysis. Final energy consumption and environmental tax were 
another two important variables that had crucial influence to Component 1. 
Final energy consumption reflects the consumption capacity of the society in 
non-monetary unit. And the environmental tax takes into account the externali-
ties of environment. Both energy consumption and environmental tax reflect to 
what extent human beings could affect the environment. Component 1 reflected 
impacts from economy, society and the human being‘s activities that were re-
lated to environment. In real life, these six components could affect each other, 
for instance, the correlation coefficients of GDP and other five factors were 
higher than 0.8 (see Appendix 2 table 8). To some extent, it was reasonable to 
cluster these 6 possible factors as one component. 

Internal issues from waste management and environmental management 
awareness was another important component accounting for 16.9% of the initial 
variance. Disposal rate had the highest rotated loading and it was the most sig-
nificant factor on Component 2. Recovery rate and recycling rate were another 
two items owned high loadings. Organizations with EMAS registration and 
incineration rate were also being counted in Component 2. The reason for ex-
plaining the high loading of disposal was based on the fact that 13 countries 
(out of 25 EU countries) had handled more than half of waste by disposal in 
2008. Besides, 12 countries (out of 25 EU countries) treated more than half of 
waste via recovery, thus explaining why recovery was another important item 
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with high rotated loadings. However, incineration rate owned lower rotated 
loading, the possible reason is described as follows: among 25 countries, incine-
ration (including energy recovery) rates of total waste were under 30%, indicat-
ing the incineration is not as important as disposal or recovery. The rotated 
loading of organizations and with EMAS registration is not proper, but accept-
able. EMAS registration could represent the environmental management 
awareness of an entity. Even though it was not the most representative item for 
evaluating the environmental management awareness, it was an accessible item 
in this study. 

Waste generation from waste management is the last component, which 
accounted for 8.5% of the total variance. It is obviously demonstrated that waste 
generation from waste management was a totally different factor from other 
items. The loading of this only item was 0.860, illuminating this item could 
present the Component 3 to a large extent. As stated in the literature review 
chapter, there could be relation between waste generation and the GHG emis-
sion from waste management, however, there was no direct research proclaim-
ing how waste from waste management could affect the GHG emission from 
waste management. Based on results of PCA, waste generation from waste 
management had a light influence on GHG emission, when compared with oth-
er items. Furthermore, comprehensive evaluation results showed that the final 
comprehensive score has not been affected by Component 3. As a conclusion, 
the waste generation from waste management is not as significant as other 
possible factors in affecting GHG emission from waste management. 

5.2 Results of comprehensive evaluation 

In this study, comprehensive evaluation was based on the PCA. Equation of 
Component 1, 2 and 3 (The variables that have the most significant factor score 
were used to form the three principal components, and the explaining ratio was 
79.0%): 
 

1 1 2 3 4 5 6

7 8 9 10 11 12

2 1 2 3 4 5 6

7 8 9

F = -0.6ZX -0.123ZX +0.039ZX +0.097ZX +0.029ZX +0.213ZX

+0.169ZX +0.189ZX +0.159ZX +0.176ZX +0.204ZX -0.44ZX

F = -0.059ZX -0.330ZX +0.198ZX -0.346ZX +0.218ZX -0.143ZX

-0.038ZX -0.069ZX -0.002ZX +0.00 10 11 12

3 1 2 3 4 5 6

7 8 9 10 11 12

4ZX -0.026ZX +0.303ZX

F = -0.790ZX +0.228ZX -0.235ZX -0.133ZX +0.065ZX -0.028ZX

+0.025ZX +0.058ZX +0.057ZX -0.028ZX -0.173ZX -0.405ZX









  

 
Comprehensive equation:  

1 2 3F = 0.53656F +0.16892F +0.08456F
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According to the equation of each component, as well as the comprehensive 
equation, the factor score of each sample had been calculated, which was used 
for sorting the samples (see Appendix 3 table 12).  

First of all, attention has been paid on the three significant factors‘ score 
and the comprehensive score (see Appendix 3 table 12). As indicated by the 
score, the rank of F1 and F shared the same trend among sample countries, ex-
cept a little fluctuation (see figure 8). For instance, Luxembourg, Denmark, Fin-
land, Netherlands and Sweden were in the first five places based on the score of 
F or the score of F1, although ranks among these five countries could be differ-
ent. The influence capacity of F2 and F3 was not as strong as F1. However, the 
score of Component 2 and Component 3 obviously fluctuated when compared 
with the comprehensive score F (see figure 9 and figure 10). These results, to 
some extent, demonstrated that on one hand, the component 1 was the most 
significant factor; on the other hand, the influence of Component 2 and Com-
ponent 3 was gradually reduced. Even though the trend of Component 2 or 
Component 3 was different from the trend of comprehensive score F, it could 
not influence F seriously, due to the small variance contribution rates that were 
decided in the process of PCA (the contribution ratio of Component 2 and 3 are 
0.169 and 0.0846, respectively). 

 

 

FIGURE 8 Comparison between F and F1 
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FIGURE 9 Comparison between F and F2 

 
 

 

FIGURE 10 Comparison between F and F3 

 
Moreover, comprehensive score and score of each component could offer an 
overview of 25 EU countries. For instance, Luxembourg had the best perfor-
mance based on the comprehensive score F, and it was also the country ranked 
in the first place from the perspective of external issues from economy, society 
and environment. Germany had the best performance from the perspective of 
internal issues of waste management and environmental management aware-
ness. Ireland had the highest score on waste from waste management, since the 
amount of waste generation in Ireland far exceeded the amount in other EU 
countries (e.g. amount of waste from waste management in 2008 in Ireland was 
3395 kilogram per capita, in Finland was 192 kilogram per capita in 2008). 

-2.00 

-1.50 

-1.00 

-0.50 

0.00 

0.50 

1.00 

1.50 

2.00 

2.50 

C
o

m
p

o
n

e
n

t 
Sc

o
re

Comparison between  F and F2

F2

F

-2.00 

-1.00 

0.00 

1.00 

2.00 

3.00 

4.00 

5.00 

C
o

m
p

o
n

e
n

t 
Sc

o
re

Comparison between  F and F3

F

F3



53 
 
However, because Component 3 was not as significant as Component 1 and 
Component 2, eventually, the comprehensive score of Ireland was ranked in the 
seventh place. 

Besides, the correlation between comprehensive score F and GHG emis-
sion was checked (see Appendix 3 table 13). The Pearson correlation coefficient 
was 0.526, and the significant coefficient was 0.007. The ―**‖ under the Pearson 
correlation meant that the correlation was significant at the 0.01 level (2-tailed). 
The results proved that there was a certain relation among F and GHG emission. 
Besides, since comprehensive score F was formulated by three main compo-
nents, it was reasonable to proclaim the relation between GHG emission and 
three components was existed. Besides focused only 12 possible factors relation 
between GHG emission and three significant components still needed to be fur-
ther investigated. In this study, multiple regression was used for this purpose, 
and detailed result was presented in the following part. 

5.3 Results of modeling 

The stepwise multiple regression results showed in Appendix 4. Component 2 
had the biggest contribution in explaining the dependence variable and entered 
into the model first. Component 2 explains 15.8% of the dependent variable. 
When Component 1 had been added (see model 2 in Appendix 4 table 14), the 
explaining capacity increased to 29.7%. The adjusted R square stood for model‘s 
goodness of fit. While the adjusted R square is higher, the joint efficiency is bet-
ter. However, when matters of practicality were considered, the requirement for 
R Square could be lower.  

Standard error of the estimate in model 2 was 0.835, which is the standard 
deviation of actual values of dependent variable about the estimated dependent 
variable. The relation between regression standardized residual and the depen-
dent variable was reflected clearly through the scatter plot (see Appendix 4 fig-
ure 12). There were two regression standardized predicted values had high re-
gression standardized residual value. The possible reason for high deviation 
and low adjusted R square might be: absence of other important factors, and the 
limitation of samples‘ amount. 

―Analysis of variance (ANOVA) measures whether or not the equation 
represents a set of regression coefficients that, in total, are statistically signifi-
cant from zero (Cooper & Schindler, 2008, p.424)‖. Generally speaking, the criti-
cal value of F (k-1, n-k) under the 0.05 level of significance is used as the com-
parison standard. In model 2, the k=3, n=25, thus the value of F0.05 (2, 22) was 
3.44, which could be checked from the F-distribution statistic table. The F value 
of model 2 was 6.069 (see Appendix 4 table 15). F> F0.05 (2, 22), indicated that the 
regression equation was jointly statistically significant, or in other words, all 
independent variables had significant effect on dependent variable.  

The significance of each variable was reflected by the regression coefficient 
- Beta value. Since the data for modeling had been standardized, so standar-
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dized coefficients values were considered. Based on results of the regression 
(see Appendix 4 table 17), the multiple regression model was constructed as 
 

i 1i 2i iY = -0.403F -0.440F +e
 

 
Y: GHG emission from waste management; F1i: Component 1, external issues 
from the economy, society and the environment; F2i: Component 2, internal is-

sues of waste management and environmental management awareness; ei: er-
ror of this regression equation, normally distributed about a mean of 0. 

 
The regression coefficients reflected that both components had negative effects 
on dependent variable. The t  value of each coefficient expressed the statistical 
significance of each regression coefficient. And critical value of ( )t n k  under 

the level of significance (0.05) was 0.025t 22（ ）=2.074. The t  values of Component 1 

and Component 2 were -2.352 and -2.570, respectively. The absolute values of 

both components were higher than 0.025t 22（ ）=2.074. Thus, the individual coeffi-

cient was statistically significant. In total, the regression coefficients were both 
individually and jointly statistically significant.  

Additionally, in final model (model 2), Component 3 was counted as an 
excluded variables (see Appendix 4 table 17), due to the coefficient is not statis-

tically significant (The absolute t  value of Component 3 was less than 0.025t 22（ ）

=2.074). 
However, as had been discussed before, the goodness of fit of this model 

is low (see the value of adjusted R square). This improper fitting of the model 
could also be seen from the frequency histogram of the regression standardized 
residual (see Appendix 4 figure 11), normal P-P plot of regression standardized 
residual (see Appendix 4 figure 12), as well as the scatter plot of regression 
standardized residual and the regression standardized predicted value (see 
Appendix 4 figure 13). The figure (see Appendix 4 figure 12) also indicated the 
possible reason could be some observations are numerically distant from the 
rest of the observation. Therefore, descriptive statistics analysis of dependent 
variable had been done to explore the cause reason, and results were presented 
in Appendix 5 table 26, table 20 and figure 14. The box plot of GHG emission 
from waste (see Appendix 5 figure 15) pointed out that two observations were 
outliers, namely GHG emission of Cyprus and GHG emission of Portugal. In 
order to eliminate the effect of outlier, outlier had been viewed as missing data, 
and the corresponding observations were excluded in this model.  

Other than statistical reasons, there were also practical reasons for exclud-
ing Cyprus in this study. (Environmental Policy Review, 2008) indicated Cy-
prus does not have quantitative emission reduction commitments under the 
Kyoto Protocol, and Cyprus mainly followed the Emissions Trading Directive 
of EU member States. And the increasing of GHG was mainly caused by energy 
generation and transportation. The high GHG emission from waste was caused 
by: the rising amount of waste generation, the low recycling rare, and the prefe-
rential waste treatment method - landfill, which is a major cause of GHG emis-
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sion. Compared with other EU countries, waste management system in Cyprus 
needs to be further developed in the future. Thus, when considering the prac-
tical situation in Cyprus, it was reasonable to study the case of Cyprus separate-
ly in later study. 

As for Portugal, (Gomes, Joana, & Helena, 2007) pointed out in one of Por-
tugal‘s biggest municipalities, the solid waste treatment sector was an impor-
tant contributor to GHG emission, even though the dominant GHG emission 
was caused by electricity sector. (Eurostat, 2011c) showed the GHG emission 
from waste sector in Portugal was higher in 2008 than in 1990, and Portugal 
emitted significant amount of GHG emission, which was higher than the aver-
age level of 15 European Union Member States12. (EEA, 2010) indicated that in-
crease of GHG emission from waste sector was related to: increasing waste gen-
eration, rising household income, urbanization and landfill. This could be the 
causes of high GHG emission from waste sector in Portugal. And the high GHG 
emission caused Portugal to be excluded in this study. However, the practical 
reasons of excluding Portugal were not as obvious as Cyprus, and in order to 
gain more specific explanation, more related research needs to be done in the 
future. 

After excluded the two outliers, stepwise multiple linear regression was 
implemented on grounds of the left 23 samples, results from SPSS 18.0 were 
shown in Appendix 5 Revised regression result. 

Appendix 5 table 21 showed the adjusted R square was 0.424, demonstrat-
ing the revision of the model was meaningful. The standardized error of esti-
mate is 0.5486, which was lower than the former model. In revised model 2, the 
k=3, n=23, and the F value of model 2 was 9.082 (see Appendix 5 table 22 
ANOVA analysis). F> F0.05 (2, 20) (the value of F0.05 (2, 20) was 3.49), indicating 
the regression equation was jointly statistically significant. Besides, the t  value 
also needed to be considered. In model 2 of revised model, the absolute values 
of t  of Component 1 and Component 2 were 2.972 and 3.086, respectively, 

which were higher than 0.025(20)t  (the value of 0.025(20)t  was 2.086), demonstrat-

ing that the individual coefficient was statistically significant. Overall, the re-
gression coefficients were both individually and jointly statistically significant. 

The Frequency Histogram dependent variable (without outliers), the nor-
mal P-P plot of regression standardized residual, as well as the scatter plot of 
revised model implied that the regression equation properly fitted the data of 
this study (see Appendix figure 16, figure 17 and figure 18). 

At the beginning of modeling, all three significant factors had been in-
cluded in; however, Component 3 was excluded by the stepwise multiple re-
gression, because the coefficient of Component 3 was not statistically significant. 
The following was the final revised model: 

 

                                                 
12  15 European Union Member States: Belgium (BE), Greece (EL), Luxembourg (LU), 

Denmark (DK), Spain (ES), Netherlands (NL), Germany (DE), France (FR), Portugal 
(PT), Ireland (IE), Italy (IT), United Kingdom (UK), Austria (AT), Finland (FI), Swe-
den (SE). 
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i 1i 2i iY = -0.481F -0.5000F +e  
 

Y: GHG emission from waste management; F1i: component 1, external is-

sues from the economy, society and the environment; F2i: component 2, inter-
nal issues of waste management and environmental management awareness; ei: 
error of this regression equation, normally distributed about a mean of 0. 

 
In this study the data were standardized, due to various units of original va-
riables, correspondingly the coefficients of the multiple regression model were 
standardized coefficients. Variance contribution ability is used to measure the 
relative importance of each independent variable in multiple regression analy-
sis. Not only does it depend on the regression coefficient, but it is also depen-
dent on the standardized variance of each independent variable. The standar-
dized coefficients refer to how many standardized deviations the dependent 
variable will change, when one standard deviation changes in one independent 
variable (Standardized Coefficients, n.d.). The standard coefficient could be in-
terpreted as: when Component 1 remains unchanged, under normal circums-
tances, Component 2 increases one standard variance would cause the standar-
dized variance of GHG emission to decrease 0.500 times. Correspondingly, the 
increasing of Component 1 would lead the standardized variance of GHG emis-
sion reduced 0.481 times, when Component 2 remains invariant. As presented 
in Appendix 5 table 26, the standardized variance value of Component 1 and 
Component 2 were 1.00 and the standardized variance of standardized depen-
dent variable was 0.7225. Therefore, the empirical results could be clarified as: 
relatively speaking, when Component 2 remains the same, increasing Compo-
nent 1 by 1 unit would decrease GHG emission from waste by 0.348 
(0.7225*0.481) unit; when Component 1 remains the same, increasing Compo-
nent 2 by 1 unit would decrease GHG emission from waste  by 0.361 
(0.7225*0.500) unit. 

The modified regression model represented the linear relation among 
Component 1, Component 2 and GHG emission from waste sector. The details 
of these two components were described in table 4. Relatively speaking, the in-
ternal issues that focused on environment had higher ability of GHG mitigation 
than external factor. However, both components were significant factors, al-
though with slight differences. 

Within the scope of this study, internal issues from waste management 
and environmental management awareness could reduce the GHG emission 
from waste sector significantly. As stated in previous part of this study, this 
component included a few factors: disposal, recovery, recycling, incineration, 
and EMAS registration. The order of importance of disposal, recovery and inci-
neration calculated in the PCA was the same as the order of the frequency of 
their utilization in waste management. Besides, recycling was also an important 
factor for GHG mitigation. EMAS registration revealed that the higher the envi-
ronmental awareness of an organization, the better GHG controlling effort 
could be achieved.  
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External issues from economy, society and environment was another im-
portant factor of GHG mitigation. On grounds of the PCA results, Component 1 
was a highly relevant component, including the following factors: GDP, social 
protection expenditure, R&D expenditure, final consumption, energy consump-
tion and environmental tax. To some extent, this result proofed that increasing 
of wealth has a positive joint influence on mitigating GHG emission. However, 
this study could not presented how each item could exactly affect GHG emis-
sion, due to the limitation of methodology and collected data of this study. 

TABLE 4 Final factors influencing GHG emission from waste management in EU countries 

Factors and variables Rotatedloadings 

Component 1 (F1), external issues from economy, society and environment 

GDP at market price, euro per habitant .945 

expenditure on social protection euro per inhabitant .934 

total intramural R&D expenditure, euro per habitant .922 

final consumption aggregates, euro per habitant,  current prices .902 

final energy consumption per habitant, Kg oil .884 

Environmental tax, euro per habitant .865 

Component 2 (F2), internal issues from waste management and environmental manage-
ment awareness 

disposal % of total waste treatment -.903 

recovery % of total waste treatment .858 

recycling rates for packaging waste % .647 

organizations with EMAS registration .596 

incineration (incl. energy recovery) % of total waste treatment .523 
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6 CONCLUSION 

In this investigation, the aim was to assess the GHG emission from waste sector 
in EU countries. Even though there are other indicators that could measure the 
environmental performance waste management, GHG is the most reasonable 
indicator for this study. Not only does GHG emission have higher representa-
tiveness, but it is also a reasonable indicator that is suitable for the macro and 
multinational analysis. In this study, the GHG emission from waste sector was 
used. It included total emission from waste management processes (solid waste 
disposal on land, wastewater, waste incineration and any other waste manage-
ment activities). However, any CO2 emission from fossil-based products (inci-
neration or decomposition) and CO2 from organic waste handling and decay 
were excluded in the data. Returning back to the question posed at the begin-
ning of this study, it was possible to state that the internal issues from waste 
management and environmental awareness and external issues from economy, 
society and environment was statistically significant to GHG emission from 
waste sector. Multiple regression analysis revealed that the joint explanatory 
ability of these two components (Component 1 and Component 2) was 42.4%. 
Furthermore, those two components represented 70.0% of the twelve possible 
factors. As one of the 12 possible factors, waste from waste management had 
been excluded, because it was not statistically significant. This result illustrated 
that the link between GHG emission and waste generation from waste man-
agement was weak, in other words, waste generation from waste management 
could not affect GHG emission substantially. Possible explanations for this re-
sult could be that waste generation from waste management only occupied 6.4% 
of the total waste generation in 2008. Moreover, waste management in EU coun-
tries contributed to curbing GHG emission. On top of this, the side effect caused 
by waste from waste management was not so significant, and thus it could be 
ignored. 

However, other 57.6% of GHG emission from waste sector cannot be ex-
plained by this study. One possible explanation might be that there are other 
possible factors of GHG emission from waste site, which have not been consi-
dered in this study. Perhaps this is one possibility that should be considered in 
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future research. Another possible causation could be the limitation of 12 se-
lected possible factors. Firstly, environmental protection expenditure was a rea-
sonable indicator, but it could not be investigated in respect to the lack of suffi-
cient data. Secondly, as mentioned in the methodology section, population had 
been embedded into other indicators, thus the impact of population to GHG 
emission could not be examined in this study. Thirdly, based on former re-
search, energy was an important sector that could affect GHG emission, howev-
er, only energy consumption has been investigated in this thesis, hence it might 
be meaningful if the energy generation could be considered as well. Fourthly, 
this study only used the data on recycle rates of packaging waste, due to the 
insufficiency of data, but in future, the empirical results could be more persua-
sive if recycling rate from other waste streams could also be included. Overall, 
possible factors that were not considered in this study include: environmental 
protection expenditure, energy generation, population, and recycling rate of 
waste steams other than packaging waste. Moreover, besides the lack of possi-
ble indicators, possible explanation could also be the reality of the data. Because 
the scope of this study is in EU countries, the variances of data collection and 
calculation in different countries could affect the empirical results. For instance, 
there is ongoing debate about environmental tax, since the scope of environ-
mental tax is different from country to country.  

The findings included the following parts: first of all, while waste man-
agement systems in EU countries vary from country to country, generally 
speaking, it referred to the process of waste handling, namely waste preparing 
for re-use, transportation, recovery, recycling and disposal. Secondly, the waste 
management policies were closely connected to GHG emission in EU countries. 
The GHG mitigation has been embedded into the specific process of waste 
management, namely recycling, incineration, landfill and so on. Based on the 
criteria of being direct, objective, comprehensive, distinguishable, reliable and 
measurable, twelve possible factors have been chosen at the beginning of this 
study. Through the PCA, three principal components (Component 1, Compo-
nent 2 and Component 3) have been extracted, and only two significant factors 
(Component 1 and Component 2) were statistically significant for evaluating 
GHG emission from waste. Therefore, the empirical results demonstrated that 
finally two components (or eleven items) could be used to measure the GHG 
emission from the waste sector. There was a reverse causality between signifi-
cant factors and GHG emission from waste sector. An increase in both compo-
nents could lead to the mitigating of GHG emission from waste sector. The in-
ternal issues from environmental management and environmental awareness 
(Component 2) had lightly stronger influence than the external issues from 
economy, society and environment (Component 1). Component 2, internal is-
sues from environmental management and environmental awareness, included 
disposal, recovery, recycling, organizations with EMAS registration, and incine-
ration (incl. energy recovery). As to Component 1, external issues from econo-
my, society and environment, contained six items with descending influences, 
namely GDP, expenditure on social protection, total intramural R&D expendi-
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ture, final consumption aggregates, final energy consumption and environmen-
tal tax. Component 3 contained only one item (waste generation from waste 
management) was excluded in the process of multiple regression, indicating 
that waste generation from waste management was not a significant factor for 
the GHG emission from waste under the framework of this study. There was 
precise quantitative relationship between significant factors and GHG emission 
from waste. In addition, rotated loading of individual indicator reflected how 
each item was connected to the significant factor that it was categorized into. 
However, the direct causal relation between each item and the GHG emission 
has not been demonstrated in this study.  

This study gave an overview about the possible economic, social and envi-
ronmental factors that could affect the GHG emission from waste sector among 
EU countries. When compared with previous studies, this study considered 
GHG emission from the perspective of macroeconomics, society and environ-
ment, instead of specific waste management systems. Many LCA-based models 
concentrated on the GHG emission from each life cycle stage of the waste man-
agement, and their results were more precise and pertinent to certain waste 
management systems. However, this kind of studies required specific data from 
related waste management organizations, and the utilization of these findings is 
limited by the objective of the study (e.g. certain waste management systems). 
Moreover, there could be various results arising from studies with different re-
search scopes. For instance, EASEWASTE, which is a LCA-based model, was 
used to identify the processes or waste sources that could affect significantly the 
GHG emission. In comparison, this study paid attention to the macro factors 
from the economic, social and environment, and the conclusion of this article 
could not be utilized directly for specific waste management systems. 

The possible alternative explanation of the results was on grounds of the 
scope and the limitations of this research. This study was based on the data in 
2008 among EU countries, and possible factors that might affect GHG emission 
from waste sector were selected from the following perspectives: waste man-
agement generation and treatment, energy consumption, the level of economic 
development, the social condition, and environment management awareness. 
However, there were other perspectives (e.g. energy generation, stakeholders, 
social needs satisfaction, urban development etc.) that have been excluded in 
this study. The incomprehensibility could be another reason for low explana-
tion rate of the regression equation. Additionally, population, as one possible 
factor, has been imbedded into other indicators, due to the per capita value of 
each item being considered. Therefore, this study could not explain how popu-
lation could affect the GHG emission. 

The empirical findings from this study might make several contributions 
to the current literature. First of all, this study examined the significant factors 
through a precise statistical way, providing basic knowledge about further ex-
ploration of GHG emission mitigation from waste sector. The findings of this 
cross-country study could be used as a reference for making decisions and 
doing comparisons within specific waste management systems. The methodol-
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ogy of this study was an efficient way to distinguish the significant factors and 
assess the level of influence of each significant factor on GHG emission mitiga-
tion. 

Much as this study was a good exploration in using statistical method to 
assess the GHG emission from the macro environment perspective, the limita-
tion of this study could not be ignored. Firstly, the small sample size leading to 
the goodness of fit of the regression equation was not optimal, and findings 
need be used with caution. Secondly, even though the sample was nationally 
representative, the variances in waste management regulations and macro 
economy and environment among those 23 EU countries could affect the relia-
bility and validity of this study. Thirdly, there was no former research using 
both PCA and multiple regression to assess GHG emission from waste man-
agement, and there is a possibility to use better methodology to investigate this 
topic. Moreover, the regression result of the standard coefficient was only suit-
able for certain situations. The conclusions would vary, when time and place 
are changed. Besides, the regression result showed the relation between signifi-
cant factors (Component 1 and Component 2), but this study could not prove 
specific explanation about the relation between the GHG emission and each 
individual factors. Lastly, in this study twelve possible factors were clustered 
into three components, and only two of them could be used for regression, and 
to some extent, it inferred that some other possible factors have been excluded 
in this study, and a further study for examining all possible factors comprehen-
sively  could improve the explanatory capacity of this study.  

This research has thrown up many questions in need of further investiga-
tion. A reasonable approach to increase the explanatory capacity of this regres-
sion model was to extend the scope of the possible factors that could affect the 
GHG emission from waste management system. In order to tackle the issue of a 
lacking of large sample size, more advanced statistical methods need to be stu-
died in order to use the time series data. More broadly, exact and direct relation 
between GHG emission and 12 possible factors also might be demonstrated by 
more advanced methodology. Moreover, this study also indicated that it is dif-
ficult to consider the GHG emission from waste management from the perspec-
tive of macro analysis, since findings were limited to narrow research scope and 
narrow area of utilization. Besides, the findings of this study might yield valua-
ble information for decision makers with regard to overcoming the challenge 
arising from GHG emission from waste management. 
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APPENDIX 1: DATA 

TABLE 5 Table of the data, part one 

EU countries secondary 
waste, Kg per 

habitant 

 recovery % of 
total waste 
treatment 

incineration (incl. 
energy recov-
ery) % of total 

waste treatment 

disposal % of 
total waste 
treatment 

Data sources (Eurostat, 2012) (Eurostat, 2012) (Eurostat, 2012) (Eurostat, 2012) 

 X1 X2 X3 X4 

Austria 303.00 66.49 11.37 22.14 
Belgium 1095.00 60.37 29.01 10.62 
Bulgaria 61.00 0.97 0.06 98.98 
Cyprus 20.00 40.43 1.20 58.37 

CzechRepublic 244.00 71.26 3.31 25.43 
Denmark 410.00 70.26 22.68 7.06 
Estonia 294.00 31.38 1.48 67.14 
Finland 192.00 30.53 13.09 56.37 
France 207.00 60.30 6.41 33.30 

Germany 441.00 69.53 10.13 20.34 
Hungary 127.00 33.54 5.26 61.20 
Ireland 3395.00 64.11 0.77 35.12 

Italy 374.00 68.67 5.96 25.37 
Latvia 41.00 46.62 1.34 52.04 

Lithuania 83.00 25.13 4.53 70.34 
Luxembourg 334.00 45.66 1.49 52.85 
Netherlands 238.00 68.96 9.00 22.04 

Poland 194.00 76.31 2.70 20.99 
Portugal 118.00 39.97 8.31 51.71 
Romania 8.00 5.16 0.88 93.97 
Slovakia 147.00 41.92 7.06 51.02 
Slovenia 62.00 57.98 6.29 35.73 

Spain 117.00 51.10 2.21 46.69 
Sweden 418.00 12.07 10.45 77.49 
United 

Kingdom 543.00 45.11 1.83 53.05 

 
  



70 
 
TABLE 6 Table of the data, part two 

EU countries recycling rates for 
packaging 
waste % 

final energy 
consumption 
per habitant, 

Kg oil 

Environmental 
tax, euro per 

habitant 

GDP at market 
price, euro per 

habitant 

Data sources (Eurostat, 2012) (Eurostat, 2012) (Eurostat, 2012) (Eurostat, 2012) 
 X5 X6 X7 X8 

Austria 78.90 3316.43 816.86 33900.00 
Belgium 67.90 3515.75 636.61 32299.00 
Bulgaria 50.30 1289.49 159.54 4600.00 
Cyprus 34.00 2497.25 687.09 21600.00 

CzechRepublic 
67.10 2454.74 349.45 14800.00 

Denmark 59.70 2832.28 2434.18 42800.00 
Estonia 43.50 2277.52 282.83 12200.00 
Finland 56.70 4882.01 941.80 34900.00 
France 55.20 2511.26 625.88 30100.00 

Germany 70.50 2726.61 663.34 30100.00 
Hungary 50.80 1699.68 284.04 10500.00 
Ireland 61.70 3009.31 1023.97 40500.00 

Italy 59.60 2152.58 639.57 26300.00 
Latvia 46.80 1828.35 198.68 10100.00 

Lithuania 51.70 1456.77 158.61 9700.00 
Luxembourg 63.60 9038.88 2038.35 80800.00 
Netherlands 72.40 3114.10 1410.51 36200.00 

Poland 42.90 1632.85 248.90 9500.00 
Portugal 61.00 1739.95 415.00 16200.00 
Romania 33.50 1142.25 115.48 6500.00 
Slovakia 47.70 2126.46 243.90 11900.00 
Slovenia 52.40 2613.08 556.91 18400.00 

Spain 59.10 2114.51 393.96 23900.00 
Sweden 58.50 3545.27 972.93 36100.00 
United 

Kingdom 61.50 2422.18 715.27 29300.00 
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TABLE 7 Table of the data, part three 

EU countries final con-
sumption 

aggregates, 
euro per ha-
bitant, cur-
rent prices 

expenditure 
on social pro-
tection euro 
per inhabi-

tant  

total intra-
mural R&D 
expenditure, 
euro per ha-

bitant 

Organiza-
tions with 

EMAS regis-
tration 

GHG 
emissions 

from 
waste, Kg 
per habi-

tant 

Data sources (Eurostat, 
2012) 

(Eurostat, 
2012) 

(Eurostat, 
2012) 

(Eurostat, 
2012) 

(EEA, 
2012) 

 X9 X10 X11 X12 Y 

Austria 24200.00 9637.46 907.40 261 245.10 
Belgium 24300.00 9094.50 638.70 46 98.41 
Bulgaria 3900.00 719.75 21.80 0 647.98 
Cyprus 18900.00 4000.13 93.00 4 808.57 

CzechRepubl
ic 

10200.00 2669.17 208.90 33 338.53 
Denmark 31900.00 12595.94 1223.80 93 252.11 
Estonia 8900.00 1808.57 155.10 2 532.16 
Finland 25800.00 9141.42 1296.30 42 429.24 
France 24200.00 9338.44 641.60 12 337.04 

Germany  22400.00 8425.29 809.20 1419 160.33 
Hungary 8000.00 2406.12 105.40 17 379.56 
Ireland 28300.00 8963.35 594.50 7 292.25 

Italy 20800.00 7286.16 318.60 939 313.87 
Latvia 8300.00 1283.04 62.40 8 399.11 

Lithuania 8200.00 1553.52 76.60 0 412.95 
Luxembourg 38100.00 16339.19 1279.00 1 145.99 
Netherlands 25700.00 10295.40 640.20 10 345.88 

Poland 7600.00 1768.00 57.60 12 234.22 
Portugal 14100.00 3942.35 243.50 77 722.37 
Romania 5300.00 925.98 37.60 1 304.55 
Slovakia 8900.00 1913.79 56.50 6 433.90 
Slovenia 13100.00 3937.98 306.90 2 307.81 

Spain 18300.00 5284.03 324.70 1033 346.34 
Sweden 26400.00 10669.31 1341.00 74 224.13 
United 

Kingdom 25100.00 7708.16 526.20 71 300.78 
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APPENDIX 2: PRINCIPAL COMPONENT ANALYSIS RESULTS 

TABLE 8 Correlation matrix among twelve standardized variables 

 
Z

X1 
Z

X2 
Z

X3 
Z

X4 
Z

X5 
Z

X6 
Z

X7 
Z

X8 
Z

X9 
Z
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Z

X11 
Z

X12 
Z

X1 
1

.00  
0

.27  
0

.07  
-

0.25  
0
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0

.14  
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.23  
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0

.31  
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-

0.03  
Z
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0
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1

.00  
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-
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.31  
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.17  
0

.31  
Z

X3 
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.29  
1

.00  
-
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0
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.17  
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.42  
0

.29  
0
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.46  
0

.52  
0

.05  
Z

X4 
-
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-

0.96  
-

0.54  
1

.00  
-

0.59  
-

0.16  
-

0.41  
-

0.35  
-

0.46  
-
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-

0.30  
-
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Z
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Z
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.73  
-
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Z
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Z
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-
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1

.00  
0
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Z

X10 
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.31  
0
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0

.46  
-

0.45  
0
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0

.78  
0

.87  
0

.95  
0

.98  
1

.00  
0

.91  
0

.15  
Z

X11 
0

.21  
0

.17  
0

.52  
-

0.30  
0

.58  
0

.73  
0

.80  
0

.84  
0

.87  
0

.91  
1

.00  
0

.10  
Z

X12 
-

0.03  
0

.31  
0

.05  
-

0.29  
0

.34  
-

0.07  
-

0.03  
0

.08  
0

.15  
0

.15  
0

.10  
1

.00  

 
 

TABLE 9 KMO and Bartlett‘s test 

KMO and Bartlett'sTest 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .542 

Bartlett'sTest of Sphericity Approx. Chi-Square 642.002 

df. 66 

Sig. .000 
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TABLE 10 Factor matrices 

variables Unrotated factors Rotated factors 

 Compon
ent 1 

Compon
ent 2 

Compon
ent 3 

Commun
alities 

Compon
ent 1 

Compon
ent 2 

Compon
ent 3 

X1 .368 -.104 -.802 0.790 .186 .126 .860 

ZX2 .516 -.748 -.185 0.860 .081 .858 .341 

ZX3 .537 -.270 .271 0.435 .373 .523 -.147 

ZX4 -.607 .734 .086 0.914 -.177 -.903 -.258 

ZX5 .721 -.348 .104 0.651 .479 .647 .055 

ZX6 .757 .463 .028 0.789 .884 -.060 .059 

ZX7 .869 .223 -.013 0.805 .865 .194 .141 

ZX8 .928 .292 -.048 0.949 .945 .154 .180 

ZX9 .957 .144 -.040 0.938 .902 .298 .190 

ZX10 .971 .165 .048 0.973 .934 .301 .105 

ZX11 .883 .273 .190 0.890 .922 .189 -.060 

ZX12 .179 -.503 .449 0.486 -.031 .596 -.362 

Eigenval
ue 

6.439 2.027 1.015     

% of 
variance 

53.656 16.892 8.546     

Cumulat
ive% 

53.656 70.548 79.005     

 
 

APPENDIX 3: COMPREHENSIVE EVALUATION RESULTS 

TABLE 11 Component score coefficient matrix 

 Component 1 Component 2 Component 3 
ZX1 -.060 -.059 .790 

ZX2 -.123 .330 .228 

ZX3 .039 .198 -.235 

ZX4 .097 -.346 -.133 

ZX5 .029 .218 -.065 

ZX6 .213 -.143 -.028 

ZX7 .169 -.038 .025 

ZX8 .189 -.069 .058 

ZX9 .159 -.002 .057 

ZX10 .176 .004 -.028 

ZX11 .204 -.026 -.173 

ZX12 -.044 .303 -.405 
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TABLE 12 Comprehensive score, and rank among samples 

EU countries F1 
Sort 
by F1 F2 

Sort 
by F2 F3 

Sort 
by F3 F 

Sort 
by F 

Luxembourg 3.09  1 -1.21  23 0.09  9 1.46  1 
Denmark 1.41  3 1.13  5 -0.10  14 0.94  2 
Finland 1.33  4 -0.60  18 -0.83  23 0.54  3 
Netherlands 0.64  5 0.80  6 0.21  6 0.50  4 
Sweden 1.42  2 -1.11  22 -0.82  22 0.50  5 
Austria 0.55  6 1.17  4 -0.28  16 0.47  6 
Ireland 0.26  8 -0.17  13 4.21  1 0.47  7 
Belgium 0.38  7 1.30  3 0.45  3 0.46  8 
Germany 0.05  11 2.05  1 -1.21  25 0.27  9 
France 0.23  10 0.23  10 0.16  7 0.18  10 
United 
Kingdom 0.25  9 -0.26  14 0.40  5 0.13  11 
Italy -

0.34  13 1.35  2 -0.41  19 0.01  12 
Spain -

0.39  14 0.78  7 -1.02  24 -0.16  13 
Slovenia -

0.44  15 0.17  11 0.03  12 -0.21  14 
Portugal -

0.46  16 0.05  12 -0.35  17 -0.27  15 
CzechRepublic -

0.83  22 0.78  8 0.44  4 -0.28  16 
Cyprus -

0.26  12 -0.92  20 0.09  8 -0.29  17 
Slovakia -

0.81  21 -0.26  15 -0.07  13 -0.48  18 
Estonia -

0.66  17 -0.93  21 0.09  10 -0.51  19 
Hungary -

0.76  18 -0.47  17 -0.23  15 -0.51  20 
Poland -

1.29  25 0.53  9 0.68  2 -0.54  21 
Latvia -

0.97  24 -0.34  16 0.05  11 -0.57  22 
Lithuania -

0.79  20 -0.71  19 -0.37  18 -0.58  23 
Bulgaria -

0.78  19 -1.60  24 -0.66  21 -0.75  24 
Romania -

0.83  23 -1.76  25 -0.57  20 -0.79  25 

 
 

TABLE 13 Correlation between component score F and the GHG emission 

  Standardized GHG emission  F 

Standardized GHG emission   Pearson Correlation 1 -,526** 

 Sig. (2-tailed)  0,007 

 N 25 25 
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APPENDIX 4: REGRESSION RESULTS 

TABLE 14 Model summary 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson 

1 .440 .193 .158 .91738284   

2 .596 .356 .297 .83847396 2.534 

 
 

TABLE 15 ANOVA analysis 

ANOVA 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 4.643 1 4.643 5.517 .028 

Residual 19.357 23 .842     

Total 24.000 24       

2 Regression 8.533 2 4.267 6.069 .008 

Residual 15.467 22 .703     

Total 24.000 24       

 
 

TABLE 16 Coefficients 

Coefficients 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. Collinearity 
Statistics 

B Std. 
Error 

Beta Tolerance VIF 

1 (Constant) .000 .183   .000 1.000     

REGR F2 

 
-.440 .187 -.440 -2.349 .028 1.000 1.000 

2 (Constant) .000 .168   .000 1.000     

REGR F2 

 
-.440 .171 -.440 -2.570 .017 1.000 1.000 

REGR F1 
 

-.403 .171 -.403 -2.352 .028 1.000 1.000 
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TABLE 17 Excluded variables 

Excluded Variables 

Model Beta 
In 

t Sig. Partial 
Correlation 

Collinearity Statistics 

Tolerance VIF Minimum 

Tolerance 

1 REGR F1 
 

-.403 -2.352 .028 -.448 1.000 1.000 1.000 

REGR F3 

 

-.107 -.562 .580 -.119 1.000 1.000 1.000 

2 REGR F3 
 

-.107 -.615 .545 -.133 1.000 1.000 1.000 

 
 

TABLE 18 Residuals statistics 

Residuals Statistics 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value -1.0611216 1.1081482 .0000000 .59627843 25 

Residual -1.43812084 2.13178539 .00000000 .80277770 25 

Std. Predicted Value -1.780 1.858 .000 1.000 25 

Std. Residual -1.715 2.542 .000 .957 25 

 
 

TABLE 19 Descriptive statistics 

Descriptive Statistics 

 
N 

Minimu
m 

Maxi
mum Mean 

Std. 
Deviati

on 
Vari
ance 

Statistic Statistic 
Statisti

c 
Statisti

c 
Std. 

Error Statistic 
Stati
stic 

ZY 25 -1,5451 2,6411 0,0000 0,2000 1,0000 1,000 

REGR F1 25 -1,2893 3,0924 0,0000 0,2000 1,0000 1,000 

REGR F2 25 -1,7588 2,0487 0,0000 0,2000 1,0000 1,000 

REGR F3 25 -1,2070 4,2077 0,0000 0,2000 1,0000 1,000 

Valid N (listwise) 25             
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FIGURE 11 Frequency histogram 

 
 

 

FIGURE 12 P-P Plot of regression standardized residual 
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FIGURE 13 Scatter plot of the residual 

 
 

APPENDIX 5: REVISED REGRESSION RESULTS 

TABLE 20 Normality tests of standardized GHG emission from waste 

Tests of Normality 

  Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

ZY 0,173 25 0,051 0,906 25 0,025 

a. Lilliefors Significance Correction 
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FIGURE 14 Frequency histogram (with outliers) 

 
 

 

FIGURE 15 Box plot of GHG emission from waste 

4 and 19 are outliers: observation 4 stands for the GHG emission of Cyprus and 
observation 19 stands for the GHG emission of Portugal. 
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TABLE 21 Model summaries 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson 

 1 ,495 ,245 ,209 ,64274251  

2 ,690 ,476 ,424 ,54855262 2,069 

 
 

TABLE 22 ANOVA analyses 

ANOVA 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 2,809 1 2,809 6,798 ,016 

Residual 8,675 21 ,413     

Total 11,484 22       

2 Regression 5,466 2 2,733 9,082 ,002 

Residual 6,018 20 ,301     

Total 11,484 22       

 
 

TABLE 23 Coefficients 

Coefficients 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. Collinearity 
Statistics 

B Std. Error Beta Tolera
nce 

VIF 

1 (Constant) -,194 ,134   -1,450 ,162     

REGR F2 -,349 ,134 -,495 -2,607 ,016 1,000 1,000 

2 (Constant) -,184 ,115   -1,605 ,124     

REGR F2 -,352 ,114 -,500 -3,086 ,006 1,000 1,000 

REGR F1 -,335 ,113 -,481 -2,972 ,008 1,000 1,000 

 
 

TABLE 24 Excluded variables 

Excluded Variables 

Model Beta 
In 

t Sig. Partial 
Correlation 

Collinearity Statistics 

Tolerance VIF Minimum 
Tolerance 

1 REGR F1 -,481 -2,972 ,008 -,553 1,000 1,000 1,000 

REGR F3 -,119 -,619 ,543 -,137 1,000 1,000 1,000 

2 REGR F3 -,122 -,745 ,465 -,169 1,000 1,000 1,000 
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TABLE 25 Residuals statistics 

Residuals Statistics 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value -1,0509 0,7136 -0,2076 0,4984 23 

Residual -1,0436 1,0516 0,0000 0,5230 23 

Std. Predicted Value -1,6920 1,8481 0,0000 1,0000 23 

Std. Residual -1,9024 1,9171 0,0000 0,9535 23 

 
 

 

FIGURE 16 Frequency histogram (without the outlier values) 
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FIGURE 17 P-P Plot of regression standardized residual 

 
 

 

FIGURE 18 Scatter plot of the residual 
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TABLE 26 Descriptive statistics 

Descriptive Statistics 

 N Minimu
m 

Maxim
um 

Mean Std. 
Deviation 

Variance 

Statistic Statistic Statistic Statistic Std. 
Error 

Statistic Statistic 

ZY 23 -1,5451 1,6945 -0,2076 0,1507 0,7225 ,522 

REGR F1 25 -1,2893 3,0924 0,0000 0,2000 1,0000 1,000 

REGR F2 25 -1,7588 2,0487 0,0000 0,2000 1,0000 1,000 

REGR F3 25 -1,2070 4,2077 0,0000 0,2000 1,0000 1,000 

Valid N 
(listwise) 

23             

 


