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f.        Intrudaci Aun 

TI»»  following  study «SS  carried out   toy A«**** MH6 

HYDUUliCHM* ONttM   (AMT),   Consulting  hfw|in«»ri  in  M»*» 

raderai  Republic oí  uermany,  «t   the  rwguvet  nf  the 

UtJtft.U   NATION«   INDUSTRIA!.  WVt.U>fm„T  wWlANUMIU*   U'klt*J> , 

Vienna,   for  ih« KIMGUüM <JT NüWJCit> arai on behalf of the 

Prefecture of  ina City of Casablanca. 

Tt*e lain objective  of  the»  study was  io determine  the 

rational and economic system  for  ret us«   collection in the 

city of Casablanca,  with  the h*»lp of  computar technology 

in order to ensure  a recular  and ufficiami   supply of 

household refuse for the  city*a compost plant. 

Two experts,  one on refuse treatment  and  the other on 

electronic data processino.   (IL*),  travelled to Casablanca 

for five and  four weeks respectively to collect  the 

existing basic data and elaborate it  for their own 

investigations. 

However, when the  tea» leader  arrived  in  Kabat,   the capital 

of Morocco,  he was  Informed by UND» and the government  that 

the Casablanca compost plant  had been closed down in April 

this year because of intolerable environmental  hasards 

due to bad odours  fro* anaerobic fermentation  in the 

compost plant. 

At present the municipality of Casablanca carries out sore 

or less sanitrry landfilllng near the boundary of Casablanca. 

However,  because of the expansion of   the human 

settlements this dumping  site will also have to be closed 

soon. 
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*•        HfYi¥ gl Itìf sfrftltfrt l^üll^ft 

*•'•    Q»tt>fl aspects of the city of Casablanca and Iti household, 

£1£MI£ 

Casablanca,  with a  population of about   1.8 million inhabitant«, 
is not only the biggest town In Morocco but also the moat 
Important cantre of  trad«, coMaerc« and Industry. Nearly 
half of the Industrial capacity of th« country  la concentrated 

there. 

Due to ita favourable position on th« Atlantic Ocean and its 
trad« with overseas countries»  the port of Casablanca has 
Us DOSIS  the greatest port  in Morocco and th«  second greatest 
oa the African continent.  65 per cent of the country's 
imports and 75 per cent of its exports pass through Casablanca. 

Casablanca is connected to all the important places in th« 
country by well equipped railway lines and a good road 
network. 

As Casablanca has developed to its present  importance only 
during the course of this century -  in  1t07 the population 
was only 25,000 -  it is for the greater part a modern and 
generously planned metropolis with commercial  skyscrapers, 
wide avenues and a   lot of green areas and  public parks.  On 
the other hand there  is the Ancienne Medina with its narrow 
streets and - since   1923  - a new Medina also erected in the 
traditional architectural ityle of Morocco.  Along with the 
town's rapid development  in trade, commerce and prosperity, 
the formation of a number of slums,  the so-called 'bidon- 
vallea*, on the outskirts was Inevitable. 



The  cl laute of Casablanca  it character lied by a éry summer 
and a rainy winter ••«•on.   The average annual rainfall  in 
the year« fro« 1943  to 1972   was    only      377.3 MR.  The «vara«« 
number of rainy daye with over   1  mm was only 75 par year. 
Mora climatic details of Casablanca are shown in Table  1.   In 
»pite of  the «mall amount of precipitation and the  few or 
no rainy daya,  the relative humidity  in •ummertlme la aleo 
hifh because of the humid air currents blowing  in from the 

Atlantic. 

The geographical position of Casablanca la S    west and 
34° north. At present Casablanca extends over a« area of 
ISO sq.km. and has a  road network of about  1,300 km. The ex- 
tension of the area  along  the Atlantic coast  in the east-west 
direction is 21  km and in the north-south direction about 
7  km  (see Fig.   1).   However, a comparison of older maps with 
the anticipated development clearly shows that the further 
expansion of the urban area is directed towards the hinter- 
land in the south.  On account of this expansion,   the kidney- 
shaped  forra of the urban area will soon change into a more 

or  less square form. 

The expansion of the urban area is accompanied by an increase 
in population.  From  1907 until  1960 the population grew from 
25,000 to 962,000 inhabitants.   That means  that the population 
was doubling every   11    years.   Between  1960 and today the 
annual growth rate was above 5 per cent and for the period 
until   1992 the growth rate  is estimated to be about 6 per cent, 

However,  this development will  not be uniform over the whole 
urban area.  To illustrate the difference in population  increase 

rates,   the town and   its  surrounding  area has been subdivided 

into 30  sones   (see Fig.   1,  Table 2). 



At  the »umtit  êO**B  14  to  m are »tilt «twtstde  the per(»éter 

of  the town,  but  further «spansion   la espeeted   in tu« neat 

future,   The  detailed  pnfwlat ion development   in   »how«   in 

Table   2.   Irti«  this  tablr   it   bee«»*»*   pv|<t«nt   that   until   t**l 

til«  annual   rate  of   population   tnereaae  wlHtin   t »*•»  present 

boundary  of   the  town will   «exmnt   to   ¿ .1  \*»t   cent   whereas   it 

will  reach  an average of     io per  vent   «*n  the out alt irta. 

In cenerai,   the production of  household  reíwse  dependa on 

the  standard  of   living,   which ran  be  *t* t • re t ney  by  different 

par ante ter a.   tome  locic-rcumeir ehaf4ch f litui   I at at ed 

in   1975)   of   the different  areas of   < «i».«t IAIH-A  are given   in 

Table  3.   for   tlie nuaiber   and position of   these  sectors eee 

rie.   1. 

Table  3 attotra that  eector   t  Has the  i»t«*heat   standard of 

living.   It  Has  the highest  rat«- of   wmhir»<i |xipuUtt«>n,  pti%ate 

cars and revenues   and the  lowest   rate  of   I tryrl.-a  and of 

persona per  habitation. 

Additional  and »ore detail«.«!  la* l e  atat« i i*i  can be   found   in 

th«   'Etude de circulation  u,l»ai»»i»    Casablanca et   Mbat *, 

volaste   3,  prepared  by  Transroute,   Rat.rt ,   in October   »i1%, 

and  tho original  data  collection  for   thia  «tody  wMih   la 

stored • n maquette  tapes   in t u* toomd »>H ter of  franstoutt», 

These  sources would  be  a  helpful  data  lutata   if   tW  waa  to  le 

Introduced   for   forecasting household  oluit   production end 

long-ter* plant   location. 

At present  the  household refus« produced   in Casablanca pet 

day  is  estimated  by  thr   local   autltot It lea  to be  tUU  tona, 

incl.   refuse collected  by the street  sww**pers.   Refuse is 

collected eve -y day throughout  the  year   and the  guantity 

collected per annusi asKHints to apf*roalai«tely  ¿«J.UXSJ tuns. 

This  figure and the actual nunber  of   inhabitants yield a 



pot «»«tit* refoa» prosatilo* of   Ul.s h« pet y wit . 
flHi toll»! fl««fo «t«biiMMi with IN» at aitiate of Il vino. 

It •*   iapott*f»t   !«•>*  for  further ltou»ohoH rafuà« 
't to*   fotMtOftla. 

•••*«»**«   th# foaotity  f»»r  »h*   |*to|w?e«Ml rvfuaa  traataiotit 

éotMMty   it «A  taprtrtaM  p«r«a*»t*>r.   In iti« cour»« of  an 
Inviail««tto*  m thtt r»ap*et  tr*# mrift oufietty of 

II»  lw**a*lw»M refuft* waa Uota>r»tMNl «•   foliotai 

-   in  #o«t"l*lna  pr«§Nir»*l   f«>t   r«l hrl i<n   IK)  M/*» 
* In  «**l l»**t !«•*  r**ntain*»t»  .»««I collection  vehicle« 

1 
• iilwpol  coea/teaainu 4»vtce>a  4*%  M/*> 

• lu collection votitele» with coaioreaalrta; éovicoa 

»•1  H«/»1 

Ttooa*» a*»* differ  eooaioerftMy  fro» l»arope*n fi furo» 

re  tue oenatty   la a»ich   |<i*»r. 

fill« titilli***   It   »»naîty   la eu«  to  the  coapoaltlo*  of 
IHP  rofoao,  At  i«««t«l«m<A  «h»   contint   of   Milky  rttatt 

MMNN *• iiMi pocrttin« IMI «M t •* 1 »,  rtr.   ta very aau i 1.   fil« 

roftMO attlni}  cornatala of «aale»  fr»* the preparation «ft«J 

•otviPMi of  food,  v««*t«t>ie an* fruit «Miturlala. Analyaoa 

of  il»  «?«aipoait ion of  Hooaotit> 14 refuee «I  tito coupe at 
pi«««  *»f » aeal* laura »•••woo*i  that   the feulfcy refua* «ttly 
—numim  t*>   1 -  4 w» tutti  t*i   cent   *M1 ti»#  ferrie unitala 

4»  not   enee«*!   t   -   I  t*Pt  cent.   the a*»iatttt* content«   New« 

avot#   tanaea i*»!****! al «lui et per cent  «na  I« tvl«?« «a 

mot» ae it« iufofpoofk rallo. 
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a.a. 

The responsibility for keeping the town clean was 
esimo« ted to the Prefecture of Casablanca by the 
Municipal edict of Jlst March 1930,  dealing with 
public health,   and the municipal edict of 
2nd January  Itsa,  regulating the question of 
responsibility  for waste handling.  The residents 
are bound by the Municipal  edicts no.   171  of 
aird February   194( and no.   4/65 of 
Uth September  1965 to 

keep their property clean 
sweep the pavements 
collect the household refuse in dust-bins 
transport their rubbish  to public dumping sites 
not to dispose of waste  in public or private 
romea«  squares or other public places 
not to scavenge in dust-bins prepared for 
collection or in refuse dumps. 

However,  the  last point  is  often neglected. 
Scavenging in dust-bins and dumps  is quite usual, 
despite the sanitary and hygienic risks. 

a.a.a    Institutional  aspect« 

The Prefecture of Casablanca is well organised to 
fulfil all its obligations and responsibilities. 
The administration is subdivided into the 
following 6 suctions i 
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1. (tener*! administration 
2. Finance 
3. Planning and construction 
4. Public works 
5. Economic services 
6. Judicial, social and cultural services 

Ths Department of Public Works, which is also in 
charge of waste handling, is subdivided into the 

following  subsectionsi 

1. Public street  lighting 
2. Sewage network 
3. Public roads,  traffic and traffic regulations 
4. Superstructure work 

5. Municipal garages and public parks 

6. Maintenance of public buildings, general depot 

7. Public cleaning services 

Waste handling    is  carried out by two subsections! 
all collection vehicles and bulldozers at  the dumping 
site including the drivers and the maintenance 
services are provided by the municipal garages, 
whereas  the public cleaning services are engaged 
with street sweeping,  household refuse collection 
and the running of the dumping  sites. 

The compost plant,  which is not  in operation at the 
moment,   is under the management of a separate firm, 
the  'Société d'Exploitation et de Traitement des 
Résidus Urbains',  SETRU, which  is also responsible 
for the marketing of the compost.   For each  ton of 
household  refuse delivered to the plant the 
Prefecture had to pay 6 DH. 
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The division of waste handling in the above-mentioned 
way seems to be optimal and should not be altered. 
Otherwise the public cleaning services would have to 
install additional service  stations  for the 
maintenance of  the vehicle park and to build up a 
new commercial  subdepartment for compost marketing. 

2.2.3    Financial aspects 

The expenses  for the public cleaning services are 
covered by a general tax  levied by the Prefecture 
from every household for all public services,  in 
particular street lighting, waste water treatment, 
road construction,  maintenance of public buildings, 
parks,  solid waste handling,  etc. Every year a new 
budget is set up for each  subsection of public works 
according to the real needs of the different 
subsections.  Consequently  the expenses  for public 
cleaning are split up between the municipal garages 
and public cleaning services. When the compost plant 
was in operation a third  amount had to be paid to the 
SETRU. The actual cost of  public cleaning  is given in 
Table 4. This  table shows  the cost of  household refuse collec- 
tion,  including  treatment at the dump,  and of street sweeping. 

In general the  largest amount of the budget,  i.  e.   80 %, 
is spent on salaries and wages. This may be accepted 
with regard to the official programme to reduce 
unemployment.   However, as  far as the municipal garages 
are concerned,   the relation between personnel costs 
and equipment  is vice versa. Here only about 40 per cent 
of the budget  is spent on personnel and the rest on 
machinery and equipment.   A more effective and 
economical use of the refuse collection vehicles might 
lead to a considerable reduction of costs. 
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2.2.4.    Organizational aspect! 

The city of Casablanca  is divided into   11   sectors   (rig.   2) 
which are again subdivided  into a total  of 64 circuits. 
One   (sometimes two)   collecting vehicle  and its crew   is 
responsible  for each circuit.  The choice  of the collecting 
route is  left to the crew. 

There are three types of collection i 

- Collection of dust-bins by usual collecting vehicles 
(with or without compressing mechanism and with  a 

capacity of  1.5 to 12    m  ) 
- Collecting of bins by  little vehicle»  with three wheels, 

so-called triporteurs,  capacity about 0.5 m , which 
carry waste to containers    located at  specific points 
for this purpose.  This  type of additional collecting is 
usual  in districts where the streets  are too narrow 
for other vehicles. 

- In the slums the  streets are also too  small for   the 
usual collection vehicles, and in rainy periods  vehicles 
cannot pass at all.   Therefore, containers where  the 
people can drop their waste are located at spedile 
points. 

All these containers are used also for   the rubbish gathered 
by the street sweepers. 

The borders of circuits  as  shown in Fig.   5 are no 

longer valid.  Changes of vehicles in the  past have  caused 
changes  in the circuits with the result   that the circuits 
now overlap   (an example  is  shown later) .   Besides this, 
some circuits consist of  several disjointed parts,   which 
obviously means extra travel. The collecting vehicles sMtite 
1  or 2 trips a day in most cases. There   is no doubt  that 
the utilization of capacity can be  improved,  since  at present 
the vehicles are by no means full on the  second trip. 



i.a.i 

• »i 

At • ramili   of a tri«!   and  attmt  pr«w*<r«*%*r«> WCMT fc ad  oat 

by tha unvtri,thf wU-oli.* rt**t»a  »h^m>lv»t «*• 

eartatttly ajwtta avo*.   Aü en «»fi*   m  »h*>v*  m «ttaa*«r  I.i. 

Hoaavar,   #   raortanitat lofi  of   tha rtrnnt»  aft*  allocation 

«4 whte I»•   to circuita  un  ih* haaia  *<f   nptiatiaaxl 

collection  routas venial   raauit   in an aaaantiai   rMtKtlM 

IM coltaci in« coati. 

Tha  location  ©f container»  «Ml thair   r*aa*>c*tlv*  capaci tiaa 

should ala»  ka anatyaawi  with retard t<» »Htciaftcy.   Tha 

•«••ant  situation can IMP   la*trc**«i   iti  a  way avita*  to tha 

latravi sat «try char act ar  of  th# a/ataa», without  uai*« 

aoafciat lea tant awtimia. 

THa »actio«  of  aneli«  rlaanin* i*-rv|r»i   tn <$tt*ff«a>  of 

atraat  awatifiiaa, ItsaaMPtKtIa) taf «a* «•*»! laxe* IMI anal 

aitai aatf»loya   tf#« a*ea>l#,  *»t   inrtt«ttr*« éttva>ta of 

col tact I o«  va* i ria».  A  »ynca/ait «4   tfcr  <• if refont   |«»*it toas 

of  thaaa persMMtaal  la «iva«  la tha m«*ftt«fa» halt«. 

fila Mfm*itajnt   i«  iH*iat 11 ut mê  hy   tHr   t*ia«i*aat   t*f   **w>t If» 

«erta«  tha cfciaf of pwfrlte i|r*MN  awffvieaa. ana hta 

énawty,   %  imaitiaaaiata  anal   ti   ifta§>«««*tt*ta. 

ffca iaasMaftcMra ara tha «»titaf» «f tha ^t.ttact §«wt a««* toft 

<aaa fia.   it   an* ars ta>aa«ifiatfci# f«*>  . i«<aaltneaa »itela 

tha ir a**'t«»ra. TKay ara aaatst«* by ataawtvianta atwl toy 

fefaaa* wfe4> at«  la eh**** «*f  att»a*   m irrt   aimât ina}, 

rafaaa <M»| |#«»tttat «*   |««Mtt it lia*.,  h«aa»  aMfwrvtaawa  affa 

raanoaatnt«  fot  naMiffawpy 
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TI»i« eubdivleion Mí »tnnftvialiM of   tsbait   le 
i* T«blt S.   In aastet  III, «bien corresponde to 
IX   (sea fia.  I)   refusa col I »cu a«   ta retried ewt  partly 
by tu« atra at 

11© 
«itbta 

To support   tN offici«!   staff in  it« duties 
labourer«  are anployed  MIé paid by   III« 
the official pcoar sane  te radura 

*•*••   Ttffllfitft* tjgfftl 

Präparat Ion of  refuse col taction 

as there la a dally collection of rafuaa la 
the enount of rafuaa to be eoi lact aal par 
household i a ralatlvaly anali ani M li tita 
capacity of  tha aim used. 

11 

In araaa where tha population density  la ralatl 
paople have their houeehold alna in   the atraat 
tha ir bins  to the collect ine vehicle»  aben it 
ita  arrival by blovins  a born. 

ily  lav* 
brina 

where the  population danai t y  la high  enoueh,  aavaral 
houaeholds  hava ont lareer  bin «hieh   la put  in  tha atraat 
at collection tiaaa or  carried to  the neat corner by tha 
inhabitants or  tha duetnen,   in «td«*r   to reduce   tha di at 
driven by   the collection  vehicle. 

In both caaea tha bina are of all  typas and atee»  end) 
moat of than ara not special dust-bins but any «vailabia 
type of container!. 

In tha aluna  thara ara con ta inora of   Ja    capacity l wat ad) 
at acne contrai pointa« «bara tha inhabitenta érop tha ir 

rafuaa, 
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•be tilt« are   in general   »neeetbetlr MI« unbyo.ItRie.  tbe 
1er«er onea are »sty cwb»ria»» «Ml tbue reowc« eel loot Ion 
efficiency,   ft» erovletnn of  epeciat oeet-btna    attlte«  to 
tH« character  of  the  reavertiv*   refuee |*oéecln«  unita 
»111 «reetty  ie*teve tbe altuetlon.  An en«lys I» ahoulé 
be »née   of   tH«   possibility   if   eatenatiMf   the   h «toit   of 
•«vine. v«>Mrl« travel  by carry ir»* «IM I irr  bini short 
•lataneea  to collection  potuti by Itane. 

Collection 

AMOVE in«  to tht á Iff »rent  tyfiea of collection a* swot tonai 
in eM|>t*t  J.1.4, tuât« are font «tfferettt tyeea of 

von tria a i 
.    collect i on vehtclea with uuaaireaatno *e«hanieee  lt-11 • I 

collection vshlcles without  eoepreeelii« aechan I en» 

n.»-t »Jl 
little  vehicles on  titrée wtteeta   <*triporteurs*•  0.1 • I 

,    container transport vehicle a. 

Many of  tbe vehicles are rather  »lé «t4 are to bo ree laceé 
by new cM*ea. Tlie tendency la to uee «ore en* eere ©ap- 
preseti»« veltlelea  tin   i*H    H  new vwtttctee «111 ee bouebt 
by ine auittelpalltyi .   However,   «a hou er ho IH refuse  in 
Casablanca   ts very h tee 14,  there  r*w*t«s  tlie technical 
prob lee of  hoe to eoe* with the  **M«   water eh ich coaaa 
out of  tbe  rnayreaainaj veblclea me even to a certain 
entent  out   of  the otner  veblclea ene the  cant al nera. 

Tranafrt 

ta» to new  ' tranafer a tat ton*',   »hat   la to aay container a 
locate* at  certain pntnts, bave been nee* only by tue 
little triporteurs. Vite  l nei I n* of the co« talner a, at 
present «one by »hovel,  cotila bo i epe ove* by builétne a 
ran» for  the vehtrlea er a apeetal bole for the eon talner 
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tu «edition,  three transfer  atatlona with conpressing 

awohanla«« have been ordered  thia year.   It it Intended 

to u§« one of   the« for the  triporteurs  of the Ancienne 

Hèdin« district  and the others for  the   slum regions of 

sectors V and Vi   to avoid  Inefficient   long travel 

distances for  the  3 at    containers  used  there.  The use 

of additional  tranafer  stations might be a further 

lsyrovssxnt.   A comprehensive analysis  should IMI started 

to find out  the opt latum tranafer  stations and  their 

opt lanas  loe at lona. 

He fuer treatswnt 

tamii 1 April  thia year the household refuse collected 

»as transferred to the compost plant at Oukkacha,   in 

the eastern part of Casablanca, directly on the  shore 

of  the Atlantic Ocean   (aee rig.  i).  Thia plant   ia 

deaIfned to operate  in three  linea  accordine to the 

*alotana  gyatem*   developed by  the  French  company gOSA. 

me plant     an handle about   TOO tona of   refuse per day. 

If   It wer« «atended by a fourth line the capacity would 

be   increased to up to 900 tona. 

fout proeeeeee are  involved  at  the  pianti 

Préparât ion of refuae  for ccsapoatlne 

Preferment at ion   In blotenka 

rtnal  fermentation in hlfh plies 

Preparation of compost  for aal« 

•Me collection  vehicle a (tump their   contents  into a 

bunker.  A uantry-type crane brine« the waste Material 

te a at ft in«  at at ion where  the bulky  refuae,   audi *• 

plastic  foil,  pacata*, material, bottle«,  raus,   crate«, 

etc,,   is separated for dumping. The «crap iron   Is 

••par «ted by an electrwaafnetie device and «wbeeajunatly 
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transferred to a scrap prese which forms it into 

compact blocks. After having passed the screen the raw 

Material goes through a double-rotor hammer-mill, where 

it is reduced to small pieces. A conveyor system 

transfers the ground material into the biotank where it 

stays for about 3 weeks for fermentation. After this 

procedure the raw compost is piled up in high layers 

for further and final fermentation. About 3 to 4 months 

later a second sifting is introduced in order to 

separate the non-compostable parts and prepare the 

compost for sale. 

The experience of the last two years has shown that 

neither the system of composting nor the location of 

the plant suit the particular conditions in Casablanca. 

Recommendations will be made under point 3.3.2. 

At present the household refuse collected is dumped 

in a more or less sanitary way in the south-eastern 

part of the urban area (see Fig. 2). 

The collection vehicles (with and without compressing 

mechanisms and the containers of different sites) 

discharge their loads near the slope of the dump. 

A great number of private scavengers try to sort out 

anything suitable for private use or sale (paper, 

plastics, metals, fodder, etc.). Then two bulldoiers 

shovel the load over the slope, between 3 and 4 m 

high, and consolidate the surface of the dump by 

moving forwards and backwards. A private firm is 

commissioned to proviete inert material for covering 

the refuse layers and a third bulldoser is engaged 

in distributing this material. Unfortunately, the 

guantity of covering material does not cover the 

daily demand, nor are bulldoiers always available 
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when required because of   the  attor tefe of epare parte. 
Thus the uncovered refue«   !• MI  ideal breed la* pleee tot 
filet and other con te* Ina ting  lneecta. 

The unhygienic «Ml danger ou« privat«  eeevenftaf ahowld 
be prevent ad and it ahoy Id toe eneured  that th« refuse 
la covered every day. 

•Wie distance   froai the preeent   dump to  * hr center r»f 
the elty  la about  to dai.  The protei«*  i a that  the 
vehlclea  collecting  refuse In  the witrrn part  of 
Caaablanca not only have  to travel  a rim tance of 
15 It* and «tore but  that  they  alao have  to 90 throufh 
the canter of  town with   Iti heavy traffic, 
to a lot of tine la wasted driving.  Moreover »   in the 
near future,  tha prenant deap will have to be closed 
and tha  location of  tha new du*p   (•**«•  Flu.   I)  will 
add another 2 a* to tha dittane*    to be travelled. 

Aa tha new dump will alao be   full  «ftrr  :  year a, 
long-tor» con«lderatlona  •hou Id be «ad«* concern Inf 
the location of dunslnf altea m*4 coaamat  planta. 
Tha opt lau» nuancer,   typa,   location and  capacity of 
treatment  facllltlea will  hav«  to be  cKtcr*ti*sd with 
reference to the araaa to be aarved and takln* 
tranafer etat lona  Into coaalderatlon . 
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fcaeoa*   f«t   in  tna »IMP»» ho***!»»!«- rafaaa   la collaota«: avary 

4«y  tu lAMklMM  »y  howaa  lo  ****•» o^l laminata.   In tha 

tM»»a*ttr»t<ta   MM I i   •«•%• bitta   «f   •4KWI   U»   -   #tJ   t   ara   u»ual 

•ni ar* <o««i««r«a  MlilcIvM.   in »uaw *raaa,  aaawclaHy 

•ÈHM« th#  tMantlattoft «k>A«ilr   la   *<"».   thaaa  bin«  at« 
éapoatitM*   m tn* atroata «l   ívlliviitH»  i la* or  ataa faoela 

feti»*  tiMMH mit   «»«Mi   tlw «*«t**i»  «rrivr  «nel  blow  tltalr 

the aoaajiat te« éanatty  la telali . wHNh, Ur»»r bin« 

of «f> to «UM»!   tuo  I  ara «MM wwwiUy by ••varal 

fa»! Il «»a or ava«i ay   aavaral  H***ioa».  lltaa* bina  ara not 

of  a aa*vft«l   lyaai  «©a*   of   IN«« at» h^W« • nr   thir4a 

of  oil  barrala» etiv« barrala «*r  «lottar  eaafia.  Only vary 

fa« agpactal <tuat  bina ar# «?arraotly  tn *••. 

la «Mil   eaaaa tt<a btita t*a*a MM coirai .   a«   inora   If no 

protection fro» Ita*  oéoara.  towfiUy,   I Kay Hava no 

handle» ami IH*»»fora tho inilUm and traviar onar ara 

aid K utt   «f«a anooajfortakl»  f«»t   tn» «Miatwaft  to hanaU. 

At   ootlavtiu*  liana  itoa fcina  ara ttmat «Um«  I ha straata 

an*    mmm  M..*H  •trooti avan Iwiv»  than   c«ilaetlo« 

point» at   th» naat   eoraat, ttta  uu»t  Un» b*ir*j  carriad 

thare by  tna e«l taction or at» «*r  tn* attori   Inhabit ant a. 

Wonaafawnt i y  tn# ot»4 loot tun »»tutl»  t» not  for ©a« to fo 

tltroaab #v#ty atroot,  *«4 thoa nor»  la 4 raateotton of  roota 

lauft») an«! et*Haotli*a liaa*. 
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TI« area covered by circuit no.  512 was analysed in 
detail to five an Idea of the present situation. The 
collection vehicle was accompanied on its route on 
Tuesday    20th July,  and on Wednesday    28th July,  and 
besides other data   (cf.   3.2.)   the numoer of bins was 
registered  together with the total estimated capacity 
of ail bins  in each refuse producing unit  (defined as 
a  'street section between two crossings').These  sections 
are shown  in Fig.  3, while the number and capacity of bini 
and the amount of waste produced per day by each section 
is given  in Table 6.   The percentage distribution of 
different  sites of dust-bins is given below. 

capacity 20/7/76 28/7/76 
I % % 

20 8.7 12.4 
30 12.6 11.2 
40 19.7 22.7 
to 47.8 40.9 
•O 9.9 11.6 

100 1.3 1.2 

In the a lusts, e.g. in sector VI (cf. Fig. 2), house to 

house collection la not possible because the streets are 

too narrow and in rainy periods not passable for cars at 

all. Therefore containers of 3 » capacity are located 

at a number of central points (see Fig. 4) . The Inhabitants 

empty their household bins into these containers and the 

containers are transported to the dump as soon as they 

are filled up. Chapter 3.2. indicates the technical 

équipaient used, including containers and transport vehicles. 

There are three vehicles in sector VI, each of which can 

stake 7 or 8 trips a day (in other aectors only 5 or 6) 
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because sector VI is very near the presently used dump. 
As 30 containers are in operation they can be replaced 
and emptied nearly every day. 

The present situation is by no means satisfactory.  The 
bins  in use are 

•    unhygienic, unaesthetic 
Household refuse in Casablanca  is very humid   (about 
68 per cent humidity) . Many of  the bins used  have 
holes so that dirty water leaks out. The use of 
cardboard boxes increases the problem. In addition 
there are no covers which would help to retain bad 
odours. 

The open bins and boxes, many of them overloaded 
so that refuse even drops on the pavement, are 
unsightly. 

-    uncomfortable, hard to carry 
Generally the heavy bins have no handles.  Thus it is 
very hard for the dustmen to carry them to the 
collecting vehicle,  especially when they must be 
brought out of the  small street to the next  corner 
(as is usual in some streets) .   Because of the fact 
that the bins are not uniform the use of automatic 
or semi-automatic pouring mechanisms to facilitate 
the emptying of the sometimes quite heavy bins is 
not possible. 

It is recommended that uniform dust-bins of only  a few 
different sizes should be  introduced in the near   future. 
A thorough investigation  is proposed to find the most 
suitable bins for the different refuse producing  units, 
depending on the population density,  population  composition 
etc.  An expansion of the practice of carrying 
bins  by hand to save collecting vehicle travel  should be 
seriously considered  (cf.   3.2.). 
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The necessary investment in new bine can either be made 
at the direct expense of the inhabitants or financed by 
the municipality of Casablanca.  To allow better control 
by the local authorities the latter would be preferable. 
A reasonable form of organization has to be found for the 
communal use of bins by  several households. 

The provision of new bins should be undertaken parallel 
to the renewal of collecting vehicles in connection with 
the use of automatic or semi-automatic pouring mechanisms. 

It should be pointed out that  in the  long run the procurement 
of uniform bins is  inevitable.  An investigation as to the 
most suitable bins will cost about DH 68,500.— correspond- 
ing to approximately 3 per cent of the necessary  investment.** 
A non-optimum choice of bins would certainly lead to mis- 
investment of a higher magnitude.   In addition, appropriate 
bins will without any doubt reduce collecting costs 
(cf.  3.2.). 

As regards the slums it has to be checked whether the 
introduction of closed containers is  possible  (for hygienic 
reasons);  further,  whether the number,  location and 
capacities of the containers are the    optimum with respect 
to collecting points, amount of refuse produced and location 
of the disposal sites  (also considering traffic conditions). 
This optimization problem is of the  type dealt with in 
chapter  3.3.2. as   'plant  location problem'  and could be 
solved most easily by an existing EDP programme provided 
detailed data on refuse production  in the slums were 
available.  But as the collection of these various data, as 
well as the estimation of future refuse production, is 
rather difficult, only short-term planning is possible and 
it is likely that the cost reduction which could be achieved 

É)1   DH  - 0.23  US  $ 
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would not be great. Therefor« sophisticated method« Mr« 

unsuitable and intuitiv« «d hoc decisions of personnel 

accustomed to the«« problème should b« pr«f«rr«d. 

Apart from «imple change» in the location! of containers« 

improvement« cannot be brought about Immediately but only 

in connection with the renewal of the old venie 1«« and/or 

containers. 
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oraanli«« ton 

Caaatolaaet  t» at ptaaant at*tea*  into M  awe tort fat 

•trwt  claanla* MIé tafaaa e«lta«ttoft. Unat  of ti» 

•vallatole «at«  rafat  to  1tf% or  aatllvr,  «taMi  IN city 

«Ml« «tvt«tw«  into t aa«tora.   »arts <>f  aaatota  tt  an* Vili 

latat idrato* aaetate XI aa* X    raaaart twly   let.  T«M*  M. 
•aetort IH aMl Ut  ItwJlrat* fM»  ***** «r»« #fci«**   it celiai 

aoctor  lit  fat  atraat tw**f»tt**t and tor tor   IX  fot «atta 

eoi taction.  Tha  tactor» ara oraattiMtH«**!  anile at 

itloiKPá  la ctoafrtat  1.1.4, 

filata ara tluraa ttffarwat of <*ol l»ct loai 

• toeaaa to hoaaa cmltactton with collect ina votole Ut af 

toatwaaa t.l a    ané  li a      o«f»*city  ta«>a alaa  l.t) «ita 

oc without  iMf finlm aaehantaa«. Tha col lactlot 

vahlclt>t trnattwtt  xhv rvfaaa to th# éaapi 

- Itaaaa lo tooaaa eatlwetton with «M ti collant la* vahlclat 

(atea! o.\ mi  wtttoout  raw/rtHim awohaniaaia wèueh 

carry rafuaa to •trat««taatty  locata« o-tij»n*ii  (aa«a 

for  trapiivr   ntattonti i 

* eoatalaat aarvie*.  aaaacially   in •»•*   »lava,  atoara aaoala 

totlRf ttoalt   watt*  lo conta litri«   lttcttmi «t   «laatrtl palati 

atoaaavai  t toay  11toa# 

•vary aoetot  hat aavarat rtretttta, attuti ar«  ttoa araa« 

aarvad toy ona   Ha « taw aaaaa two»   V*MCì*?  mmé  Ut eraw. 

All circuit» of  ttoa city ara atootai in ri«,   t.   la aéitttaa 

avary aoctot toMi a aaatoar of container» ulatr1tout«a In Ita 

ataa which ara aaarf toy ttoa   atraat Matate f«i 4tofaj»tn« ttoa Ir 

twain«»,    y ttoa  llttla ooltaction vatotclae   <ae ieaatttoai 

latarl  aa traaafat  ttttlont ami toy ttov  t aitatoitaatt af ttoa 
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•items for 44»po«Inf of ti«Ir household refus«. The container 

trtniyort venidos can make 5 to • trips per day depending 

en the dittane« to th« dump. 

To fiv« «n idea of the collection situation aa it vaa in 

Nay tt?S (9 «actor«) th« amount of refua« collected daily« 

the vehicle« u«ed and the aise of the crew« are liated in 

tabla 7. The data are taken frost weight carda at the compost 

factory, for some circuit« no weight carda exiated; there- 

fore» the liât la not complete. In addition the approximate 

amount of waste transported In containers is given in 

Table 1. 

There are four different types of collection vehicles 

presently in use. These are 

• compressing vehicles (tiennes tasseuses) with capacities 

of to and 11 m1 

- vehicle« without compressing Mechanisms like ordinary 
3    3    3 covered lorries with capacities of I m , f m , 4 m , 

and l.5i (bennes basculantes) 
- little vehlclee on three wheels with a capacity of about 

0.5 m    (triporteurs) especially for very narrow streets 
• vehicles Cor the transport of containers of • n and 

J » (porte-coffres) 

Por further details refer to Table t. 

Furthermore, there is a reserve of 4 'bennes tasseuses', 

10 'benne« basculant««' and 11 'porte-coffres' to replace 

any vehicles out of services due to repairs. 
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In   1976 the  following vehicles were  to  be bought i 

16  'bennes  tasseuses*   (7 of 8 m3  capacity,   6 of  12 m3, 
and  3 of   16 m   ) 

5  'bennes  basculantes'  of 6 m    capacity 
3 compactor  stations of  17 m    capacity each 

If  necessary,  up to 20 private vehicles assist the 
municipal  fleet.  They collect approximately 200 tons per 
day. 

The present tendency is to increase the number of vehicles 
and to   replace       old vehicles by new ones with compressing 
mechanisms and capacities as large as possible bearing in 
mind the traffic situation   (e.g.   narrow streets in several 
districts). 

Problems 

Figure 5 shows that the circuits,  the areas served by 
individual vehicles, are sometimes disconnected   (e.g. 
circuit nos.   285,  135,  222). Certainly this situation 
can be improved by a reorganization.   Since 1975, when the 
circuits were  fixed as shown, some new vehicles have been 
taken into use and therefore most of  the circuits under- 
went certain changes.  So numerous    obviously non-optimum 
situations arose where circuits even overlap.  A situation 
like this  is  shown in Fig.   3 for the example of circuit 
512   (vehicle  512). 

The refuse in the refuse producing units which are not 
numbered  is collected by vehicle  398   (of circuit 398).  But 
these units could also be served practically without 
additional travel  (cf. routes in Fig.   6)  by vehicle 512 
This would reduce the collection route of vehicle 398 by 
about 3 km or  25 per cent.  The total  length of the 
collection route of vehicle 512 is about 12 km, ex- 
cluding the distance from the depot to the circuit and 
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from the circuit to the dump. 

There is no doubt that the collection vehicles could 

make better use of their capacity. To give just one 

example, in circuit 512 on four days per week - Tuesday, 

Thursday, Saturday, and Sunday - only one trip is necessary, 

On the other days of the week a second trip has to be made 

for collecting about 1.6 tons only. 

The trips on two observed days which characterize the 

situation are described below. 

20/7 28/7 

time km   (speedo- 
meter) 

1st 1 
time 

[•rip 
km 

2nd Trip 
time      km 

Departure 
Depot 6.55 28  975 

Pick up the 
workers 7.00 28  977 

Begin collect- 
ion 7.05 28  979 7.32 694 9.41 720 

End collection 9.12 28  991 9.05 704 10.06 722 

Arrival dump 9.30 28 999 9.17 712 10.25 730 

Departure  " 9.27 712 

Length of 
collection route 12 km 10 km 2 km 

total  U km 

Collection time 2 h 7 min. 1  h 33 min.    25 min. 
total  1  h 58 min. 

Refuse collected 7  200 kg 6 SCO kg        1  600 ko 
Totale 400 kg      T 
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tmmmmmmmm 

The collection tin»» given above, i.e. the efficiency of 

the collecting crew, should b« regarded with »«use 

reservation, because the dustmen belli« observed were work- 

ing as hard as they possibly could, which they would be) 

unlikely to do normally. Therefore the normal efficiency 

may be somewhat lower. But even then, the circuits could 

be enlarged to achieve better utilisation of the capacity 

of the collecting vehicle without overburdening the crew«. 

Circuit size depends on the efficiency of the vehicle usedi 

this again depends on the type of area being served and 

the collecting routes to be followed. That means that 

decisions on circuit dimensioning, vehicles, crews, and 

collection routes have to be made simultaneously because 

the basic parameters are very closely interlinked. There- 

fore, a reorganization of the circuits and collection route« 

with reference to all these factors is highly recommended. 

A technical problem arises from the composition of the 

refuse.Because it is extremely humid, dirty water comes 

out of containers and vehicles, especially of those with 

compressing mechanisms. A technical solution should be 

looked for to avoid this leakage. 

Optimization 

The consultant has already developed a computer programme 

for optimizing refuse collection, presenting solutions to 

the problems of 

- how the circuits should be chosen, 

- which type of vehicle should be used, together with 

what crew size, 

- which collection routes should the vehicle follow 

within its allocated circuit. 



- at 

ft» pro«tMM input  la l4Hd on refuse production milt« 

defined as street   * sect ions'   (as  indicated by n«ètn 

in rif.   1}.   ror »«eh section the type sad mullí«y of bins 

have to be  registered   (cf.  Tabi* M   «Ml the distances  to 

the neighbour in«  sect tona have to be Measured considerine 

traffic comi it lona   ilka  one-way streets ate.  There  la 

MM  further  inforsMtion to be collect ad,   but   it  la not 

necessary to oo into detalla within  thla report. 

Thara  is a data  collection procedure deve lop ad  accordine; 

to the bèi» programme,   bnplainin« thla procedure will be 

part of ttie  trainine aectlon. 

The routea  now used by  the venie lea  ara thcae r«ech«d 

by the drivers after a  ion«  • trial  and error*  prooeaa. 

The routea developed in thla way are, of COSTS«,  at leaat 

vary nearly opt lana». 

ror circuit  512 the applicability of the proaraaaM 

taatad without takltte  into consideration the poeaibility 

of changing  circuits or  vehicles.   The routea calculated 

with the aid of  the computer ere shown in ria.   ?. The 

super lapos it ion of  the relevant    parts of Fia.   J ani 

flg.   ?  is shc*n  in rig.   9. 

As waa auppoeed  only anali chaneca  were suoaaated and 

only a Marginal  reduction in  the  length of   the  collection 

route was  achieved.  But  it waa proved that   the  procrees» 

supplies good routes and that  it la  sui tab la for  the 

conditions  in Casablanca. 

It should be emphasised  that  the pro«rasate cannot  aitai* 

flcantly improve  the routas taken  at pressait,   as  they are 

almoat optimum.   But  It can - arid  la   required to  - reor- 

fanise refuse collection,  that   is  to say define circuits 

and allocate vehicles and crews on the basis of  optimum 

routes. Of cours«,  the routes themselves ara 

output too. 
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M already Bentloftoá before the reorganisation of 

refue* collection han to bo carried ©ot atee by «too. 

Ae ehowfi   in chapter  a,  CaMbltnet   It   in the proceee of 

• rather dynaole **ve lofjaent,  »o that  ti* refuee 

• Ituet ion will chenco  rc#ldly aa  tie* aoea on. 

Therefor«,   II would not  aid the *aintcl»allty tufficlently 

if  UM oroavoad calculât toni were only «one one«,   hather 

the procree»» ha«  to b#   run at   leaat   for parta of   tha 

city whenever  alcnifleant   chaneve occur  in reftiee 

product ion ot  in aajuipawnt  for  r«>fue* collection or 

an traffic con* It i on a.   With record to e**li chancee it 

can 1* «inani that  the ori vara will  react appropriately 

Ivaa. 

Thereforf,   it   la  intendici  to  liapleawnt  tha orofraaaaa o» 

a e*jajp«t«»r  in Casablanca and to train a Moroccan ataff 

for eoi lectin* and updating the  data and hand I In« tha 

Accord ina to a eooverootlott with th« Chef Ueeartawnt 

Cantra    rdlnateure, Mr.   Mohaned Pennoni,  it will  lie no 

prob le* to  lapleoent   the procratM*? on  the  local   UM 

cooputer.  On the other  hand,  Ute HA»;   (Rafie Avtofltcae da 

Uistributioo d'lau et d*tU*»etrieitê>   »• coin« to acquire 

a new Honeywell-ft»11  coMpoter.  Ae confi reed  toy «»porta 

only aliaht citan*«« of wve procreaem» will be naceaaary 

in order  to ilea  it  on  this 1004*1 ter,   which would  too  los« 

eapwnaive for  the ounicijal Uy. 

To  la*»lc«wmt the procrea»»* »né to train the naceaaary 

Herocean ataff   it  la   Intended 

• to have the data for  the firat  aector of th« city 

collected by the Moroccan ataff under the eoa* rv la loo 

of  eonaultanta 
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- to have th« first computar évaluâtlone in Germany, 
«mil« th« Moroccan staff  is boolnnln«; to collect data 
for a  eecond tactor, 

- to ehmcli th« data eollactad for the  aacond factor and 
to implement and run th« programme  In Morocco at th« 
aawe tie» favillarli In«  the Moroccan staff with th« 
hand lina of  th« protra»»»«, 

- to advise th« Moroccan ataff on request durIn«  further 
data co11action and computar runa. 

Thar« are no apaclal requirements concerning the quali- 
fication of th« itaff. For data collection in Oermany 
students ware  successfully employed.  The employment of 
studente for similar work  la ueuai in Morocco too. 

Special   problema 

In aome districts   (e.e.  Nouvelle Médina»  the •traete 
are very narrow to that the greatest  probi«« la to find 
the «oat suitable vehicle«. They muet  be amali «noufh 
to pa a s through th« «treats, but as lare« as poeeible 
in order to have a h If h overall efficiency bear in« In 
«lnd tit«  lone; way to the  treatment plant.   In th««« 
areas a very thorough Investigation of the street net- 
work will be necessary.  Strongly  linked to the search 
for suitable  vehicles are questions «bout the utility of 
transfer stations  (cf.  3.3.1)   «nd        suitable locations 
for bina   (see below). This, of course,  applies  for 
oth«r districts as wall,  but th« solution of th« problems 
considered is «ost urgent  for districts Ila« Mouv«ll« 
Medina  and will result In particularly pronounced 

Improvements there. 
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A« tv th« Uè«tion  (and type)  of t tns it  h«e aire«** 

been Mentioned that   it  la uaual   for  inhabitant! or duat- 

«en  to carry bina out of  aoe*  atreeta to  the neat  corner 

or,   if   the  tina are only  e*all,   to  tit»  vehicle  iteelf. 

ßven  in dietrista with •  aood  •tr-.t   network, 

where ©very typ« of collection  vehicle can paaa throweh 

all  the  atreeta, clever planning and ore«nii«tlon to 

expand  thla hatl    »ifht  aborten th# collect imi routai 

conalderably,   eepecially   In  ar«*aa of  one-way  atreeta. 

In diatrlcta with a weak atreet   network   (like Nouvelle 

Medina)   it would  in addition allow the use of   lardar 

vehicle«  if  it  were not  necessary  to drive throne* 
narrow atreeta. 

In  both  caini,   the  efficiency of   vehicle«  would   increaaei 
th««lr  capacity would bt* bettor  utiliied  and the nusfeet 

of  vohielea  required would  h«    tulucuJ.   The personnel   of 

the  then  auperfluoua vehiclra  ahouid be ««ployed aa an 

advance   craw for carry Ina  the  lim.   Thla,   however,  will 

be extrewely difficult with the  bina used at present. 

Hare afaln,   the Mtter of  providing  suitable bin« ahouid 
ba pursued. 

l*vistl>j«tlona    of  thla   .ind will  be supported by 

itexstiv«    us« of  the collection <H>t leitet ion procree*». 

Th« proposed trainine proqraaaae will   includa  instruction 
on  these aapecta. 

•arta of  th« district Ancienne Medina heve auch narrow 

atreeta that collection ie possible only with very «Mil 
vehicles   (triporteura). 

The collection route« euat be ehoeen «very dew according 

to the current a i tuet ion. An  teproveawnt a« reearda the 

preparation of  refua« for collection eay be possible, 

«a  in nouvelle Medina,  tut  for the noeent the application 

of  th« opt lei aat ion protra*** does not  seen very useful. 
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m III»  »IMM, «•»**•  tmtatnota are \f*4 by the I«* 
babitaaila.no ara* lia of optMUtim eel loot loa rooloa 
MIHI.   tnatao«  **• aobbot,   I or« turn«,  «li e«a*»ltl«a 
«if lb»  ooiitatito*«  (ef.  I. II   aboaM bo atudloi. 

ft» rF<or<|«AiMtl<Mi of rof»»» ewlloct if** aa ooacril 
•bevo will laoi   to an «atlototoi r•luetic* of «tent 
M *•%,«»." m  MMMMl eolio«!!»« eeeta, by r< 
UM n*«Hfc«t of voMcUs in  operation.   A reductio« of 
f/mwwmmmi It «lam onaatblo  tbfoofb tu» awaaitrva pre- 
poaea tout* at  leeet in lb»   itoar futur«,   tuia la not 
ooatrebl« bocatteo  it MM M  by m> eoo*« coat riatta to 
Mia notional ofcfeettw of «malatain* or iocroooioo. 

it ralo«. 

Il la •«Uñate*  tJMt iba ir «lain« of  tbo boroecen 

alaff e*a Iba eoejelyin« of   oottabt* so» awppnri «III 
loootl bar coat aojewaaiMtoly M aoo.ooo.-- tacloáta« 

mom i •Nao U cane a foea. 

J 
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1.1. 

ÌÌU    tKMMUt stations 

At present most sectors have some   'triporteurs',   little 
collecting vehicles with a capacity of  about 0.5 m3   (••• 
chapter  3.2.).  These vehicle« are  used   in addition to 
the larger collection vehicle«  (one  for each circuit)  and 
are independent of circuit bordera.   They carry the collected 
refuse to containers which are alao used by «treat sweepers 
and the  inhabitant« themselves. 

So the container« serve as transfer stations for the 
triporteur«.  The lUustation  in Fig.   •   «tows the situation 
in the Ancienne HadIna where there are  three triporteurs 
which carry the rafuse to three points where containers 
•re located.  The allocation of triporteur« to containers 
and the routes taken are up to the personnel. 

The)  'transfer stations'  are simply place« where the 
containers are deposited.  The refuae   is discharged on to 
the ground by the triporteurs and then  «hovelled  into 
the container.  By sisadle technical mean«, e.g.  building 
a rasip or «inking the container  into  the earth,  this 
transfer could be stade much easier.   Hut often the  locations 
are only available for ahort periods,   e.g.  in areas where 
reconstruction  is under way. 

There are in addition »any 11 collection vehicles, 
with a rapacity of M little as  1.5 m, and about  170 
containers of  3 m   capacity. As the distance to the 
presently used dtssp is on average about  10 Km,  it is not 
very efficient to transport the «e seva 11 containers to the 
duetp or to drive the little vehicles such a long distance. 
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For this reason the municipality of Casablanca intended 

to buy three compressing stations with a capacity of 

17 m3 each at the end of this year. With the compressing 

ratio given as 1(3 about 50 m3 of collection vehicle loads 

could be transported to the dump in one trip. But it has 

to be mentioned that refuse in Casablanca is already very 

dense (in the bins about 330 kg/m3, in containers up to 

465 kg/m3) so that the given compressing ratio might not 

be applicable in this case. 

furthermore, the problem of waste water should be kept 

in mind. There will be a considerable amount to cope 

with. 

Of the three stations already ordered, one will be used 

in the Ancienne Medina (Rue Gounod) , one in the slums of 

sector V and one in the slums of sector VI. An investigation 

should be started to find out if the use of further transfer 

stations would lead to further savings. An analysis must 

be carried out to determine the type of transfer stations 

to be installed at which locations and to serve which 

areas. This optimiiation problem is of the type 'plant 

location' as described in the next chapter for the 

optimization of compost factory and dump location. Of 

course, an analysis of the efficiency of the first three 

stations bought will be very instructive for the purposes 

of further planning. 

The optimal use of transfer stations could reduce 

collection and transportation costs by up to 20 per cent, 

as has been done in other countries. The costs of the 

investigations recommended are included in the cost 

estimates fcr optimisation of the treatment plant location 

given in the next chapter. 
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3.3.2. Treatment plant» 

As well as for the transfer plants  (3.3.1)  decisions have 
to be made on the number,   locations, and capacities of 
treatment plants such as compost factories and/or controlled 
dumps and also on the definition of the area to be served 
by each plant. 

Plant costs  (per shipped unit)  generally decrease with 
Increasing plant capacity. Transport distances depend on the 
rises of the areas served. As the sizes of these areas are 
proportional to the plant capacities,  the decrease in plant 
cost« runs parallel to an increase in transport costs. The 
minimum overall costs may be found as shown schematically 
in the figure below, by choosing the optimum number,   locations 
etc.   of plants. 

overall cost 

transportation coat 

treatment cost 

plant capacity 
dimension of 
area served 

Decisions on solid waste management system should be optimum 
not only according to the present situation but also for 

future needs.  The  solution to be proposed should therefore be 
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at dynamic ai the environment concerned.  That means that 
any solution envisaged «houid be a phased plan coverine the 
next IO or  30 years and adapted to the expected or planned 

development of the city. 

This development will  influence 

- availability of locations for treatment plants 
- plant costs 
- amount and type of waste produced 
- compost demand 
• traffic situation 
- collection and transportation costs 

All these are parameters which will determine the optimum 

solution. 

Locations for treatment plants 

To find the best solution it is necessary to have a sufficient 
number of locations available for plants.  The locations should 
be situated    such that no danaer  (e.g.  contamination of fround 
water)   or  inconvenience     (e.g. dust, bad  smells)   for the 
inhabitants are to be expected. They should therefore be at a 
certain minimum distance fro» buildings,  depending on wind 
velocities and directions, and should not  be  located  in areas 
where the ground water  is used.  Besides  that there are 
numerous further criteria regarding environmental protection, 
which have to be checked before a location can be said to be 
suitable for a plant.  Systems of criteria for the selection 
of potential plant locations have been developed by  the 
consultant and various authorities in Germany and are available. 
These systems or one of them may be applied to the situât ion 
in Casablanca, possibly after slight changes  in some points 
due to particular circumstances. 
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Plant coat« 

It  !• nscaaaaty t© lin*» tfm ©«•%•  lot iavatal dlftatant 
capacitiva for avary poaaibla typ» »f t»lant  at »vary 
potantlal   location,  *a  riarda  technical   arid psrsoanal 

aajulpataat tltar» ara aanaral  standard« »Melt it.'.>nM nn 
otwch«) a«  to tnalr validity   for Casablanca.  Coat« to« 
installai Ion« and parseftnat can aaa lly I»» astlsaftai tanlaa 
tna aapactad »volution of coat«   Into tar« ful  consideration. 
la addition tita coat  of   tha alt«   tta#lf  and of davalopIna 
tita  location   (road,  «atar, *lactrictty»  haa  to b» satinata*. 

Amount and typ» of  «nata produced 

la Talila  7  the as»tint of waate  in the circuita la snova fat 
tha year  Itti.  This s »va« an  Idea of tu cantara of «mata 
production.  Oua to transportation ©oat  UM? anounta of mista 

ani tna location of  tna different  wast» producine units 
(circuit,  straat or section!   strongly influence tna optlnun 
location«,  capee It lee t  ate.  of  traatmnt   pianta,   tf  tna 
ana ly aas proposa*  in ettaptara   1.1.   ami  J.J.  ata e arriad out 
a vary food and auffIclantly datai lad data beala will as 

•va i lab Ir tot  tha   «tatua OMO situation. 

Otharvl«« vehicle ealahtrxj    ^ujtu  >(.\>   a¡     ..»üat im; oí   ina 
fifura« shown In Tabi*   7 a« a  fairly rottati basis fot  tna 

opt latitat 1 ini of plant   locations. 

aewever, tna aneent of «saia prode***! Uy  a city Is always 
chana Ina.   It nay be forecasted  for   tit* who I a city ay  treni 
estrapolai loa or  almiar aethocte.   Vat, «a plant  location 
dsnanrt« locally ¿«tailed data,  forecast la» Is neeeeeery for 
the Individual eeata producine «wUta. Trend extrapolation 
or  nini lar nethoda could not  fee asad nvrn  If  there were tit» 
sarlas fron tha paat,  because tna aitpactad or pi sanai 



)• - 

•OC lO-VCOfKMHiC 

•«ite different fra« 
ni of tli« uniti My be unsteady and 

development  in the past. 

On the other hand,  the Miount   Und composition)  of «Niet« 
produced  in • unit depends on the eoe io-econo«ie structure 
of  the unit.  Correlations can be found by means of available 
programmes, for instance in the Munich area the consultant 
found a very strone, dependence of the amount of waste on 
population dstielty and employaient in two different economic 
••«tors. 

The report of the study 
trues i>f: emeu LATí« URBAINL - CASABLANCA 

performed by TUnltlHOUTt fi vea an idea of the socio-economic 
ésta which are available.  For the atatus quo sufficiently 
detailed data exist on 

• number of inhabitants 
- site of households 
- aee off inhabitants 

- professions 
• type of habitations 

• site of habitations 

• revenues 

• mobility 

Project lona of the number of inhabitants have been made up 

to tttl. The other parameters have not yet been forecast. 

Math the status «no data a correlation function could be 

developed by means of available programmes, it will «ho« 

«mien of the above-listed parameters have sien if leant 

influence on the amount of waste. Only these parameters need 

then be forecast to allow the application of the correlation 

function for the calculation of future flaurea. The function 
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itself will be subject to slight changes as time goes on, 
with respect to changes in social habits. 

In addition estimations of the development of waste composition 
will have to be made  to ensure the applicability of the 
proposed  techniques  for the future. 

Compost demand 

In the same way as waste production influences the selection 
of the  locations of plants in general,compost demand influences 
the location of compost factories according to the distribution 
costs for the compost. An analysis of the compost market in- 
cluding  its development is therefore inevitable if compost 
plants are still taken into consideration. 

Traffic situation 

For optimising refuse collection  (3.2)   the road network will 
be analysed in a very detailed manner.  The possible locations 
for transfer and treatment plants have to be considered in 
connection with this network in order to give information 
about distance and travelling time from waste producing units 
to the potential plants. 

Transportation costs 

The cost per distance or time unit may be easily derived from 
the budget calculations. Transportation costs can be calculated 
with these unit costs and the travelling times or distances. 

With all the necessary data mentioned above a software package 
(developed by the consultant)   can be run to find out the 
optimum number,  types,  locations and capacities of future plants 
together with the optimum area they should serve. 
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According  to the experience of the  consultant,  plans 
elaborated with EDP support as described above will lead 
to solutions with overall costs at  least 10 per cent lower 
than those of   'handmade'     plans. The elaboration of these 
plans is estimated to cost about DH 515,000.— if the 
data is collected as described in chapter 3.2. The 
available software package should  - in contrast to the 
optimisation programme for refuse collection - preferably 
not be installed in Casablanca because updating of plans 
will be necessary only every 3 or  4 years and the installa* 
tion of the package and training of counterpart staff 
would be comparatively expensive. 

Updating services« however, could be guaranteed for a 
relatively small fee so long as input data are presented 
in a consistent form. 

Recommendat ions 

The Prefecture of Casablanca can dispose of the refuse 
only by 

controlled dumping or 
composting 

Because of the specific composition of the refuse 
(high water content)   incineration  is not at all 
advisable.  On account of the inevitable environmental 
pollution,   the refuse can only be  treated and disposed 
of properly outside densely populated areas. 

For controlled dumping  the site must make adequate 
allowance  for expansion in order  to cope with the 
amount of refuse collected. Composting only requires 
a certain area, but a well organized compost market 
is indispensable. Formerly Casablanca has employed 
both methods of refuse disposal. 
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The compost plant was in operation for a few years 

only. It had to be closed down for two reasonst 

the location of the plant 

the composting system 

It was a considerable mistake to establish the compost 

plant directly on the coast even though the Oukkacha 

area is an industrial area. As the plant is right in 

the east almost every vehicle had to pass the center 

of town with its heavy traffic. Apart from this the 

distance and time that the collection vehicles had to 

travel were considerable, in addition to which the 

constant wind blowing in from the Atlantic polluted 

the entire urban area in the east with intolerable 

odours from the plant. 

Furthermore the system chosen for composting with its 

high piles of refuse did not take into account the 

local refuse characteristics. The biotank system may 

be successfully used in France and other industrial 

countries where the refuse collected has a far lower 

water content than that of Casablanca. For Casablanca, 

however, the consultant would recommend only two 

composting systemst 

Windrow composting with small windrows and frequent 

turning of the rows (as practised in Rabat); 

The Brikollare System. 

As far as the first alternative is concerned the 

consultant would recommend that refuse grinding before 

fermentation is abandoned. 
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In the absence of an approved composting eye*«« in 
Casablanca the consultant would recommend the erection 
of a pilot plant with a relatively low capacity 
Initially»  as thla  could easily be extended If positive 
resulta were achieved. However,  It must be emphasised 
once more  that any  location for either composting or 
sanitary  landfilling Is acceptable only  If situated 
outside the residential area«. 

In accordance with this and bearing In mind that the 
urban area will develop as stated in chapter 2.1.» 
the optimum location for refuee treatment will be 
somewhere  in the aouth of the  town. 

From the point of view of compost marketing it would be 
best to have two plants, one in the south-eastern and 
one in the south-western part of the urban area. 

In this case, with an optimum allocation of the refuse 
collection districts to one or other of  the treatment 
plants the distances travelled by the collecting vshiciee 
could also be optimised. 
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Tita ala of tha present study was to determine what her tha 
application of BO* for the raoraan nation of ho«••hoId 
refuse handling  In Casablanca I»  faasibla or not. 

Pro« th« laaal,   institutional and personnel    point of 
via« In general,   the  ay a taw oí waate handling  in Cata- 
Blanca »orila wall. However,  from the point of via* of 
hyfiene, working condition«,  oraanliation,  équipaient, 
and economy «om« improvement a are deliratole. 

Tha nain field for the implementation of the«« improvements 
is that of  rafua« collection, an optimi«ation of  the as« 
of collection vahicla« would sava a lot of aonay.  an 
optimal raorfanisation of the sarvice araas tofathar with 
an optimum allocation of vahicla« to these area« will «nasi« 
vahicla« to be uaad to their full  loading capacity,   tn 
this way the nuatber of collection vehicles can toa reduced 
and the collection - or transportation - routas can be 
anorte ned as wall. 

For raasons of hyfiama and batter workinq condition« th« 
dust bin« «hould be standard liad and bava « covar attached 
to the bin to avoid unplaaaant »»ell«. 

Strategically  located transfer  station« with compreealnq 
davlcos into which the  1 m    containers can be «apt led 
will save transport vehicle« and «horten transport routas. 

The application of BO* for tha above-mentioned tmprov< 
is con aide rad to be faasibla and i« to be n 

tnts 
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tu tha foUowinf • KHMry of propos«! invaetifationa it 
fi van toaathsr with approxiaata   aoata ami appro«i»ata 
banaflia.  for ili tha work eartain aupport fro» tha 
Moroccan authorIti»» woyid ba nacaaaary. Thorafora only 
apacUllaad paraoiutai raojtiiraiaanta are «antionad.  Within 

tha firet work packaaa ti« nain data baais ia to ba 
prodocad.  Thaaa «ata ara nacaaaary bafora tha aacond and 
third work paeka*aa,  rofarred to a«¡  •additional'  can ba 

ondartakan. 

ftaeraaniaation of rafuaa col lact ioni 

l«plaa«ntatlon of coabitar pro^raawaa,  training of ataff 
for data coUaction and handling of profraawa,  aupar- 
viainf data coi loot ion and running tha pro««««»» for two 

•actoca. 

Costi     OH 400,000." 
•  10 »an-a»ntha Moroccan paraonnai 

•»••fati  Raductlon of col lac t ion costa by atoo«*t 

0M 41S,000.«- par yaar 

Additionali 

Invaatioatlona on stii tabla bin«  in accordanea with tha 

raor«*nliatlon 

Coati    m 44,100."   («bout 1 por cont of nocaaaary 
lnvaatawnt) 

••«•fiti avoid*»*« of »i«i«va«t«ant, a»*Uoration of 
hyaiano and worklaa; oonditlona 



• «s - 

Additionali 

boa«-tara plan fot traatawnt (»Uirti AM« tiêwl« «tat 

Data préparation, rafitaa production,  force «at», 

opti*!tatloa of plani typa, nuao«r,   locai lens« 
capacity,  an* catchawnt tammt of aaeh. 

Coati    DM S14,OOO.- 

iti Avoldanc« of »lalavaatMattt, «uaraataa of 
boat aolttUoft wftloh, »coordina to aupariaaea, 
laada io ai  laaai  to par cani  lowar «oata 
than plana aaéa without u» «upper t,   4.a.   la 
in tlila oaaa aeoaoalaa of «bout mi 1,712,000 

A pra liai nary tlaa achauuU for ina •nacutloa of ito 

ry aoiiviiia« la piva« aalow. 
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Tb« Chef des Traveaux Munlclpcaux and the Chef da 
Division da Mattoiaawnt of Casablanca hava declared their 
raadinaaa to prapara the next step for tha réorganisation 
by collecting data»   information, and    Material and by 
starting work as far as possible. 

There we giva hare a list of item which would be very helpful at 
th« beginning of the reorganisation. Detailed instructions 
concerning tha individual items will be given directly 
to the municipality as soon as the  intention of beginning 
the next phase is announced. 

These  items for action on the part of the municipality of 
Casablanca aret 
1. Preparation of town plans   (if possible on scale  IJIOOO) 

containing information on the present  situation and 
the forseeable development of traffic conditions and 
settlement. 

2. Estimation of  the distances between every two 
neighbouring crossings   (in accordance with specific 
instructions). 

3. Preparation of detailed information about foreseeable 
or planned population development. 

4. Preparation of plans concerning hydrogeology and  land 
use, also for the area surrounding Casablanca. 

5. Estimation of possible compost demand around Casablanca. 

6. Identification of possible locations for transfer and 
fcr treatment plants. 

7. Detailed description of the immediate neighbourhood 
of these places with respect to land use,  type of 
settlement,  type of buildings,  population density,  etc. 
with the aid of a questionnaire which will be supplied 
to the municipality. 
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~l 
Table 6» 

Number and Sizo of Uina  and Total Amount of 
Dally Refuse in the Varloua Production Uniti 

(referring  to Fig.  3) 

Observation  20/7/76 

Section 
No. 20  1        30  1 40 1 60   1        BO   1        100   1 

Total 
amount (1) 

2 1 1 3     6 1 - 610 
3 2 - 1 2 4 660 
4 - 1 1     6 4 1 850 
5 1 2 3 - - 260 
6 • 1 1     1 1 - 330 
7 • - 3     2 2 - 400 
8 2 4 1     4 - - 440 
9 • - 1 - - 60 

10 - 1 3 - - 150 
11 • - 3     2 - - 240 
12 - • ; 4 1 440 
13 - - j [     4 1 540 
14 1 - 2 2 1 260 
15 • - 1     3 I     2 - 380 
16 • 2 ; I • 240 
17 1 1 ; ! - 170 
18 1 1 2   : I - 310 
19 - - 8 | - 500 
20 1 - - 1 - 100 
21 1 - 1   à !     2 - 340 
22 - - 1         4 ! - 160 
23 - 4 3 1 - 320 
24 - • 4 I               1 - 200 
25 1 - 2 I     2 - 420 
26 - - 2     ( i - 440 
27 - - 2   ; t     3 - 440 
28 - - 1 I     4 - 420 
29 1 1 ! 5 - 350 
30 - - - I     - - 60 
31 2 5 2 |     - - 510 
32 - • - f - 420 
33 - - i 1     1 - 320 
34 1 - m I     - - 80 
35 - - 1 I - 240 
36 1 4 2    1. I - 940 
37 - 1 1 2 - 190 
38 2 2 1 J - 320 
39 - 2 - 7 - 480 
40 - - - s    - - 360 
41 2 1 1 1 - 190 
42 - - 1 1 - 100 
43 - - 2 2     1 - 280 

21 34 50 123 38 14,520 



Table 6t     (continued) 

Observation  20/7/76 

Section Total 
No. 20 1 30  1 40  1 60  1 80   1 10O   1 amount   (1) 

Totals 
from pre- 
vious 21 34 50 123 38 6 14,520 

44 1 „ _ • 40 

45 - 2 - - - - 60 

46 • - • - - — • 

47 • 2 2 - - - 140 

48 _ 2 2 3 2 - 480 

49 • - 2 6 - - 440 

50 . - 1 - - 100 

51 • - 2 12 - - 800 

52 - - 1 - - 340 

53 . • 1 - - 160 

54 1 • 1 - - 540 

55 . - - - 420 

56 2 2 1 - - 140 

57 . 4 2 2 - 360 

58 _ . 1 - 140 

59 _ • - - - 120 

60 1 . 1 - - 180 

61 1 4 4 - - 540 

62 1 - - - - 140 

63 . 2 - - 320 

64 • - • - - 120 

65 4 - 2 - - 640 

66 3 3 4 - - 790 

67 - - 2 - - 200 

68 - • - - " m 

69 _ • - - - 240 

70 3 1 1 - - 370 

71 2 • 2 - - 180 

72 - 2 1 - 280 

73 - - - - - — • 

74 - - - • " • 

75 • - - - • • m 

76 • 2 2 - - - 140 

77 - - - - • •* • 

78 *• — 
" 

39 56 88 213 44 € 22,940 



T«falf î\    (continue** 

Number and 8Ue of »im and Total Mrounfc gf 

(referring to Fig.   3) 

Observât ion IÈ/1/H 

Section 
No. 20  1 30  1 40  I       SO  1       SO  i        lOO  I 

Total 
aaount (I» 

3 9 • 7 m . 920 
3 2 1 3 2 2 - 530 
4 1 1 3 • - •90 
5 1 1 2 1 • 270 
f - 2 3 • 210 
7 1 • 1 3 - 400 
• 3 1 2 S • 470 
9 3 1 2 • • 150 

10 1 2 • - 190 
11 2 . I 3 • 340 • 

12 2 . 1 S . 440 
13 1 . 1 4 • 420 
M 1 . • a - 220 
1S 3 - % s • HO 
1f 2 2 m i - 300 
17 . • m a • 120 
11 . • • S - 310 
19 1 2 3 • • 740 
30 . - • a - - 120 
31 . . 1 a 2 - 400 
22 • 1 1 4 1 • 390 
33 • - 1 a - • 140 
34 . - - i • • 40 
25 1 2 2 1 3 1 440 
If . . 1 3 2 • 310 
2? 1 2 S a • • 400 
21 1 • 2 s - • 400 
39 . • 1 2 420 
JO • - • a 1 300 
31 2 • S a • 320 
33 1 i 3 - 410 
33 1 . t a • 240 
34 1 - • i - 140 
35 1 . 2 4 • 420 
3« • • S 3 - 440 
37 1 1 2 a • 350 
31 1 • 2 i - MO 
39 2 4 4 s - 700 
40 1 - 2 § • 440 
41 3 • * • • 140 
43 1 • I 1 • 140 
43 1 • 1 i • 240 

49 21 7t tas 45 4 14,no 



(coni tnited) 

••etimi 
Ho. 20  1 IO   I       «Ol        K)   1        HO   1        tOO  1 
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