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EXECUTIVE SUMMARY

General

The overall goal of this project is to evaluate the waste management systems in the cities of
Meknes, Azrou and Sefrou and make recommendations tor improvements. These recommenda­
tions include collection systems, landfills and overall waste management planning.

Collection Systems

All three cities are experiencing varying degrees of problems within their existing collection
systems. These problems include inadequate equipment, shortage of qualified workers, main­
tenance and repair problems and inefficient collection methods. To help address these problems,
collection trucks should be upgraded to rear loading compactors capable ofservicing waste
storage containers. Significant increases in collection efficiency and neighborhood health
conditions can be obtained by converting portions of the collection systems to containers, espe­
cially in the newer portions ofeach city where new infrastructure improvements are being made.
With proper maintenance, repair and cleaning of the containers, collection frequency could be
decreased to three times per week, further increasing overall equipment and manpower
efficiencies.

Collections in the three cities were perfonned only in the morning, generally between 7:30
and 11 :00. This is not an efficient use ofequipment, and consideration should be given to
afternoon as well as morning collections.

Collection problems are much more severe in Meknes than in the other two smaller cities.
This can be seen from the ratio ofcollection equipment capacity as compared to total daily waste
generation. A ratio of .50 would mean that each truck would have to make two trips to the land­
fill per day, assuming all trucks were operational. The ratio ofcollection equipment to waste
generation in Meknes is .40, while it is .82 in Azrou and .62 in Sefrou. Considering the main­
tenance, repair and labor problems in Meknes it is not surprising that they are experiencing
collection problems. Only one ofthe four municipal depots in Meknes was inspected during the
field visits, but that one lacked adequate spare parts, maintenance supplies, tools and skilled
mechanics.

Some ofMeknes's problems arose because it became a city as four separate towns or munici­
palities grew and ultimately became one urban area. Although some public services have been
consolidated under one City authority, others have not, including solid waste collection. A sig­
nificant part ofthe Meknes problem is the inefficiency offour separate municipalities within the
City, all operating independent collection systems. The creation ofa single independent agency
within the City to oversee both collection and landfill services should be evaluated. Specific
recommendations for each city are made in their respective section ofthe report.
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Landfills

The landfill in Meknes is suffering a variety ofproblems Md should be closed. In addition to
being in a very visible location, it is poorly operated and may be structurally unstable. Current
problems have prevented a major housing project from being implemented. An interim three year
program. designed to provide cover soil for the existing landfill while providing three years of
landfill capacity, has been recommended. The report presents a discussion of regional geology
and landfill siting criteria to assist the City in locating the next long tenn site.

Existing landfills in Azrou and Sefrou have less severe problems. These are related primarily
to operating procedures, including compaction. soil cover, burning and control of blowing debris.
Both landfills have remaining capacities in the 10 to 20 year range but the Sefrou landfill may be
closed sooner due to the construction ofa nearby market and anticipated City expansion. Section
1of the report presents typical landfill controls to assist both municipalities in dealing with their
operating problems.

InstitutionallFinsncisl Issues

Although the focus of the brief study is on technical issues, there was also an obvious need to
address the institutional as well as financial needs of the three cities in dealing with their waste
management. This was most obvious in Meknes where the costs of both the interim and long
term programs will be significant. Reorganization and consolidation ofboth collection and dis­
posal services should be evaluated in addition to potential cost recovery methods.

National Issues

The various work tasks perfonned have also pointed to a need for national standards for waste
management, especially ifprivatization is to playa role in the future. In particular, standards on
landfill siting, design and operation are needed. The standards should be accompanied by a
realistic enforcement program through the municipal or regional governments.

Action Plans

Recommendations included in the report are swnrnarized as follows:

Meknes:

• Maintdn service records at all truck depots.

• Perfonn inventory ofall commercial and industrial waste generators.
Convert newer portions of the City to container service.
Ensure that new truck purchases are 14 or 16 m3 rear loading compactors with mechanical
container filters.

• Evaluate consolidation offour separate municipal services into one City authority.
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· Perfonn site search for interim landflll.
· Purchll5e larger landfill mal:hine for compaction and covering.

• Close and cover existing landfill as soon as possible.
• Begin search for new long term landfill.

Address medical waste disposal.
Evaluate cement kiln for potential hazardous/medical waste disposal.

· Evaluate fonner compost facility.

Azrou:
Convert newer areas of the City to container service.
Purchase one rear loading 8 mJ compactor with mechanical container lifter.

Supervise existing landfill during all operating hours.
Reduce active working area of landfill.
Compact and cover landfill with soil or construction debris at least once per week.
Plant cactus rows around landfill to help control blowing debris.
Establish special areas for dumping and storing construction debris and temporary dumping!
transfer area during bad winter weather.
Address medical waste disposal.

Sefrou:
• Convert newer areas ofCity to container service.
· Purchase one rear loading compactor collection truck.
• Convert open burning landfill to controlled landfill with weekly compaction and covering.
• Begin search for new long term landfill.

Follow-Up

This project includes a follow-up task to assess how each municipality has responded to the
recommendations. In general, this follow-up task will address all three cities, but will concentrate
on Meknes and their efforts at finding a new landfill site.



Preliminary Assessment ofSolid Waste Systems in
Mekoes, Azrou and Sefrou, Morocco

1 INTRODUCTION

1.1 Background

The United State.s Agency of International Development (USAID) is assisting Moroccan
municipalities through the Urban and Environmental Services Project (U&ES). Part of the U&ES
project is designed to assist municipalities on improving capacities to manage a growing solid
waste problem, in particular waste collection and disposal. Similar assistance was provided to the
City ofTetouan several years ago. The cities of Meknes, Azrou and Sefrou have bel:n selected to
participate in this portion ofthe program.

The USAID technical assistance team consists ofa solid waste expert under contract with the
International City Management Association (lCMA) and two local consultants: an urban planner
and civil engineer. The initial inspection and interview team also included two national govern­
ment representatives from the Directorate of Potable Water and Sanitation (DEAlDGCL) and the
FEClDirection de Credit.

1.2 Goals and Objectives

The overall objectives of the project are to evaluate the existing waste disposal and collection
systems in the three subject municipalities, assist them in making improvements and assist them
in planning for the future. Although the primary emphasis ofthe project is on waste disposal-·
through controlled landfilling, recycling and composting--waste collection systems and other
related issues will be addressed.

The project will be completed in three phases. The initial phase consisted ofsite visits, in­
spections and data gathering in the three municipalities. These activities were performed by the
full project team, including the ICMA solid waste expert, the local consultants and the national
government representatives. The second phase, the subject ofthis report, is the evaluation ofthe
problems and issues observed during the inspection, data gathering, and recommendations for
improvements. This task was primarily the responsibility of the ICMA solid waste expert" with
assistance from the local consultants.

The final phase will include follow-up and technical assistance provided to the municipalities
to assist them in implementing the recommendations ofthe report. This task will include a
second visit by the leMA solid waste expert and technical assistance by the locw consultants. It
is also anticipated that the project recommendations will include issues to be addressed at the
national level, including national waste management standards, institutional and financial guide­
lines and a national medical waste policy.



-2-

1.3 COIDmon .....et

Although the three municipalities diff:red considerably in their waste management systems,
there were several islUCs common to all three. These will be discussed in this section while
issues specific to each city will be included in Sections 2, 3 and 4.

1.3.1 Collection Procedures

All three municipalities provide collection services using curbside collection ofdomestic
refuse or communal bins of 3 to 5 m' capacity serviced by a specialized bin hoist vehicle. The
majority of service is provided through curbside collection using a variety of manually loaded
vehicles. Waste left at the curbside by individual residents or commercial establishments is
gathered in baskets by collection workers and then loaded onto collection vehicles. Most of these
collection vehicles are standard flat bed dwnp trucks of6 m' capacities. These are multipurpose
vehicles and waste must be lifted approximately 1.5 meters to the bed of the truck. Only Meknes
uses specialized rear loading waste compaction vehicles of6 and 8 m'capacity, but they are not
equipped to load containers.

The curbside placement ofwaste without containers is creating problems in most of the urban
locations, especially when waste is not placed in plastic bags. Non-containerized waste attracts
insects and animals, promotes odors and makes collection more difficult.

Since all three municipalities mentioned increasing collection efficiency as a goal, the
expanded use ofcommunal containers and larger rear loading compaction trucks are appropriate
options for all three municipalities. Typical containers used with compaction trucks are
manufactured in several sizes. The most common size is 1.1 m' which is currently being used in
Rabat and other larger cities in Morocco. These containers will hold approximately 495 kg of
waste at a density of450 kg/m3

• At a generation rate of .5 kg per person per day, each container
can hold the daily waste generated by 990 persons or 194 families at 5.1 persons per family.

The increased collection efficiency ofusing containers is obtained through decreased
collection time, smaller collection crews and fewer vehicles. Standard 1.1 m3 containers can be
serviced in one to three minutes each, including driving to the next container. This is compared
to the curbside collection ofthe equivalent of 194 individual households, which may take as long
as 30 to 60 minutes, depending on many variables. The increased efficiencies are obvious and
will more than offset the increased cost ofthe containers and compactor trucks distributed over
the life ofthe equipment.

The use ofcommunal containers is especially appropriate in the newer areas ofthe three
cities, where new multi-unit housing is being constructed along with infrastructure improvements
and wide streets. Ideally, the containers should be located in enclosures and visually screened,
features which should be designed into new road and housing infrastructure. Spacing ofcontain­
ers should consider convenience as well as capacity. In general, residents should not be required
to walk further than 75 meters to access a waste container. The use ofcontainers in res~dential

..
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areas may also permit less frequent collections, ifcontainers are kept clean and free ofodors.
Collection frequencies of three times per week, rather than daily, are possible with communal
containers.

The wider streets of the new areas will also accommodate larger capacity collection trucks. If
containers are considered in these areas, new compaction trucks should be at least 14 or 16 m3

capacity, equipped with hydraulic lifting devices for the containers. The larger compaction trucks
will also improve transportation efficiencies as new landfills are located farther away from the
urban population centers.

The use ofcontainers will not be appropriate for all areas of the city, and many of the older
areas will still require manual curbside pickup due to narrow streets or lack ofadequate locations
to place the containers. Specific recommendations regarding the use ofcontainers will be pre­
sented for each municipality in later sections of the report.

1.3.2 Medical Waste

In general, medical waste from hospitals, clinics, doctors, dentists and laboratories in all three
communities is disposed ofwith mixed domestic waste, without any special handling or packag­
ing. This presents a significant hazard to waste collectors, landfill operators and persons who
recycle materials from the waste. A long term goal should be adopted to require all medical
waste to be disinfected at the source, prior to disposal, using an autoclave, controlled
incineration, or chemical treatment.

In the short tenn, all infectious medical waste should be placed in specifically marked
containers, to alert collection workers and recyclers that the contents may be dangerous. The
international standard includes the use ofheavy "red" plastic bags for infectious medical waste
which has not been disinfected and "yellow" bags for medical waste which has been autoclaved
or chemically treated. Ashes from medical waste incinerators should be placed in ridged
containers with special markings.

1.4 Technical Issues

Based on infonnation obtained during the municipality site inspections and data gathering,
there is a need to present some ofthe general technical issues regarding waste generation,
collection and disposal and how these issues are applied to the specific conditions found in the
three municipalities and in Morocco in general. This is especially important since most of the
reference material on waste management is based on waste typically found in European countries
and the United States. Differing waste composition, weather and geologic features found in
Morocco will significantly impact the application ofwaste disposal systems in Morocco.
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1.4.1 Waste Composition

Waste composition will vary greatly from area to area based on physical and economic con­
ditions. Most reference material lists the various components of waste as they are generated and
not as disposed. Waste characteristics, especially in poorer economic conditions, will change
significantly between generation and final disposal due to sorting and recycling. The following
list of typical components in Moroccan waste is presented as a general guide only and must be
reviewed in more detail for each municipality.

Paper
Glass
Tin Cans
Textiles
Bones
Wood
Plastic
Organic Food Waste
Inert Fines

15% to 25%
3%t05%
l%t03%
l%t03%
l%t03%
2%t03%
3% to 5%
50% to 70%
5% to 7%

The most important aspect ofwaste composition in Morocco is that it is changing. As
economies develop, more and more packaging and throw-away items enter the waste stream. In
particular, the increased use ofplll:itics and metal beverage cans has had a dramatic effect on
waste management in Morocco. Plastic bags are a major source of litter, and plastic containers
have slowly replaced the returnable glass bottle for soft drinks, beer and water. There are several
basic types ofplastics, and a general understanding of them will assist waste managers in
handling the problems ofplastic wastes disposal and recycling.

Polyethylene Terapthalate (PET). Most soda and soft drink containers holding liquid under
pressure (gas) are made ofPET. It has a relatively high recycle value and is used to make
synthetic textiles.
High Density Polyethylene (HDPE). HDPE has many applications and is used primarily for its
chemical resistance and elastic strength. It is commonly used for oil, bleach, laundry
detergents and milk containers. It is also one of the materials commonly used to make thin
film plastic bags and has a high recycle value.
Polyvinyl Chloride (PVC). This plastic is used in many structural applications, including pipes
and furniture. It is also the material used most for non-gasified bottled water and other food
containers. It has a good recycle value but not as high as PET or HDPE.
Polystyrene. This plastic also has wide applications, including plastic utensils, dishes and
toys. It is also used in most plastic foam packaging. It has a relatively low recycle value.

.i Plastics are inert materials, and although they create many aesthetic disposal problems they do
not create an environmental problem in the landfill. However, they will create toxic gases when
burned and are a significant source ofair contamination in populated areas. PVC, in particular,
will produce hydrochloric acid when burned.
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The recycling ofplastics is developing world-wide into a major industry. Environmental con­
cerns and conservation ofpetroleum resources have encouraged many manufacturers to utilized
recycled plastic whenever possible. This will be discussed in more detail in later sections of this
report.

1.4.2 Leachate Production

Leachate is a mixture of liquid contaminants produced from waste and can be a significant
problem in both waste collection and disposal. Leachate liquids are either the result of the
decomposition oforganic matter within the waste or liquid wastes, such as synthetic solvents,
waste oil or cleaning fluids that have been disposed ofalong with the solid waste. This latter
category of leachate is normally only associated with industrial or commercial activities. Ifa
municipality contains only residential development, it is not likely to have a significant problem
with solvents or industrial contaminants, which are a major concern in Western waste landfills.

As organic waste decomposes, it produces strong organic acids which dissolve other
chemicals in the waste. These include heavy metals, which are a major contaminant in landfill
leachate. While discussing heavy metals, it is important to note the sources ofthese heavy metals
in the waste, which primarily include colored inks in magazines and newspapers and batteries of
all kinds. Lead from car batteries and mercury from small watch and hearing aid batteries are
common sources ofheavy metal contamination in Western waste leachate. Although these
sources are very common in Western waste, they are much less common in less developed
economies such as Morocco. Therefore, heavy metals should be less ofa problem in leachate
produced from Moroccan waste.

Waste requires water to decompose and produce leachate, and therefore water control is an
important aspect of landfill management. The ideal water content for organic waste decomposi­
tion is between 40 percent and 100 percent, and decomposition essentially stops at moisture
levels below 20 percent. Therefore, typical Moroccan waste at 60 to 70 percent moisture will
certainly begin to decompose in the landfill, but ifadditional water is restricted, or the waste
dries, decomposition and leachate generation will stop. Since Morocco is in a semi-arid climate,
with defined wet and dry seasons, leachate generation will not be as significant a problem as it is
in Western areas with higher rainfall. In addition to lower rainfall, a high evaporation index will
reduce moisture in the waste as it is placed in the landfill.

1.4.3 Metbane Gas Production

Methane gas is another product of the decomposition oforganic matter in the landfill. It is
subject to the same variables as leachate generation and will increase at higher moisture contents
and decrease as moisture is reduced. Methane gas is explosive at concentrations above 5 percent.
It is lighter than air and will normally escape to the atmosphere above the landfill while the land­
fill is in active operation. When the landfill is closed and a layer of low permeability soil is
placed on the upper surface, the escape ofmethane gas will be blocked, which could cause it to
accumulate under the soil cover and possibly migrate off-site through porous layers ofsoil. If
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houses are located nearby, the methane gas could enter the houses and possibly cause an explo­
sion. If this potential exists, then the final cover soil should be applied along with methane gas
vents, to prevent a build-up ofgas and to allow the gas to escape to the atmosphere.

1.4.4 Geololle 1.lues

Several geologic characteristics will impact the environmental effect.~ ofthe landfill. Both the
physical and chemical content of the soil under a landfill will determine its ability to filter or
chemically remove many, ifnot all ofthe harmful contents of landfill leachate.

In general, a fine grained sandy silt, with a permeability in the 1 x 10" to I x 10.1 em/sec
range, is the ideallandflll base soil. The fine nature of the soil will filter solid components of the
leachate and promote biological growth which will remove organic by.products of leachate
decomposition. Heavy metals in the leachate will also be chemically immobilized through ion
exchange by flne grained soil containing adequate calciwn ions. If the leachate is mainly organic
in nature, a 5 to 10 meter layer of unsaturated flne grained soil, as described above, should pro­
vide adequate treatment for landfill leachate. Unfortunately, most synthetic industrial solvents
will pass through the soil unchanged.

Due to the semi-arid climate of Morocco, groundwater levels are generally very deep. At one
ofthe municipal landfill sites, groundwater was reported to be in the range of200 meters below
the surface. This large separation between the bottom ofthe landfill and any groundwater that
may become contaminated is also It very positive characteristic of the local geology for landfill
siting. Morocco has many areas with excellent soils for landfill siting, with the combination of
limited leachate production due to low rainfall, fine grained soils and deep groundwater.

On the negative side, Morocco also contains many rocky areas. Ifthe bedroek is fractured,
leachate will pass through it relatively unaffected and may contaminate underlying groundwater,
even at large depths. Landfills should not be located on bedrock formations.

1.4.5 Landfill Siting

From the above discussion ofgeology, it is obvious that landfill base soil is one ofthe most
important landfill siting parameters. With proper location in natural clay or silty soils and deep
groundwater, in excess of5to 10 meters, contamination ofgroundwater by landfill leachate
should not be a problem. The combination ofsoil penneability and depth to groundwater is the
crucial parameter. A slightly more permeable soil may still be adequate if the depth to ground
water is greater. In general, sandy base soils, with permeabilities greater than I x 10" em/sec,
should not be used as a landfill base, regardless ofgroundwater depth.

The exception to the natural soil base is a landfill that accepts signifiC:~\'l1t quantities of indus­
trial wastes which may contain synthetic solvents or petrolewn products. In this case, the landfill
must be located in impermeable clay soils with permeabilities less than I x 10.8 em/sec or con­
structed with a plastic liner and leachate collection systems. Since the evaporation index exceeds
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rainfall by a wide margin, the collected leachate should be treated through evaporadon in open
storage ponds.

In addition to the geologic characteristics, the following shins parameters ~hould also be
considered. These are meant to be a general guide and not a rigid set ofcriteria. Since a solid
waste landfill is a negative land use, a successful siting process will usually consist ofcom­
promises between environmental and economic issues, which will differ for each municipality.

Distance to sur/ace waters: In general, the landfill should be located at ieast 100 meters from
a flowing or seasonal stream or river. This distance should provide an adequate buffer area to
prevent waste or leachate from entering the river or stream. A hydrogeology study should
confirm that there are no underground hydraulic cOMections between the landfill site and the
surface water.
Distance from a well or potable water intake: The land'fill should not be located in a recharge
area for a public water well or within the drainage area ofa public surface water intake.
Wind: The landfill should not be located in Meas susceptible to sustained high winds because
this may result in a chronic windblown debris problem. Prevailing wind direction should 111so
be considered to prevent odors or smoke from blowing toward urban areas.
Distance to residences: This is a difficult parameter to establish and is usually left to the local
municipality to determine. Distances of 300 to 1000 meters have been used in the past. Some
communities consider the density ofresidential development as well as the distallce. Reloca­
tion of individual residences can be used to obtain adequate isolation distances.
Distance to public[acilities, sensitive environments or archeological/historical sites:
Landfills should not be located near public facilities, where blowing debris, smoke, odors or
increased traffic will negatively impact the operation or public enjoyment ofthe facility. Since
this will include visual as well as physical impacts, this criterion will require a site specific
evaluation ofeach site.
Distance from the urban center: The distance that collection trucks must travel to access the
landfill is also Nt important criteria. Although the landfill should be far enough away to mini­
mize impacts, it should not be an economic burden to transport waste to the site. Adistance of
S to 10 kilometers would satisfy this criterion. Modem collection trucks are designed for stop­
and-go collection routes and are not very efficient at traveling long distances to the landfill. If
the landfill must be located more than 15 to 20 kilometers from the urban center, the munici­
pality should consider the use ofa transfer station to access the site. The final decision should
be based on an economic evaluation.

1.4.6 Landfall Controls

In many developing countries, landfilling in towns and small cities occurs in an infonnal and
uncontrolled manner. The tenn informal disposal refers to diverse disposal, on-site, along road­
ways, in vacant lots, in ravines or in other non-centralized locations. An uncontrolled landfill
applies to infonnal disposal, as well as disposal at a centralized location where thel'e are no
specific management methods used to control the generation or release ofcontaminants to the
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environment or to improve aesthetic impacts. Uncontrolled landfills are often burned on a regular
basis to reduce the volume ofwaste and expose additional materials for recycling.

The fact that a landfill is uncontrolled does not necessarily mean that it is polluting the envir­
onment. That finding cun only result from an evaluation of the waste composition, site conditions
and the variables that cause waste to produce contaminants. One of the first issues to be ad·
dressed by decision makers is determining when a controlled landfill is necessary to protect
human health and the environment. The answer is actually quite complex and requires a basic
knowledge ofwaste composition and the factors which cause waste to generate pollutants, which
have been presented above.

In the United States the term "sanitary landfill" is used to define the environmentally correct
landfill, but in developing countries the term "controlled landfill" is more common, which the
solid waste expert feels is a more appropriate term. For the purposes ofthis report, the various
landfill procedures and functions are grouped into three categories in an attempt to clarify the
definition of a controlled landfill: Design Controls, Primary Operating Controls and Secondary
Operating Controls. Figure 1 illustrates controlled landfill construction.

Design Controls

If the landfill is a new landfill, the control aspect begins in the design phase with proper site
location. The location should be convenient to the waste generators but with adequate isolation
from residential development. Buffer distances from surface water, and groundwater aquifers,
will minimize potential impacts to water resources.

Base soils are perhaps the most important aspect of locating a landfill. Ifgood silty clays or
silty fine sands can be located with sufficient separation distance to groundwater, then landfill
liners and leachate management systems can be avoided. Ifproper base soils cannot be located
and the government determines that the groundwater quality warrants protection, then a lined
landfill becomes necessary.

Primary Operating Controls

Primary operating controls are intended to control the short term impacts of landfilling, such
as blowing litter, odors, flies and fires, while also reducing the factors leading to the generation
ofpollutants. These are the minimum controls that should be employed to convert an uncon­
trolled landfill to a controlled landfill.
• Access Control: The vehicle access to the landfill should be limited to a single entrance which

can be secured during the hours when the landfill is not open or supervised. The single access
ensures that all waste can be recorded and monitored.

• Waste Monitoring: At the entrance, all waste deliveries should be inspected to ensure that they
do not include large quantities ofhazardous or liquid wastes that the landfill was not designed
for. Many landfills have separate areas for special wastes such as tires. metals or sludges. The

..
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initial monitoring of the incoming waste should identifY these materials and direct them to the
appropriate disposal location. Ifresources pennit, a second inspection should be perfonned as
the waste is unloaded and compacted. Depending on the administration of the landfill, a writ­
ten record ofall waste deliveries should be maintained.

Fire Control: The burning ofmixed solid waste is one of the most polluting aspects of an
uncontrolled landfill and should not be pennitted in a controlled site. This is especially true as
waste composition changes to include more plastics which can produce highly toxic fumes
when burned. Fire control begins with the initial waste inspection, since fires can start from
hot coals or ashes brought into the landfill with the waste. Fires started by scavengers are
another frequent source of landfill fires and must be controlled. Ifa fire does start, it should be
extinguished as soon as possible with water or cover soil.
Waste Compact/on: Compaction ofthe waste and the building ofcells is a basic requirement
of controlled landfills and has many purposes. Compaction reduces waste volume and extends
landfill life. Compacted waste will also be less permeable and will impede the 'flow of rain­
water into the waste, and will burn less easily than loose, uncompacted waste. Ideally, com·
paction should be performed by 11 specifically designed landfill compactor but can also be
done with a tracked bulldozer or similar earth moving equipment. Compaction should be
perfonned in a manner which fonns daily cells ofwaste. Ideally, these should be covered with
soil at the cmd ofeach working day.

• Cover Soil: Like compaction, cover soil is a required landfill control which has many pur­
poses. In addition to controlling blowing litter, insect infestation and rodents, soil cover can
be used to control the infiltration ofrainwater by directing it away from the landfilled waste,
thereby reducing leachate fonnation. Covering ofdaily waste cells is also another method for
controlling landfill fires. The frequency ofsoil cover is usually determined by its availability.
Ideally, waste should be covered at the end ofeach day but this is sometimes not possible due
to limited availability or cost. Covering with soil should be performed at least on a weekly
basis.

• Scavenging: Scavenging ofthe landfill for food and recyclable materials is a common prob­
lem in all developing countries. Although the scavengers are exposed to many health and
safety problems, they actually perform a positive function by removing materials and reducing
the volume ofwaste requiring landfilling. Scavenging at a controlled landfill often conflicts
with compaction and covering ofwaste, however, and should be restricted or eliminated. The
objective should be to promote recycling within the collection system or through source
separation programs rather than at the landfill.

• Closure Plan: The last primary operational control is the preparation ofa closure plan to be
implemented when the landfill reaches its capacity. As a minimum, the closure plan should
include final impermeable cover soil and a gas venting system. The cover soil should be
planted with a mixture ofgrasses.



·11·

Secondary Operational Controll

Secondary operating controls are defined as those control procedures that deal with managing
pollutants that have been produced by the landtilled waste. Some of them may not be applicable,
depending on the landfill base design and others are highly dependent on site conditions.

Landfl// Gas Control: The amount ofgaseous emissions from a landfill will be dependent on
the amount oforeanic decomposition that occurs in the landfill. Although methane is the com·
ponent of landfill gas that is ofmost concern, it is only about 50 percent ofthe actual gas
volume. The remainder is made up primarily of carbon dioxide with traces of many hydro­
carbons and other gases. The gas mixture is lighter than air and will escape through the land­
fill dwing its active life but will require specific venting systems after closure.
Leachate Management: If the landfill has been constructed with a liner, all leachate generated
in the landfill will be collected, requiring treatment. Although treatment can be delayed by
recirculating leachate back into the landfill, some form of treatment and discharge will ulti­
mately be required. In semi-arid countries, the most economical treatment is storage and
evaporation in lined evaporation ponds.
Environmental Monitoring: All controlled landfills should perform environmental monitoring
to assess the potential release ofcontaminants to the environment. Monitoring will be depen­
dent on site conditions and what type of landfill base has been implemented. If the landfill
utilizes a natural soil base then the emphasis should be on monitoring groundwater to ensure
that natural filtering mechanisms are being effective. Ifa liner and leachate management
system has been implemented, then the monitoring shifts to leachate quality and surface water
sampling ofthe receiving river or stream. Air quality monitoring may also be required for
large landfills located near residential development. All ground water and surface water
monitoring programs should include the determination ofbackground conditions prior to the
landfill operation to adequately identify operational impacts from the landfill.

1.5 Waste Generation Data Bases

PJ,ior to evaluating specific aspects ofthe subject landfills, a waste generation data base was
prepared for each municipality from population information and reference characteristics ofsolid
waste management components. These data bases include population, waste generation, esti·
mated waste collection volumes and landfill requirements throughout a 20 year planning period.
Although the primary intent of the data bases is to estimate future required landfill resources,
they will also assist in the recommendations for waste collection systems. For each data base,
two graphs have been generated.

The first graph shows estimated waste generation and collection based on 1994 population
and estimated growth, and reference per capita waste generation factors. The estimated waste
collected takes into account the percentage ofthe city provided with collection services and the
degree ofwaste recycling and infonnal disposal observed during the site inspections. In Meknes
the waste collected was estimated to be 70 percent oftotal generation, while collection was
estimated at 80 percent ofgeneration in Azrou and Sefrou.
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The second graph makes several assumptions in calculating landfill requirements at five year
intervals. In-place waste density was estimated at 800 kg/m3, cover soil at 10 percent of waste
volume and a landfill depth of20 meters. The graph estimates actual landfill area in hectares,
without buffer areas, which must be added to obtain the total area required for the facility. The
data basel:l are found in Attachment A and the two graphs are included in each respective
municipality report section.

2 MEKNES

2.1 General

Meknes is by far the largest city in the project group with a 1994 population of410,852. It is
located between the Zerhoun mountain range and the Central Atlas, and is one ofMorocco's
Imperial Cities. Meknes has a central City government as well as four independent municipalities
within the City. Each municipality is responsible for waste collection within its boundaries and
the central City government is responsible for the operation of the landfill.

2.2 Waste Generation and Composition

Due to its regional nature and commercial activities, a per capita waste generation factor of.7
kg was used to estimate total waste generated in Meknes. At an estimated 1994 population of
410,852 the total waste generated is estimated at 288 tonnes per day. Based on the project team's
interviews with city officials, waste collection services exist for approximately 80 percent ofthe
City. It was also estimated that approximately 10 percent ofthe generated waste is disposed of in
informal areas, used for fill or is recycled prior to collection and disposal. Therefore, the waste
actually collected is estimated to be 70 percent ofthe generated amount or approximately 201
tOMes per day. The waste generation and collection estimates are shown for a 20 year planning
period on the upper graph found on Figure 2. A population growth of2 percent per year was used
for this estimate. For more exact figures on waste generation, the reader is referred to the waste
generation data base found in Attachment A.

Because of its regional and commercial nature, waste in Meknes contains a higher percentage
ofpaper, cardboard and plastics than is found in the other two smaller project towns. Due to the
higher amounts ofthese materials, they are mostly recycled before reaching the collection and
disposal systems. Therefore, the waste ultimately landfilled has a high organic content.

2.3 Existing Waste Collection Systems

2.3.1 General

Each ofthe four municipalities maintains its own fleet ofcollection vehicles and a repair and
maintenance depot. Due to time constraints, only one ofthe four municipalities was interviewed
during the site visit and one depot was inspected. Because ofthe widely varying conditions, the
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collection fleets include a mixture of vehicles including 6 to 8 m3 compactors, 6 m3 dump trucks,
multi-benne bin hoist trucks, serving 5 m3 bins and an assortment of smaller capacity vehicles to
service older neighborhoods with narrow streets. Total capacity ofall collection vehicles is 80
ml , which when compared to the volume ofwaste generated in this municipality is a ratio of
approximately .40. With a good maintenance and repair program, the equipment appears only
marginal for the amount of waste generated in this municipality. None of the rear loading com·
pactors were equipped with mechanical lifting devices or winches and therefore were unable to
service containers. The average age of the collection vehicles was 5 to 7 years and routine main­
tenance and repair were cited as major problems.

Daily waste collection is performed only in the morning, between 7:00 am and 10:30 am, with
all trucks returned to the depot in the afternoon. Some of the multipurpose trucks are reassigned
to other activities in the afternoon.

Except for the 5 m3 bins, all collection is performed daily at the curbside. Waste is placed at
convenient locations by the residents, sometimes in small plastic bags but often just dumped
loose on the ground without any container. These piles ofwaste are often scattered by animals or
scavengers looking for recyclable materials. Waste collectors gather the uncontained waste into
baskets which they then dump into the collection vehicle.

Informal dumping areas are common in Meknes as they are in other large cities throughout
Morocco. These areas, which are usually vacant lots or low areas, are used as dumping areas for
a variety of wastes, but mostly demolition and construction debris. The more visible areas are
cleaned up by municipal workers on a periodic basis.

2.3.2 Collection Problems

The primary problems within the collection system appear to originate from a lack ofboth
labor and financial resources. Collection vehicles are not maintained or selviced on a regular
basis due to a lack ofparts, supplies and skilled mechanics to perform the servicing. When a
vehicle breaks down, repair parts must be requisitioned through the municipal system and then
ordered from the manufacturer. Sometimes the process takes several months for a relatively
minor repair. This situation is compounded by a wide variety ofequipment makes and models in
the same depot. With each new purchase, the municipality considers only price and as a result
has many different vehicles manufactured by Renault, Hino, Mitsubishi, Fiat, etc. This makes
routine maintenance and stocking ofspare parts more difficult.

Records ofmaintenance and repairs are not kept, and therefore it is impossible to evaluate the
efficiency ofeach piece ofequipment. These records would be helpful in identifying which
vehicles are over utilized or under utilized and which collection routes need to be adjusted to
match the efficiency ofthe vehicle. It was estimated that the average availability ofcollection
trucks was in the 50 to 60 percent range over the trucks' active life due to down time for main·
tenance and repair.
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In the one municipality that was interviewed and inspected, 35 collection workers were moni­
tored by only one supervisor. In addition to low wages, and health related problems, the social
status ofcollection workers is low. These conditions result in poor collection performance and a
lack ofaccountability for the services performed.

2.3,3 Existing Privatization

One ofthe municipalities has hired trucks and drivers from the private sector to augment the
municipal collection vehicles. The current price is 400 DH per 8 hours for the truck and driver,
with the municipality supplying the laborers. This limited form ofprivatization has been prac­
ticed for the past four years and is very successful. The municipality avoids the capital and
operating costs ofthe vehicles while guaranteeing availability of the trucks.

2.4 Exbting Landfill

2.4.1 General

The existing landfill is located on the north side ofthe city on a hillside overlooking a sparse­
ly populated valley to the north. The location ofthe landfill is shown on Figure 3. Due to its
location, the landfill is in full view ofthe main road entering the City from the north. Prevailing
winds carry smoke from the ever present fires into the city.

The landfill receives all solid waste generated within the city, including residential wastes,
industrial wastes and medical wastes. Although the main hospital was reported to have a small
incinerator, it was not operating and all medical wastes are dumped at the landfill. A list of
specific industries within the city was not available.

The landfill is being constructed from the top ofthe hillside by dumping refuse in a small
active area and then pushing it over an embankment with a small front end loader. The front end
loader was totally inadequate for the task and could not keep the area open. Other than the loader
operator, there were no attendants to direct the dumping and the scavengers seemed to be in
control of the site. The actual dumping area is very small and very active, with approximately SO
scavengers and a multitude ofcattle, goats and sheep, all searching for materials or food in the
waste as it is discharged from each vehicle.

The loose waste on the embankment dries quickly in the hot sun and fires are a constant
problem. As the landfill embankment proceeds outward it will eventually become unstable and a
slide failure into the lower valley is a real possibility in the future. From a structural viewpoint,
this landfill may be close to becoming unstable and should be closed as soon as possible.
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1.4.2 Aeeesl

The single main access to the site is through the downtown area of the city and through a
planned residential development. Due to muddy conditions eKperienced during the rainy season,
waste has been dumped along the access road in a haphazard, informal manner. It was reported
by a City official that the access road is cleaned periodically and the waste is placed in the land­
fill. On the day of the inspection, many of the waste piles dumped along the access road were
burning.

The conditions along the access road and the landfill itselfare having a severe impact on the
planned residential area directly to the south of the landfill (see Figure 3). Roads and utilities
have been installed but the developer has not been able to sell any lots due to the unsightly
conditions associated with the landfill.

2.4.3 Environmental and Healtb Issues

The conditions at the eKisting landfill are a potential major health problem for collection
workers and the waste scavengers, especially considering the untreated medical waste and
unknown industrial wastes that are being placed in the landfill. In addition to physical accidents
from vehicles and materials in the waste, the potential spread of infectious disease through the
scavengers or animals is a real potential health problem.

Although short term environmental impacts from burning waste, odors and insects are sig­
nificant to those persons working at the landfill and those unfortunate enough to live or work
downwind ofthe site, the long term environmental imp/jcts ofthe landfill are most likely mini­
mal. This is because the landfill has burned for most of its active life so that the actuallandfilled
material is mostly ashes or a mixture ofashes and organic waste. When organic matter burns, it
produces oxides and carbonates which are alkaline (high pH) by nature. These alkaline com­
pounds will buffer or neutralize the acidic (low pH) conditions that result from any decomposi­
tion oforganic matter that may have escaped the landfill burning. The alkaline conditions will
also immobilize most heavy metals in the waste by chemically forming insoluble compounds.

In addition to the chemical conditions in the landfill, the groundwater in the area under the
landfill is reported to be in excess of20 meters and a large clay layer under lies the entire area.
This clay layer becomes more pronounced to the north ofthe city which will be a factor in
searching for a new landfill site. With these geologic factors, the landfill is not likely to be
impacting ground water. The only environmental problem may be from industrial wastes that
may have been placed in the landfill.

As shown on Figure 3, a major city sewer discharges immediately adjacent to the fonner
landfill site, creating a small but polluted stream that runs along the western base ofthe existing
landfill. Although there is a possibility ofleachate flowing overland from the landfill during the
peak rainy season, the impact would not be noticeable in the highly polluted stream.
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Future planr; call for the construction ofa wastewater treatment plant for this sewer discharge.
If this plan becomes a reality, the city should perform a study ofthc landfill to determine if
leachate contamination is present.

2.4.4 Recycling

An active recycling system eKists in Meknes, both in the collection system and at the landfill.
An intermediate processor purchases materials from waste collection crews and scavengers at the
landfill. Materials include plastic containers, glass, paper, some metals and bones. The inter­
mediate processor cleans and prepares the materials for shipment to markets in Casablanca. As
an example, he pays I DH per kilogram for clean plastic bottles separated by collection workers
and .5 DH for bottles separated from the landfill which must be washed prior to shipment to the
market. Other materials are collected and shipped but prices are lower. The operator would not
reveal the price that he is paid for the materials in Casablanca.

In addition to this operator, it was reported that other recyclers are operating in the City,
especially in the commercial and industrial areas where higher value materials can be found.

2.5 Compost FacUity

Acompost facility was constructed in Meknes in 1965 and operated between 1971 and 1992.
Although the mechanical ",,~uipment has fallen into disrepair or has been cannibalized for spare
parts, the major structu···c:s, including the two large covered maturation pads, appear structurally
sound. The facility is typical ofmany earlier compost designs which relied on a high level of
mechanization and incorporated size reduction and screening prior to composting. Based on a
briefsite visit, there did not appear to be any sorting ofthe waste before it was fed into two large
hammer mills. In addition to the high degree ofmechanization, the hammer mills were a "fatal
flaw" which ultimately led to the facility closing in 1992.

As waste in Meknes changed through the I970s and 1980s, more packaging, plastic and glass
was appearing in the waste stream. Due to the design and lack ofsorting, these materials were
crushed or shredded by the hammer mills and became part ofthe compost miKture, ultimately
degrading the finished compost to the point where farmers were unwilling to purchase it. Com­
post revenues of60 DH per tonne in 1979 dropped to 20 DH in 1992, which was below the
operating cost ofthe facility, forcing it to close. Although no longer operational, the facility
represents a resource and should be considered in any future planning. Ifrestored to active
composting, the hammer mills should be removed and replaced with hand sorting and rough
screening before composting, followed by a final screening ofthe finished composting.

Depending on the location ofthe neKt landfill, the site could also be converted to a transfer
station. Maturation pads could either be used in a new composting operation or used for hand
sorting ofwaste prior to transferring.
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2.6 Other ".ue.
Meknes is the location ofa major cement manufacturing plant. Although the limited time for

this assignment did not permit an inspection or evaluation of the cement kiln, it may become an
important resource for future waste management in Meknes and the nearby region. In the United
States and many European countries, cement kilns are being used to bum a variety ofwaste
materials, including tires, waste oil, medical waste and hazardous waste. In the United States
alone, over 1.5 million tons per year ofhazardous waste is burned in 33 cement kilns. The very
high temperatW'es in the kiln and the alkaline nature of the cement dust are ideal parameters for
combusting a variety of special wastes, with minimal environmental impacts. The city should
contact the operators of the cement kiln to assess their interest in assisting in future waste man·
agement alternatives.

1n December, 1994 the ICMA solid waste expert prepared a paper on the use ofcement kilns
for burning hazardous waste. Although the paper was prepared for an Eastern European country,
most of the technical information is generic to all cement kilns and may be of interest to Moroc­
can waste managers. Acopy of this paper is included in Attachment B for reference.

%.7 Recommendations

2.7.1 General

The collection systems in Meknes are suffering from numerous problems. These problems can
be addressed by either upgrading the existing public systems, consolidating public systems,
privatizing collection services or combinations ofthe above.

The existing landfill is a major problem and should be closed as soon as possible. The closW'e
will require cover soil, and an interim three year plan is proposed during which the existing land­
fill can be closed while the city locates and builds a new landfill.

%.7.2 Col1eetioD Recommendations

• Containers: Regardless ofwhether the municipalities consider upgrading the public system or
privatizing, they should consider converting waste collection in some areas ofthe city to use
communal containers, especially in new areas ofmu1ti·unit housing. Containers will improve
col1ection efficiency and health conditions. The use ofcontainers may also permit the fre·
quency ofcollection to be reduced to three times per week rather than daily.
Truck Size: New truck purchases should consider increasing compactor truck capacities to 14
or 16 m3 which should be able to negotiate wider streets in the newer sections of the City. All
new compactor trucks should be equipped with mechanical lifting devices or winches to be
able to service containers.

,



-20-

• Common Make and Model: When purchasing new vehicles, the municipality should attempt
to purchase equipment of the same make or model to facilitate maintenance, repail' and spare
pans inventories.

• SecondlI'hird Shift: The CWTent schedule ofcollecting waste only in the morning is not an
efficient use ofequipment. Collection routes and crews should be re-distributed to use the
trucks for an afternoon collection as well as the morning collection. A third shift should also
be considered for routine equipment maintenance and minor repairs.

• Maintain Records: Each municipality should maintain a record ofeach piece ofequipment
under its control. A daily log ofeach depot should be maintained with entries for each truck
including availability status, crew assignments, time in and time out, zone(s) ofcollection,
trips to the landfill, estimated volume ofwaste collected per trip, maintenance performed and
fuel conswned. This information can be used to calculate collection efficiencies, schedule
routine maintenance, adjust collection routes and determine cost efficiencies. A depot man­
agement system was recently developed for the City of Tetouan under a USAID contract and
could serve as a model for Meknes and other Moroccan cities.
Spare Parts ITlllentory: Each municipality should maintain an inventory ofspare parts and
maintenance supplies for the most common vehicle repairs. These include hydraulic cylinders
and hoses, brake parts, clutch parts, tires, gaskets, etc. All new equipment purchases should
include an inventory of spare parts in the purchase price. A common spare parts inventory for
all four municipal depots should be considered.

• Privatization: The municipalities have received approval to purchase new vehicles. Before
making this commitment, the municipalities should cO!~:lider privatization. A more detailed
discussion ofprivatization is included in Section 5.

• Consolidation: The operation of four separate collection systems and depots in the same city
is not the most efficient use of limited resources. The consolidation of the four municipal
operations into a single entity would maximize limited resources and improve overall effi­
ciencies. This could be accomplished by forming a new independent city department or solid
waste authority with one or two centralized depots for truck maintenance and repair. This
should be the subject ofa future feasibility study, which would inventory all existing man­
power and equipment resources and make recommendations for consolidation.

2.7.3 Landfill ClolureJlnterim Landfill Recommendationl

The existing landfill is approaching an unstable structural condition and should be closed.
Ideally the closure should include stabilization ofthe steep side slopes as well as covering ofthe
entire site with a 30 to 50 em layer of soil. The stabilization ofthe side slopes will require addi­
tional waste to be placed at the base of the slope, reducing the final slope to 2.5:1, which would
provide structural stability and permit the placement ofcover soil. The existing slope ofapproxi­
mately 1.5:1 is too steep for cover soil placement.
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Unfortunately the placement ofadditional waste at the base of the !lide slopes will rflqulre u
new access road through difficult terrain and private property. The City should investigate
alternative routes to access the bue of the landfill.

In the event that the base of the landfill cannot be accessed, the landtlll closure should proceed
with soil cover of the top of the landfill only. This will require a large volume of cover soil that Is
not currently available. As an interim measure the project team ill recommending that a short
term shallow landfill be constructed in the gently slopina area just north of the existina landfill.
The excavation from this short tenn landfill will provide cover soil to cover the existinillandfill
and will provide three additional years of landfill capacity during which time the City can locate
and develop a new site.

The interim site should be located in soils that are easily excavated but still meeting the char­
acteristics outlined in Section 1.4.4 for landfill base soil. Based on the waste generation data
base, a landfill volume ofapproximately 442,000 mJ would be required for a three year landfill.
If the landfill height were limited to 10 meters, an area of44,200 m2 would be required. For the
purposes ofthis report it is assumed that the interim landfill will be 100 meters by 442 meters
and located as shown on Figure 4. With these dimensions the landfill should be constructed in
two phases, each 50 meters by 442 meters as shown on the cross sc1.:tion drawing found in Figure
5. Final interim landfill location and design should be detennined by the City after a thorough
evaluation ofavailable land.

Excavated material from the interim landfill will be loaded onto dump trucks and transported
to the top ofthe existing landfill and spread and compacted in a 30 to SO ern layer over the com­
pleted landfill. Some areas ofthe landfill may require rough grading before placing the cover
soil. The cover soil should be compacted with a minimum of three passes with a trac:ked 07 or
08 bulldozer and then seeded with a mixture ofnative grasses. The time frame for completing
the closure of the existing landfill will depend on available resources and may be accomplished
over several months or over the entire three year life ofthe interim landfill.

After completing the placement ofcover soil, the city should test the area for the presence of
methane. Due to the past burning ofthe landfill, methane from waste decomposition may not be
a problem. Ifsignificant amounts ofmethane gas are detected, gas vents comisting ofperforated
1SO em plastic pipe should be installed through the cover soils. The venting plan should be
designed by an experienced civil engineer.

Regardless ofwhat actions are taken by the city regarding the existing or new landfills, they
should consider purchasing a new machine for operating the landfill. The existing rubber tired
front loader is not adequate. Although the landfill capacity justifies a specialized landfill com­
pactor with steel wheels, the City may consider a tracked bulldozer which may have other
application. A07 or 08 bulldozer would be the appropriate size.
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2.7.4 New Lonl r"rm Landfill

The problems currently facing the City are adequate justification for careful site selection for
the next long term city landfill. Technical criteria for locating e new landfill have been presented
in Section 1.4,5. Land requirements are presented in Figure 2 and in the waste generation data
base found in Attachment A.

A review of existing data indicates that the geologic conditions for landfill siting are very
favorable to the north ofMeknes along the road to Sidi·Kacem. This area is underlain with an
extensive layer ofblue clay which is currently being mined by several brick factories. These
brick quarries may become future landfill sites in 30 to SO years but are currently active.

The hydrogeology of the area is shown in Figure 6, which is a map ofthe Meknes-Fez Plain
and aquifer. This figure shows that the majority of the aquifer lies to the south ofMeknes with
massive clay deposits to the north. The piezometric groundwater contours show that the water in
the aquifer flows gently to the north so that any contamination that might result from a landfill on
the north side of Meknes would not likely impact the current active wells in the aquifer.

The search for a new landfill should begin with a review ofall public lands in the area of
favorable geology mentioned above. Ifpublic lands are not available, private lands should be
reviewed. After locating one or more suitable sites, a surficial site inspection should be per·
formed by a civil engineer or geologist familiar with landfill siting crite~a. If the surficial
inspection proves favorable then a subsurface investigation should be performed, identifying the
characteristics ofthe landfill base soil and general hydrogeology ofthe area. If the subsurface
investigation is favorable then the landfill can proceed to engineering design and construction.

The design should maximize the resources of the site and include sufficient excavation to
provided adequate cover soil for the operation ofthe new landfill.

2.7.S Other RecommendatioDs

The unknown nature of the industrial waste generated in Meknes should be a concern to the
city. An inventory ofall industries should be performed, listing all waste products, their charac­
teristics and where they are disposed of. All new industries should be required to list their waste
materials and perform an environmental assessment oftheir disposal.

As mentioned above, the former compost facility represents a resource that should be
considere-j for use. Astudy. reviewing the condition ofthe facility and possible plans for reo
activating the process should be performed. The study should include a market assessment of
local farmers to determine the need and price for the compost material.
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3 AZROU

3.1 General

Azrou is a medium sized municipality located in the foothills of the Atlas Mountains. Due to
its relatively high elevation (1,250 m) its climate is cooler and wetter than its neighbors to the
west, including Meknes. Average annual rainfall in Azrou is 887 mm per year compared to 577
nun in Meknes. The city is a favorite tourist destination for residents of Meknes and Fez during
the hot summer months.

3.2 Waste Generation lind Composition

The 1994 population of Azrou is estimated at 40,808 and the growth rate is projected at 2 per­
cent for the next 10 years. At a waste generation rate of.5 kg/capita/day, the total waste gener­
ated in 1994 is estimated at 20 tonnes per day. Informal waste disposal, especially during the
winter months when the new landfill is not accessible during bad weather, is estimated at 20 per­
cent, leaving approximately 16 tonnes per day for collection and disposal. Waste generation and
collection estimates are shown on the upper graph ofFigure 7. Assuming that the above popula­
tion and waste generation figures represent pemllUlent residents, the waste generation during the
summer months can be expected to be considerably higher than the average.

3.3 Existing Colleetion System

Based on the site inspection and interviews with city officials, the collection system appears
to be well organized and efficiently operated. The city is divided into six sectors by geologic
features. Maps ofeach collection sector showing streets and truck routing were presented to the
inspection team for their review.

The waste collection department consists of40 workers and six manually loaded dump trucks.
Assuming an average capacity of6 mJ per truck yields a total truck capacity of36 mJ and a ratio
of .82 compared to a waste generation volume of44 m3 (20 tonnes @ 450kg/T), which is more
than adequate.

Problems expressed by City officials included waste placed at the curbside without plastic
bags and six day per week collection rather than seven days. Ifmore staffwere available, the
seventh day would be added. As a result ofno Sunday collection, Monday's collection is often
difficult. City officials also expressed problems with maintenance and repairs but were not
specific.

The inspection ofthe repair and maintenance park found a very clean and efficient operation.
Specific areas for equipment storage, repairs and administration were clean and well organized.
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3.4 ExlidDI Landfill

3.4.1 General

The city beaan operating a new landfill approximately two years ago. Based on the volume
calculated in the hydrogeology report and the waste generation estimates, the landfill has a capa­
city of approximately 1S to 20 years. The site for this landfill, which was the result ofa hydro­
geologic study of the region, is located about IS kilometers from the City along the road to Fes.
The road between the City and the landfill rises approximately 200 meters and has several sharp
turns. This road is closed periodjcaJly during the winter months due to snow. A new access road
to the site is nearly completed and a stone wall, surrounding a portion of the site as a wind break,
has been built. The landfill location is shown on the map in Figure 8.

3.4.2 Site Related Problems

Although the landfill appears to be well sited from a hydrogeological viewpoint, its distance
from u'te City and its elevation are causing several significant site related problems. The first of
these problems is the lack ofcover soil. The site is located in a natural depression, underlain by a
4 to 5 meter layer ofclay, but there is little other soil in the area to be excavated for cover.
Although the construction activity in the City generates an ample supply ofconstruction debris,
including soil, that could be used for cover soil, this material is dumped informally in the city
rather than taken to the landfill because ofthe travel disumce. The lack ofcover soil is a signifi­
cant operating problem.

The second site related problem is the wind. The upland iocation of the landfill is a very
windy site. On the day ofthe inspection, plastic bags could be seen for at least 200 meters around
the site.

3.4.3 Operational Problems

The landfill also has several operational problems that should be addressed. The first is that
the site is not supervised. The city should assign an employee who will be at the landfill during
all operating hours to oversee the placement ofwaste. At the present time, waste is spread over
the entire area ofthe landfill, which promotes the wind blown problem. This is especially evident
along the access road where piles of '¥aSte can be seen. Many ofthese piles contained medical
waste.

Dumping should be concentrated in one small area within the landfill, until full, then moved
to the next area. All dumping outside of the site along the access road should be prohibited. The
landfill does not receive any compaction during the placement ofwaste. Compaction is a basic
landfill control and should not be avoided. Consolidation of the waste and compaction, followed
by cover soil, will help to alleviate the wind blown problem.
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3.4.4 Envlrunmental Ind Health Illuel

As stated earlier, the site has favcl'able hydrogeologic characteristics and the landfill will not
likely have any negative environmental impt;"ts. The 4 to Smeter clay layer should be adequate
to contain any leachate that may be fonned and groundwater is assumed to be very deep due to
the upland location of the site. The City generates only residential waste and therefore there
should be no danger of industrial waste dumped at the site and polluting groundwater.

Several piles of waste along the access road contained medical waste. Although not confirmed
by the City representative, it is assumed that these piles ofwaste are from the city hospit.ll. Most
of the piles had been burned. This area along the access road also is a grazing area for sheep
which could potentially contact infectious medical waste. All medical waste should be placed in
a clearly marked separate mea of the landfill and away from grazing animals.

3.5 Other ISlue.

Informal dumping areas 1U'C a significant problem in the Cityt especially with construction and
demolition materials. The inspection team visited one of the larger infonnal dumping areas near
the north side ofthe town. Although most ofthe material was inert construction and demolition
waste, there were significant amounts of resident waste. City officials indicated that this area is
used to dump waste on those days when the road to the landfill is closed during the winter.

3.6 Recommendations

3.6.1 Collection System

Although the collection system is well equipped and operated, improvements could be made
by converting some areas ofthe City to container collection. This would require the addition of
at least one compactor truck with a mechanical lifter and an appropriate number ofcontainers.
The most obvious areas to convert to container collection would be the new areas ofmulti-unit
housing. Due to the relatively small size ofthe city and street patterns, a compactor truck in the 6
to 8 mJ capacity range would be sufficient.

In addition to being able to collect containers, the higher capacity compactor truck will also be
more efficient at travelling to the landfill. This truck could also be used to transfer waste from
smaller vehicles to the landfill.

3.6.2 Landfill

Due to its location, the new landfill will always have some problems with blowing debris.
These problems however can be reduced by applying the controlled landfill operating procedures
outlined in Section 1.4.6 ofthis report. The most important ofthese is to consolidate the dump­
ing to as small an area as possible and compacting and covering the waste on a periodic basis.
Due to the relatively small size ofthe landfill, weekly or bi-weekly compaction and covering are
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recommended. This will most likely require truckins cover soil or demolition debris to the lund·
fill from the City.

The City should maintain an employee at the landflll during all operatins hours to ensure that
waste is placed in the proper location. This employee could also be responsible for cleaning the
area around the landfill ofplastic bags and other wind blown debris.

Aseparate area should be established for the disposal ofmedical waste. This area could
include an enclosure for burning the waste to ensure the destruction of potentially infectious
materials. The open burning ofmedical waste is not recommended as a long tenn option, and
incinerators at the hospital should be required. The ashes would then be buried in the landfill
during the weekly or bi-weekly comp£lction and covering of the landfill.

Wind blown debris could be further controlled by planting cactus plants around the landfill in
the downwind direction. The thorns on the plants will catch blowing plastic bags which can then
be removed periodically by the sit.e supervisor. This method is practiced in Tuniaia, with great
success.

3.6.3 Other Recommendations

Rather than allow informal dumping ofdemolition and construction waste to continue, the
City should establish a specific site within the city to receive this waste. This site could be a low
area requiring fill or simply a storage area where the material is stored and then transported to the
landfill to be used as cover soil. Regulations prohibiting infonnal dumping should be enforced.

A temporary dumping location is also needed for solid waste on those days when the new
landfill is closed because ofsnow. This area should be near the City but not close to residential
areas. The waste stored at the site should be removed periodically and taken to the landfill.

4 SEFROU

4.1 General

Sefrou is a medium sized city with an estimated 1994 population of 55,000. Like Azrou, it is
located in the foothills ofthe Atlas Mountains but at a lower elevation, and near the headwaters
ofthe Sebou River. It has an average annual rainfall of498 mm. The City has an active program
ofupgrading infonnal clandestine neighborhoods and is expanding the official city boundaries
with each upgraded neighborhood. The City has a balanced economy with significant industrial
and commercial areas, including a tannery and several olive oil processing factories.
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4.2 Wa.te GeneradoD and Compo.Ulon

At the estimated 1994 population of 55,000, Sefrou aenerates approximately 28 tonnes per
day ofwaste at a generation factor of.5 kg/capita/day. As in Azrou, the generation is reduced by
20 percent for informal disposal and recycling, leaving 22 tonnes per day of waste that is col­
lected and disposed of. Seftou is projected to grow at a 2.8 percent rate over the next ten years, a
rate slightly higher than for either Meknes or Azrou. The 20 year projection of waste generation
is shown in Figure 9.

4.3 Ellstlnl Collection Sy.tem

The City is divided into 16 collection sectors which are serviced by 13 vehicles. The narrow
streets in the medina are serviced by donkeys. The 13 collection vehicles have a combined capa­
city of39 mJ as compared to an estimated daily generation of 62 mJ which equates to a collection
capacity ratio of .62. This is more than adequate, assuming good maintenance and repair of
vehicles. Five of the trucks are relatively new, purchased in 1994.

The collection :!ystem is operated by a staffof29 who collect waste 7 days per week, between
the hours of 7:00 am and II :30 am. During discussions with City officials, they expressed a
desire to optimize collection efficiency.

The existing collection system appears well maintained and operated. The staff are better paid
than their counterparts in Meknes and are held accountable for their collection routes. Super.
visors routinely will inspect the collection sectors after the morning collection to ensure that the
services have been properly performed. The maintenance depot was clean and well organized,
and records are kept ofall maintenance and repair activities.

4.4 Existing Landfill

4.4.1 General

The existing landfill is located approximately three kilometers east ofthe urban center of
Seftou, as shown on Figure 10. Although the landfill is located near the edge ofthe existing city
boundary, that boundary will soon be moved to include a new market area now under
construction, a few hundred meters east ofthe existing landfill.

4.4.2 Site ConditioDs

The landfill is located in a depression, approximately 10 meters in depth. An access road into
bottom of the landfill permits waste to be deposited at the bottom, where it is burned. During wet
weather, this primary access road becomes impassable, and a secondary road along the upper
edge ofthe site is used. Under these conditions waste is dumped ftom above, down a steep
embankment. The landfill is surrounded by a chain link fence which is effective in catching
much ofthe windblown debris. However, since the landfill is burned, the amount ofwindblown
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material Is minimal, and the site, a. well u the aeeelli rond, ill relatively clean. Periodic com­
paction and covering arc porformed by nprivate contractor under a broader con8truction contract
with the City.

Tho remaining volume of the landfill Is estimated at ISO,OOO to 200,000 mJ• which bued on
the wuto generation data b_ found in Attachment A would be equal to another 7 to 10 yearll of
capacity. Thi.Hsume. that the landfill operation is changed In the near future to eliminate the
burning of waste. If the City continues to bum the landfill. which Is not recommended, the
remainina capacity is in excess of SO years.

Althouah no specific information was available regarding the hydroaeology of the site,
excavations at the site of the new market and conversations with City personnel indicate that the
soil under the landfill is a hard packed, low permeability conaiomerate ofsilt, sand and gravel
with some large boulders. This soil type is favorable for landfilll~ation. Groundwater was
reported to be approximately 200 meters below the surface but this could not be confirmed.

Adjacent to the landfill. another depression is being used to dispose ofolive oil processing
waste. This dark, thick liquid is a major problem waste in the region due to the larae olive oil
factories. Fonnerly, the practice ofdumping this waste into the Sebou river was discontinued
several years ago. The environmental problems associated with this material are being addressed
by a larger project regarding the entire Schou River valley.

4.4.3 Environmental aDd Health IIlues

In Section 2.3.4, regarding the Meknes landfill, the environmental issues ofbuming waste
were disc:ussed. In Sefrou, the burning is much more deliberate and controlled than in Meknes.

.• and the amount oforganic waste remaining can be assumed to be minimal. As mentioned in
Section 2.3.4, the burning has converted most of the organic matter to alkaline oxides and
carbonates which will essentially neutralize any acidic conditions which may ~cur in the landfill
and will immobilize heavy metals. Considering the combination ofthe burned waste. favorable
soils, and deep groundwater, the landfiJl will not produce any significant environmental impacts
to groundwater.

Although groundwater impacts are assumed to be negligible at the site, air quality is signifi­
Witty impacted by the burning landfill. At the present time. the prevailing winds blow the land­
fiU smoke away from the City and disperse it. The ~a downwind ofthe site is currently vacant
but once the new market becomes operational, this area is expected to develop quickly. At that
point, the potential ofnegative health impacts to the people working or shopping at the market
will be significant and the landfill should cease burning, and begin operation as a controlled
landfill as described in Section 1.4.6. In particular, the requirements for compaetion and soil
cover must be followed to avoid odors, blowing debris and insect infestation that may affect the
newmarket.
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Prior to convltnlna to a controlled landfill operation. the ashell of the former operation should
be evenly distributed alona the bottom of the landfill. Although the bue soli and depth to
;roundwater att:l favorable for landfill operation, the layer of Wlhos will provide an extra layer of
protection aaainst leachate that may result from the controlled landfill operation.

4.4.4 New Llndftll SUe

Based on a concern over the proximity of the landfill to the new market, the City formed 8

committee to locate a new landfill site. The committee selected a site based on geologic condi­
tions which is 14 km from the City center, has no access and is on private land. Several City
representatives indicated that this new site is not acceptable and that the site search should
continue for a new landfill. Geologic and siting criteria for new landfil1 sites are prelOCnted in
Sections 1.4.4 and 1.4.5.

4.5 Recommendation.

4.5.1 Collection Recommendation.

As Sefrou continues to expand and upgrade clandestine neighborhoods, the City should con·
sider the use of rear loading compactor trucks and containers, or expanded use of open 5 m3 bins,
rather than continuing with the house to house curbside collection. As new areas are upgraded
the City should incorporate container areas into the infrastructure design so that each resident in
the area has easy access to a container. The collection ofcontainers with larger rear loading
compactor trucks will be more efficient than current methods and wiU remove wastes in a more
environmentally correct manner. With proper spacing. location and maintenance of the contain­
ers, collection frequency could be reduced to three times per week, further improving collection
frequency.

The use ofcontainers ~ay also be an alternative to using donkeys in the medina. Ifa suffi­
cient number ofcontainers could be located on the perimeter ofthe medina, where they could be
serviced, the residents and merchants in the medina may be willing to walk the extra distance to
eliminate the current curbside methods. This proposal would require a more site specific evalua­
tion ofthe medina and its current collection methods.

4.5.1 Landfill Recommendation.

The current operating procedures at the existing landfill will soon be unacceptable when the
new market begins operation later this year. At that time, the current landfill burning should
cease and the landfilJ should begin operation as a controlled landfilJ with periodic compaction
and covering. Due to the potential impacts to the new market, the compaction and covering
should be perfonned at least on 11 weekly or twice per week basis. Ifodors or fires become It

frequent problem, the frequency ofcompaction and covering may need to become daily.
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Construction debris and excavated soll from thel new murket should be stockpiled and stored
for use as cover material. The City should fonnalizc lis Bireement with a private contractor for
weekly compaction and covering afthe landt111 or purchl.Ule a 07 tracked bulldozer and perfonn
the compaction and coverinll with City persoMel.

Operation ofany landfill i. subject to many variables and uncontrollabl.e circumstances. Win­
ter operation is J1'W1iculurly susceptible to accidental fires from hot coals placed in the waste or
tires deliberately set at the landfill. Considering the proximity of the landt111 to the new murket
and the expected irowth in the area, it is recommended that the search for a new landfill be
continued in accordance with the criteria established in Section 1.4.4 and 1.4.5.

! PRIVATIZATION

S.I General

Privatization is an important stcp for any municipality. Although it is widely viewed as a
panacea for many problems, its implementation can be difficult and may even result in a worsen­
ing of the problems. Key issues involved with privatization must be evaluated and understood
before proceeding. In many cases this preliminary evaluation reveals basic problems which will
not be corrected through privatization, and operational and political changes may be required
before considering privatization.

5.2 Fea.Jbility Study

Before considering privatization ofeither collection or landfill operations, a feasibility study
should be perfonned to undentand the key issues involved and evaluate the true public cost of
perfonning the service. Without this true cost estimate, the municipality will not have any basis
on which to evaluate the private sector cost. In addition to evaluating existing public costs and
estimated privatization costs, the feasibility study should address the following issues.

5.2.1 Sen-ice Definition

By far, the most important privatization issue is service definition. Both the existing service
and the proposed private service should be well defined to ensure good, infonned, competitive
tenders. A poor service definition will usually result in higher costs, difficult monitoring and
many contr.u:t disputes. A well defined service will allow the contractor to prepare a more pre­
cise tender. and will be much easier for the public sector to monitor and measure perfonnance.

5.2.2 Service Measurement aad MonJtoriag

The service must be defined in a manner that can be easily monitored and measured, in order
to detennine perfonnance in accordance with the contract. As an example, acontainerized collec­
tion program is by far easier to monitor and measure than the non-containerized house to house
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collection proanun. Adequate service measurement and monitorin'l also depends on the govern·
mentIs resources and willingness to enforce contract provisions.

5.2.3 Economl.. 01 Scale

In 'leneral, the private sector can reduce costs by being more efficient in the management of
equipment and manpower. This efficiency is subject to economies of scale and increasell with the
size of the service operation compared to the contractor's overall resources. Therefore larger
private projects will potentially be more efficient than smaller projects. In general, systems
involving two to three collection trucks would be considered minimal for consideration of private
collection.

5.2.4 AvaUable Private Re.ourcli

For privatization to be successful, there must be existing, experienced private companies
available to perform the service. An experienced waste management contractor who employs 200
workers and maintains 25 trucks can perform a four truck collection program more efficiently
than a smaller inexperienced company with only 20 workers and six trucks. In many developing
countries where these resources may not exist, privatization is not likely to increase efficiency or
reduce costs. Ifpublic resources are available, workshops and training seminars can be used to
train private enterprises. Equipment leasing can also be used to overcome a lack ofprivate
financial resources.

5.2.5 Competition

In addition to the availability ofprivate resources, there should also be a sufficient number of
those private companies to obtain competitive tenders. Lack ofcompetition may result in higher
service costs and a monopoly ofservices. This may also be a problem for many developing
countries, especially in remote areas. Although desirable, competition is not absolutely required,
and negotiated sole source private contracts have been successful in many instances.

5.2.6 Partial Privatization

Conversion ofa public service to private operation should be implemented in stages. As a
general rule, less than SO percent ofthe service should be included in the initial privatization.
This would pennit the public sector to resume performing the service in the event ofa failure of
the private sector to perfonn. Once the private sector has demonstrated its ability to perform,
then the service can be expanded to the remainder ofthe system. Partial privatization often
provides incentives to remaining public workers to mcrease efficiency, thus providing a better
comparison ofpublic and private performance.
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5.2.1 AccountabUlty - Control- Rj.k

The lack ofpubUc accountability for service performance is often used to justifY a chanlle to
privatization of services. Althouah it is often difficult to hold public workers accountable for
their actions, accountability for private performance can be obtained through contract and
payment provision•. However, privatization does not remove all accountability from the public
sector, since they are still ultimately responsible for the service and must maintain control and
monitor the contractor's performance.

5.2.8 Relulatlon and Enforcement

To ensure success, a privatization project must be accompanied by a commitment of the
public sector to enact and enforce reaulations which will impact the contractor's performance.
Regulations regardina littering, use ofcontainers, illegal dumping and materials sorting will be
necessary to define the service and to ensure service performance. Although the private sector
can assist in monitoring and reporting ofviolations, the enforcement of regulations should
always remain a public responsibility.

National regulations in many developing countries restrict local government's ability to sign
long tenn contracts and many limit the contract length to one year. The private sector is not
likely to invest its resources under those conditions. This limitation can be overcome by leasing
ofequipment and other physical resources to the private sector for short term operations.

5.2.9 Impacts 00 Reeyc:Jlng aod Loeal Eoterprlse.

Privatization may have potential negative impacts on other solid waste management practices.
In many developing countries, recycling ofmaterials occurs within the collection system, from
waste generation sources, storage and transfer areas, and the landfill. This informal system of
scavenging usually relies on unlimited access to the waste during the collection process. Since
privatization ofmost larger waste collection systems wiU usually include containerized storage
and transportation systems, the access to the waste by street scavengers will be restricted,
severely reducing the amount ofrecycling that occurs. The containerization will relocate the
recycling activities either toward the landfill or toward the generation source. Since scavenging
at the landfill should be discouraged for health and safety reasons, the privatization program
should consider increased recycling at the generation source with source separation programs.
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Burning Hazardous Waste in Cement Kilns



REPORT ON HAZARDOUS WASTE INCINERATION
IN

CEMENT KILNS

By James A. Dobnnan, P.E.
Researcb TrianaJe Institute

INTRODUcnON

laclneradon of hazardous waste is aenenuy reprded IS an accepcable metbod of disposal,
especially liquid bazardous solvents and wute oils which have a hiab fuel value. Puel bleadiAg
for industrial furnaces, combiDina up to ~. waste produds with a clean fuel, is a weD
established pradice. Prior to the late 1980'. and early 1990's, waste iaciDeradoa occurred
primarily in dedicated bazardous waste illciaeraton and some industrial furDaces U5ina blended
fuels. Durina the late 1980's and early 1990's cement 1dl.aI bellD accepdna and buminalal'ger

, amounts of bazardous waste materiaJs, with an estimated 1.3 mulion tons of bazardous waste
bumed in 1991. Today, of the 211 cement IdlDs in the United States, 33 are burning hazardous
waste derived fuel, at an increasing rate.

Similar to the United States, cement kiJos in HUDpry are also becomina major bazardous waste
processing and disposal facilities. Due to the rapid evolution of dUs teebnololY, regulatory
agencies and public officials have many questions regardina this practice and wbat regulatory
controls are oecessuy to insure that public health and the environment arc protected.

This brief report is intended to review the key issues reprdiDl incineration of bazardous waste
in cement kilos and make recollUllelldatioos for regulatory controls.

THE BASICS

USEPA CODSiders incinetatioo as the best demonstrated available tecbnoJoay for'moapa and
destroyiDg organic bazardous materials. Two secODds exposure to tempera1UI'es of I,SOOO F (982°
C) will destroy every known organic chemical, according to the VSBPA. Although the bazardous
chemicals are ~ed, the by-products of tbis proces$ must be~, such as heavy
~ aDd Kids, resulting ~m the'~ of balogeaated organics. .

Altbougll there are several basic cement kiln processes, which we will review in a later section
of tbis report, they all rely in part on a higb temperature, rotating kiJD to complete the
cooversion of raw material into the fiaal cement product. Tbese 1dlDs aenerally operate at
temperatures up to 3,5O()D F (1,926° C) with resonance ti~ from 4 to 10~. A logical
and comet deductioD is that if2 seconds at 1,8CXJD is acc:epcable, 4 to 10 seconds at 3,5O()D muSt
be better. Cement kilns are very efficiem at destroying hazardous waste. Although cement kiJDs
can be efficient hazardous WDSte combustors, there are some limitations based on final product
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spec:JftcadOlll and wberCl the wute I. burned In the kiln. Theil luues will be addressed in the
report.

CBMBNT KILN PROCESS

Celllellt II made from I aWuute of raw materiall contalDJna calcium (limestone), .Ilica. alumina
(clay, ibate, ... 1IIdI0I1IDd) IDd itoD (mJlIlCIIe or iroa on). Tbe mixture of raw materials
II k:DowIL IS -meal-. Tbe materials are 'mixed, JI'OUDCI to • ftne powder aad beated to avery biab
......tare. produclDa I cement IlkUabrll• The 1lkUak«1l c:ouiIII typically of 2 inch c;emeat
au.... wblch II'CI cooled. PJUDd to I powder aad colllbiaed with aypIUm 10 produce tile ftDal
cemeat prcxIuct.

The kUIII opetate in a counter-eumnt motion, with IIOUdt aDd bot ... movm, in opposite
~ODI. TIle kiln Is sJoped at 3 to 6 depees and turns slowly at 50 to 70 revoludoDS per hour.
Mellis placed in tbe "cold-. upper ead of the 1dID. and is lDOYed toward the lower or bot end
where the flriDg taka place. Coal or petroleum coke is usually the firiDI fuel wlUcb is sometimes
supplemented with natutalps or fuel oil.

The process passes through 3 ~or staaes as follows:

Dc;yin, qn4 Pee"." Zone. whicb drys. dehydrates IIId begins the decomposition of
clay materials. Temperatures ill this phase are ill the rlDJCl of 7(1 to 1100' F.

O1ldnin, ZW converts the calcium carboDate in the IJmestooe to calcium oxide (burnt
lime) aDd carbon dioxide at temperalUreS of 1100' to 163(1 F.

lumln, 1mJc pc QInkcrlnr Zone combiDes the calcium oxide with the silicates, iron aDd
aluminum, to form the IlcliDker, whicb is I chemically complex mixture of calcium
silicata, alumiDates aDd alumofenites. A miDimum temperature of 2,7000 F is required
to form the 1lc1iDker1l .

Due to the iDberent cbarac:teristics of the process. it produces • significant amount ofcement ki1D
dust (CKD) eatraiDed in the combustion gases. This dust is removed by eiJhc:r electrostatic
precipi~tors or fabric filters prior to dischargina~com~~ to the atmosphere. Some

.of the dust is'recycled into (be kiln with the ....,but due to 'its .JbliDe nature, 8Dd build-up of
, salts, It significant portion of it must be wasted. usually placed in a laodfill. '

There are tbree basic types of kiIDs with several possible variatioas within each type: wet, dry
and semi-dly. A typical wet process is shown in Figure One to bigbligbt the various compooents
of the cement making process, and the different process phases.

(2)



CUIUlENT US SITUATION

With .... relldveJy rapid .merl" of ~ment Id1ns as the primary huIrdoUI waite dlspoal
metbod In die Un.ited 5..., ownen of CODvatlona1 buardous wu&e iDclneratml IIId otber

. bIIIrdoUI wuta d1IpoIaI flcUldtl .... lobbyifta very ltrOIIaJy for JJIcnued rquladoa 01 ce..t
1d1III. Ia tbeir defae, the ceII*lt Idln 0WDeI'I b1v. or..nb.... lid formed their OWQ orpnlzadon
to pnHDOte .... tecbDoJoay. .

eem-t Id1D duIt (CKD) was exempted from USSPA, RCRA Subdde Crep1Idou ia 1980,1Dd
... fuel bllad'JlIIDd _ 11'1 approved UDder die Boll« .. IDduIUia1 PurDICeI (DIP'.)
poIdoa of tediIIl rep1atIoaI. Due to die ate8SiYe debate berweea OWIIIII of cemeat Id1aIIDd
1rIdIdoaIIbuardouI wute 1aciDerIton, the c:wTeIIt rqulatory ....... ofbazardauI WIlle burDlD.
ill eea-at 1d1aI II UDder m¥w by VSErA. .

•
Tbe outIide observer, such u rejuJItory apocies aDd pubUc offtciallln HUDpry are lIdvised tbat
dais ripous US debIte is nsultiDa in DIlDY tecbniW, political and ftaaDciaI claims from both
IddeI wbicb must be evaluated OIl their own metit1 before applying tbemto situations outside the
UDited States.

HAZARDOUS WASTS FEEDINO

SiJIce the destruction ofbuatdous waste is based primarily OIl fumIce temperatUre anclresonaace
time, the method of feedina waste iDto the cement IIIIkina process is 10 important issue.

LiquicI bam'dous wastes and lOme liabt sloops are bleDded with die primary fuel source or
qec:ted tbroup separate DOzz1es directly iDto tile -bot- cod of the kiID and travel die fun
distlnce of tile kiln. Fuel bleodiJl& is usually limited to ~. waste in tile bleDded fuel•.1be bigb
temperature of the buming IDd CIIciniDa zoues aod loal resoDIDCe time virtuaUy assures
complete destruction of tile liquid waste. SiDce there is DttIe, ifany lIdditioaal cost to the cement
Idla, the c:emeat Id1D is I yay. cost efticieat liquid waste disposal metbod.

Tbe medIods of teediD& lOUd WISteS lIDd beavier sludpa iDto the furDace are more of a cooc:ena..
ID die .... lOUd wastes wen fed into the cold ad of the Id1n with the -meat-. Tempaatures
It die cold eod. of the IdIn CIIl be u low u 300 to .500' F. IDitia,I gases, drivea off by the stilt
Of·combustioD; envel·out of the cold • of the Iti1D aDd' into the Iii poUution control devices
(APCD's) 'withouteacouDleriD. thehip temperatures and resoaance times fouod in the ca1cinina
aDd bumina zoaes. Products of incomplete c:ombustioa (PIC's) c:aD be formed aad DOt destructed
aad may pus dIrouab the APCD's aDd into die atmospbete. Altbouab dais practice his been
disc:oDtiDued in tile United StItes, it may ... be pncticed in developin. or easterD European
COUIdries.

Iqjecdnl the solid wute into the final burDing zone also causes problems. The chemical ractioas
in the bumiDa zone, required to form the cliDbr, must maintain an oxidiziJlg cbemica1
enviroameot. Large quantities of solid waste. plac::ed in the burning zone may produce reducina
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coodldona wbleb will hamper cllnket fonnadon. MOlt US cement IdlAlnow lI\Iect IOlid wutes"'to die calclnfna zone where tamptntuftlll exceed 1,800' F. 1'hlI UIUI1Jy requires 11*111
baDdllDl devices and MVtIII different metboda are IValJable•

. MBAVY METALS

1'be fate of beavy metals II I ae-nJ coacera of aU buardoUI wute diJpota1 methodI. H_vy
meta1I .... .,..... iD lDIDy·buardouI ....... are ........ or volldt.ed durill combultlon.
~ lie IIao preMOt ill IJplftcIat quad" Ia dle -cemeat nw 1IIItIriaII, IDd eem.t tuas
wblcb do DOt bum bazIrdouI ..... CUI produce belvy ...... eadaIona. CoeI coo.
Iipillc:lDt amouatI of At, Ba, HI, aad So. OIW beIVy metllllUCb U JIb, ZI, Cr, SIt IIId Cd
are more Ubly to oripate from the WIIte colllpOllellU of die fuel.

Once voUdud in the blab temperature combuldoa, IIIOJt beavy' meIIII will subtequeatly
c:oodease at low« temperatUra, typk*iy aperieaced In the early CIlciDiD. IDd
dryinaIprebeI'Jal zooes. Durin, bc8vy metal condealltion tbey bave a stroaa afftIIity for
puticulate , .... (PM), md will coodeDle oato ........ CKD wbleb illbuadaDt in the
pseous portion of the kiln. An efficient APCO wbleb removes PM aDd will aIJo~e the
beavy metalJ .-bed to the CKD.

The e.xcepdoo to the above it mercury wbicb baa • ID1Ida lower coadasadoa telJllMllltUre IDd
will stay in the volatile state at IDOIt opentia, temperatureI fouod in die cemeat maIdna process.
Temperature in tile 130' F are required to coacIealrO ad remove mercury from the combustioa
pses. SiDce most c:emeat kiIDs operated at hi'" temperatures, eYeD in the APCD's, memary
will pus tbroup the process into tile atmospbere. For this reuoa, IDII'CUI'Y CODtainiDg wutes
sbouId DOt be burned in CCIDe&t kilos or Ill)' other combuldoa process.

ExtalSive testing performed by tile PortIIDd Cemeat Aaocia1ioa bas sbown that heavy metals
in the cliDker are miDimallDd DOt coasidend In eaviroameataI problem in uy producIs made
from the cemeot. As-stafed above, most of the metals e.xcbaap taka place in the pseous zoae
of the kiln aod DOt in die lOUd material whicb produces the cliDbr.

ACID OASES

In addition to tile~ gases formed during tile comb-.\1tioo of sulphur containiq fuels, certain
waste ftIeJs will also produce acid gases. In partic:uJar, dlloriDldId solveats, pesticides aDd PVC
plastK:s wiD produce sipificant amounts of hydrogen cb10ride wbeD completely combusted. Due
to die albUne DIture of the nw materials and the amount CKD in tile kiln gases, die acid gases
are neutralized bytbe CKD, t'orminI.1b1ine salts, which are removed by die APCD's. Add
pses are aot • signifk8at issue in bamdous waste burDioa kilos.
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DIOXlN/PUIlANS

Dio. lid tmna IftI • lit.. tamUy of 90mpllX orpaic .mJcaII and c:a form ill many
colDbuldoa PfO*I'Il u PIC's. SIDt:e they 11'1 COIIlddlnd bJably toxic, ... in very low
CCJIN*ItI'IdoDI, tbey potadaJ cause tor COIIC«D ill lIlY _ute colDbuldon PfOC*I, III*AlUy
wtiln ......ftCIat ofcaaortDItM c:oDIpOUadI ........ Altboulb cUoIIIIIftnnI CIA be
.... 111 the dlrtv" W, die)' CIII alIo be tOI'IDId II die law ..... 01 tile combuldol
prOCIM tom PIC', ....... ooaabuldoa .... 1Jb bIIvy ......... cUoIiat IDd ftnDa bave a ~GY

. III'ODIIIIIaky tor patIcu1ate __..will CGIIdeaM 0Df0 IUbadc:oa JJIfde" after formIdoa.

Slace dJDxiaIftuu fonDadGa baa ....~ 10 be fIIIIIpelItUrI reIMId. die Ire)' 10 coatroWq
diox.IDItaru SlICk eml" II to lower ........ prior to tJIe APeD.~..... if
dtoxiDIfunu 1ft! Ionaed. die torDuIdoa will be 011 tbe dirty side of tile APCD wbtn they wiD
be abIorbed onto tile PM IIId removed hl tile APCD. PIihn to reduce "mpeI'IQnI before tbi
APCD. could I'ClIUlt ill."tuna formIdoa .GII abe clellllide of the APCD wlan tile)' can be
dIIcIIIrpd to tile atmo.pba. USDA doculDllllldoa ...... that • teIDpaaUre of 300' F or
less sbouId be maiata1aed -.rial to the APCD u • connl mecblallm for dioxin f'una
eDliIIIoas.

EMISSION LIMITS AND OTHBR RPOULATORY ISSUBS

Tho c:umat US debate is ceateriDa II'OUDd 1eVen! maiD ..... PM emjssion Umics. dioxiDlfurm
emIIaion limits aad disposal ofCXD. Tbo PM limit is abe major empbuiI JiJIce aood PM conttol
will alIo COIdrOI beavy ..... IUd diaxiDlfIIraD emiaioaI. USBPA II CU1I'8Idy evaIuIdal data
ad will propose reviled repIIdcm ill tile .... ftdure. EUsdq dam iadicItes dIIt tile limit wi.U
be fa tile 0.01 to O.~ aniasper dry IUIDdanI c:ubk: foot car/did) COllected to '" oxypa. Tbese
are die levels c:urteCItIy beiDa addeved by airCina best COIIIIOlIed~.

The dioxiD leYeIs ICid.ewd by tile belt coatrolled IOUn:eIIII'e betweCIa 0.12111d 0.17. IIaDOIJUIS
per dscf. 7S OK)'pIl. TempenIUnl Umitl ue also beiDa eoasIdend.

0wDen of CODveatioaal IIuardouI waste iDciDenton 1:"" aIIo caJJiaI for speclaI Iaadfill
conditioas for IIDdflWDa of tile CKD. Due to tile biJb PH of the CXD tile. beaYy DIeIIIs aDd
orpnics II'e DOt Ub1y to become IIIOl:Jihed IDd wID teIIIIiD cbemic:ally IDd pIaysk:aIIy bound to

. tile PM iii Cbe CKD IJid MU DOt IeIch out UDder,1IOI'IIII1 coaditioaI~ A few spedaI operatiDa
proceciures sbould be imp~DtIld to iDIure that tile CKD does DOt become ii.mome.

In MaRb 1992. tile Europra Ecoaomic CoIIUIIUIIity (BEC) issuad. direc:tive to all its members
to implement new laws. repIatioas ad adgrinistntive pmceduns to reauJate tile iDciDentioD of
bazardous wasces. TbiI BEe directive iDcIudes ncommeadatioas of 5 maJrrt fOl' tI*I dust
emisSioas and. clixiDlfuna limit of0.1 DIDOJIBIS per cubic meter. 11" oxypa. T'bese limits
have also been Idopted by 0ermIIIy and die NetberIaDds.
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PRO~'BD PROCBDUIWJ " RBCOMMINDATIONS

1. Prior to propoainll adonal reauladou IJl HUDpry, 1ft inventory of cement kilnl
should be performed, recordlna die followina:

o ProcIa conflaundon
a ThrouablNt production
a PriIllllY fuels
a 1>.., tbey bum wute marertatl, wbat kiDdI
o M..~ of iJUlcdDa WIIte fuels
a AU IKlUutioa conuol de\'icea
o DUpoa1 mediad. for am

2. AU cement ldJAs should be required to record aU WIStIIIDIt«ials burDed, by type and
volume, iDcludJnl hazIudolts u wen IS none buItdous waM. Amaximum of.50~ waste
derived fuel should be adopted. Submit • montbiy or qu,art«ly report to the local
reaulat«y laeacy· .

3. Feedina of any waste or waste derived fuel into the cold end of tile kiln should be
prohibited. As I paeraI nale, lOUd waste or siuda_ should only be fed where
temperatures will exceed 1,100' P for 2 seconds.

4. Wastes ~taiDiol mercury should be prohibited from lOy disposal metbod whicb
includes combustioa.

5. Clinker and CKD sbould be fated at least twice per yell' for heavy metals and
diox.iolfunas.

6. Require temperature recOl'diog devices at key points in the process.

7. Consider I temperature limitation of 30()1 F 01' less eoteriag the APeD.

8. Consider adopting the BEC stIIIdards for PM and DioxiD Funns.

REFERENCES

'Ibis report wu prepared from information coataioed in several ~ferencc doauDents IDd
U1ic:lelDOdces fOUlld in trade periodicals and the EoviromneDt Reporter. By fir, abe most
colDJpebeDsive document is the Draft Combustion Emissions Technical Resources Document
(CETRED) issued by the USEPA in May 1994. It includes most of tile issues ditcussed above
in muc:b greater detail a.n4 sbouId be obIaiaaed by aayooe i8tt:restcd in this subject. Copies CID

~ obtaiDed tbroup USEPA in Wasbiagtoa D.C. Several (q)OI'ts were also obtained tbrougb tbe
Cement Kiln Recycling Coalition and the American PortIaDd Cement A1Iianc:e.
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