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1. INTRODUCTION
Waste generation is connected to the socio-economic 

status of nations. In developing countries, the manage-
ment of waste is becoming more complex as a result of 
rapid urbanization and the increasingly heterogeneous 
nature of consumer products. Increasing population lev-
el, rapid urbanization, increasing economic activity and 
an increase in society’s living standards in major cities 
in developing countries have led to substantial growth in 
waste generation. Large increases in global waste genera-
tion may be attributed to developing countries, driven by a 
combination of high urbanization rates and rapid economic 
development (Le Courtois, 2012). Specific socio-economic 
conditions prevail in developing countries, including rapid 
population growth, rural-urban migration, lack of funds and 
low-skilled cheap labour. SWM systems in emerging econ-
omies often lack facilities, and suffer insufficient service 
coverage, improper disposal and treatment methods that 

can lead to major environmental and social problems.
Mukhtar et al. (2016), in a review of the history of urban 

waste management, clearly showed that direct adoption 
of developed cities’ approaches without proper consider-
ation of the local circumstances may lead to unsustain-
able future waste management in developing cities. The 
significance of factors in SWM in developing countries has 
been assessed with regard to: socio-economic impacts on 
waste generation (Bandara et al., 2007), recycling (Johari et 
al., 2014), waste to resource initiatives (Storey et al., 2015), 
the collection of municipal waste (Coffey and Coad, 2010) 
and disposal of waste (Zurbrügg and Schertenleib, 1998). 
The roles of specific factors are not always well-defined 
nor their influence measured. The impact of these factors, 
when apparent, can be validated from historical evidence. 
Multiple factors affect the development of SWM, including 
legislative, environment, social, technical, health, market 
demand and economic aspects. These key factors need 
to be identified and their role(s) understood to ascertain 
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whether proposed waste management plans are duly tai-
lored to local requirements and are viable in environmental, 
social and economic terms (Mukhtar et al., 2015). The fun-
damental factors relevant to waste management systems 
can vary due to the differences between individual cities’ 
characteristics (Contreras et al., 2010). Some factors are 
usually measurable by specific indicators or scales, quanti-
fiable, considered in decision-making and implementation 
processes, and publically accessible (e.g. demographic 
indicators): these factors may be termed “visible”. In con-
trast, there are “invisible” factors that are not usually mea-
sured or quantified but still likely to influence waste genera-
tion, behaviour and operational practices, and perceptions 
about waste. These factors potentially influence the need 
for development of a waste management system but are 
qualitative (e.g. behaviour, understanding and awareness) 
and may be important if local conditions are to be rec-
ognised and addressed in the design and implementation 
of waste management systems.

Various factors in SWM play different fundamental 
roles in waste management practices (Barr, 2007; Periath-
amby et al., 2009b; Wilson, 2007). Previous research stud-
ies have addressed the significance of factors in SWM, 
including: policy and strategy (Rudden, 2007; Taherzadeh 
and Rajendran, 2014; Wilson et al., 2011), age and aging 
communities (Pickerin and Shaw, 2015), community be-
haviour and interactions (Shaw, 2008), the socio-economic 
impacts on waste generation (Bandara et al., 2007), re-
cycling (Johari et al., 2014), waste to resource initiatives 
(Storey et al., 2015), the collection of municipal waste (Cof-
fey and Coad, 2010) and disposal of waste (Zurbrügg and 
Schertenleib, 1998). Although the degree of influence of in-
visible factors is perhaps varied and sometimes unclear in 
terms of impact, in principle they serve as a starting point 
to design more effective waste management strategies or 
policies based on tangible local trends or evidence, rather 
than adopting best practices from elsewhere which may 
not address local characteristics, customs, uniqueness or 
waste composition (Mukhtar et al., 2016). 

In some cases, invisible factors’ roles in shaping waste 
management in developing countries may be more import-
ant than in developed countries, depending on the combi-
nation and roles of other factors under the local circum-
stances. Due to the influence of these factors in specific 
situations and at local scale, invisible factors that worked 
well in one locality may appear to be not important at all 
in other areas and therefore direct adoption may not lead 
to similar outcomes. The complexity of a city/region’s 
waste management system requirements need to be: (i) 
recognised, (ii) analysed and (iii) turned into infrastructure, 
service provision and information campaigns that lead to 
behaviour change. For example, cities with diverse ethnic 
groups in the community might consider the differences 
in culture and lifestyles of each ethnic group in terms of 
waste practices, resource consumption and awareness on 
proper waste management practices. In less diverse set-
tings, any differences in waste-related behaviour among 
different ethnic groups may not appear to be important 
and may not need to be considered in waste management 
plans and systems. It is possible that approaches to set-

ting up waste collection systems, selecting suitable treat-
ment methods and public awareness-raising campaigns 
need to take visible and invisible factors into consideration 
in order to reach desirable results. In this paper, we first 
aim to identify fundamental factors in waste management 
through a review of multidisciplinary literature and classify 
these factors into PESTLE (Political, Environmental, Social, 
Technological, Legal and Economic) categories. The sec-
ond aim of this study is to classify further these fundamen-
tal factors into two broad categories, “visible” and “invisi-
ble” by employing a Delphi study. Results will provide clear 
classification of visible and invisible factors in developing 
countries and how these factors can be connected within 
the local setting that can accelerate the development of 
SWM systems.

2. METHODS
This study comprised two phases. The first stage was a 

literature review to gather and collate a list of fundamental 
factors that are reported to be relevant to and important in 
SWM; factors were then classified according to the PES-
TLE system (section 2.1). To identify factors, the literature 
relating to SWM was characterized and critically evaluated 
(Pérez-Belis et al., 2015). Scholarly articles were searched 
and subsequently reviewed based on the title, abstract and 
keywords to evaluate the suitability of the factors highlight-
ed in the documents. The factors as collated and classified 
were then presented to a consultative group, members of 
which were asked to specify whether they consider each 
factor to be “visible” or “invisible” in current waste manage-
ment practices (section 2.2).

2.1 PESTLE classification of factors in solid waste 
management

Important factors in waste management development 
were first identified via a literature review. The literature re-
view was intended to identify factors on a qualitative basis. 
The factors were grouped according to the PESTLE clas-
sification (e.g. Zhang et al., 2011; Kolios and Read, 2013; 
Srdjevic et al., 2012; Zalengera et al., 2014) to create an 
analytical framework. Those factors identified were not in-
tended to represent an exhaustive list but to generate a set 
of factors for subsequent consideration by the consultative 
group in the Delphi study (section 2.2). 

2.2 Delphi survey
The Delphi method was employed to establish views 

on fundamental factors in SWM from a group of identified 
international experts. The Delphi method is a systematic 
and interactive research technique to obtain the judgement 
of independent experts on a specific topic. Selection of 
appropriate experts for the Delphi panel is critical to the 
quality of the study (Hsu and Sandford, 2007). Candidate 
participants were selected using the authors’ extensive 
knowledge of international waste management profession-
als supplemented by an online search to identify persons 
with expert knowledge, including members of editorial pan-
els from waste management-related journals, academics 
in higher education and established professionals from 
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selected waste management companies and municipal 
authorities. The structure of the Delphi questionnaires fol-
lowed the key factors and PESTLE categorization (section 
2.1).

Respondents were presented with the list of factors 
within PESTLE categories (Tables 1-6) and asked to clas-
sify each factor as either “visible” or “invisible”. The ques-
tionnaire specified the meaning of each of these terms, 
vis-à-vis:
• Visible factors are usually measurable by specific in-

dicators or scales, quantifiable, considered in deci-
sion-making and implementation processes, and pub-
lically accessible.

• Invisible factors are not usually measured or quantified 
but still likely to influence waste generation, behaviour 
and operational practices, and perceptions about 
waste.

Respondents were also asked to provide information 
regarding their own role, expertise and experience in SWM. 
The Delphi questionnaire was administered by iSurvey, a 
survey generation and research tool for distributing online 
questionnaires used by the University of Southampton 
(https://www.isurvey.soton.ac.uk/).

3. RESULTS AND DISCUSSION
3.1 PESTLE classification of factors in solid waste 
management

The 43 factors are identified and briefly described in 
Tables 1-6. Differences in the numbers of factors in each 

PESTLE class were noted. We note that the observations to 
hand (Tables 1-6) do not represent an exhaustive list of fac-
tors or a quantitative profile. The specific purpose (section 
2.1) is to inform and guide the subsequent Delphi survey 
(section 2.2). In particular, this analysis provides the struc-
tural framework for the Delphi study and the definitions of 
each factor (Tables 1-6).

3.2 Delphi survey: respondent profile
The respondent group comprised professionals from 

academia, private SWM consultants and companies, regu-
latory, local authorities and national government, charity or-
ganizations, business and trade and politics. Participants 
were classified according to their current location and its 
associated economic status (Table 7). The classification 
of countries by gross net income (GNI) is considered ap-
propriate, but does not necessarily reflect the status of de-
velopment in countries within the same classification.

3.3 Delphi survey: classification of factors as visible 
and invisible

Experts were asked to classify 43 factors (Tables 1-6) 
as visible or invisible. For about 80% of these factors, more 
than 50% of the respondents judged them to be visible. 
Each group of factors is considered in relation to PESTLE 
categories (sections 3.3.1 to 3.3.6).

3.3.1 Political factors
Political factors, as classified by respondents, varied 

in terms of being considered visible or invisible (Figure 
1). The local government plan was considered visible by 

Factor Description References

Government stability Strong government can hold its power and control over the country 
with minimal external influence

Plata-Díaz et al. (2014);
Wilson et al. (2001)

Corruption Fraudulent conduct for personal benefits, typically related to bribery Taherzadeh and Rajendran (2014);
Jones et al. (2010) 

Accountability of leaders Responsible and trusted leaders Jones et al. (2010);
Rudden (2007)

Local government plan The plan for future development of the local area Rudden (2007); 
Wilson et al. (2001)

Government priorities Focus and attention on specific issues by the government Moh and Abd Manaf (2016)

Influence of politicians Effect of politicians’ behaviour and character on specific issues Taherzadeh and Rajendran (2014)

Bureaucracy Excessively complicated administrative procedure Godfrey and Scott (2011)

TABLE 1: Political factors in SWM: the ability and roles of government to affect management and regulation.

Factor Description References

Environmental guidelines Local/national guidelines that set specific environmental standards Li (2007)

Environmental targets Specific goals on environmental standards to be achieved within 
certain period of time  Li (2007)

Climate change Changes in global and regional climate patterns resulted from 
unsustainable human activities

Zaman (2013);
Johnson et al. (2011)

Geographical landform Different features of the part of the earth which makes the terrain Li (2007)

Local weather Specific weather conditions at a particular place and time Emery et al. (2003)

Environmental awareness Awareness on the adverse impacts onto the environment resulted 
from unsustainable human activities

Triguero et al. (2016);
De Feo and De Gisi (2010)

TABLE 2: Environmental factors in SWM: the ability of environmental elements and resources to influence waste management behaviour 
and directions.
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Factor Description References

Seasonal variations
Specific annual celebrations at particular times of the year to celebrate a change of 
weather, season, crop harvesting and also racial, religious or ethnic affiliation which may 
or may not be officially recognized by the government

Gómez et al. (2009);
Emery et al. (2003)

Religion System of faith and worship 

Taherzadeh and Rajendran 
(2014); 
Mohamad et al. (2012);
Mohamad et al. (2011)

Cultural Social behaviour, belief, traditions of particular group of people Thyberg and Tonjes (2015);
Martin et al. (2006) 

Ethnicity A particular group of people with same races, religious and origin that may have different 
culture from other groups of people of a country Perry and Williams (2007) 

Local/national events Special days of celebration include national holidays, commemoration and also racial or 
ethnic affiliation which are officially recognized by the government Gibson and Wong (2011)

Discrimination Unfair treatment of individuals or groups of people 
Ma and Hipel (2016);
Sembiring and Nitivattananon 
(2010) 

Socio-economic 
indicators Changes in particular demographic components which are measured periodically

Triguero et al. (2016);
Pickerin and Shaw (2015);
Contreras et al. (2010);
Wilson et al. (2001)

Resource consumption 
patterns Changes of natural resources use for human activities within particular period of time Taherzadeh and Rajendran 

(2014)

Shared norms Rules of behaviour that are considered acceptable in group of society Binder and Mosler (2007)

Rural-urban daily migration Movement of people from rural to urban areas on a daily basis, mainly due to the econom-
ic and tourism activities Henry et al. (2006)

Philosophical change The evolving thoughts and feelings on particular issues that reflected in the changing in 
behaviour Wilson et al. (2001)

Attitude-behaviour rela-
tionship The relationship between an individual’s values or intentions and their actions

Triguero et al. (2016);
Taherzadeh and Rajendran 
(2014) ; Barr (2007) 

Resistance to change Response(s) of individuals or groups of people when they perceive or interpret change as 
a threat to them

Taherzadeh and Rajendran 
(2014)

TABLE 3: Social factors in SWM: the functionality of humans and their responses towards changes in waste management.

Factor Description References

Skilled workers;  
experts

Workers with specific knowledge, skills and ability to perform best in their work; those who 
are widely recognized as a reliable source of technique and skills Periathamby et al. (2009a)

Application of suitable 
technology Application of the appropriate technology that is best designed for efficient operation

Taherzadeh and Rajendran 
(2014) 
Contreras et al. (2010)
Wilson et al. (2001)

Facilities availability Adequate number of facilities are developed for specific deployment Taherzadeh and Rajendran 
(2014)

Rate of technology change Development of waste management-related technology over time Zaman (2013)

R&D Activities New or innovative research that changes facilities, management and practices Periathamby et al. (2009a)

TABLE 4: Technological factors in SWM: the ability to apply suitable technology towards the improvement of waste management.

Factor Description References

International directives Environmental guidelines and instructions drafted by international organizations to create 
uniformity and consistency

Contreras et al. (2010)
Rudden (2007)

Local policy Policy that sets guidelines that determine the decision and actions Taherzadeh and Rajendran 
(2014)

Producer responsibility Approach taken by the producers in managing waste Triguero et al. (2016)

Consumer accountability Responsibility of consumers in buying and consuming, and managing waste arisings Triguero et al. (2016)

Relevant SWM law Compliance and enforcement of the law Contreras et al. (2010)
Bai and Sutanto (2002)

TABLE 5: Legal factors in SWM: the attributes and obligations of local authority and as institutions responsible to comply with waste 
management guidelines..
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dents (61%) to be visible (Figure 1). Changes of govern-
ment can clearly influence plans and their implementation 
at local to national scale. Stable government and related 
institutions allow establishment and maintenance of good 
relationships between politicians and authorities, ensuring 
better co-ordination of efforts in planning and development 
of efficient waste management services. Less stable gov-
ernment can generate uncertainty within the governmental 
institutions and disrupt decision-making and executing of 
waste management plans.

The accountability of the leaders was classified by 
53% of respondents as invisible. Measuring the qualities 
of leaders is inherently subjective. Changes to waste man-
agement cannot be readily or reliably attributed to the 
contributions of individual leaders; efforts of government 
authorities in improving waste management are generally 
cumulative, arising from multiple contributions from many 
individuals. There may, however, be some attribution of 
broad-scale outcomes to leaders who have taken a key 
role in developing a waste management strategy, most 
likely at a local scale. Although fewer respondents consid-
ered corruption to be visible than did bureaucracy, these 
two factors may be interlinked; excessive bureaucracy can 
precipitate corruption. It is arguable that corruption, antag-
onistic politics and bureaucratic procrastination commonly 
exist in developing countries’ government systems, which 
influence the decision-making and stakeholders’ involve-
ment in relation to SWM policy and practice. Corruption is 
more likely to occur when partnerships and relationships 
are poorly designed or defined; the efficiency of the net-
working then becomes inefficient (Taherzadeh and Rajen-
dran, 2014).

With regard to politicians influencing decision-making 
and implementation of waste management systems, most 
respondents (69%) considered this to be an invisible factor 
(Figure 1). Influences of politicians can be notable, how-
ever. For example, following Malaysia’s General Election in 
2008, the change in political leadership led to the challenge 
for the federal government to implement finally the Solid 
Waste Management Act 2007. Following the result of the 
election, a contrast in political relations emerged between 
(i) states in the same political coalition as the federal gov-
ernment and (ii) states ruled by the opposition party and 

Factor Description References

Potential income from 
waste Monetary benefits from waste Taherzadeh and Rajendran 

(2014)

Trade restrictions on waste Limitation on trade activities to selected waste Ray (2008)

Third sector restrictions Limitation on trade activities to informal business and/or charitable organizations Williams et al. (2012)

Availability of funds Financial assistance available for projects or initiatives
Taherzadeh and Rajendran 
(2014)
Wilson et al. (2001) 

Interest and tax Application of interest and tax on goods and services Jones et al. (2010)

Economic growth patterns Changes in the amount of goods and services produced per head of the population over 
a period of time Johnson et al. (2011)

Incentives Rewards offered for appropriate or desired actions Jones et al. (2010)

TABLE 6: Economic factors in SWM: the ability of economic status to determine the marketability of recovered materials and waste 
products.

all respondents; the majority view was that government 
priorities, government stability and bureaucracy were vis-
ible. The accountability of leaders was viewed as visible 
and invisible by a similar proportion of respondents, whilst 
the majority of respondents considered corruption and the 
influence of politicians to be invisible factors (Figure 1). 
These observations (Figure 1) illustrate the importance of 
government in setting the focus and direction in future de-
velopment of waste management. The experts consulted 
in the Delphi survey highlighted the visibility of both local 
government plans and government priorities in relation to 
waste management. It can be argued that in developing 
countries, there is a relatively high dependency on govern-
ment to facilitate proper waste management services and 
facilities. Most respondents (70%) considered bureaucracy 
to be a visible factor in waste management (Figure 1). Bu-
reaucracy, whilst often a visible factor, can exert negative 
impacts if, for example, administration procedures are ex-
cessively complicated; unnecessary procedures and ap-
proval processes can cause delays in decision-making and 
implementation.

Government stability was considered by most respon-

Participants’ location Economic status1

Mozambique Low income2 

Tanzania Low income2 

Togo Low income2 

South Africa Upper-middle income4

India Lower-middle income3 

Indonesia Lower-middle income3 

Malaysia Upper-middle income4 

Vietnam Lower-middle income3 

Argentina Upper-middle income4 

Brazil Upper-middle income4 

Peru Upper-middle income4 

TABLE 7: Classification of Delphi survey participants’ current loca-
tion and national economic status.1Economic status determined 
by the gross net income (GNI) per capita per year (World Bank, 
n.d.); 2GNI per capita of <$1,025; 3GNI per capita $1,026 to $4,035; 
4GNI per capita $4,036 to $12,475.
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not aligned with the federal government. Changes of lead-
ership in some of the states had caused the non-uniformity 
standards of waste services that led to problems in some 
areas.

3.3.2 Environmental factors
Many of the environmental factors (Table 2) are con-

sidered to be visible by survey respondents. Environmental 
guidelines and environmental targets were highlighted as 
visible by the majority of respondents. Clear guidelines and 
targets on environmental aspects are vital for improving 
SWM: guidelines should provide procedures and methodol-
ogies for monitoring and enforcing the regulations; targets 
must be achievable and realistic to drive initiatives towards 
improvements. The importance of geographical landform 
on the development of SWM systems is also considered 
visible by most (70%) respondents. Vehicle-based collec-
tion in less accessible areas in developing countries may 
inhibit expansion of service areas in less reachable, mainly 
rural areas: some facilities, social and economic activities 
depend on the suitability of transport infrastructure. Spatial 
variation in this regard requires understanding of the local 
situation in order to plan for a workable and efficient waste 
management system. The quality and coverage areas of 
waste collection services in some of developing countries 
differ between urban and rural areas, which may explain 
the observed split between respondents considering geo-
graphical landform visible and invisible (Figure 2).

Environmental awareness was seen by most respon-
dents as a visible factor (Figure 2): awareness underpins 
waste behaviour that can contribute to more sustain-
able SWM. The importance of having a population that is 
well-educated regarding environmental and waste man-
agement issues is thus highlighted and confirmed as com-
monly recognised and incorporated in SWM systems and 
approaches. This outcome is notable: enhancing aware-
ness of good waste practices and sustainability has been 
stated as a key challenge in SWM in developing countries 
(Ferronato et al., 2017; McAllister, 2015; Storey et al., 2015). 
With environmental awareness commonly viewed as visi-

FIGURE 1: Proportions of Delphi survey participants classifying political factors (Table 1) as visible or invisible.

ble (Figure 2), there is potential to increase further aware-
ness among public in developing countries to further prog-
ress initiatives towards sustainability in SWM.

Notably, Delphi respondents indicated that climate 
change is more commonly invisible than visible (Figure 2); 
less than one third of respondents regarded climate change 
as a visible factor in SWM. This observation is somewhat 
at odds with the general recognition of climate change as a 
major and global environmental problem for the waste sec-
tor (Turner, 2016). Omissions of climate change from visi-
ble factors in SWM policy and practice renders the impacts 
of SWM on climate invisible and can lead to decision-mak-
ing that fails to reduce or even propagates waste-related 
climate change impacts.

3.3.3 Social factors
Respondents’ views of social factors in SWM as visible 

or invisible markedly varied across the factors considered 
(Figure 3). Resource consumption patterns were regarded 
as visible by the majority of respondents; economic pros-
perity is commonly associated with demand for products 
and materials for consumption which in turn leads to high-
er demands on effective SWM systems. Experts mainly 
have considered that consumption patterns are already 
incorporated in SWM planning and system design. We note 
that preventing or inhibiting high rates of consumption and 
avoiding “throw-away” mentality could reduce waste gen-
eration by enhancing reuse (Williams and Shaw, 2017). Lo-
cal/national events were considered to be visible in SWM 
by most respondents (Figure 3). Celebration of local and 
national events draws communities together, but can lead 
to notable quantities of waste that need to be dealt with, 
requiring additional resources. Seasonal variations were 
also considered to be visible by most respondents. Such 
celebrations are typically ethnic, cultural and religious 
events that occur within specific communities; the asso-
ciated waste is often generated at a household level. For 
example, during the Ramadhan and Eid-ul-Fitr celebrations, 
food waste is generated in higher than usual quantities. 
Muslims tend to buy more food than their normal require-

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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ment for self-consumption and guests; however, with limit-
ed time for consumption, food may not be efficiently con-
sumed and ultimately ends up as waste. Changes in waste 
collection frequency, additional vehicles and workforce 
are needed in consequence. Likewise, Christmas and Eas-
ter celebrations can lead to increases in household waste 
comprising large proportions of recyclables, such as pack-
aging, wrapping papers, greetings cards, glass bottles and 
food waste.

Most of the responses from the Delphi respondents 
identified rural-urban daily migration as a visible factor in 
SWM (Figure 3). Unequal economic growth distribution 
between rural and urban areas leads to daily commuting, 
mainly driven by the economic opportunities and access 
to education, health, commerce and trade, for example. 
Although daily migration is already taken into account in 
many respondents’ views, these activities influence the 
quantities and locations of waste generated in a city and 
confound estimates of likely waste arisings on a per capi-
ta basis. Understanding the influence of daily migration on 
waste characteristics, generation trends and patterns is 
non-trivial but nonetheless informs and guides SWM policy 
and practice in most of the locations represented by the 
Delphi survey participants (Table 7).

There were five factors classified as equally visible and 
invisible: cultural, socio-demographic, attitude-behaviour 
gap, resistance to change, and shared norms. Religion and 
discrimination were considered to be invisible by most re-
spondents (Figure 3). These factors thus appear to be in-
corporated in SWM policy and practice on an inconsistent 
basis. Religion is seen as influential force to transform pub-
lic practices and behaviour in waste management (Moha-
mad et al., 2011; Taherzadeh and Rajendran, 2014). Discus-
sions on the influence of religion in waste management, 
however, are limited and often included within broader sets 
of socio-demographic indicators (Mohamad et al., 2012). 
Religion is perhaps not widely considered in SWM systems 
despite the potential of religious organizations to assist in 
transforming the public’s waste behaviour. Likewise, cultur-
al factors and ethnicity may present opportunities to trans-
form waste management behaviour through social groups 

and communities, although the visibility of these factors 
varies between settings according to the Delphi survey re-
sponses in this study (Figure 3). We note that factors are 
not necessarily mutually exclusive: ethnicity may, for exam-
ple, be associated with cultural and religious factors and 
their related behaviour and values regarding resource con-
sumption and waste management. We note that although 
culture, religion and ethnicity may well be closely associ-
ated, cultural factors are more commonly recognised and 
incorporated in SWM (Figure 3).

Discrimination was viewed as a visible factor in SWM 
by around 1 in 6 Delphi respondents. This is perhaps a 
weakness in many settings: urbanization and economic 
growth lead potentially to inequality, harassment and exclu-
sion due to individuals’ low social status. The few studies 
on this issue have highlighted, for example, discrimination 
of female SWM workers in developing countries (Ma and 
Hipel, 2016; Nunn, 2012), informal recyclers (Mull, 2005; 
Sembiring and Nitivattananon, 2010) and racism and social 
status of communities (Baabereyir, 2009). The intrusion of 
political agenda in solid waste management hindered the 
occurrence of social injustice which make discrimination 
factor is least considered.

3.3.4 Technological factors
Most, but not all, Delphi respondents considered all 

technological factors to be visible (Figure 4). This outcome 
highlights the importance of available and suitable facili-
ties for waste management activities that lead to positive 
waste management behaviour among the public and im-
prove operational efficiency. A lack of suitable facilities can 
contribute to stagnation or decline of local SWM efficien-
cy, whilst availability of appropriate facilities can motivate 
public participation. Suitable facilities for SWM also permit 
resource recovery from the waste stream and thus contrib-
ute to more sustainable resource use.

The needs for skilled workers and experts are com-
monly regarded as visible factors in SWM in developing 
countries; pertinent skills and expertise can enhance and 
improve initiatives for and operations of SWM. In contrast, 
an inadequate skills base can lead to inaccurate waste 

FIGURE 2: Proportions of Delphi survey participants classifying environmental factors (Table 2) as visible or invisible.
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projections and ineffective planning. There are relatively 
few academic studies that have evaluated the importance 
of skilled workers and experts in developing sustainable 
waste management plans (Dinie et al., 2013; Hazra and 
Goel, 2009; Moh and Abd Manaf, 2014); there is thus a 
contrast in that knowledge appertaining to skills and ex-
pertise is somewhat poor, whilst skills and expertise are 
commonly incorporated in SWM. We note that waste man-
agement involves both technical and non-technical disci-
plines; therefore, skilled workers can contribute to the ef-
ficiency of operational issues. Optimizing the recovery of 
materials from the waste stream and reducing the mainte-
nance cost of facility operation by proper handling of the 
waste treatment facilities, for example, relies on a suitably 
skilled workforce. Most Delphi survey respondents identi-
fied application of technology in waste management as a 
visible factor. Technology can conveniently and efficient-
ly support the SWM systems, for example, when applied 
to waste treatment operations and recovery of resources 
from the waste stream. Developing countries, as indicat-
ed by the survey respondents, differ in terms of whether 
changes of technology and research and development are 
visible. There is a relative lack of financial assistance and 
allocation of funds for developing technology for SWM in 
developing countries. The lack of research and develop-
ment activities in developing countries can lead to the se-
lection of technology that is inappropriate in terms of local 
weather, waste characteristics, financial capabilities and 
availability of experts and skilled workers. Consequently, 

the selected technology may not operate effectively (or at 
all), thus wasting the resources allocated and causing so-
cial indignation.

3.3.5 Legal factors
Legal factors were all significantly classified as visible 

by the majority of respondents (Figure 5). Relevant SWM 
law and local policy are both considered visible factors by 
more than 95% of respondents. 

Outcomes in this regard reflect the status of local gov-
ernment plans and government priorities as visible factors 
in SWM (Figure 1); laws derive in part from political am-
bitions and purpose. In developing countries existence of 
local government plans is clearly important and is already 
incorporated in SWM systems, as is relevant SWM law. 
Most respondents considered that accountability of con-
sumers is a visible factor; management of post-consumer 
waste and producer responsibilities are key aspects. Inter-
national directives were considered to be visible by most 
respondents; international directives on sustainability of 
waste management do not always apply and this situation 
is reflected in the responses received in this instance.

3.3.6 Economic factors
All of the economic factors considered were viewed by 

most respondents to be visible factors in SWM (Figure 6). 
Waste trading between developed and developing coun-
tries became an alternative solution to disposal for devel-
oped countries. This “symbiotic” relationship was appar-

FIGURE 3: Proportions of Delphi survey participants classifying social factors (Table 3) as visible or invisible.
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ently beneficial to both partners; developing countries were 
generating income from recovery of resources from waste 
whilst developed countries benefits secured reduced dis-
posal and treatment costs. However, this rapidly led to 
immoral and unethical practices that resulted in impacts 
to human health and the environment in developing coun-
tries. The strong agreement on the importance of available 
funds allocated for waste management projects was ob-
served in developing countries with undivided agreement 
of 100%. Developed countries have more sources of finan-
cial support to develop their waste management systems 
when compared to developing countries (Periathamby et 
al., 2009b; Wilson, 2007; Wilson et al., 2001). Incentives 
for the use of selected waste management processes/
systems were viewed as motivational tools to reward good 
practice. The importance of offering incentives to improve 
further a waste management system was highly recog-
nized and visible, which more than 85% of agreement from 
developing countries.

A similar pattern of agreement was observed regarding 
the implementation of tax and interest on waste trading 
and also the potential income generated from waste due to 

the public’s waste practices. Respondents from developing 
countries had slightly less concern regarding the impor-
tance of these factors in their waste system, which was an 
unexpected finding given by the rapid growth of business 
activities relating to waste trade and resource recovery in 
developing countries like China and Indonesia (Damanhu-
ri and Padmi, 2012; Hui et al., 2006). Emphasis on the in-
vestment in facilities and improvements in waste manage-
ment services can be observed alongside rapid economic 
growth in developing countries. With a stronger economy, 
the consumption of the resources increases alongside 
waste generation and this obviously influences emerging 
waste management systems. The importance of economic 
growth is very significant in developing countries with 78% 
agreement from respondents. Overall, all economic factors 
were classified as visible, validating the importance of a 
strong economy to accelerate improvements to SWM sys-
tems.

4. CONCLUSIONS
This study highlights fundamental factors in SWM and 

classifies them into two broad categories; visible and invis-

FIGURE 4: Proportions of Delphi survey participants classifying technological factors (Table 4) as visible or invisible.

FIGURE 5: Proportions of Delphi survey participants classifying legal factors (Table 5) as visible or invisible.
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ible, grouped using a PESTLE framework. From our Delphi 
survey, we concluded that environmental, technological, 
legal and economic factors tend to be classified as visi-
ble while social and political factors are generally regard-
ed as invisible in developing countries. The recognition of, 
and emphasis on, invisible factors that are not routinely or 
commonly considered could potentially enhance the sus-
tainability of a local waste management system. Sustain-
able waste management requires, for example, appropri-
ate public waste management practices and participation: 
there may be a need to address social factors (e.g. Table 3; 
Figure 3) that are deemed invisible if public attitudes and 
behaviours are to lead to more and better participation in 
waste management activities and initiatives. Likewise, in 
terms of governance, there are often overlapping responsi-
bilities and unclear assignment of responsibilities for tasks 
relating to solid waste management in developing coun-
tries. This situation can hinder the effective implementa-
tion of SWM improvement initiatives, thus political factors 
may be more fully considered in the waste management 
planning in order to accelerate improvements towards ef-
fectiveness, efficiency and (economic and environmental) 
sustainability.

On the basis of this study’s outcomes, we propose 
that understanding the factors that drive the development 
in waste management systems in developing countries 
needs to be underpinned by evidence that is not only lim-
ited to waste management system, but also involves the 
characteristics of broader society, government adminis-
tration and economic status of each country/city. More-
over, fundamental factors elucidated here may have to be 
considered in the local context to be effective; emphasis 
should be placed on those factors (if known) that most 
strongly influence the local conditions. For example, cities 
with diverse ethnic groups within their community might 
consider the differences in cultural and lifestyles of each 
ethnic group in terms of waste behaviour, resource con-
sumption and awareness of waste management practices. 
In less diverse countries, any differences in waste-related 
behaviour among different ethnic groups may not appear to 
be important and may not be an important consideration in 

waste management plans and systems. It is possible that 
approaches to setting up waste collection systems, select-
ing suitable treatment methods and public awareness-rais-
ing campaigns need to take visible and invisible factors 
into consideration in order to reach optimum results.

The strength of influence of factors explored in this 
study – visible or invisible – remains to be elucidated. 
There is a prospect that the influence of invisible factors 
in particular is unique to specific setting of waste manage-
ment systems at local scale, and that approaches to SWM 
that are workable in developed countries may not translate 
with guaranteed success to developing countries due to 
the differences in socio-cultural, economic and political 
structures. Even established technologies used in devel-
oping countries may not be suitable for other developing 
countries without modifications underpinned by detailed 
study and evaluation, and due recognition of both visible 
and invisible factors. Identification and emphasis of the 
role of invisible factors potentially helps to accelerate the 
improvement to success.

We contend that the visibility of factors needs to be 
evaluated to achieve a meaningful understanding of the 
factors underpinning the operation and enhancement of 
SWM. Moreover, there is a need to elucidate the strength of 
influence that these factors exert on the on a SWM system 
such that progress towards cost-effective, efficient, locally 
optimised sustainable waste management systems can be 
made.
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