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ABSTRACT

Waste management is an international issue with a global impact. Industrialised and emerging countries
increasingly need raw materials to feed their industries: natural gas, oil, coal, precious minerals and
metals. Most African countries are rich in raw materials, which they are powerless to trade on but eager
to negotiate with. However, they have difficulty managing the negative effect that these trades produce,
due to poor environmental regulations, inadequate waste disposal infrastructures, lack of technology
and public bodies with little experience and resources. This situation makes it challenging for some
African governments to manage the increasing quantity and types of waste, resulting from the extract-
ing industries and growing urbanization. Furthermore, the benefits are not fairly distributed, whilst the
negative impacts, both environmental and socio-economic, of a failing waste management system are
widespread and global. We have studied the situation of hazardous waste management in Mozambique
as a case study. Mozambique is one of the poorest countries in the world, but is rich in natural resources,
which are being exploited by several global companies in recent years, and with insufficient waste
management infrastructure. After the analysis of the local condition, this paper aims to trace guidelines
to support different stakeholders to make the first coordinated steps towards a better management of
hazardous waste.

Keywords: coal, extractive industry, hazardous waste management, key strategic actions landfill,
Mozambique, natural gas, natural resources.

1 INTRODUCTION
All over the world, human activities are consuming the natural resources, deteriorating the
quality of the environment. As the world population grows and economies become more
industrialised, natural resources, essential to this growth, become scarcer and more costly.
As stated at the 2002 World Summit on Sustainable Development [1], a sustainable develop-
ment is only possible if natural resources are managed in a sustainable and integrated way,
at national, regional and global level. If we continue to consume resources at the current
rate, in thirty years we will need more than two planets to sustain our economic activi-
ties [2]. During the last thirty years, the global consumption of natural resources has grown,
reaching almost 70 billion tons in 2008 [3]. Growth has been soaring, rising from +1,7% to
+3,7%, when China, Brazil and India began to show important economic growth. According
to Myers and Kent [4], this trend will certainly increase, due to the fast rise of new con-
sumer classes in developing and transition countries, who want to achieve the lifestyle of
industrialized countries. This situation threatens sustainable economic growth, exacerbating
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environmental problems, such as climate change, biodiversity loss, desertification and eco-
system degradation [4, 5].

The world distribution of natural resources is uneven, with Europe as the biggest net-
importer, mostly because of the intense exploitation of internal resources and unprofitable
mining activity due to high labour and environmental costs [6—8]. The greatest extractor and
exporter is Asia, which is also becoming an important consumer. African countries are still
rich in unexplored natural resources, precious metal and minerals, with the net-exporting
trend up 53% [7]. Since data about the quantity and availability of these resources is uncer-
tain and incomplete, the World Bank announced in 2014 its plan to map Africa’s natural
resources [9]. The availability of reliable data could support potential investors in developing
countries, produce economic opportunities, create new jobs, increase government revenues,
which can be translated into better educational and public health policies. In contrast, the
great richness in natural resources could become a threat to the African continent, due to the
negative effects that its exploitation could produce, such as soil, air and water pollution, haz-
ardous and non-hazardous waste production, ecosystem alteration. Nevertheless, the negative
impact on the environment could be controlled and minimised, the risks of incurring environ-
mental damage, or even disaster, are incredibly high if mining activities are carried out in
countries with weak environmental legislation and little monitoring capacity. As stated by the
European Community [10, 11], international cooperation is necessary to reduce the impact of
such activities on the environment, because the mismanagement of such waste may cause
pollution of a global and transboundary nature.

This paper examines the state of the art, regarding mining and hazardous waste manage-
ment in Mozambique, as a case study of developing countries. We have analysed main
existing legal framework, policy maker roles and potentiality and the waste management
infrastructure. Then, starting from knowledge developed in this particular country, some
guidelines are traced to contribute to the efficient design and management of hazardous waste
systems in developing poor countries.

2 MATERIALS AND METHODS

This paper draws on primary data and experiences gathered from 2014, under the project
PROSIGRU, co-financed by the Italian Ministry of Foreign Affairs and International
Cooperation and led by the Mozambican Ministry of Land Environmental and Rural
Development (MITADER), in partnership with the National Association of Mozambican
Municipalities (ANAMM), with the technical assistance of an International non-governmen-
tal organisation LVIA —Lay Volunteers International Organization, based in Italy and active
in Mozambique since 2006. The project will end in 2017 and aims to enhance the environ-
mental sustainability in the urban areas of Mozambique, improving the governance of the
integrated waste management system at national level.

Our study focuses on recent mining activities and on the quantity and type of waste generated,
aiming to identify the main future challenges and opportunities to improve the local capacity to
manage it. Firstly, we have studied the local context to obtain background information and data
to sketch an initial outline of solid and hazardous waste management in Mozambique. We ana-
lysed laws, regulations and documents relating to waste management; sectorial studies, along
with feasibility studies. We then interviewed stakeholders involved in waste management: pol-
icy makers; technicians; private enterprises; international and local associations. The questions
were tailored to understand the impact of new economic activities of natural resources extrac-
tion, in terms of the waste produced and managed. We then have underlined main problems
related to their collection and disposal, particularly regarding hazardous waste.
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3 RESULTS AND DISCUSSION
3.1 Mozambique

The Republic of Mozambique is situated in southern Africa, 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. Over the past two decades, the annual
growth rate of Mozambique has reached 7% and, in 2015, Gross Domestic Product (GDP)
grew at a rate of 5.9%, due in part to extractive industries [12]. However, this trend has not
reduced poverty: Mozambique is still one of the poorest countries in the world, with a Human
Development Index (HDI) of 180 out of 188 countries and territories considered in 2014 [13].
Since its independence from Portugal in 1975, subsistence farming has been the predomi-
nant economic activity, not including the only largest foreign investment project of aluminium
smelting, still active in the south of Mozambique, close to the capital Maputo. The scenario
has changed with the recent discovery of natural gas and coal, which has located Mozam-
bique among the African providers of commodities such as natural gas, industrial minerals
and precious metals. The international price of these commodities has recorded a large
increase, caused mainly by the high demand from emerging countries, particularly the BRICS
(Brazil, Russia, India and China), which are becoming key economic partners in Africa.

3.2 Natural resources of Mozambique

Mozambique is rich in natural resources, but the extractive sector is still operating below its
real potential [14, 15]. Despite this, the entry of large multinational companies has boosted
the sector since 2010, particularly regarding natural gas and coal extraction. Other resources
that are exported are i.e. uranium, titanium, zirconium, gold, gemstones, fluorite and other
industrial minerals [15].

One of the biggest investors in coal extraction, which operates in Moatize, Tete province,
since 2011, has estimated a capacity of 22 million tons of coal. Regarding natural gas, the
recent findings made in 2010 in the offshore area of the deep-water Rovuma Basin, are one
of the most important natural gas discovery in the last 20 years and could place Mozambique
among the biggest producers, together with the United Arab Emirates and Venezuela [16].
Nevertheless, like other countries rich in natural resources but poor in quality of life and basic
services, Mozambique is suffering from the “natural resource curse” [17].

Despite the fact that the government has made an important effort to improve the national
infrastructures (ports, roads, railways and power lines) and to revise the legal and fiscal
framework, Mozambique still shows a failing score in the Resource Governance Index (RGI),
due to its low rankings in terms of reporting practices, safeguards and quality controls, spe-
cifically as concerns the environmental impact of production/extraction activities [14].
Notwithstanding, mining is an economic opportunity for Mozambique [16, 18], that however
should be correctly designed and managed.

The focus of the paper is on the production of different types and large quantities of haz-
ardous waste, following mining, whose optimized management is addressed here.

3.3 Waste management in Mozambique

As demonstrated in several studies [19, 20], the Mozambican government is aware of its
weakness in managing local waste. The same conclusion has been obtained during PROSIGRU
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project, and specifically during engagement activities of policy makers. The results obtained
are described in the following and refer to two crucial aspects: on one side input data for plan-
ning and on the other available landfills for final waste management (since landfill still
remains the main management option).

As in most developing countries, there is little reliable data about waste production and
composition in Mozambique, if we exclude the capital city Maputo, the first city with a
municipal master plan for urban solid waste management, completed in 2008 [21]. The total
quantity of waste produced in Maputo was evaluated at 980 tons/day (without fine fraction)
with a per capita production between 1 kg/pp/d for the inner and more affluent city centre and
0.56 kg/pp/d for the suburban and poorer zones. The percentage of organic waste is generally
high, and vary depending on the area of the city between 54% and 71% [21, 22]. If we con-
sider only household waste, in 2012 the collection rate for Maputo was 82% [21, 23], a high
value if compared with the average rate of other cities in developing countries [24-28], which
generally range between 30% and 70%.

Other plans have been designed since 2011 by local authorities and MITADER, the MIn-
isterio de Terra, Ambiente e DEsenvolvimento Rural [29-38]. The data reported on these
plans show a marked heterogeneity and low reliability, since it is not always explained how
the estimations were made, in particular regarding the amount of waste generated and col-
lected, which in some plans were not evaluated either (Table 1).

Table 1: waste generation and collection data in the main cities of Mozambique (from mu-
nicipal solid waste management plans - MSWMP). O without fine fraction.

Population Total waste Pe;::ti ita Waste Collection Year of
City (census generation generation collected (%) MSWMP
(1) 0 .
2007) (tons/day) (ke/pp/day) (tons/day) design
Maputo 1,111,638 980.00 0.88 760.00 77.55 2008
Lichinga 141,724 54.00 0.38 2015
Ilha de 48,063 16.60 0.35 6.70 40.36 2014
Mogamb.
Nacala 206,449 124.40 0.60 47.50 38.18 2014
Quelimane 193,343 116.00 0.60 40.00 34.48 2013
Macuba 87,889 67.7 0.77 24.00 35.45 2013
Pemba 138,716 98.8 0.71 56.30 56.98 2013
Chibuto 81,454 2015
Inhambane 65,173 38.7 0.59 11.00 28.42 2011
Namahacha 16,165 5 0.31 2015

Tete 200,000 70.00 2011
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As concerns final management, it should be noted that there are either proper sanitary
landfills in any Mozambican city, nor even in the capital, Maputo, where all the waste col-
lected is disposed of without any treatment in a large open dump inside the city.

Excluding Maputo, where the local authorities are making concrete steps towards closing
the municipal open dump and the construction of a modern sanitary landfill, no operational
plan for waste management as developed between 2011 and 2015 envisages the construction
of landfill within the next 5 years. The necessity to improve urban waste management is rec-
ognised, the risks for inhabitants’ health and the environment are identified, but the documents
recognise a weak financial viability of the municipalities and a low technical ability to design
an integrated a sustainable waste management strategy.

In some cities, where the private sector is involved in extractive activities and exerts pres-
sure to find solutions for the waste disposal, like Pemba and Tete, the local authorities seem
more active and are supported by the government to find solutions and resources.

3.3.1 Legal framework for waste management in Mozambique
The main laws and regulations relating to the management of waste in Mozambique are as
follows:

National Environmental Policy, Resolution N. 5/1995;

Environmental Law No. 20/97;

Regulation on Bio-Medical Waste Management, Decree N. 8/2003;

Regulation on Environmental Inspection, Decree N. 11/2006;

Regulation on Solid Waste Management, Decree N.13/2006 revoked by Decree N.

94/2014.

Technical Directive for the implementation and operation of landfills (2009);

e National Strategy for the Integrated management of urban solid waste in Mozambique for
the period 2013-2025 (2012):

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

The most recent legal tools for waste management only came into force in March 2015,
five years since extractive activities first began.

One of the general principles identified for hazardous waste management is the principle
of self-sufficiency, according to which all the hazardous waste management operations have
to be developed locally, in the national territory, avoiding, whenever possible, the transbound-
ary movement. If this is not possible, the transboundary movements have to be made in
accordance with the Resolution N. 18/96, which ratified the Basel International Convention
and the Bamako Convention, which is supplementary to the Basel Convention for the move-
ment of hazardous waste into or between signatory African countries.

The solid waste management is a duty of the municipalities with the exception of hazard-
ous waste, which is the responsibility of MITADER and biomedical waste, which is the
responsibility of the Ministry of Health.

3.3.2 Hazardous waste in Mozambique: generation and treatment

Hazardous waste is waste containing substances that are hazardous for health and the envi-
ronment, thus requiring distinct management. The main steps to follow for correct hazardous
waste handling are: identification, proper storage, labelling, transport and finally delivered to
a licenced facility. All these steps have to be made without mixing hazardous waste with
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other waste, or with other types of hazardous waste, and, in accordance with local and inter-
national regulations, whenever possible, transboundary transportation must be avoided to
prevent accidents (i.e. due to inconsistency between different national regulation, documen-
tation and labelling or even international illegal trades).

By focusing our attention on hazardous waste generated by extractive sector in developing
countries, it should be noted that frequently, where the extraction activity occurs, countries
do not have a proper legal framework, infrastructure and technical capacity to handle the
hazardous waste produced by the sector.

Mozambique has only one landfill for the disposal of hazardous waste, located in the south
of the country, close to the capital Maputo. The Mavoco landfill was built in 2005 and has a
total capacity of 75 cubic meters, equivalent to 70,000 tons. It has three cells and two basins
for the collection of leachates, with a waterproof base in HDPE (High Density Polyethylene).
It was built by the first big company operating in Mozambique since 1998, an aluminum
smelter joint venture. The landfill belongs to the Mozambican government, under the tutelage
of the National Fund for the Sustainable Development (FNDS), being the facility operated by
the private sector. The Mozambique government has the responsibility of monitoring all the
operations involving the transportation and treatment of waste. The first cell has now been
closed, and the second cell is in use; the landfill receives on average 3,200 t/year of hazardous
waste. The disposal fee in Mavoco landfill corresponds to $195/ton, a very high value if we
compare it with the rate charged for the same service in neighboring South Africa, which
corresponds to $50/ton [39].

In Mozambique, as is the case in many developing countries [40, 41], the absence of spe-
cific legislation, the lack of proper infrastructure and the weakness of monitoring systems,
have allowed the incorrect treatment of hazardous waste.

We have analysed the current situation of the hazardous and non-hazardous waste in two
significant Mozambican regions where extractive activities have increased in the last five
years: Tete region, in the northwest of the country where coal is extracted through surface
mining, and Cabo Delgado region, in the north east, where a massive offshore deposit of
natural gas was found. It is outside the scope of our study to analyse the total quantity, respec-
tive composition and management of waste produced by the whole mining sector in
Mozambique, yet we have considered the two emerging sectors that could be the driver for
the improvement of hazardous waste management in Mozambique, due to their size and geo-
graphical localisation. In fact, both the areas are decentralised with respect to the only
infrastructure existent in Mozambique for the disposal of hazardous waste, Mavoco landfill,
which is located at more than 2,000 km from the extraction sites.

In 2011, when exploration of the mines began, Tete region was unprepared to treat the new
waste, both in terms of strategy and infrastructure. Considering the local situation and the
logistical difficulties, Vale Mocambique, one of the biggest active mining companies in the
region, has built its own landfill and has contracted a private company to collect and dispose
of the industrial waste from the mine. According to data released by the same company [42],
the operational units in Mozambique in 2012 produced 61 million tons of mineral metallurgi-
cal refuse, 8 million of which were waste and 53 million inert, showing an increase of 69%
compared to 2011. Regarding non-mineral waste, 19 thousand tons were produced in the
same year, 8% of which were hazardous. The hazardous waste produced is mainly tires,
waste contaminated with oils and grease, batteries and filters.

Concerning natural gas, the huge deposits discovered in 2010 are situated in Mozam-
bique’s northern offshore Rovuma basin, making the country the third-largest proven natural
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gas reserve holder in Africa, after Nigeria and Algeria [43]. U.S. company Anadarko and
Italian multinational Eni are leading exploration activities in Mozambique’s offshore Rovuma
Basin and have made a joint venture to develop a project in Cabo Delgado province to liquefy
and export the natural gas extracted offshore from both companies. According to data released
by ENI [44], the recoverable gas reserves discovered are estimated at approximately 150 Tcf.
We were unable to consult data about the quantity and type of hazardous waste produced off-
shore, but as reported in the LNG project, describing all phases of the developing plants [45],
all solid waste will be delivered to the onshore facilities as an integrated part of the onshore
waste management system. In fact, waste treatment facilities were built by the company in
Afungi Peninsula in Cabo Delgado northern region, where all the non-hazardous waste will
be treated [46]. While the non-hazardous waste is minimised, recycled and finally incinerated
or disposed of in Afungi facilities, the hazardous waste is entrusted to third party contractors
[47]. The project waste management facilities comprise incinerators and a non-hazardous
landfill, which are necessary considering the lack of adequate landfill /disposal facilities in
the vicinity of the project. Incinerators will receive non-hazardous combustible waste, as well
as small quantities of hazardous waste, including oil impacted rags, oil filters, sludge, spill
kits, paint cans and medical waste. The incinerators will be specified to meet current interna-
tional best practice and local regulations, along with recognized emissions performance
standards. The total quantity and leading type of hazardous waste streams are divided between
the construction phase, which will produce 17,300 tons of hazardous waste, and the operation
phase, which will generate approximately 350 tons/year. According to the project’s waste
management plan [46], these materials are correctly transported out of the country to proper
facilities in full compliance with national and international legislation due to the difficulty in
locating proper recycling or disposal options.

Hence, the two areas analysed have underlined the opportunities they represent for local
communities, but also problems for health and the environment they will carry out, too, if
hazardous waste will not be correctly managed. Nowadays, the absence of local facilities
supporting the development, has pushed companies interested to not only extract natural
resources, but also to keep a green image, to construct required waste management facilities
for their production cycles. The Mozambique government plays the role of controlling the
respect of local and international regulations. Such a strategic waste management approach
allows the diffusion of manufacturing activities with the financial capacity of creating also
infrastructures necessary for the development. Negligible is the diffusion of small medium
enterprises that only the development of governmental waste management technologies,
plants, infrastructure could support.

Moreover, leaving to private enterprise the management of waste could not push the reach-
able results to optimality. In developed countries, virtuous communities, as those described
in [48], have supported the diffusion of well performing standards. Even if, now, in these first
attempts of a structured, planned waste management Mozambique should manage the chal-
lenge of systems primarily satisfying a correct disposal, in the future also optimization of
existing procedures should become a challenge to pursue.

4 CONCLUSION
The coal and gas rush in Mozambique could be a great opportunity for the country to leave
poverty behind, yet it carries some environmental risks.
We have considered the increase of hazardous waste production, as a result of the extrac-
tive industry, like a driver for the improvement of waste management sector, instead of like a
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problem, due to the absence of supporting infrastructure. This point of view turns a challenge
into an opportunity.

Before the coal and natural gas discoveries, waste management had already become more
challenging, due to population growth and rapid urbanisation. Mozambique had a poor legis-
lative framework, no infrastructure and weak technical capacity to manage the increasingly
high quantity of waste. The arrival of international actors from the extractive sector has
revealed the shortcomings and weaknesses of the waste management sector.

The necessity to handle large quantities and new types of hazardous waste correctly has
prompted the waste management sector to alert the local government about the necessity to
review and enhance the legal framework, to provide the country with a proper infrastructure
and to facilitate policy makers, technicians and professionals.

Mozambique has only one landfill built to receive hazardous waste, which is located in the
south of the country. Its capacity is low and partially exhausted and it has a disposal fee four
times higher than in the neighbouring country, probably due to the lack of competition.

The main extractive projects are located in the north, more than two thousand kilometres
from this one landfill site. The road network is deficient and in poor condition. These are the
main reasons that force the extractive companies to export hazardous waste. However, trans-
porting large quantities of hazardous waste for long distances on poorly maintained roads
increases the cost of waste management and could increase the risk of environmental acci-
dents. It would be better to treat and dispose of the greatest amount of waste as possible, both
hazardous and non-hazardous, at the production sites. Thus the construction of at least two
landfill sites for hazardous waste is necessary in Mozambique: one in the Tete region and the
other in the Cabo Delgado region.

The local government has no financial resources to build facilities of this size, even for
urban solid waste. In fact, as reported in municipal solid waste management plans, local gov-
ernments are aware of the necessity to improve urban solid waste management, from open
dump and burning to proper disposal, but with no plan developed in the last 5 years, is the
construction of a landfill site envisaged, merely the identification of a suitable location for
this purpose. The major constraint is the lack of financial resources.

Hence, public—private cooperation should be studied to utilize the capability of private
international companies to support initial expenses and to partially recover invested money
due to the fee required for disposal of waste of local communities or further private companies.

Surely, the construction of the landfill should be planned to avoid their multiplication, but
minimise dedicated sizes, while improving actual waste management system, mainly charac-
terised by uncontrolled dumping.

Mozambican government should direct its efforts in promoting firstly the correct disposal
of waste and subsequently, in accordance with international guidelines, its minimisation.
Nevertheless, development could not occur without awareness. Hence, the first steps should
be dedicated to create a data base about the quantity and composition of waste produced in
the country, to facilitate communication and coordination between all the actors, and to rein-
force the technical capacity and ownership by local experts.
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