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Abstract

This research seeks to examine the fundamental environmental management principles that have been violated and how their
adoption may remediate solid waste management practices in Lebanon. The study will enrich the more traditional approaches
to assessing environmental problems by identifying the factors facilitating and impeding improvement in some contexts but
not others. The root cause analysis methodologies were utilized to systematically disclose the underlying components that
contribute to the impairment of contemporary solid waste structures. The principles of subsidiarity, precautionary, and cost
internalization are in direct correlation with the identified root causes and are capable of propagating the beneficial outcomes
associated with integrating environmental management perspective into the strategic planning process. Integrated and sus-
tainable waste management strategies that aim to rectify the intrinsic dysfunctionalities of contemporary structures should
be developed from the bottom-up and ought to adopt a precautionary approach to management, while utilizing economic

measures to finance operational costs.

Keywords Environmental management principles - Strategic planning - Solid waste - Sustainability

Introduction

Developing countries have thus far stagnated and struggled
to control locally generated refuse in an environmentally
and socially responsible manner. The negative disposition
that developing countries find themselves in, with regard
to solid waste management (SWM), stems from the neg-
ligence of decision- and policy-makers to integrate envi-
ronmental management perspective in developed inter-
vention mechanisms. The adverse environmental, social,
economic, and managerial traits that manifest in the SWM
structures that are applied in developing countries are sum-
marized in Table 1. Research studies [1-4] have shown that
the application of the environmental management princi-
ples leads to the implementation of systematic managerial
structures that extract environmental, social, and economic
dividends. These postulates serve not only to assist in the
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decision-making process, but also help in ensuring that the
various stakeholders comply with the policies, targets, and
objectives integrated into a developed framework [5].

A variety of principles govern environmental manage-
ment that assist in implementing a dynamic and versatile
environmental regulatory structure that is incessantly sub-
jected to changes and revision, generating an administrative
construct capable of tackling environmental issues in a sys-
tematic and sustainable manner [10]. The principle of uncer-
tainty advocates for the installation of pre-emptive control
measures that account for the presence of unforeseeable
risks when implementing an environmental management
program. The precautionary principle is developed to coun-
teract the risks associated with implementing environmental
initiatives that are based on scientifically unproven assump-
tions, to prevent the transpiration of critical or irreparable
environmental damage. It is generally practiced in situations
where a cost—benefit analysis cannot be properly performed
due to the absence of sufficient data and decision-makers are
incapable of fully determining how the various elements of
an ecological system will reciprocate in response to a certain
change. Moreover, this principle incentivizes conducting
studies that assess the risks of a certain project, such as envi-
ronmental impact assessments (EIAs), and the installation
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Table 1 Fallacies plaguing solid
waste management frameworks
in developing nations [6-9]

Social aspect

Solid management frameworks are typically contrived in an undemocratic fashion

The influence of local stakeholders on the decision-making process tends to be limited

The impact that a solid waste intervention will have on the informal sector is typically unaccounted for
Marginalization of certain sects of society

Solid waste services are likely to be impaired and deficient in impoverished regions

Absence of feedback mechanisms

Lack of public engagement activities

Lack of monitoring and reporting procedures

Insufficient knowledge concerning local settings

The contrived SWM plans typically fail to accommodate the cultural and social aspects of local com-

munities

Environmental aspect

External costs associated with environmental degradation are generally unaccounted for
The health and social costs sustained by the public, tend to be omitted
Issues such as land and resource shortages are not properly accounted for
The adoption of primitive, inexpensive, and short-term oriented strategies
The open dumping and burning of wastes are perceived as being low-cost treatment and disposal methods
Disregard to the principles of prevention and uncertainty
Absence of environmental control measures

Economic aspect

Lack of a financial recovery system

The polluter-pays principle is unimplemented
Resource recovery remains minimal

Centralization of sources of revenue

Inadequate infrastructure at the municipal level

Municipalities are typically underfunded and suffer from financial limitations
Underutilization of the private sector

Restricted amount of public—private partnerships

Inaccurate cost—benefit analysis of solid waste interventions

The exclusion of external costs

Inefficient utilization of funding and the proliferation of corruption

Legislative and administrative aspect

Adoption of a centralized form of governance

Restriction of decision-making authority

Insufficient technical and financial capacity at the local level

Environmental concerns not being prioritized

Incomplete and fragmented legislature

The roles and responsibilities of regulatory bodies are not accurately defined

Incoherent organizational planning

Solid waste operations are not performed in a consistent manner

Absence of guidelines for proper SWM practices

Insufficient data regarding resource consumption and waste generation patterns
Absence of monitoring and auditing programs

of control measures in the form of emergency plans, control
measures, and preventative actions, that permit governing
bodies to appropriately counteract unforeseeable events [11].

Incorporating the environmental and social costs and
liabilities in the form of economic losses, with the inten-
tion of performing an accurate cost—benefit analysis prior to
the implementation of an environmental intervention is the
prime objective of the internationalization of costs princi-
ple. Despite the existence of several cost—benefits analysis
models, ascertaining a financial statement that accurately
translates the economic and communal damage incurred
upon implementing an environmental strategy remains
implausible. As a response to the failure of economic meth-
ods to incorporate the environmental damage that products
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or services have caused, the polluter-pays principle is fre-
quently applied [12]. The objective of this principle is to
use economic instruments to discourage pollution, estab-
lish accountability, and compensate victims of environmen-
tal degradation. This financial model would hold polluters
responsible for their actions and would permit the formation
of a sustainable financial recovery system that ensures the
financial continuity of an SWM structure [13].

The notions of intragenerational and intergenerational
equity are integral for the conceptualization of a sustain-
able environmental management framework that does not
incite internal conflicts and reduces negative public senti-
ments. Inter-generational equity promotes the preservation
of natural resources and the environment, so that the ability
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of future generations to develop and prosper is not com-
promised. While the principle of intra-generational equity
underlines the need to avoid any form of discriminatory
behavior against a particular group, especially those who
are vulnerable, such as low-income communities, by ensur-
ing that the environmental, economic, and social burdens
and benefits of developed strategies are distributed in an
equitable manner [14]. The conservation of social diversity
hinges on the proper implementation of the principle of
intra-generational equity, where the different sects of soci-
ety are treated in an equitable manner, have equal rights
and access to natural and economic resources, are inducted
into the decision-making process, and are provided with the
adequate financial means to thrive in their local communi-
ties [15, 16].

Multisectoral integration, also known as the cross-sec-
torial approach, is a participatory form of governance that
promotes the inclusion of stakeholders from the various sec-
tors and denominations of society in the decision-making
process [17]. The principle of subsidiarity complements the
principles of multisectoral integration, social diversity, and
intragenerational equity, since it promotes the implementa-
tion of a participatory form of governance where citizens
exercise greater control over decisions that directly influence
their lives. The prime objective of the subsidiarity principle
is to endow local communities with the means that would
permit local governments to regulate themselves. A pre-
ventative approach to management represents a long-term
oriented strategy that seeks to inhibit the propagation of the
negative effects of pollution by preventing the formation
of environmental threats, such as wastes. Minimizing the
possible health risks or threats posed by an intervention is
typically achieved through the application of preventative,
precautionary, disciplinary, and uncertainty measures that
protect the current and future social wellbeing of popula-
tions [13].

Research methodology
Study design

The root cause analysis (RCA) method was employed in this
study. It allows to cohesively restructure the data put forth
regarding a negative incident that had previously occurred,
in order to identify the most prominent underlying fac-
tors that have influenced the generation of the undesirable
outcome [18]. The prime analytical mechanism that was
applied is the Six Sigma technique, which is also known
as the DMAIC (define-measure—analyze—improve—control)
method. The DMAIC approach to management was selected
because it is not limited to a single standardized configura-
tion, can be administered in accordance to a different set

of parameters and definitions, is capable of incorporat-
ing several RCA organizational tools simultaneously, and
facilitates the installation of a systematic and sustainable
regulatory framework that is founded on the principle of
continuous improvement [19]. The DMAIC methodology
typically measures the performance of a system or function
in a quantifiable manner, through the use of numerical or
statistical figures. In this research, the environmental man-
agement principles served as the parameters that benchmark
the viability of the Lebanese SWM structure, substituting the
need for quantitative data.

Firstly, an account of the SWM framework in Lebanon
was provided, coupled with a description of the organiza-
tional structures that govern SWM within the nation. While
in the measurement and analytical phases, the events and
factors that influenced the 2015 waste crisis were illustrated
in a casual tree that serves to highlight the underlying causal
agents for the crisis. To systematize the reformatory ventures
needed to address current insufficiencies, the environmental
management principles were categorically stratified based
on their perceived equivalence and parallelism. Corrective
measures, in the form of input factors, were introduced to
address the principal factors and conditions directly associ-
ated with the categorized variables.

Description of the case study

Up until today, Lebanon’s SWM structure has been in a per-
petual state of emergency even though significant capital
being invested into the field. Despite the unsustainability of
Lebanon’s SWM structure becoming more publicly appar-
ent during the crisis, practices such as open dumping and
burning have always been common in the country, especially
in rural areas. Although a financially burdensome govern-
mental emergency plan had prevented the adoption of these
practices in most of Beirut and Mount Lebanon, which is a
relatively wealthy region, through the construction of two
sanitary landfills; a measure that was readopted in the newly
formed emergency plan [20]. Notions that highlight the ineq-
uity in service delivery and ascertain the need for a holistic
SWM scheme directed towards addressing the sector on a
nationwide basis.

Lebanon’s SWM construct suffers from conditions
exhibited in other developing countries, which include but
are not limited to infrastructural and financial deficits and
political intrusion. However, these problems are exacerbated
by Lebanon’s relatively high population density and ever-
increasing waste generation rates, with estimates indicating
that an excess of 2 million tons of solid waste were produced
in 2013, excluding the amounts generated by Syrian refu-
gees. The figure is expected to continuously inflate, reach-
ing roughly 2.9 million annually by 2035, as reports project
a 1.65% yearly growth in waste generation rates [20]. The
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pressure placed on Lebanon’s SWM infrastructure was fur-
ther inflated by the Syrian crisis, which caused the influx
of approximately 1.5 million refugees, resulting in a 15%
increase in waste volume, half of which were reportedly
being openly dumped or burnt [24, 26].

Generally, the problem does not lie with service deliv-
ery considering that an upwards of around 90% of gener-
ated wastes are collected. The issue lies in what occurs after
the wastes had been gathered, with about 77% of generated
wastes being landfilled or openly dumped [20]. This comes
despite the implementation of a relatively advanced and
costly emergency waste management strategy for Lebanon’s
most populous region, Beirut and Mount Lebanon, which
produces more than half of the nation’s wastes. The strategy
called for the collection, sorting, treatment, and landfilling of
generated wastes and had a unit cost of approximately 143
USD/ton, a figure that reportedly surpasses those recorded
in some high-income nations. This caused the waste sec-
tor to rank amongst the highest environmental-related sec-
tors being expended on by the central government, with the
emergency plan alone costing 130 million USD annually
[20, 22]. These figures highlight the low rates of productivity
and cost efficacy of the current system, despite the private
sector playing a pivotal role in service delivery most notably
in urban areas where all solid waste-related activities are
provided by private firms.

The accumulation of all of these factors, the unavail-
ability of a contingency plan, and the inability of munici-
palities, who are the legal entities responsible for the pro-
vision of solid waste services, to handle generated wastes,
produced an 8-month waste crisis. The crisis was initiated
upon the closure of the nation’s largest landfill, which used
to serve Beirut and Mount Lebanon, after it had accumu-
lated several times over its initially designated capacity
following a series of operational extensions. The opera-
tional life expectancy of the landfill, which opened in 1998
and was initially designed to have a 5-year service period,
was constantly extended in conjunction with its continuous
expansion, in the absence of any alternatives. A site that
would serve as a substitute to the nation’s primary dis-
posal facility had not been identified prior to its closure in
the summer of 2015, resulting in what has been described
as the worst environmental crisis that Lebanon had ever
witnessed in recent times [23]. Wastes were haphazardly
dumped and burnt in public and open areas, causing the
number of open dumpsites within the country to increase
from 670 in 2010 to 904 at present [24, 25]. The govern-
ment’s inability to procure new disposal sites or imple-
ment a new solid waste strategy was primarily attributed
to factors such as the opposition of local populations to the
construction of solid waste facilities within their region,
the lack of political consensus, limited land availability,
and the high costs associated with draft strategies [20, 22,
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23]. Additionally, the lack of financial incentives for the
municipalities that host solid waste facilities could also
be cited as a contributing factor, since their willingness to
accommodate centralized installations would in turn be
diminished [25].

The government’s response to this disaster was an interim
plan that involved the establishment of two new landfills
that would serve the Beirut and Mount Lebanon region for
the upcoming years until a long-term strategy involving
the decentralization of solid waste services can be imple-
mented. Unfortunately, the ecological footprint of the sec-
tor continues to dilate due to the allocation of the two new
landfills in environmentally sensitive locations, with both
dumpsites being located along the coastline and one being
adjacent to an airport and an estuary, spawning numerous
concerns regarding civil aviation safety and marine pollu-
tion. Concerns that are further magnified by the absence of
a comprehensive environmental impact assessments (EIAs)
for both facilities. Furthermore, the operational continuity
of the landfills is threatened by the high disposal and low
waste diversion rates, problems that the current emergency
plan failed to adequately address.

Some of the observed impacts correlated with the
improper disposal of wastes include the pollution of surface
and ground water, soil contamination, elevation in green-
house gas emissions, attraction of pests, spread of pollutants
and disease-causing agents, and the devaluation of land [21].
Lebanon’s ecological system was subjected to these adverse
implications which proliferated throughout the nation during
the 2015 crisis and continue to threaten the health and safety
of the population and the environment until today. However,
these threats are not evenly distributed due to the dispro-
portionality in the quality of service delivery, as a result of
the Lebanese government concentrating its efforts in certain
geographical locations, namely Beirut and Mount Lebanon.
For instance, the strategy adopted following the crisis failed
to supplement the solid waste management systems of towns
located outside the aforementioned region and urban areas,
as rural and low-income regions continue to rely on the open
dumping and burning of wastes as their primary means for
the treatment and disposal of hazardous and non-hazardous
wastes, resulting in elevated burden of disease and in the
contamination of natural resources. These practices have
also impacted the livelihoods of residents who rely on the
agricultural sector for income, due to the diminished avail-
ability of fertile land and fresh water, which will likely
exacerbate urban—rural migration [21, 25, 26]. This comes
despite the Lebanese government announcing its intentions
to shift towards a decentralized model for SWM, by means
of transferring the responsibility for solid waste operations
towards local authorities, an outcome that remains implau-
sible considering the absence of cost recovery mechanisms,
the inequitable distribution of funds and services, and the

www.manaraa.com



Journal of Material Cycles and Waste Management (2019) 21:1311-1320

1315

limited financial and administrative capacity of local public
entities.

Additionally, a coherent national legislative framework
that defines the institutional groundwork for SWM in Leba-
non has yet to be established in Lebanon; with policies and
laws tackling the solid waste sector being characterized as
incomplete or outdated. This has allowed for certain laws
and regulations to be transgressed, caused the development
of a fragmented regulatory structure where the responsibili-
ties and jurisdictions of various stakeholders overlap, and
hindered the ability of stakeholders to collaborate and com-
municate amongst each other [20]. The overlap in judicial
authority between national and subnational agencies has
also enabled the national government to enact solid waste
strategies, such as the one adopted after the crisis, in a top-
down format. This effectively negates the need for any form
of horizontal cooperation between nation and subnational
entities. The accumulation of the aforementioned factors has
decreased the productivity and efficiency of public bodies,
diminished transparency, and contributed to the squander-
ing and misappropriation of funds. The applicability of a
context-driven decentralized form of governance for the sec-
tor remains contingent on resolving the underlying techni-
cal, regulatory, operational, and legislative conditions that
have impaired the ability of municipalities to deliver solid
waste-related service during the onset of the crisis, condi-
tions which continue to prevail until today.

Results and discussion
Root cause analysis
The principal causes for the 2015 waste crisis are primar-

ily compounded into three factors, which are the govern-
ment’s inability to implement an integrated and sustainable

nationwide SWM framework, the closure of the country’s
largest landfill, and the inability of municipalities to inde-
pendently deliver solid waste services. A summary of the
prominent negative conditions that manifests itself in Leba-
non’s SWM structure in relation to the environmental man-
agement principles is presented in Table 2. The underlying
circumstances that have led to the direct causes of the crisis
to transpire and how violations to the principles of environ-
mental management have caused these factors to materialize
are depicted in Fig. 1.

Violation of environmental management principles

The prime outcome that a SWM system tries to achieve is
the protection of the health of population and the environ-
ment. In the case of Lebanon, public mistrust has on several
occasions led to the abandonment of drafted SWM strategies
[20, 25, 27]. The principles of environmental management
are correlated in a manner where the application or contra-
vention of one principle influences several others. This result
coincides with the findings of Wilson et al. [27], who stated
that the sustainability of ISWM policies and strategies is
contingent on the implementation of a set of interdependent
measures that include the formation of a coherent regula-
tory structure, the establishment of a financially sustainable
system, and the inclusion of miscellaneous stakeholders in
the structural and operational scheme; concepts that are inte-
grated into several environmental management principles.
A number of the principles are realized only following the
application of features that characterize other principles,
most notable of which being the principle that advocates the
protection and promotion of health and safety which requires
the installation of a diverse set of preliminary measures.
However, achieving this principle has thus far been difficult
for developing countries. The environmental constituent
of SWM has only recently emerged as a public concern in

Table 2 The environmental management principles in relation to the negative conditions in Lebanon’s SWM structure

Environmental management principle Negative outcome

Uncertainty Absence of mitigation measures

Precautionary Absence of an integrated long-term SWM strategy
Internalization of costs Inaccurate representation of costs for SWM strategies
Polluter-pays Lack of financial deterrence
Intra- and Inter-generational equity Unequal access and distribution of resources and services
Conservation of social diversity Continued rural-urban migration
Multisectoral integration Biased decision-making
Subsidiarity Centralization of decision-making authority
Prevention Minimal waste recovery and continuous increase in waste generation rates

The protection and promotion of the health and safety of populations Potential exposure of residents to health hazards and deterioration of the
environmental health

Development of guidelines and standards Unavailability of manuals and guidelines for local operators
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Fig.1 Causal tree analysis diagram

developing nations, whose SWM systems had previously
been, and continue to be, primarily driven by economic con-
siderations due to the insufficient availability of financial
and technical capacity. This prompted the adoption of poli-
cies that focus on economic feasibility and efficient service
delivery, with little emphasis on sustainability, leading to the
proliferation of environmental malpractices, as in the case of
Lebanon. This implies that Lebanese decision-makers have
thus far treated the environmental dimension of waste man-
agement as an element isolated from the domain of public
health safety, which explains why service delivery stood at a
very high level, yet the waste diversion rates were relatively
vastly low.

This research identifies three central environmental man-
agement principles that are in direct correlation with the
previously identified root causes and are capable of propa-
gating the beneficial outcomes associated with an environ-
mental management system, in the context of Lebanon. In
accordance with Fig. 2, this paper will prioritize the need to
advance decentralization efforts, account for the long-term
social, economic, and environmental costs of a strategy or
practice, and highlight the role of the precautionary principle
in driving preventative practices which alleviate social and
environmental burdens.

The principle of subsidiarity
As mentioned earlier, despite the concept of decentralization

being regarded as one of the major tenets of the adopted
interim SWM plan, the means and preliminary measures
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that permit accomplishing this outcome are lacking. Ade-
quate investments in local infrastructural capacity have yet
to be made, an issue that is amplified by the lack of finan-
cial autonomy granted to local governments who possess
limited sources of revenue and are heavily reliant on the
intergovernmental transfers relayed by the central author-
ity, despite constitutionally being endowed with the right
to be financially and politically independent. Municipalities
receive their allowances through an intergovernmental grant
system known as the independent municipal fund (IMF).
The financial vulnerability of municipal authorities stems
from irregularity at which funding is distributed since pro-
ceedings are typically transferred after years of delay and
are disseminated in an inequitable manner, which further
inflates regional disparity and prevents subnational bodies
from having a reliable source of income [25]. Additionally,
the government has consistently utilized the funds allocated
in the IMF to finance centralized SWM strategies it had
developed, which is likely to be a factor contributing to the
delays involved in fund allocation. Giannozzi [28] added that
municipalities in Lebanon are also politically constrained
by the established bureaucratic hierarchy that renders com-
munication between various stakeholders difficult and limits
the decision-making authority of local governments. The
accumulation of the previously mentioned factors has lim-
ited the political representation of local authorities in drafted
SWM strategies and has allowed the national government to
continuously influence local policies.

Therefore, efforts in decentralizing Lebanon’s SWM
structure remain insufficient as they predominantly focus

www.manaraa.com



Journal of Material Cycles and Waste Management (2019) 21:1311-1320

1317

Fig.2 Measures that should be
adopted in relation to environ-
mental management principles

Market-based
Instruments

Protection and Promotion
of the Health and Safety
of Populations

Democratized
Environmental

Perception

Governance

Democratization of Environmental Governance

i Development of context-driven regulatory guidelines and procedures founded on the

ii. E

principle of precaution

of feedback

and monitoring programs

il Development of a standardized organizational framework for the solid waste sector

iv. Political commitment

v. Inclusion of all concerned parties

vi. Institutional development of local administrations through capacity-building projects
vii. Provision of fiscal and political autonomy to local administrations
viii. Equitable dissemination of services and financial revenue

ix. Establishing legitimacy through transparency to counteract current dysfunctionalities

on the administrative dimension of governance, all while
ignoring the political and fiscal aspects. Accordingly, the
principle of subsidiarity which complements the principles
of multisectoral integration, social diversity, and intragener-
ational equity has been violated. There is a lack of a partici-
patory form of governance where the targets and objectives
of SWM systems are determined by the needs and priorities
of local citizens, who exercise greater control over decisions
that directly impact their lives. Decentralization efforts need
to be accompanied by constitutional provisions that grant
local authorities fiscal and political sovereignty, investments
that develop local infrastructural capacity, and the construc-
tion of a uniform organizational hierarchy that facilities the
coordination of efforts between various stakeholders [29].
A successful decentralization policy necessitates elevat-
ing local authorities from a subordinate position, granting
municipalities the sufficient financial and infrastructural
provisions that would enable them to administer solid waste
operations. Otherwise, decentralization strategies will yield
contradictory effects which will further aggravate the effi-
ciency of solid waste systems [30]. Decentralizing Leba-
non’s solid waste structure would also improve the resilience
of localized operational systems, allowing municipalities to
withstand and diffuse abrupt external disturbances, such as
those brought about by the Syrian refugee crisis. Further-
more, decentralized structures of governance exhibit faster
emergency response rates. Hence, in the case of an outbreak
of another refugee crisis, subnational bodies would be capa-
ble of counteracting incremented pressures.

The financial autonomy of municipalities, however, can
be enhanced through the application of mechanisms relating

to the polluter-pays principle, such as the pay-as-you-throw
(PAYT) scheme, which have the potential to increase the
financial fortitude of local administrations by, recovering
some of the costs of solid waste operations, and reduce
resource consumption and waste disposal rates, by discour-
aging waste production and holding polluters accountable
[31, 32]. Despite the polluter-pays-principle being incorpo-
rated into Lebanese environmental legislation, its applica-
tion has been hindered by the absenteeism of monitoring
and feedback mechanisms and poor law enforcement. The
urgency of its application is magnified by the unavailability
of an adequate cost recovery scheme, since material and
resource recovery are scarce, leading to the sector to be
described as vulnerable, inefficient, and unsustainable. The
difficulty in applying this principle, however, is elevated by
the unwillingness of the public to pay, which in Lebanon and
other developing nations is amplified by public dissatisfac-
tion and mistrust.

The precautionary principle and the internalization of costs
principle

Similar to other developing nations, Lebanon’s contem-
porary operational schemes for SWM, especially those
in rural and low-income regions, are primarily directed
towards service delivery and cost efficacy, as they fail to
accommodate for the adverse socio-economic and envi-
ronmental implications associated with enacted strategies.
Disregard to the precautionary principle is also exhibited
at the national level, evident in the constant reliance on
national policies that continuously emphasize on “end of
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the pipe” solutions such as landfilling or thermal treat-
ment, despite being the least preferable recourse in the
waste hierarchy [33]. Violation of the waste hierarchy
is in itself a contravention of the precautionary princi-
ple, since the hierarchy’s primary objective is to prevent
the formation of wastes. This notion is inscribed into the
principle of uncertainty, for preventing the formation of
wastes would inherently diminish any environmental risks
or uncertainties, reduce the costs of control and mitigation
measures, and ultimately enhance the health and safety of
the population. The fundamentals of the waste hierarchy,
however, have been violated by both the government and
Lebanese citizens as overall and per capita waste genera-
tion rates continue to increase, which highlights the need
for greater public awareness [20].

Lebanon’s negligence in applying the precautionary
principle has led to the uncertainty regarding the potential
future risks imposed by the waste sector to be even greater
today than prior to the crisis. First, the long-term impacts
of the crisis have yet to be accurately quantified. Second,
the current and future ecological consequences of the newly
established landfills, which have been linked with numerous
environmental disasters, were under the threat of closure,
and are still undergoing development, were not determined
beforehand since comprehensive EIA studies were not con-
ducted prior to their construction. The absence of an EIA
allows for unforeseen risks to materialize, forgoes the oppor-
tunity to identify better possible alternatives, and may lead
to the absence of proper mitigation measures, indicating that
analytical studies ought to be conducted prior to the initia-
tion of a project [34, 35]. Third, a long-term strategy for the
sector remains unavailable as low diversion rates continue
to be recorded, decentralization efforts remain insufficient,
hundreds of open dumpsites have yet to be rehabilitated, a
constant reliance of ad hoc emergency strategies persists,
and the adoption of a publicly unpopular waste-to-energy
strategy continues to be incited by the government.

As mentioned earlier, applying the precautionary princi-
ple can be driven by necessity. An accurate representation
of the costs generated by environmental degradation on the
nation’s economy and on public health would elevate the
sense of urgency needed for adopting environmentally sus-
tainable practices. Currently, the benefits associated with
positive environmental practices, such as dumpsite rehabili-
tation, and the costs associated with landfilling, environ-
mental degradation, and open dumping, continue to be cur-
tailed and underestimated through the exclusion of certain
externalities [20, 24]. The principle of cost internalization
can also be utilized to stimulate public perception regard-
ing the need to minimize resource consumption and source
segregation, and would also incentivize the rehabilitation of
open dumpsites, whose negative implications will continue
to dilate the longer they remain not remediated.
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In the face of growing public recognition concerning the
impacts of solid waste-related environmental complications,
policy-makers are confronted with unprecedented public pres-
sure regarding the need to address the environmental consid-
erations associated with an SWM strategy. The findings of
this study elucidated the latent factors implicated in Lebanon’s
dysfunctional SWM structure and sequentially highlighted the
contingent relationship that adjoins them with various envi-
ronmental management principles, while divulging the social,
environmental, and economic repercussions propagated by
each of the identified components. An adaptive structurally
integrated strategy that can concurrently engage the various
environmental management principles ought to be developed.
Thus, each of the identified RCAs and environmental manage-
ment principles cannot be addressed independently. Despite
the presence of several postulates, the principles of environ-
mental management are correlated in a manner where the
application of one principle will complement and ameliorate
several others. The principles with their ultimate objective the
protection and promotion of the health and safety of popula-
tions predominantly can be categorized as follows:

e Market-based instruments in environmental management

o Internalization of costs
e Polluter-pays

e Determinants of risk perception

e Precaution
e Prevention
e Uncertainty

e Democratization of environmental governance

Development of guidelines and standards
Subsidiarity

Conservation of social diversity
Multisectoral integration

Inter- and intra-generational equity.

Subsequent solid waste masterplans should be devel-
oped from the bottom-up and ought to adopt a precautionary
approach to management, while utilizing economic measures
to finance operational costs and disincentive waste disposal.
Figure 2 depicts the measures that should be adopted in rela-
tion to the aforementioned categories.
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Conclusions and recommendations

The cornerstone of any SWM framework involves the pres-
ervation of the health of the population and the environment.
This research disclosed the underlying organizational factors
that nominally contribute to the impairment of contempo-
rary solid waste structures in developing countries, such as
Lebanon, while denoting how violations to the principles of
environmental management were reciprocated through the for-
mation of these factors. It was determined that current SWM
strategies are carried out irrespective of their social and envi-
ronmental outcomes, as a result of being primarily driven by
economic efficacy and political hegemony. The fundamental
root causes for Lebanon’s ongoing solid waste crisis are pri-
marily compounded by the absence of economic measures,
the centralization of decision-making authority, the inaccurate
representation of the costs of an intervention, and the disregard
to external variabilities. The integration of environmental man-
agement principles into solid waste strategies would rectify
the intrinsic causal agents of a complication and allow for the
development of a multi-criterion adaptive regulatory structure
that absorbs the various components of SWM under a single
scheme, where the conservation and preservation of capital is
promoted, the administrative proficiency of public agencies is
elevated, and alternative agendas are weighed.

The prospect of developing a sustainable and dynamic
SWM structure is subject to the ability of the system to con-
textualize regional circumstances and conditions, account
for potential environmental variabilities, internalize external
costs, diminish uncertainties, and achieve economic viabil-
ity. The outcomes of this study delineated that a sustainable
solid waste structure cannot be actualized if the interdependent
fundamental regulatory tenets of environmental management
(risk perception, democratization of governance, and sound
economic modeling) are not collectively applied. The failure in
addressing these conceptualizations would circumvent devel-
opmental efforts, leading to creation of a dysfunctional system
consistently reliant on emergency-based ad hoc strategies beset
on the precipice of failure. The environmental, social, and eco-
nomic connotations of environmental management ought to
be treated as being mutually inclusive, rather than exclusive,
factors with parallel and equivalent repercussions.
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