K. Ferrari, et al., Int. J. Sus. Dev. Plann. Vol. 11, No. 5 (2016) 759-770

THE WASTE HIERARCHY: A STRATEGIC, TACTICAL
AND OPERATIONAL APPROACH FOR DEVELOPING
COUNTRIES. THE CASE STUDY OF MOZAMBIQUE

K. FERRARI, R. GAMBERINI & B. RIMINI
Department of Sciences and Methods for Engineering, University of Modena and Reggio Emilia, Italy.

ABSTRACT

Waste management in Europe is shaped by the waste hierarchy, which guides the legislation and policy
of the Member States. This hierarchy applies the following order of priority: (1) prevention; (2) prepar-
ing for reuse; (3) recycling; (4) other recovery; (5) disposal. The wide acceptance of this principle in
Europe comes from a yearly developed pathway that should not be exported to other countries without
consideration of the local framework. Poverty is widespread in most African countries, with the major-
ity of the population surviving on less than 2 US dollars a day and the average waste production per
capita being about half the quantity produced in Europe. However, municipal solid waste management
is still inadequate throughout the region, with open waste burning and dumping being the only method
of disposal in enormous cities. These in turn arise without any planning or basic infrastructure such as
roads, sewers or waste landfills. We used the case study of Mozambique to define a strategic, tactical
and operational approach for the implementation of the waste hierarchy and to customize it to the local
situation. Like other African countries, the major weaknesses in the performance of waste management
are the poor legal framework, the lack of institutional structures and the ineffective and poorly coordi-
nated initiatives of the international stakeholders. We propose an interpretation of the waste hierarchy
in order to compensate for local deficiencies and to define a local framework for the policy makers
whereby prevention is no longer a priority in the short term, in order to stress the awareness and the
collection. These are consolidated steps of waste management in industrialized countries but which still
pose a challenge in developing nations.

Keywords: developing countries, disposal, Mozambique, recycling, reduction, waste hierarchy, waste
management.

1 INTRODUCTION
In 2005, the Commission of the European Communities released the thematic strategy on the
prevention and recycling of waste [1], which in 2011 was evaluated by the same Commission
[2]. A life-cycle approach aimed at improving waste management, diverting waste from land-
fill in order to minimize the pressure on the environment and reducing the lack of resources,
is promoted. The strategy was presented in Directive 2006/12/EC [3] and was repealed two
years later by Directive 2008/98/EC [4]. Art. 4 of the latter dedicated to Waste Hierarchy
(WH), defined as a priority order in waste prevention management legislations and policies
where the most preferred option should be prevention, followed by preparing for re-use, recy-
cling, other recovery choices, and finally disposal as the least preferred option. As confirmed
in 2012 by European Commission [5], the main aim of WH is not to define how member states
should manage specific streams of waste to reduce landfill disposal, but to reduce the adverse
impact of waste on the environment and to improve resource efficiency. Policy makers are
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invited to make reasonable choices by life-cycle thinking on the impact of waste management.
This means that every choice should consider not only environmental protection but also the
economic viability and the technical feasibility of the local situation. Several studies have
been made on WH and various interpretative approaches by different countries and institu-
tions were outlined, revealing contradictions and limits to be overcome [6—22].

Taking WH not as a fixed rule to be applied every where but as a universal flexible princi-
ple from which to draw inspiration to find local better solutions for waste management, we
have chosen Mozambique like a case study to analyze the use and interpretation of the hier-
archy principle within the legal framework. Our study draws on primary data and experiences
gathered from 2011, under the waste management projects implemented by LVIA, an Inter-
national non-governmental organisation based in Italy and active in Mozambique since 2006.
The work was realized in partnership with the Mozambican Ministry of Land Environmental
and Rural Development and the National Association of Mozambican Municipalities. First,
in Section 2, we examine the Directive 2008/98/EC on waste. Next, in Section 3, we analyze
the existing literature to reveal the weaknesses and limitations of the hierarchy principle.
Finally, in Section 4, we look at the current waste management strategy in Mozambique, pay-
ing particular attention to how the hierarchy principle is included and interpreted by policy
makers in Mozambique, as a representative case study of African developing countries. We
have underlined the weaknesses and contradictions in the various definitions found, with the
objective of proposing a new interpretation of the general hierarchy principle for Mozam-
bique which should be clear, technically feasible and economically sustainable. To the best of
our knowledge, this is the first piece of research aimed at understanding the interpretation of
the hierarchy principle in an African developing country and could help to identify proper
waste management solutions.

2 DIRECTIVE 2008/98/EC ON WASTE

Directive 2008/98/EC outlines principles for minimizing the adverse impact of the genera-
tion and handling of waste, reducing its negative impact on human health, the environment
and the scarcity of natural resources, as emphasized by Gamberini ez al. in 2014 [23]. Article
4 of the Directive is dedicated to WH and identifies five actions to be developed, in a specific
order of priority, according to their relevance for correct waste management. The five actions
identified are: (1) Prevention; (2) Preparing for re-use; (3) Recycling; (4) Other recovery; and
(5) Disposal. The shape that best represents the hierarchy is an inverted pyramid, with the
vertex upturned and divided into five horizontal layers (Fig. 1).

Although Prevention is one of the WH measures identified by the Directive, it is not a
waste management measure in the proper sense because it is performed before a substance,
material or product has become waste. Prevention aims to reduce the quantity of waste and/
or its adverse impact on human health and the environment.

The Directive has introduced an important evolution compared to the previous Directive
2006/12/EC on waste [3]. Preparing for re-use has been introduced as a new preferred meas-
ure for materials that have already become waste and includes checking, cleaning or repairing.
Another new concept which appears in Directive 2008/98/EC is the conceptual methodology
defined as Life Cycle Thinking (LCT), according to which to design waste policy it is neces-
sary to consider the entire life cycle of the whole process, from the natural resources consumed
to produce a good or service through to the production and management of waste. According
to Directive 2008/98/EC, Member States can only depart from the WH if this is justified by
life-cycle thinking and for particular waste streams.
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Figure 1: Illustration of WH as defined in directive 2008/98/EC.

2.1 Results obtained in Europe due to waste hierarchy

Data presented in a 2013 Report by EEA [24] on goals achieved by 32 European Countries
concerning the management of municipal solid waste between 2001 and 2010 show a direct
relationship between the cost of landfilling and the share of municipal solid waste recycled.
Whereas landfilling has decreased, recycling has increased, although the total quantity of
waste produced has also increased [16]. This demonstrates the important role played by land-
fill taxes in incentivizing a shift up the WH. Nevertheless, more than 50% of municipal waste
is still landfilled in the majority of the countries. Of course, virtuous communities exist and
have been analyzed in Gamberini ef al. (2013) [25].

3 WASTE HIERARCHY, LITERATURE REVIEW OF ITS ANALYSIS

WH is a widely accepted principle which has been interpreted and applied in waste manage-
ment policies in different practical ways. It is a common belief that urban solid waste must be
managed so as to mitigate its potential negative impact on the environment and human health.
It is also a shared conviction that modern populations should try to become sustainable and
zero-waste societies should be pursued, in accordance with circular-economy principles
[12, 20, 26].

As is clearly represented by the inverted pyramid in Fig. 1 and as was clearly cited in Ewijk
& Stegemann in 2014 [20], the WH expresses the concern in waste management by means of
the objective to divert waste from landfill, especially in Europe. The lack of space for disposal
sites is the main reason for diverting waste from landfills, not only in Europe but also in Japan
and Korea [17]. By contrast, in the USA the key driver behind the promotion of policies
aimed at shifting up the waste hierachy has been environmental crises caused by land and
water contamination by hazardous waste. These have increased the interest in alternative
waste managemement methods, although landfill still remains the lower cost choice [6]. In
developing countries, several factors contribute to the consideration of landfill as the Best
Practicable Environmental Option (BPEO), namely avaliability of space, lack of technology
and financial tools to improve selective collection systems and low disposal cost [28].

Despite landfill being considered the worst waste management option by some authors
[19, 21], according to the WH, it remains the leading disposal method in several European
countries [13]. This situation does not contradict the WH, which considers this waste man-
agemement solution to be acceptable but the worst possible choice, depending on contextual
factors.

As summarized in Table 1, severeral authors consider WH to be a flawed notion [8, 10, 11,
13-15, 19, 20, 22].
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Price & Joseph (2000), Fisher (2011), Van Ewijk & Stegemann (2014) and Tunesi (2014)
state that WH is an inefficient means of promoting the reduction of waste [10, 16, 20, 21].
Price & Joseph (2000) believe that waste reduction requires a cultural and social transforma-
tion toward a change in demand by consumers [10]. Reduction has to be thought about before
buying or using a product. Van Ewijk & Stegemann (2014) have identified as a conceptual
problem of the WH the inclusion of prevention in a tool meant for waste managers, although

Table 1: Litarature review about waste hierarchy.
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Tunesi S., 2014 [21] X

Gharfalkar M. et al., 2015 [22] X X
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this prevention affects materials and processes before they become waste, as is clearly illus-
trated by the hierarchy pyramid as drawn in Directive 2008/98/EC [20].

To avoid mistakes, the same authors consider it important to evaluate the starting situa-
tion before targeting prevention. This opinion is also shared by other authors who believe
that social and economic local aspects may invalidate WH [8-10, 12, 19]. The BPEO has
to be found for each case, using appropriate tools such as Life Cycle Assessment (LCA).
This is considered to be a valid instrument by which to assess the best waste managemement
approach, even if it sometimes reveals weaknesses [12]. A recent study of Gharfalkar ef al.
(2015) proposes an alternative pyramid to illustrate WH, trying to overcome the overlap
and flaws of Directive 2008/98/EC [22]. The study has included the measures of reuse and
recovery in an alternative hierarchy called HRU — Hierarchy of Resources Use, which con-
siders waste as a resource. The steps defined by the authors, from the most preferred to the
least preferred option are: (1) Replacement — substitutes the position occupied by Preven-
tion in Directive 2008/98/EC and includes all operations aimed at rethinking, reinventing
or redesigningin order to replace the original demand for products with a new demand that
has a lower environmental impact; (2) Reduction - introduced with the objective of rede-
signing products or processes to reduce the use of resources; (3) Recovery was introduced
and includes four different measures: preparing for reuse; reuse; reprocessing (recycling,
up-cycling and down-cycling); other recoveries of energy and/or materials; (4) Rectification -
treatment before disposal; (5) Return - disposal.

4 THE CASE STUDY OF MOZAMBIQUE

The Republic of Mozambique is situated in southern Africa. The country is bordered by the
Indian Ocean to the east, Tanzania to the north, Malawi and Zambia to the northwest,
Zimbabwe to the west and Swaziland and South Africa to the southwest. Despite the positive
growth rate enjoyed by Mozambique in recent years, which reached 7% in 2015, and the
increase of 5.9% in its Gross Domestic Product (GDP), Mozambique is still one of the poor-
est countries in the world, with a Human Development Index (HDI) of 180 out of 188
countries and territories considered in 2014 [28]. Since gaining independence from Portugal
in 1974, Mozambique suffered a 10-year civil war which ended in 1992. Because of the war,
the rural population sought refuge in the cities, which have grown without any planning or
proper urban infrastructure. Particularly in the capital, Maputo, new neighborhoods have
sprung up spontaneously, devoid of streets, sewers and basic hygienic services [29].

4.1 Solid waste management: a brief overview from the civil war to the present day

In the course of the civil war, the management of urban waste was unorganized and unstruc-
tured, because neither urban sanitation nor solid urban waste management were a priority. In
1997, with the foundation of the autarchies aimed at promoting the decentralization of power,
municipalities also had to assume responsibility for waste management [30, 31], even though
they were not prepared to perform the new tasks. Waste was collected in a discontinuous and
less efficient way by the municipality and deposited in open dumps. In Maputo, the capital of
Mozambique, the Hulene municipal dump covers an area of 17 hectares and was built in
1972. It is located 7 km from the city center inside a heavily populated neighborhood. Today,
the project for a new sanitary landfill with a total capacity of 1000 tonnes/day is ready and
should be implemented in 2016, since the Hulene dump has already reached the end of its
lifespan and poses a serious threat to the environment and human health [30].
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We have analyzed all the technical and legal documentation made available by the local
institutions, and we have visited many of the 53 municipalities, distributed in the national
territory. None of them has a suitable location for the disposal of urban waste. Each munici-
pality only has one or more open dumps, where all the urban waste is deposited untreated.
Although some urban waste is collected and deposited in municipal authorized dumps, a
significant proportion is still burned or dumped improperly in the field and streets. Once
ready, the Maputo sanitary landfill will be the first in the country.

4.2 WH in legal framework of Mozambique

The main laws and regulations relating to the management of waste in Mozambique, which
have been analyzed to understand if the WH is contemplated by Mozambican policy makers,
are the following:

e Environmental Law N. 20/97;

e Regulation on Solid Waste Management, Decree N.13/2006 revoked by Decree
N. 94/2014;

e National Strategy for integrated urban solid waste management (2012);

e Regulation for the management of hazardous waste, Decree 83/2014.

A definition of waste is found, for the first time, in Environmental Law N.20/97, but no
mention is made about reduction, reuse or recycling [32].

The first legal instrument for waste management in Mozambique is Decree N.13/2006
[33]. Art. 1 defines as ‘exploitation or recovery’ the use of waste or parts thereof by processes
such as refining, recovery, regeneration, recycling, reusing or other actions aimed at obtain-
ing secondary raw materials. In the same article, reducing, recycling and reusing are
mentioned in the same order as necessary measures for a correct waste management. No
reference is made to WH or to any other priority order between the above-mentioned meas-
ures. Decree N. 13/2006 was revoked in 2014 by the new regulation about solid waste
management, published by Decree n°. 94/2014 [34], where only two processes are identified
for waste management: recycling and reusing. Refining, recovery and regeneration were
omitted. In Art. 4, we find the hierarchy principle for the first time among the general princi-
ples of waste management, with the following order of waste management options: prevention
and reduction, reusing, recycling and other forms of recovery or disposal. The preferred
option is defined as the one that uses the best available technologies at sustainable cost.

The primary strategic national document about waste management in Mozambique was
finalized in 2012 [35]. For the first time, it clearly introduces the principle of the 3Rs —
Reduction, Reusing and Recycling and WH, that should be apply; however, it does not
explain how. According to the strategy, the correct final destination for waste could be one of
the following: (1) open dump with uncontrolled burning, which is accepted as the most com-
mon choice in Mozambique, although sanitary and environmental risks are recognized;
(2) controlled landfill, which guarantees daily covering of waste by a layer of inert material
and drainage; (3) sanitary land[fill.

As far as we know, only 11 of the 53 municipalities already have a municipal plan for
waste management or at least a draft of it. WH and 3Rs principles are mentioned only in four
plans, but are not clearly defined. The other municipal waste management plans recognize the
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importance of the current informal recycling activities but delegate them to the spontaneous
initiative of associations, projects and informal sector.

5 RESULTS AND DISCUSSION

Analysis of the relevant legal and strategic documentation available about waste manage-
ment, and previously cited, shows that Mozambican policy-makers understand the WH and
3Rs principles, which to some extent have been introduced in key national tools.
Notwithstanding that waste management policies may differ among countries due to the local
situation, opportunity and constraints, as also stated by Sakai et al. in 2011 [17], we cannot
deny that in Mozambican documentation the definition of WH is unclear. The priority order
between prevention, reduction, reusing, recycling and other forms of recovery or disposal
does not seem to be relevant because the preferred option is deemed to be the one that uses
the best available technologies at sustainable cost.

Table 2: Qualitative and quantitative analysis of waste management data in 11 Mozambican
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According to the data and information collected during the site visits and the study of the
available documentation (Table 2), only 11 municipalities out of 53 have already adopted a
waste management plan.

With the exception of the capital, the plans report approximate and insufficient data
about the amount of waste generated and collected and their gravimetric composition.
The percentage of waste collected by the municipalities varies between 28% and 56%.
All the municipalities collected a domestic waste fee, but only in three of them a greater
fee for commercial producer exists. In nearly most of the municipalities, the waste
fee is collected through the electricity invoice, but does not cover the total expenses
incurred for the collection of waste. All the municipalities have reported serious prob-
lems with the illegal dump of waste. With the exception of Maputo, they are lacking of
education and awareness programmes about the waste management and need a better moni-
toring and fiscalization system. Only in tree municipalities some formal recycling activity is
implemented.

Before we studied all the documentation and data collected, then we tried to clarify the
WH principle as it is applied in Mozambique and to analyze how each WH measure would
impact on waste management, proposing a specific interpretation of the hierarchy for Mozam-
bique, as a case study representative of developing countries. Reducing the quantity of waste
produced is certainly an overall priority, but industrialized societies should be mainly respon-
sible for reducing consumption and changing life styles [21]. Mozambique population has a
poor consumer profile, far from European patterns of consumption.

Reuse in a developing and poor country is a natural operation performed every day by
everyone, without awareness that this informal activity could be a component of a WH prin-
ciple. On the other hand, preparing for reuse takes place, informally again, due to the activity
of scavengers. As several authors [27, 36—41] have stressed, scavengers make an important
contribution to waste management in developing countries by means of the survival activity
of picking up waste in dumps or streets.

Two surveys to Maputo scavengers were realized in 2013 and 2014, aiming at understand
the informal activity of collection and reselling of recycling waste [37]. Data were collected
about the quantity and type of material collected, selling prices, storage and selling informal
places and have been used to understand the informal recycling industry of Maputo, as rep-
resentative of the country. Recycling is the more common option chosen by Mozambicans to
divert waste from open or controlled dumping and burning, but it is not yet supported by any
financial mechanism. The only economic gain by recycling is the lower cost of raw materials,
which in Mozambique are imported and whose price and availability fluctuates wildly. The
local recycling market is weak and mainly informal with little demand for selected waste due
to the low number of local factories required to process the material into secondary raw mate-
rial. The only materials recycled locally are some types of plastic (PE-Polyethylene,
PP-Polypropylene), paper (but not constantly), organic waste to make compost (small
amounts) and aluminium (informal sector). Other materials eventually collected are exported
(PET, glass, metals).

To the best of our knowledge, energy recovery from waste is not developed in Mozam-
bique, with the exception of some sporadic pilot experiences financed by international
stakeholders.

The local situation, dominated by a scarcity of financial resources, limited availability of
knowledge and technological means and an abundance of space, prompts waste management
to lean toward land filling. Alternatively, we propose a new WH concept for Mozambique,
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also available and adaptable for other developing countries, characterized by the following
measures in order of priority: (1) Raising — collection, focused on the awareness toward
the importance of managing waste by means of a systematic approach, rather than by
self-managed initiatives; (2) Sorting — as a preparatory operation prior to subsequent reuse
and recycling, in order to valorize and assign the correct final destination to each material;
(3) Reuse; (4) Recycling; (5) Disposal. This WH could support the optimization of collection,
rather than diffusing its perception as a bottleneck and useless activity, to valorize and for-
malize recycling, considering disposal as not the preferred option but the most acceptable
alternative to open dumping and burning.

6 CONCLUSIONS

In the long term, the global spread of WH as a general principle could guarantee that all
countries move toward a circular economy where resources are used in a more sustainable
way. Each country has to define its waste management strategy, customizing it to the local
situation, taking into account cultural, socio-economic and environmental aspects. Like many
developing countries, Mozambique is faced with the major challenge of managing increasing
quantities of waste with few resources and little experience. The abundance of space for
depositing the waste and the limited costs required make landfilling the preferred option of
waste management. Reusing, considered as a preventive measure to be performed before the
material becomes waste, is carried out informally. The informal sector overcomes also for
recycling and reuse, without any incentive from policy makers, who recognize the contribu-
tion made by informal waste pickers but do not support their activities financially. Moreover,
such activities are carried out under poor conditions, leading to severe risks to the environ-
ment and health. An alternative hierarchy is proposed in this paper, in order to improve waste
management in a feasible way for the local situation. The most urgent challenge in
Mozambique is to create greater awareness among the population of the risk posed by a defi-
cient waste management system, to increase the quantity collected and sorted to be reused,
recycled or even recovered and, finally, disposed of in a controlled space. Like any hierarchy,
the WH proposed is a principle which serves as a guideline on preferred measures which
themselves could vary according to local aspects. Further research is directed to collect and
elaborate data to support the waste hierarchy proposed by means of a LCA — Life Cycle
Assessment study, in order to also ascertain technological or practical options that in
Mozambique everyday life could deliver the best overall environmental, human health, eco-
nomic and social impacts.
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