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? • INTRODUCTION AND TERMS OF REFERENCE 

1.1. In August 1984 I was appointed by UNIDO under a Special Service 
Agreement to visit Damascus as quickly as :possible to undertake a 

a technical evaluation of the tende~s received for a large 
capacity Composting Plant to be constructed for the Governate of 
Damascus. 

1.2. My duties to be strictly in conformity with the policy of UNIIX> 
which is: 

To carry out a technical appraisal of the offers in respect to 
the requirements of the Specification and to the terms of 
reference contained in the tender invitation documents; and 

with respect to such other evaluation criteria as may be mutually 
agreed between the Consultant and the government authorities. 
The work is to be basically advisory in ~haracter with no 
committment of UNIDO to any position regarding the choice of 
the successful bidder, since this decisions rests with the 
gover;:unen t. 

1 ,3 In advance of my visit to Syria I was authori.sed by- UNI DO to 
prepare analysis schedules in order to ensure: 

a - Comprehensive examiuatio~ of each offer; 
b - Uniformity of assessment of all the offers submitted. 

1.4. I arrived in Damascus on 8th September in accordance with the 
request from UNIIX). I found huw-ever that the tenders would not 
be opened until the evening of the 11th S~ptember. 

1.5. The tenders each consist or 1.rHREE parts and are contained in 
seperate sealed envelopes as foll~ws: 

Envelope 1 - Administrative File and Bid Eoi.1d 
Envelope 2 - Technical File 
Envelope 3 - Economic and financial Of' fer. 

Each P~rt in accordance with local custom has to be opened examined 
and checked be(ore proceeding to the examination of the neY.t part. 
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1.6. Eleven Tenders were received. After the envolopes for 
Part 1 had been opened it was discovered that there was 
a document missing from one of the tendera. This jocument 
was found later, but as the submission was not strictly in 

accordance with the specified pro~edure, there was a delay 
of several days until a decision was made to accept that 
tender for examination along with the other te~. 

1.7 tt was not until 18th Septeaber. (ten days after my arrival.j 
that authorisation was $iven to open Part 2 envelope& 
contnining the technical submissiona, and thus enable me 
to commence my tecnical evaluation of the various schemes 
submitted .. 

1.8. A number of offers were submitted c~ntaining multiple schemes 
each or which was submitt~i as full schemes and the technical 
assessment necessitated the detailed examination o!FOURTEEN 
proposals. In view of the delays at the start of my 
mission, very long hours had to be worked to complete the 
examination by the last day agreed with UNIIX> in my Special 
Service Agreement. 

1.9. I have no knowledge of the contents of the Part 3 envelopes 
containing the actual financial tenders and also the 1etails 
of operational costs of the various schemes submitted. 
My technical judgement of the various schemes therefore has 
not been influenced by knowledge of the relative cost of 
each scheme I have examined. 

1.10 In vieA of the delay during the early part or this mission 

and after discussion and approval by Mr N. Raj Oghle of 
Damascus Municipality I have carried out two additional 
but related tasks: 

1. - The detailed examir.ation of the design and technical 
documents relating to the Damascus Sewerage, Sewage 
Treatment and River Re-Charge Project particularily 
in relatio1.1. to 1 ts integration with the Composting 
Project, and 

2. - An 1xamination and assessment of the selected site 
!or the Composting flanc (which adjoins the proposed 
site or the sewage treatment plant) and the 
submission or any relevant observations which relate 
to 1 ts development and use. 



i.11 Tte result of my stu1ies into ~ach or these matters 
have an important contribution to make to ~he technical 
ev~luation of the tender offers, and therefore before 
reporting on my technical examination of the tender offers 
it is desirable to report my findings in respect of 
the potential influence of the Sewage Treatment proposals, 
and the development factors of the site for.the composting 
plant. 

2. DESIRABLE INTEGRATION OF SEWAGE TREATMENT AND COMPOSTING PROJECTS 

2.1 There would appear to be FOUR practical matters of coP.1J11on 
interest to both projects, namely: 

1. Vehicular access to a public highway 
2. Use by the Composting Plant of liquid se•age 

as processing water. 

3. Incorporation of the whole production of 
semi-dried sewage sludge in the composting p~ocess 

4. Joint utilization of ~pecia!ly skilled personnel. 

2.2 Vehicular Access 

This matter is fully reported in Chapter 3 of this report. 

2.3. Composting Use of Liquid Sewage 

2.3.1. The design requirements of the Composting Plant deaaand a 
substantial and regular supply of liquid for processing 
pl1rposes which could be as high as 600~3 per day based 

on the refuse intake alone. Even if the entire production 
of semi-dried sewage sludge is added there will still be 
a need for a further supply of 230¥&3 of pror.essing water or 
liquid each day. 

2.3.2.. The design ,,f the sewage treatment works provides a pressure 
main carrying li1uid sewage which encircles the sewage treatment 
plant and it is desirable that arrangemen~s sho~ld be made to 
connect the comyosting plant to that aupply. 

z.3.3. IF this is agreed then the FINAL DESIGN or both the Sewage 
'T'reatment Plant and of the Composting Plant must take this 
surply to the Composting Plant into account. 
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2.4. Incorporation of Sewage Sludge in Composting 

2.4.1. Considerabl~ inf~rmation regarding the yield, quality, 
character, density, de-watering traat~ent and final 
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disposal of sewage sludge is contai~ed in Vol III of the 
document entitled "Preliminary En,rineering Design for the 
Sewag3 Treatment Plant". In particular Paras19.8.1.; 19.9.4; 
19.10.2; and 19.10.3 are important. 

2.4.2~ The sewage sludge is to be substantially de-watered by passing 
it through ~ filter belt . press, in order to reduce the moistur. 
frum 97'1i w/w to 7()'1, w/w OR LESS. It should be noted that 
the Specification proposals for the Composting Plant envisage 
a sewage sludge with a moisture content of 66.6% w/w. 
After the sludge is de-watered it is proposed to store it 
at the sewage treatment plant for 90 days for which purpose 
a storage area of 28,200 K2 is to be provided. During this 
storage period IN BULK there will be som~ further small scale 
drying of the sludge by evaporation and there will be some 
SLOW an-aerobic decomposition of the sludge. The moisture 
level is too high and the storage in bulk is such that aerobic 
composting can not occur. 

2.4.3. The final disposal of the sludge will be by costly transport 
either to landfill or other places some considerable distance 
from the sewage treatment plant. 

2.4.5. The yield of sludge from the filter press will be 524~ per 
day and 365 days each year. This equates to 611M3 per •orking 
day of the Composting Plant. Thg density at emergenca from 
the filter pre-as is . 1 }OOkg'M3. · 
There will however be some subseauent bulking durin~ storage 

and handlirig. 
·The annual y~eld will be 200,000M3 ~f semi-dried sludge 
~ising in later phases of development of the sewage treatment 
plant to 300,000M3). 

The semi-dried sludge will be transported frcm the filter press 
to tte storage ar~as by ~he use of FIVE tipping lorries or 
12M3 capacity eact.. The distance of travel is 700metrec. 
THIS SAME EQUIPMENT COULD CONVENIENTLY DELIVF.R THE SLUD~E 
DIRECTLY AFTER PRODUCTIOY TO THE INLET OF TiIE COMPOSTING PLANT. 

To enable this to be done a proper vehicular access between 
the two plants will be needed. 

For the final dieposal of the F1udge from thP stor~ge area to 

I 
I 



off-site landfill or other disposal poiuts, it is proposed to 
provide FIFTEEN tipping lorries of 12~3 capacity-each, with 
the addition of ~ number of loading shovels ior loading the 
vehicles with sludge from the stock-piles. 
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EACH tipping lorry wiDl make FIVE trips in TWELVE HOURS each 
day and travel a total or at least 4?,000 kilometres per annum. 

2.4.8. Sami-dried Sewage Sludge is an excellent feedstock fer composting 
especially when incorpcrated with municipal refuse. It has 

2.4.9. 

a Carbon/Nitrogen Ratio (C/N) which may be taken as 8. The 
original feedstock specified for tha Composting Plant has a 
c/N Ratio of above 30. The incorporation of the wcole yield 
of sludge with the municipal refuse will reduce the C/N Ratio 
to about 20 at the commencement of composting. This will be 
highly beneficial to the process, will acclerate fermentation, 
produce a bett~r quality compost with a higher nitrogen content, 
and substantially increase the quantity of compost prodaced. 
It is calculatec the increase in quantity could be about 22%. 
(from 470 tonnes day to 600 tonnes day). The y1.eld from the 
municipal refuse alone without ,smx sewage sludge will be about 
350 tonnes day. 

De-catered sludge is usually addP.d to the refuse at the inlet 
of a composting plant where in the proceF,s of shredding and 
pulverisation it becomes thoughly incorporated and mixed with 
the refuse - the shredded refuse thus acts as an aeration media 
for the sludge. Sarplus moisture (over 55"~)is absorbed by refuse. 

(primary) · 
Sludge/as produced at a sewage treatment plant is in liquid form 
containing only about 3% w/w solid matter. If the solid content 
is increased it remains pumpable until.about a moisture content 
of Ql';~ w/•. Further dewc toring converts it slowly through 
a thickening stage to mud, thena highly plaatic stage, and 
at about 7<J% w/w moisture content it be~omes a firmish solid 
m~terial ~hich because of its density and nature is easily 
procebsed through a pulveriser mill. 
The '.iegree o~ dewatering is very i.mportant. At stages between 
a pumpable quality and a reasonabl·~ solid material it is 
difficult to transport and to incorporate in the composting 
pror.ess. One ter.der off er suggests to eliminate the need 
for processing water the sludge shoul~ only be de-wate1ed 
to level to give an overall correct fermentation moisture 
content in ~he total r.omposting feedstock. This would how-ever 
would create serious ~perational problems and r cannot 
... ncott•rro,.,.,ci 'thin prrictiee. 
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2.4 .12 

2.4.14 

The Specification for ~he Composting Plant provides 
for the incorporation tn feedstock of sludge of the 
nature proposeaLy the Sewage Treatment proposals to 
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the extent of 100 tonnes of dry solids per day. The 
yield from the sewage treatment works will be 246 tonnes 
per working day of the composting plant. Design {s ·· · 

deficient in specified capacity by 146 tonnes sludge 
dry solids per day. This could be accommodated by 
either adjusting the design with the successful tenderer 
at final design stage of the composting project OR increase 
the working hours • 

At the final contract design stage it is <E sirable that 
to make sure the throughput cripacity is f~ly adequate 
·-the-capacity of each stage of the plant and particularily 
the fermentation capacity is checked. 

To accommodate ALL the sludge produced by the sewage 
treatment plant in an EIGHT WOP·'CING SHIFT at the Composting 

• 
Plant the following are the revised inputs: 

Refuse 
Sludge 

Tonnes 

700 
66.6% w/w moisture..121 

1494 

The sl11dge wi i.1 contain surplus moisture above the 

Cubic Met1 

2400 
611 

3011 

optimu~ level for ITS OWN fermentation (66.6% w/w instead 
of 55% w/w) It will contain 238 tonnes dry solids ~nd 
556 tonnes moisture. 
The moisture requirement for the sludge fermentation is 
290 tonnes so there is a surplus of 266 tonnesof liquid. 

700 tonnes of refuse with a moisture content ot 30% w/w 
cont~ins 490 tonnes dry solids and 210 tonnes moisture. 
For optimum fermentation it needs 599 tonnes liquid. Its 
own inherent moiPture co~tent and the surplus from all the 
aludge is 476 ~ tonnes, so that the additional moisture 
requirements are ·123 tonnec. By incorporating ALL the 
sludge there is a daily sa.'ling of 266 M3 ot p: :>ceasing 

liquit1.· 

I have carefully studied the various technical reports 
ot the Consultants tor the Sewage Treatment Project and 
it would appear !rom investigations alrea~ made the sludge 
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will not coatain concentrations of heavy •etals, trace 
elements, or salinity which can prove to be deletrious to the 
soil or to growing crops when incorporated into compost. 

Careful laboratory control will be constantly necessary in this 
connection when the sewage works and the co&posting plant are 
both fully operational, in order to make sure that these 
concentrations remain at acceptable levels. 

The Specification for the Composting Plant in-corporates 
about HALF of the potential yielld of semi-dried sludge fr~m 

the_. pr~p~~ed sewage works. 

I STRONGLY RECOMMEND that at the FINAL DESIGN STAGE for the 
composting project its capacity be adjusted to enable it to 
prllCass the whole yield of sludge • 

... 
This policy would produce tne following benefits: 

a - The Feedstock Quality would be higher and 
the sludge co~tent facilitate the composting process. 

b - The .final compost will be or an improved quality 

c - The yield of compost will be increased by over 
twenty per cent. 

d - A substantial saving will be made in the qua~tity 
or processing water. 

e - The costly transportation of sludge for final 
off-site disposal will be eliminated. 

f - The Sludge Storage Area at the sewage works can 
be substantially reduced in area. 

2.5. Skilled Personnel 

2.5.1. The Sewage Treatment Project and the Composting Project when 
they are operational will both reauire certain high level skills 
such as eler:tricians, mechanical engineers, chemists and 
laboratory technicians. 

The Sewage TreatMent Proposals make a generous provision of 
these skills. It would appear (especially at a supervisory 
level) these skills could be jointly employed with considerable 
operational and financial benefit. 



8. 
3. THE SITE FOR THE COMPOSTING PLANT 

3.1. I attach three drawings to different scales whict show: 

a - The location of the site in relation to the built 
up erea of Damascus where the refuse to be processed 
will be generated. 

b - The Ghouta Area where the compost wil likely be 
utilised. 

c - The relationship of the site to the proposed 
sewage treatment plant. 

d - A similar drawing to the one supplied to the tenderer. 

3.2 The site is situated about 6 km east of Central Damascus near 
to the village of Ayn Terme. It adjoins the eastern boundary 
of the prop~sed sewage works site, and its so~thern boundary 
is near the River Parada. 

3.3. The site has a total area of about 11 hectares. It is generally 
flat cultivate~ land with a gentle slope of about 1 inlOO to the 
river. 
It contains some irrigation channels and num~rous mature and 
developing trees especially near to its boundaries. 

3.4. The geo-technical survey of the sewage works site suggests that 
similar conditions will extend to the Composting Plant Site. 
These are that the sub-surface strata consists of silty clay 
with sandy gravel lenses, and some gravel deposits especially 
near to the river. 
The ground bearing capacity is generally 1.5kg/cm2 ,·but there 
may be localised "soft-spots" or pocke~s with a bearing 
capacity in the region of 0.5kg/cm2• 
The ground water level is generally high and it fl•1ctuates 
in accordance with the top water level of the River Barada 
which is highest i~ January/February. Its average level 
is - 2 metres. 

3.5. The site is without.a satisfactory vehicular access at present. 

The sewage works proposals provide for vehicular a'cess to that 
site at the north-west corner of the site and at a point 1.2 
kilometres west of the composting site. There is available 
space in the sewage works site clear of operational areas alons 
its northern bo~ndary where an interconnecting road between 
the proposed se~age works access and the compcsting site could 
be constructed. For operational reasons how-ever this is not 
very desirable. 
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Prel:i.minary outline proposals exist to provide a vehicular 
access to the composting site alined in a north-south direction 
and connecting with the Damascus-Sakba Ro~d which is situated 
about 900 metres north of the composting site. This proposal 
has considerable merit and it could CONVENIENTLY BE USED 
JOINTLY BY THE SEWAGE WORKS AND THE COMPOSTING PLANT. 

3.7. Both plants will generate a considerable amount of vehicular 

3.a. 

3. 10 

.traffic. The composting Plant at least 300 vehicles per day 
and the sewage works at least 100 vehicles par day. The details 
are: 

Composting Plant 
175 Refuse Deliveries 
25 Reject Disposal 

100 Compost Collection 

Sewage Works 
75 Sludge Disposal 
25 Service & Delivery 

lt is extremely important in ~i~w of the lar~e traffic flows 
that the site layout for the composting plant makes ample 
provision for the parking of vehicles awaiting delivery 

or collection. Without such provision site congestion 
or the queuing of vehicles on the access roads can cause 
confusion and operational problems especially at peak periods. 

As the C\II'rent Specification provides for the reception of 
half the proposed sludge production from the proposed sewage 
works it is also important that pro~er vehicle access from 
the sludge filter press and the sludge storage area be provided 
so that sludge lorries can readily deliver the sludge directly 
to the reception inlet of the Composting Plant. 

Great care is required in the layout and development of the 
site to achieve its highest potential. 
The following area essential matters: 

a - A topogrARhical and geo-technical survey of the s~-~ 
is an URGENT necessity. as this will form the basiit 
for all other development decisions. 
This should have Jeen a11ailable when tenders were 
invited. 

b - The construction of a suitable vehicular a(cess is a 
matter or the highest priority. 

c.- Provision should be made in the final lay~ut for 
a - Adequate on-site parking f i:~.- vehicles 

awaiting to make delive~ies of refuse or 
to collect compost. 

b - A ~roper vehfcular P~cess to sewage works. 
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d - In view of the fluctuating but ge.1eral high level 
of the ground water deep excavations should be avoided. 
IF a deep reception bunker forms part o~. the accepted 
schame great care must be exercised t\J ensure that the 
bunkers 

a - Resist flotation when they are empty 
b - Remain ~ompletely water-tight at all times 

(Refuse in storage must be kept dry) 

e - The foundations for vibrating machinery such as 
pulveriser mills must not be sited where "soft-pocke~s" 
exist unless special foundations are designed. 

r - Drainage and other underground services should be planned 
and sited so that they can later be readily interconnecte1 
with those at the sewage works. 

r. The Final Layout shall ensure thP. retention of the 
maximum number of mature and developing trees. 

The cost of site acquisition is high, but it is certain that 
this will_) proved to be in the long term a very wise and 

economically sensible decision. 
It is a very EXCELLENT site in every respect, and particularily 
when considered in relation to traffic logistics and economy, . 
operational efficien~y, and environmental acceptability. 
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4. METHOD OF THE TECHNICAL APPRAISAL OF THE SUBMITTED SCHEMES 

~.1. The·examination of the technical files submitted in tne 
various "envelopes zu was mad.e at one C>f the offices of ~.ue 

Consulting Engineers appointed for the~Composting Project, namely: 

" The lieri.eral Company for Engineering and Consul ting " 
and in the presence of Mr Zouhair Wafa their Project.Manager 
and En.Mohamad Yo~ness (Professor in Damscus University) their 
Consultant. 

4.2. The essential technical data which I rEiuired for detailed 
examination and analysiG was obtained from each of the submitted 
documents, and was later assessed by me, but no document 
submitted with the tenders was at any time removed from the 
office of the Consulting EnginP.er. 

4.3. The method used for the technical evaluation includes: 

a - Deterwining the system of composting which is 
submitted, and assessing the layout of the various 
eleQents of the plant, together with the disposition 
type and size of the various processing units. 

b - Detailed examination and assessment of the technical 
data submitted with the achemes and especially 

1- Technical Data Sheet No 1 - "Design Criteria 
used in the Design of the Plant" 

2 -Tec.hnical Data Sheet No ? - "Guarantees of 
Plant Performance" 

This essential information was compared with accepted 

design parameters lJ determine the adequacy and 
competence of the submitted ptoposals 

c - Scrutiny of the technical files to determine the 
extent of compliance with with all the ninety 
items contained in the Book of Specification 

d - Ascertaining any deaign features which are questionable 
experimental, faulty, inadequate or are un-necessarily 
complicated. 

4 .4. The ELEVEN Tenders included a number of multiple submissions 
of variant or alterr.ative sche~es. These were each fully 
documented • 
i'vuM'r£EN complet.e sch•111tta were examined (ineludinll one s:.ibmission which 
:onsisted suosta~tially of two schemes.) -
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5. SP:.CIF:CATION Bf\OK 12. 

5.1. The Specification Book is a. comprehen~ive, sound and professional 
document, and it is clear that the insistence on submiRsion of 
detailed design criteria has resulted in a number of potential 

tenderers finding that they could not satisfy the precise 
demands of the document .aud in consequence did not submit offers. 

5.2. This is a !,.urn-Key Lump Sw:l Contract and it is important that 
the finally accepted scheme satisfies completely all the 

requirements of the Governate of Damascus. 

5.3 It is rare that in tendering for such a Contract any firm· can 
p1·~pare . a 100 per cent perfect submission. Some items are 
overlooked or omitted, some do not comply with specification, 
and some elements of design maf need later amendment to fully . 
satisfy. Unless the ommisions are highly significant or 
serious it is possible to make a decision regarding the 
pote&tial successful offer. The firm should then be required 
to submit a final scheme for approval as is required by Article 

10 (c) of the Conditions of Contract. 

5.4. In checking through the Specification Book I have found a slight 
difference in several places regaraing the design capacity of 

the plant. 
Annex VIII and Article 2 of the Conditions of Contract 

give the capacity correctly as being: 

700 tonnes of ref use per 8hr day and 300 tonnes 
of sewage sludge (66.6~ w/w water) per 8hr day 

and six days in each week 

In Specification 3.1 there is an additional proviso 
to this capacity which could be misleading which states 

"or alternatiyely at will the maximum amount of 
liquid sludge (97%w/w moisture) which the volume 
of refuse can contain" 

'l'he intention of the proviso should have read 
"and additionally at will" 

Liquid sludge (97% water) contains only 9 tonnes of solid 
matter in 300 tonnes of sludge and it was intended that this 
could be used in lieu of processing water~ Sludge with a 
~6.6% water content contains 100 tonnes of solid matter in 
300 tonnes of sludge and it has a solid volume of about 300 cubic 

metres. 

Each scheme is being examined as far as possible to ascertain 
that it can accommodate the .tJ.lll. capacity as intended by the 
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~pecification book, but it is very IMPORTANT that this matter be 

agreed with the successful tenderer before a final contract is 

ratified • 

6. GUIDESLINES FOR SCHEME SELECTION AND CONTRACT FINALISATION 

6.1. To avoid un-necessary repetition when I report on my examination 
of the various submissions, it was thought desirable to explain · 
a number of important factors which are essential in any scheme 
which will achieve successful commercial composting. These factors 
are in fact major guildelines in the selection of a suitable scheme 

and in the finaliGation of contract details. 

6.2. Composition of Feedstock 

It is extremely difficult and practically impossible to obtain an 
accurate analysis of municipal refuse, as every load of wa .~e is 
of a different composition to the next, and the composition of 
one days waste will not be the same as that on the following day • 

• 

Only one of the tenderers has taken the trouble to carry out his 
own ind.pendant investigation and refuse analysis. The results are 
in general similar to thosecontained in the Specification Book. 

The moisture content however is higher. 

The data in the Sp~cif .i.ca tton Book was obtained from detailed 
studies extending over a period of six weeks, and it is therefore 
unlikely that the recent private survey could be as comprehensive. 

Moisture content will vary widely according to season,and also the 
locality from which the refuse is generated. The composting plant 
must be capable of meeting the most adverse conditions and ther~fore 
the use of the lower moisture content for design purposes is very 

important. 

The moisture requirements in terms of supply of processing water 
in the schemes submitted vary from 10,000 litres per hour to 
70,000 litres per hour. An average requirement is 30,000 litres 

per hour. 

It is important to ensure that all plants should have an adeouate 
supply of processing liquid available should it be reouired -



the proceEsing liquid can be either well water, river water, screene< 

or settled sewage, or liquid sludge with a solids content which 
does not prevent it being pun:ped. 

6.3 The Composting Process - Fermentation 

The vital stage in the composting process is fermentation. It is 
the process whereby the organic matter present in the feedstock is 
converted by biological aerobic oxidative action to an accetable 
quality of compost. A composting plant must be designed to provide 
optimum conditions for the various micro-organisms ( bacteria, 
fungi Jnd actinomycetes) to flourish and so perform their essential 
task. The essential requirements are adequate but not excessive 
moisture and a good well distributed supply of oxyg~n. 

Micro-organisms can only absorb nutrients in a liquid form, and c.s 
the moisture content of composting material falls below the optimum 
level cf 55% 'N/w so does the growth of micro-organ~.sms also decline; 
and this growth stops al-together when a moisture level of 14% w/w i: 
reached. If the moisture level is greater than 55% w/w the 
interstices of the composting material become waterlogged and 
aerobic conditions can not be maintained.. The adjustment and 
maintenance of the correct moisture balance in the fermentation 

process is essential for succese. 

f; n .;ic' ecrna te supply of oxygen is eoually import~nt and oxygen 
depleted pockets of composting material must be prevented. 

A major aid to the fermentation process is the pre-shredding 

of the feedstock. Not only are bags, sacks and other cont~iners 
(which are filled with refuse)broken and shredded,but the whole 
of the feedstock is reduced to a maximum particle size,which because 
of the consld.erable increase in the surface area of the materL1l 
ennblesmoisture to be quickly absorbed and micro-org~nisms to 
proliforate. The process of shredding also entrains within the 
shredded material a well distributed supply of oxygen which is 
sufficient to start the fermentation process. 

If the fermenting material is left undisturbed it will increase 

in d~nsity by settlement and eventu~lly it will be compacted to ~ 
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to an impearm~able and oxygen dep1eted condition. When _oxy~en falls 

below 12 per cent aerobic fermentation will cease and the procens 

will become an-aerobic with disastrous results. 

6.4. Systems of Fermentation 

There are two pri~~iple methods: 

Enclosed :.1 which fermentation is carried out in die;ester 
towers or in rotary drums. 

Windrow in which fermentation is achieved by natur~l methods 
(by stock-piling or windrowing the feedstock in the 
open air or prefercibly vri thin fermentation ho.ngars.> 

The windrow method has three variations: 

Standard Windrows These ~re turned ~t re~ul~r 
(usually seven duily) intervals. 

Acclerated Windrows The windrows arc mechanically 
turned _and aerated at regular 
intervals under very controlled 
conditions. 

Sta tic Windrows, Stockpiles of prepnred feedstock 
(Extended Pile are formed on a specially preparec 

Forced Aeration) floor or pl;:i lf arm, and REMA Ir 
UNDISTl!RBED DUlHN':; THE WHOLE 
FF.PMENTJ\ TION PEP iOD. 
The floor or ul~tform iG providr.a 

with vents ~nd ducts through 
which air is forced or exhausted. 

6.5. Enclosed FermentRtion 

This system is extl·er11ely expensive in terms of capital investment. 

Manufacturers have therefore attempted to design on the b~siz of 
shorter and shorter fermentation retention periods. ThP. system 
can achieve excellent results PROVIDED THE PEHIOD OF ~ETENTION I~ 

SUFFICIENTLY LONG. 
The Specifi~ation requires a continuous period of fermentation at 
a temperature of 6o0c for four days ( 96 :1ours). '!'he following 
graph shows that with any fermentation process there is ~ latency 
and a e;rowth phase before a temper~ ture of 60°<: is .'1 t ta ined. 'J'hi:; 

period is never less than 24 hours ~nd can be two d~ys, no to 
satisfy the Specification a minimum retention periort of FIVE D~Y~ 
is ren 1lired 
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ZrtC I 
I • 

I L.:.'-+----l--------------1r---- Days 

(I) = la1t11cy plum~ 
(1) = g'nn·th phclf~ 
(]} = 1herm11pl1il plrasi 
fl) = mrJt11ri11g phuse 

fcrmcnt:nion Qi':Curs in four phaS4eS: . . 
(I) a latency phase cove~ing_ th~ time ~u1rcd h.'~ 

coloniz:uion of the medium by macrO-l>fian· 
isms (3b\lat one d3}l: : . 

(2) a gro""th phallc aci:ompanyan~ the n;c in 

temperature: 
(3) a therm"phil phase in "hi~h the tempcr;uar~ 

reacMs 6<f. It mullt n\lt last h"!O h~n~ fl'r 
othe~isc the or~3nic content of the .:om~'"l 
diminishes anJ only mineral climsx'ne:11S l•f 
no use for agriculture remain~ . 

(-') a mat\.:.rin~ phase taL.in~ l?la~ie .:ith::r ,,n_ .,~~'~-.: 
set ·aside at the climpo'\t1ni; plant o~. in .. :.r· 
tain CibS:S. in the lidJs :iftcr spre::uhn~. 

The Ji:igram below shO\\S the thcor.cti.:al .temp.:r;i· 
ture cur,·c for the aerobic co"'·crsaon ot refu'!-~-

All Enclosed Fermentation Systems rely heavily on a long period 
of maturation or curing subsequent to the actual so called ''fermentation 
stage. It is in the maturation process that the real biological 

action takes place. 

~one of the submitted schem~ using this method have a retention period 
as lon~ as FIVF. days -lone scheme only retains the feedstock for 24 houJS) 
To provide s<'ltisfactory fermentation the schemes would have to . 
subst~nti~lly incre~se the number of towers or drums. 

/\ major weakness of the enclosed system is its lack of operational 
flexibility. The system has to be designed to rigid maximum inputs 
and it is impossible to increase that rate. If part of a plant is 
temporarily out of action the remainder cannot absorb the load. 

W.H.O. has indicated that successful commercial composting should not, 
end need no~depend on the use of intensive mechanisation. The proceas 
is 11 biologic.:ll one, ;ind machinery should only be used to perform triak.r-; 
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~hich are physically difficult or are arduous for manual labour. 
The use of ~chinery should therefore be restricted to such matters as 

shreddinr. - mixing - screening - refining- and lifting, turnin~ 
loading and transpor~ing feedstock, composting material(at vari~us 
stagec) and final compost. 

It is found in practice that the TOTAL TIME required to produce ~ 
good quality compost is much the same with both the ·methods.of 
fermentation. 

6.6. Accelernted Windrow Fermentation 

The standard windrow system is waste~ul of land especially wh~n large 
throughput of feedstock is involved. The accelerated ·Rindrow system 
reduces space requirements and also reduces the time required for 
satisfactory fermentation. 
The process consists of forming windrows either in the normal fashion 
within a fermentation hanger, or placing the prepared feedstock into 
specially constructed contaiJing structures. The fermer1ting material 
is turned and mechanically aerated at regular intervals by special 
turning machines which can be operated automatically.• 

The system is a positive and flexible one and gives excellant results. 

6.7. Static Windrow Fermentation ( or ~xtended Pile Forced Aeration) 

several of the submitted schemes use this method of fermentation, and 
(as there is some doubt and controversy rega~ding its efficiency 
and reliability, especially where large throughputs of feedstock 

are concerned).it is important if such a scheme is favourably 
considered, that evidence should be presented indicating the 
Oieration ~f a syccessful composting plant, using the system, and 

~rocessing SL similar throughput ~o the Damascus Plant, and also 
operating under similar climatic conditions. An alternative 
course of action would be to negotiate for the conversion of the 
static windrow fermentation unit into an accelerated windrow unit. 

A few schemes are excellent in all respecUexcept for the system 
of fermentation which has been adopted. Relatively minor adjustment 
would be necessary to effect the conversion and produce an 
unquestionably reliable composting plant. 

In ~tJtic windrowing the prepared feedstock is deposited in huge 
stockpiles which contain up to.25,000 cubic metres of material. 
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The height of the stockpile is up to 3.5 metres. The material rests 
on a prepared base (·~ither in the open or in a fermentation hangar) 
and through the base.air is forced into the feed~tock or exhausted 

therefrom. At least that is the theory. In practice it is found 
that much of the air movement is along the interface between 
the feed~tock and ~ts base and containing ~tructure.· Aeration of 
static material in bulk is extremely difficult to achieve, AS IN 
THIS ~YSTEM NO MECHANICAL TURNING OF THE FEEDSTOCK IS PRACTISED. 
Any homogenous material placed in stockpile will slowly settle 
and increase in density,and mass aeration · .by induced air systems 
is not reliable and becomes more uncertain as the feedstock 
density increases. 

It is possible that some composting plants with relatively small 

throughput of feedstock have given some acceptable results. In these 
cases it i~ relatively easy to manipulate the fermenting material. 
uith l~rge quantities this is not possible. • 

It is noteworthy that one scheme submitted a basic offer using 
this system, and also an alternative using the accelerated windrow 
system. The alternative system reduces the time required to 
produce compost by 14 days, it increases the yield of compost by 
forty per cent, and it results in a substantial reduction in the 

size and area.of the fermentation unit. 

All the schemes usine Static Windrowing precribe long periods for 

subseouent maturation. 

6.a Moisture Adjustment of Feedstock 
Mott of the submitted schemes make satisfactory provision for adjustment 

of the moisture level of the shredded refuse. A few h ·:reverare deficient 
in this respect. In one scheme no water is added until after 
the shredded refuse has been retained for ten days in the fermentation 
unit, and then water or liquid is only applied during the mechanical 
turning of the material. It is important in the early stage of . 
fermentation to maintain a correct moisture balance in order to induce 
rapid fermentation(which is marked by a quick rise in temperatureJ. 
The process nf adding water during compost turning results in a great , 
loss of liquid by rapid evaporation, and the whole process is very 
in-efficient. 
It is very iuportant that all schemes have efficient means for moisture l 
adjustment with a capacity great enough to adjust the moisture level l 
of the driest refuse under the most adverse climatic conditions. 



Comcoct Processing Loss 

During the fermentation process the organic carbon contained in . 
the feedstock in various forms (pectins, cellulose and lignins) 
break down at different speeds. The vegetable matter rapidly 
decays, and at a slower rate the paper, but woody materials are 
much more resistent. The micro organisms which effect the 
decomposition (bacteria, fungi and actinomycetes) utilist 30 
parts of carbon to one of nitrogen. 

The carbon is cor.verted ;_:uto heat which creates the pasteuri.sing . 
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te~perature of fermen'.;ation, carbon dioxide gas is produced and this 
is discharged naturally to atmosphere, and moisture is released 
by rupture of cell tissue ·ana emerges as water vapour. 

There is in consequence a considerable loss of weight in the 
feedstock. TKIS IS UNAVOIDABLE. 

Calculation of potential compost yie1d must take this factor into 

account. One submitted scheme has not done so. 

In the schemes examined apart from two which are obviously in error, 
the range of composting loss is from 14%w/w to 20%w/w of the 
feedstock input. I have calculated a figure or 18Zw/w from compariscn 
of the Carbon/ Nitrogen Ratio of the feedstock and the potential 
c/N Ratio of the final compost. 

One of the submitted schemes indicated there would be No composting 
loss and another gave a figure of 5%w/w both of which are manifestly 
absurd. 

& • 1 D. Yield of Compost 

The efficiency of the ferruentation process will to some extent 
influence the level of' the Composting Processing Loss, but the 
mechanical efficiency of the refining units will determine the 
percentage of reject material. The average level of non-compostable 
material in the feedstock is 20%w/w but it is impossible to restrict 
the weight of reject material to that level. The refining units 
inevitably entrain some compost in the mass of the rejects so that 
the percentage of rejects will alwa:rs be higher than the non­
compostable material in the feedstock. 

In thn schemfS submitted one gave the same value for rejects as 
that of the non-compostable material in tha feedstock on which the 

. 
design was based. This is q~ite unattainable. Design 1a 

generally bosed on 20~ w/w non-compostable material in feedstock 
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and the range of actual ;:-ejects varies from 24P w/w to 38'.~ w/w - The avera;~e 

!."or nll schm::es is 32% w/w. 

It is reosonable to expect the reliable yield of compost will be 
(or ought to be) about 50% w/w of the original throughput. 
In the Gubmi tted schemes the predicted yield of compost ranges from 

32% w/.1:/ up to 55;';; w/w/ ( excluding the schemes where there is no 

allowance for composting loss and where an in~ccurate compost 
processing loss is quoted). The average for all the schemes is 

48% w/w. 

6.11. Compost Production Time 

The period required for full compost production varies considerably with 

each of the submitted schemes,and the range is 42days to 201 days. 

The most rapid production is with accelerated windrow schemes and ~11 
the schemes with this system of fermentation are within the range 
of 42days to 50 dnys. I would expect any efficie .t scheme to 
producP. good quality compost in a period not exceedir.g sixty days. 

G.12.Sanitisation or Pasteurisation of Compost 

Various international standards including the recommendation of the 
World Heci.l th Organisation is that compost made from refuse 
aLd I or sewage sludge shall be fermented for a £.Qntinuous period of 

four days (96hours) at a temperature not less than 6o0c, and this 
is a requirement of the Specification Book (Annex iX para a ). 
As the pasteurising temperature is only reach after the first ~4 hours 
of the fermentation process (under optimum conditions) this requirement 

means that all refuse must be fermented for a period of at least ~ 

days. 

-·-o. 13. Mechgnisa ti on 

The ;:;rea ter the number of uni ts of machinery in a plant, the gre;.i ter 

becomes t~e maintenance problem. h sm~ll number of larger units 
is far more reliable than a large number of small unita. Large 
units are usually more robust in construction, provide grenter 
reserve cr•pt'IC'ity, rtnd resist wear and tear better than small units. 

For this reAson TWIN- FLOWLINE PLANTS are preferable to plants 
where there are three or more f lowlines for lhe processing of the 

snme f9eJ~tock throughpvt. 
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The most desirable composting plant is o~e with a clean anti si~ple 
layout of its metchinery, and which incorporates the minimum number 
of operating units. Conveyor systems can be complicated and one scheme 
which has been submitt~d provides 68 conveyors which have a total 
length of 1200 metres.This compares with another competent scheme wnich 
provides only 33 conveyors and a considerably shorter total length. 

An enJineering maxim is that every metre length of a conveyor is 
another potential maintenance problem. The Specification Book 
reauires that conveyors shall be as short and as few in nu:nbdr a$ 

is re<isonetbly practical. 

The ~~mmer mill type of pulveriser is an essential unit, as it not 
only reduces the refuse to a 111aximum particle size of about 150mm but 
its acti~n destroys the eggs, larvea and pupae of flies with which most ~ 

incoming refuse is innoculated. / 

There are niny types of hammer mill(horizontal(single and double rotor) 
and also a ~ertical rotor type). The relative efficiency varies widely. 
Only a few makes of mill have the capacity reauired by this plant 
for twin C1 nw li11e operation of a throughput of 50 t/hr for each line. 

·In any plant which has to shred refuse the installation of the largest 
capacity mill available(within economic limits)is a wise iri~~stment. 
The large =nill is of substantial and robust construction, it ·will 
adeouately resist damage from extraneous causes and from normal wear 
and tear, it will pro·ride useful reserve capacity and generally it 
is more reliable in action. A number of schemes have provided THREE or 
FOUR instead of two initial flow lines because the largest size 
of mill of the type proposed to be used is too smc.11 for a twin line 
plant. The effect of this has been to increase the number of conveyors 
and generally complicate the plant layout. 

One scheme proposes as an alternative to the hammer mill shredder an 
impact crusher unit. This merely reduces the volume of the refus~ 
but does not ef f ec ti vely shrea ;_ ~ \.o a selected par tic le size which 
is necessary for efficient compost, and. equally important it 1oes not 
destroy the eggs larvea and pupae of developing flies. 

6.14. ~hrecder Mill Maintenance 
A mill should be capable of dealing with the whole or unsorted refuse 
(except "or large extraneous objects), c-;.1d tins and metal should not 
be removed until after the shredding process,as th~act as a useful 
mill cleanin~ Dgent. 

The hammers within a mill wear at different rates ~ccording to type 
nnd m~ke of mill, but as they wear the efficiency of the ~111 declines 
,,,., to mq.;nt..,in 1.hroll!rhput thity h.::ive either to b~ re,,ev~ed or re•F:\csd. 

I 



The cost of balmier aaiDtenance and renewal is a significant item in 
t~A totai operational. cost of a pl.a11.t. 

2.2. 

!he tne aad the 11.waber of hammers in d1fferent types of pulveriser ll!ll 
vary wiclel.7. In the submitted. sche•a the auaber of balnera ranges f::-om 
12 to 96 per llill. Kost tJPe of bamllera bave a aerie .1 of wearing ~aces 
and to bring them into use the position of the bamaera ~. to be changed 
at regular iJltervaJ:a. or with one tne of mill the •om. hallaers are 
refaced b7 a wel.di.Jlg process. The tomaage of feedstock which C8ll be 
shredded between each cballge of !lammer or each re-fac:ing varies •ith 
differeat makes of lli.l1. Eventua1~ al1 haamers have to be re-placed. 
and the tomaage ldfe of a aet of hammers 1.a important. 

The ti.me and --hours required to effect a change of ~rs ··~ to. 
re-tac~ the worn cmes determ:i.nea to some degree tlu un-avoiclable 

11doll!l-time 11 of the plant. 

In most respects the vertica.1 hallmer mill is the most efficient and least 
c.:>atl.7 iJl this respect. It i.a designed · that at the touch of a aitch 
the rotatioc. of the llil.J.. caa be reversed ar.cl thus bring into operatio11. 
new U-r ta.:••• with a conaequental... filt7 per ce11.t saving i.D doq-ti.me. 

In this tJPe of ail.i the worn be.11J1er faces can be re-faced bT·a welding 
process without the necesait7 of removiDg the ha.L.:.mers from the zllll.. 
Re-facing ca11. be doae up to ten ti.mes before new hammers are require~. 

6.15. !rransport aad Kob:ile Handling !9111.pment 

Efficient t;rpea of veh:i.c1e and mobile halldl.i.Dg equipment are as esseatial 
to the successful. operation of a composting plant as the major i.Dstall.a.tion 
itsel.f. The wrong tnes can resu1.t i.D un-necessary cost and inflexible 
and frustrating operatimi. 

Staadardi.sation of tnes is esaeatial.. to ensure that the7 can be 
interchanged for various di.t~reat duties. In one submitted schem~ 
losding shovels of different motive power is proposed.. 

In a composting plant a considerabl.e volume of material.. bas to be 
regula.ril7 ban.dlecl and moved, and these ~p,.,ratiOJls include: 

a - reeding the pla11t (b7 loading shovel); 

b - MoYizag material. from one proce~aiD.g unit to aaother; 

c - Col1ecting aad disposing of precess re~ects; 

d - Stock-pi .. i.Jlg of materials aad Ii.Dal composq 

e - Loading of finished. compo•t into deliver;r vehicl.es. 

Specification 5.10 requires that ALL transport and aohil.e equipment whir,a 
ia 11eceaear7 tor the efficient operation of the p~t SHALL be provide~. 
The specification cletail.a preci .. re~~irementa for bulk transportation 
nhicles and for loating abovel•• In m1;1.11t of the aublli.tted schemes these 
require.aents have not beea obaerved. 

Appendiz 1 gives detail.a of Bulk Trasport Vehicles of various types 
together(for comparative purpoaea)of current operating costs in Britain 
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~nly ONE of the submitted schemes h~s observed this Specification, 
the rEmpinder have substituted Bulk Tr~nsport Vehicles of an inferior 

and operntionally less flexibl~ type than the ones specified. 

'l'he specification for the loading shovels w;;is precis~· in its requirements 

that they should: 
a - be four wheeled drive 
b - Have buckets with a minimum capacity of 3 cubic metres 

c.- Have the buckets fitted ~ith retaininb clamps to ensur~ 
a FULL bucket at each operation. 

In almost all the submitted schemes,one o:: more of these reouirements 
hnve been ignored. In one scheme the proposal is for a loading Ghovel 

with a bucket of 1.4 cubic metres and a power of 38 hp. 

The NUI.i!BER of Transport Vehicles and Loading !';hovels is cener::illy 
insufficient. At least one spare or reserve Bulk Tr3nsport Vehicle 

and Loading Shovel should be supplied. 

The heal th of the drivers of loading r;hovels recrnires that the cars b~ 
dust proof a.nd be air-conditioned. 

6.16. Reception House Design, 
Fer public health reasons ~nd in the interests of preventing 

environmer.tal nuis6r;ce from dust, litter, 
(this is the part of t~e plant where liv1 
refuse are rele•sed in lari:e numbers), ti. ;charge of refuse MUST 
within a total enclosed building which is ,_.ipped with efficient 
dust-aspiration system and adequate fly and insect electrecutJrs. 

Only a few of the submitted schemes have complied With the reouiremeuto 
of Specification Book para 4,10 which prescribes detailed and clear 
requirements. Some schemes meet P"rt of the proposal except that 
the wholii front of the building is provided with a series of nccess doo 

(11 or more) which when open do not conform to the ideo of 1ot•J. 
enclosure. Th• doors are fitted with automatic closure devices, but 
ot peok delivery periods it will be found that these doors ore r•'<•lY 

closed, 
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Compost Refinir.g & Clea_1ing Units 

Mcture compost must be cleaned and graded to make it commercially 

accept3ble. Most of the submitted schemes include adequate 
refining plant, but in a number of cases some simplification 
is required to reduce the number and length of conveyor 

systems. 

6.18 Truffic Movement 

Considerable vehicular traffic will be generated by the 
composting plant and congestion will arise at pPak periods 
unless provision is made within the site for the temporary 
parking of vehicles while theywait to make deliveries,or to 
collect compost. Only one submitted scheme has provided 
for this, despite the clear requirements of Zpecification 4.10 

Although this was NOT specified the final scheme must provide 
for ade-quate vehiculDr access to the sewage works site to 
facilitate the delivery of sewage sludge to the composting 

plr1nt. 

6.19 Enforcement of Specifications 

The ;.pe~ific3tion Book reflects the many principles and factors 

m~ntioned in this chapter. When the final contract is agreed 
it must be ma~e clear to wha~ extent the specifications will 
be enforced or (subject to negotiation)· be suitably amended. 
If this is not done it can lead to :ontractual disputes at a 

later stage. 
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REPORT ON THE TECHNICAL EVALUA~ION OF INDIVIDUAL SUBMITTED SCHEMES 

7.1 The reports on each of the schemes submitted is presented in a 
uniform manner to enable easy comparisor of schemes to be made 

7.2. The reports are presenten in alphabetical order according to tthe 
name of the te~derer. 

7.3. My examination ~f the submitted scheme~ has not included a detailed 
study of the civil, mechanical and electrical engineering features 
other t~an in res~ect of ~~ecific features such as PVlveriser Mills. 

The architectural design of the various buildings has(other than in 
a superficial way) been dis-regarded. 

These are all matters which are clearly the responsibility of the 
Consulting Engineers for the project. I have therefore confined 
my investigations to the Compost Processing F.ngineering Aspects. 

7.4. It has however been necess~ry to check a few schemes purely for 
indicative purposes to ascertain the extent of mechanisation of the 
various submissions. Each unit of machinery and each metre of 
conveyor belt is a potential source for breakdown and consequent 
delay in compost production. A more detailed analysis of this 

should be done by the Consulting Engineers. 

7.5. Simplicity in mechanisation and high quality machines are an 
essential.ingredient of a successful plant. 

?.5. The in~3istence of strict observance of the Specification for the 
Reception Hall is not merely to prevent environmental nuisance, 
but also to ensure reliability and flexibility. The alternative 
Grab Crane and Storage Bunker systems can in the case of blockage 
or mechanical fault stop production completely, whereas a defective 
loading shovel can be speedily replaced. 

7.6 I have to strictly conform to the policy laid down by Unido for its 
Consultants t\P in no way infuence who shall be the successful 
tenderer. Therefore I shall not state my technical preferences 
by means or a grading system or in priority order but will list 

the schemes nt the conclusions or this report in 
categories 

a - Schemes suitable and satisfactory 
~ local requireme~ts. 

b - vchemes which subject to amendment 
c 

acceptable. 
Sc hemeG wh1c h are unsa ti cf ac tory • 

the f'ollowing 

to meet 

could be 
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7.G From this classification of the submitted schemes, and after 
consideraticn of the tender prices one or more schemes may 
be selected for further negotiation and/ or amendment. 

The preparation of the final scheme which will be the subjec~ 
of the contract aust be comprehensive in scope ."\nd competantly 
executed. It should be tec:uiically assessed in considerable 
detail before being finally approved. This nssessment need 
not rc~uire the technical expert to visit Damascus provided 
he is supplied with the necessary documentation and is ~t 
liberty to consult with the designers of the scheme. Any 
reports can be speedily transmitted by telex. 

8. THF. n:DIVIDU/\L SUPMITTED SCHEME!"; 

b.1. The det~iled reports on each of the ineividUCll sulmitted 
sch~mes ~ppear in the following order: 

1 • 
"') 
'-. 

5. 
6. 
7. 
8. 
9. 

Andritz -
Eartolomeis 
B C Berlin 
Buhler 
Dcineco 

- Italy 
- "',Vest ilerm11ny 

S\':i tzerland 

Italy 

Degremont France 
Milihouse - Syria (Basic Scheme) 

-do-

-do-

(Jl·.L.ternativei 1) 
(Altern::itive 2) 

10. Segoure Freres - Frnnce 
11. Sn~~~:ogetti - It~ly 
12. Thyssen Engineering - WestGermany (Variant 1) 
13. -do- (Variant 2) 

14. - 0 .T.V. Frnnce 
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TECHNICAL ANALYSIS ABD EV.l.LlJ.A.TIOB OF COMPOSTING SCHEME 

TENDERING FIRM: .D"DRITZ Vienna Austria 

SYSTEM: Static Windrow (Rutbner) (Sxtended pile forced aeration) 

ELEMEN'rS OF SYSTEM: Shredding - Mixing - Fermentation - RefiAi.ag - Maturation 
(NOTE: Refining precedes maturation) 

!IUMBER OF FLOW-LINES: TIO but on17 one fermentation unit. 

QUALITY: 

Reasonable a - Technical Docuaents: 

b - Site La7out: l1n-satisfac~or7 - Crai..~ed and restricted 
although ~ ,,f site area not used 

c - Macbi.ner,. LaJ'oU: 

d - Buildings: 

FairlJ' simple and un.-complicated. 

Mediocre - Gatehouse inclu4es telephone 
switchboard and weighbridge control 

COMPLIANCE WITH 90 SPECinC.A.TIOB IDHS (per cent) 87 

P:SOCESSIBG DAT.A.: 

a - Design Throughput Cfshrs/daJ') J.s specified. 

b - Rejecte ( -~•/•of throughput) 
Bon-compostible in feedstock: 24 (Andritz design data) 
Mechanical.: extracti~n loss 18 

;~~!!:¥;~;g~~--====-!2 
c - Compost ~rocessing Loss (% •!• throughput) 17 

d - Total Yield of Compost (% •/• throughput) 31 to 51 .A.VERA.GE 41% 

e - Processing Ti•e Cda7s) 
Fermentation: 21 
Maturation and Curing 180 

~otal Production Time 201 ============================== 
f - Storage Facilities for Production: (months) 5 
g - Constructional Period (Contract to Commercial Operation in months)t ? 

h - Processing Liquid (Litres per hour) 27,500 

i - £lectricit7 (kwh/8hrcla7) 12,200 

j - Pulveriser Mill· Maintenance: 
Number of hammers: 
Tonnage between change: 
Life of Hammers (tonnes): 
Labour to Change (Man/hours) 

k - Total Personnel: 

TECHNICAL OESERVATIONS ON COMPOSTING SYSTEM 

30 
2500 (7 days) 
25000 (3 months) 

8 

75 

a - Fermentation is by means of stoth; windrowing using ~tbeniiexrte11nat·ebd~pigloem~l!iorccaetde" aeration system. Tb.ere is one large !erment,0tion ~ 
system o! underfloor air ducts using 8000 M our o r ~r 2 ou • per aaj 
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~ - After fermentation the feedstock is then cleaned. 
Co:irse compost ONLY being Screened. ·rhe CLF.J\NED material 
is then taken to Maturation Storage 'NHERE f~OISTURE is added 
( This suggest that the fermentation process is in-efficient) 
Hedi um ;: 'ld Fine Compost is matured wi ~hin ~ storage building. 

None. 

GENF:RJ\.L f,SSES.'.:~F.NT 

~ - The site layout is cramped and restricted Dnd extensions of 
the rece. ption hall would be impossible. No on-site parkine 
for delivery and collection vehicles is provided 

b - The process for production of compost is too long and personnel 
reouirements too high. 

c .- 'l'he long maturation process indicates that the str.tic windrow 
ferment~tion process is not reliable. 

d - If consideration is given to adopting this scheme it is suggested 
thot the static fermentation system be converted to a accelera·ced 
fermentation system by the supply of the necessary number of 
suitable windrow turning machines. The Maturation period can then 
be substantially reduced. 
Other items which would require attention are: 

1 - The various open air processing areas shoulci be 
properly surfaced and drained - It is uncertain from the 
documents to what extent this is to be done. 

2 - The Bulk Transport Vehicles and the Loading Shovels 
to comply strictly with Specification 8nd be all of the 
SAME type. 

3 - The Reception Hall to be TOTALLY enclosed (Not provided 
with multiple access doors) and a 15 air change per hour 
dust aspiration system provided - Insect Electrectors 
to be also installed. 

4 - The site l~yout should be re-planned to provide for 
better distribution of buildings and plnnt, secure 
better tr~fic circulation aQd include ~dequate vehicle 
p~rkin( - Access to sewage works site to be included. 
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TEClllHC"L ANALY!;IS AND EV'LU\TION OF COMPOSTING .:XllEME 

TENDERING FIRM: ·de BARTCLOMEIS Milan ITALY 

SYSTEM: 

F.LEHENT!: OF · .:;y !;·rF.M: 

Seperation and Static ~indrowing (extended pile aer~tio. 

Iron remov~l, grinding - homegenising and classifyin~ 
fermentation - Refin~ - Maturing 

NUMBER OF FLOW-LINF.S: 

QUALITY: 

TJIN with 4 Cl~s;ifer Drums and One 
Fermentation Unit 

a - Technic~l Documenta: 
b - Site L,yout: 

Unsatisfactory - Technic.11.. Data Sheets 
r.ot supplied - Verbose 

c - MachinPry I~yout: 

d - Buildines: 

!?D tisf~c tory - only 62~ .. site are;.i used 
Too gre:Jt a degree of mec::hanis . ..,tion 

Average 

COMPLIANCF. '.\'ITH 90 ;.rF.CIFICATION ITEMS ( per cent): 75 per cent 

PROCE.'.;!;lNG DAT": 

:i - Desicn throur,hput (8hr/day): r.s specified 
b - Rejects ( % w/w throughput); 

Non-compostible in feedstock: 2g 
·Mechanical extraction loss: 1 ;;.."'---

·rotal Rejects: 35 
------------------------------------------------------

c - Compo·7 t processin~ loss ( %w/w throughput) : 1 l~ 

d - Total yield of compost ( Sw/w throughput): 51 
f - Processing time (days): 

Fermentation: 21 
Maturation & Cur in~: _3_5 __ 
Total Production Time: 56 
--------------------------------------------------------

c - ~tor~~c facilities for Product (monthc): 5 
h - Conclructionf'll Period (contract to Commercial Operat..i_on in months) 

rfot eiv. 
i - Proces3in~ liquid (litres per hour): 20,000 

j - Electricity Kwh (8hr day): Datn not supplied 
k - Pulvcricer ·Mill Maintenance: 

Number of Hammers: CruGhers are used inst~ad 
Tonnage use between chan~e: of pulverisers 
Life of Hnmmers (tonnes): T~in rotors are 
Labour to change (man/hrs) removed t:!nd repl:iced 

1 - Tot~l Pcrr.onnel: 3S needed 
24 (This is cle;;irly in.:iclequate) 

'l'F.f:HNICAL OB:::l·'.lNJ\TlON!; ON COMPO~TING ~YSTEM 

[I - '!'his .scheu1c if: unucual. Instead of the custo111Dry shredcang of feedstock 
i~ ~ pulveriser mill it su~stjtutes D sep~ration cyatem as follows: 

:·~~~''l ~'~: ov.~l - t1rinding in a Grinder/Crusher - .'.'Pt Pulveris;i ticn 
i:·. ·· Rc.lriry :!or.1011;eniser Drum (1:?.':M Y. 3.5i·'. :!i1 ;~rid 12 RP'.'.) -
.·crr-0nii".f" t.'J r0::tOV•? ..,ll .'1bove 20mm pPrticl•1 :::l:'.P.~ 
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b. - TLe ore-tre~ted and separRted feedstock is then conveyed to 
a sinr,le large ferment3:ion hanger ~here it is spread by overhe~d 
bridge gantry to form c;n extended windrow using the static windrowinr; 
method (see p0ra 6.7) of forced aeration. 

c - f..f ter fermen ta ti on it pnsees through the refining unit before it goe!> 
for fin~l m..,turation. 

MJ'.JOR m:I.SSION ~or: Tr.:cHNICAL SUBMISSION 

All the Technic~l Dat~ Sheets required to be submitted in the Technical 
File by Specifict:tion 2.b.c. have been omitted. The assessrnent of this 
scheme has therefore been more difficult and complicated. 

D The pre-tre~tment system for feedstock is complicated and is not 
suit . .,ble for Imm-scus Conditions. It requires n e;reat dec:1l of machinery 
which woulJ not be reauired with ~n efficient pulveris~tion system. 

b The .Static ~indrowing Fermentation Unit is of fairly st3n<lard design for 
extended pile forced aeration but for reliability and speed of fermentation 

- windrow turning is desirable. 

c The screenin~ of feed~tock before fermentation to a 20 mm size suggests 
thot the quantity of rejects will be considerably greater than the 
stated fi~ure, ~nd that the yield of compost will according be very much 
lower th;in t.he st...,ted figure. 

d The refinin~ of fermented material before maturation is unusu~l 

e The following items do not comply with Specifications: 
i - The 'Recept.ion House is not Totally enclosed - it 

h~s multiple doors at the front. The dust aspiration 
system does not provide 15 air changes per hour 

ii - ... ~f!adequa te details are provided of the Trnnsport and 
Mobile Equipment to be supplied. 
'I'he lo~ding shovels are too small and of inade3uate 
po3~r and design The bucket capacity is 1.5 M instead of 
3M 

iii -

f The Site ~ccess ie from the proposP.d sewagP works site. 

g - tfo provision hus been mc.:de for Heavy Vehicles Parking near to potentil"ll 
cong~stion points. 

ALTERNI\ TIV~ FERMENTATION SY.S'I'EM 
D - tn ~lternativ~ to the.above Fermentation Unit is the nrovision of 

an acceleroted windrowing system in which the windrows are moved ~nrl 
turn by a sy~tem of sugers. This system is superior to the static 
me~hod but c:iur.P.r ·,1;indrow turners are not as efficient :.s other syr.tP.ms 
of windrow turaihp;. 

h. This cchem~ evP.n with th~ oltern~tive system of ferment1tion c~n not 
be recommended as .;uit.'.lble for the Dom<iscus Pl~•nt. 
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TECHNICAL ANALYSIS AND EVA'.UATION OF COHPO!JTING :;1:m:r-tE 

TENDERING F'IRM: B.C.BERLUl CONSULTANTS GMBH DlOOO BERLIN10 West Ger~ny 

!JYSTEM: Accelerated Windrowing (Siloda \!/heel) 

F..LEHENT~ OF ~Y~TEM: Shredding - Fermentation - Maturation - Refining 

NUMBER OF FLOW-LINF.5: '!WO 

QUALITY: 

a - Technlc~l Documents: Excellent - comprehensive but concise­
b - Site i...,yout: Excellent - makes good use of site 
c - Machinery r~yout: Excellent - compact and simple 
d - Buildin~s: Good 

COMPLIANCF. ~ITH 90 ;.rF.CIFICATION ITEMS ( per cent): 94 

PROCE.'.;5ING Di\ TA: 

n - Design throu~hput {8hr/day): 
b - Rejects ( % w/w throughput); 

Refuse only but o~tion for sludge 
and 16 hour oper~tion 

Non-compostible in feedstock: 20 
Mech~nicDl extraction losu: T2 

'l'otal Rejects: 32 
====================~====== 

c - Compoc;t proces?ing loss 
d - Total yiEld of compost 
r - Processin~ time (dnys): 

( %w/w throu~hput): 

( jw/w throu~hput): 

14 

54 

Fermentntion: 8 
Maturation & Curing: 42 __ _ 

Total Production Tt-mc: 50 
• =================~===: ~=~=== 

f. - .::;tor~r facilities for Product (month:::): 5 
h - Con£truc tion;il Period (contract to Commercinl Opcr;1 lion· in t:'lcn the) 20 

i - Procensin~ liquid (litres per hour): 30,500 
j - Electricity Kwh {8hr day): 13.400 
k - PulveriGer Mill Maintenance: 

1 - Tot~l rcrsonnel: 

Number of H.~mmers: 30 
Tonnae;e use between ch.,n~P.: 2500 (7 days) 
Life or H.,mmerG ( tc1nnes): 25000 (3 months) 
Labour to chanr,e (m~n/hri>) 8 

56 

'L'F.GHtSICAL OT3:;1·'.HVA 'J'IONG ON COMPO!;TING ~YSTEM 

a - ThiE is an excellent, efficient and flexible system and the scheme 
is ~ell prepnred. 
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E,C.BERLIN ? .._ 

I 

b _ The accelerated windrowing system is one of the best currently 
available, 

c _ 'l'he uulveriser mills are the moet popular type ~n use for shredding 
refuse - they are highly efficient and very reliable. 

c -The 111.:!turation ~nd curing system ~mploys pile forming o~d withdrawing 
m~chines which en~ble stock-piles to be formed to a height of 7 metres 
thus ensurin~ a trem~ndous saving in the use of site ~rea and in the 
a.re.a. of p~·-1ed surface • 

d - The rejects from the refining unit are returned to the inlet of 
the pl ... nt - thus ensll!'ing the meximum yield of compost, and the 
smallest qu.:-intity of rejects, 

Sludge Feedstock is not included in basic design but is given as ~n 

GF.IiERJ' L 
I option 

a - ~ubject to the inclusion for the processing of semi dried sew~ge 
slud~e of thP- option detailed in the submission, this is a very 
excellent scheme which meets all the requirements ror an economical, 
ef 1:icient, flexible and reliable composting pl;int. 

b - The followin~ matters must be considered: 

i - 'T'he provision of CJ dust aspiration system ziving 
15 air changes per hour to be provided in Lhe reception 
house. ~dequate fly and insect electrecutors to be 

?. lso provided. 

ii - The Eulk Transport Vehicles to be of the type specified. 
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TECHNICAL ANALY~IS AN.D EVALU\TION OF COMPOSTING !;CHEl-1E 

TENDERING F'IRM: BUHLER Uzwill 

SYSTEM: Accelerated Windrow. 

ELEHENTC OF !;Y~TEM· Shredding - Screening - Mixing - Fermentation/Curing 

NUMBER OF FLOW-LINF.~: TWO 

QUALITY: 
a - Technicnl Documcnta: Excellent 

Excellent 
Excellent. 

and comprehel!sive 
b - Site L:iyout: 
c - Machinery r .. ,you t: 
d - Buildines: 

Only 50 per cent site area 
utilised. 

Good 

COMPLIJ\NCF. 'HTII 90 ;.rF.CIFICATION ITEMS ( per cent): 95 
PROCE!;SING DATA: 

~ - Desi~n throu~hput (8hr/day): As specified 
b - Rejects ( % w/w throughput); 

Non-compostible in feedstock: 
Mcch~nical extraction loss: 

21.5 (Buhlers Data) 
7.0 

'l'otal Rejects: 28.5 
==:=================~====== 

17.7 
53.8 

c - Comp()<;:'"t processing loss ( %w/w throughput): 
d - Total yield of compost ( Sw/w throughput): 
f - Processin~ time (days): 

Fermen tn ti on: 
Maturation & Curing: 

) 43 (joint process) 
) 

Total Production Time: 43 
--------------------------------------------------------

C - ~tor~cc facilitLcs for Product (mon the): 5 
h - Conctruction;il Period (contract to Commercial Opcrl1tion in mont.hc) 27 
i - Procc:..cin~ liquid (litres per hou~-): 21, 100 

j - Electricity·Kwh (8hr day): 12,000 

k - Pulvcricer Mill Maintenance: 
Number of H:lmmers: 
Tonnage use between change: 
Life of H;immers (tonnes): 
Labour to change (man~nrG) 

1 - Totnl Personnel: Not given - In envelope 3 

'l'P.l:HNICJ\L 013~r.l:VATION5 ON COMPOZTING SYSTEM 

24 
2,500 (7 day 

10000 (one month) 
12 

a. This is ~n excellent well plAnned scheme suitable in every respect 
to meet the rP.nuirements of Damescus. 
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b - The Pui vetiserShredr-rs are very efficient double rotor millt .. 

c - Fermentation is in ~ ·.:ow which are set up and turned by efficient 
windrow turning machiu~S which can be (optionall.y_}_-au.t.omatica~ly 
operated. The ~indrows are turned five times in six weeks during 
which process forced aeration is operated. 

MAJOR OMMISION~ Hf TZCHNICAL SUBMISSION ... 

a - No det;;ils of personnel required to. operate the- ;!.:::nt. 

GF.NERAL AS3ES:>HEN'!' 

a - There nre a number o( matters where compliance with the specification 
is desirable : 

1 - The Rulk Transport \'ehicles do not m·eet requirements 

2.- The Loading Shovelare of a typewhich do noc comply with 
requirements; 

i - The buckets are 2.5M3 instead of 3~ 
ii - They have not four v:heel drive 

iii - The buckets are without retaining clamps 
iv - The cabs are not air conditioned 

3,- The ReceptionHouse is well planned but has multiple doors 
at the front. It should be totally enclosed with 
an access and an exit door. 

4 - There is no indication if the stock-pile area is to be 
properly paved and surfaced 

5. The site layout should provide parking for heavy vehicles 
neAr potential congestion points. 

6 Vehicular access is required to the sewage works site. 

b - 'l'here are several optionsall of which should be seriously considered 

i - The provision of special eouipment for feeding semi-dried 
sludge to the compoct plant. 

ii - The provision of a reserve windrow turning l'Jt;:\chine 

iii - Automatic operation of windrow turning machines. 

NOTE: This is the only tenderer which has carried out comprehensive 
technical investigations in Damascus before preparing the scheme. 
These investigations have included detailed refuse analysis. 
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TECHNICAL ANALY~IS AND EVA'..UATION OF COHPO!JTING CCHEf·1E 

TENDERING FIRM: Euttrio ITllLY 

SYSTEM: Static Windrow in Open Air (F.xtend ed Pilr Forced AP,r~tio. 

F..LEMENT.5 OF !>Y!;TEM: I"icking Belt, Grinders, Screens, She;irs, Mixers -
Fermentation - Maturation - Refining 

NUMBER OF FLOW-LINF.~: Pre-treatment Plant FOUR Re~~inder TNO 

QUALITY: 
a - Technic~l DocumentG: 
b - Site L-iyout: 
c - Machinery r~yout: 
d - Buildin~s: 

~ell prepared but verbose 
Satisfactory 
Excessive machinery and conveyors 

Good 

COMPLIANCF. WITH 90 f.PF.CIFICJ\TION ITEMS ( p~r cent): 90 

PROCE!;SING DA TA : 

n - Design throur,hput (8hr/day): As Spec.ified 

b - Rejects ( % w/w throughput); 
Non-compoGtible in feedstock: lY (Danec o Data) 

~5 
Mech~nicnl extraction loss: 

•rotal Rejects: 
------------------------------------------------------

c - Comp~t processin~ loss ( %w/w throuchput): 20 

d - To~l yield of compost ( Sw/w throu~hpul): 45 
f - Processing time (days): 

Fermentntion: 28 
Maturation & Curin~: 60 
Total Production Time: 88 

• ----------------------. ---------------------------- - --- --
g - Ztora~c facilities for Product (monthc): 5 
h - Conctructionnl Period (contract to Commerci.,1 Opcr;1llon ln mont.he)27 

i - Procensine liquid (litres per hour): 70000 
j - Electricity Kwh (8hr d3y): 19,800 
k - Pulvericer Mill Maintenance: 

N;.imber of Hnmmcrs: .Shredder Mills 

1 - ~ot~l rcrconnel: 

Tonnage use between chnnjjP.: not employed 
Life of Hnmmers (tonneo): 
LaLour to chanee (mnn/hrG) 

47 
·rfr.mlICAL OB~P.HVATIOM~ ON COMPO!;T!l'IG CYSTEM 

a - 'r'hic i~ by rar the moat highly mechanised of all the submitted 
schemes. 



b -

c -

d -

Its requirements of processing liquid and of electricity 
ar~ substan~ially higher th&n for any other scheme. 

36. 

The ferment~tion units (in the open air) reouire intermitten~~ 
forced aeration 24 hour per day at ~ stated rate of 234,000 M-' 
per hour. 'l'he uni ts contain considerable feeder equipment etnd 
compost removal equipment. It is notable that after rermentatic 
:i long period (60 d:>ys) of maturation is necessr-ry - 'l'his does 
~TOT suggest hj.gbly efficient fermentation. 

The pre-treament section does not use standard pulveriser miils 
- instead grinder cr~shers and rotary shears are•used. This 
requires two machines to carry out the task which one pulveriser 
can do. The cap~city of the machines is such ~hnt FOUR feeder 
hoppers, four pi:.'ting belts, four grinder crushers :ind four 
rotary shears are used - These could be replaced by two efficient 
pulveriser mills. The desirability of proper shredding is 
stated ~n Para 6. 13 

MJ'.JOc OMr-~ISIONS FRCM 'I'ECHNICAL SUBMISSION 

Non~ 

GENE!, AL A.:.SESSMENT 

a. Irrespective of the system of fer~ent3tion this scheme is too 
highly mechanised, and it requires excessive inpv~s of proc~ssing 
liquid C\nd electricit~. 

b. The fermentation units are of the static windrowing system ( see 
para 6.7) and they could not easy be .uended to the accelerat2d 
fermentation system, as no fermentati_n hangarc are p~ovided. 

c. Other items which do not satisfy the specifications are: 
i - The reception house is not provided with 

adequate Cy and insect electrecutor, 

?JOT!-:: 

ii - The Bulk Transport Vehicles are not of the type specifiec 
iii - The number of loading shovels appears inadequate 

and none are fitted with bucket retaining clamps. 

It is st~ted that a composti~g plant of large capacity has been 
cor,structed some ye;:irs ago in Dubai. It is stated to be 
~uhstantiHlly of this design. I have not been able to obtain any 
inf ormc:1 ti on regarding this al though I. know the si tua ti on ~.r1 Dub:"li 
extremely well. I am sure that Mr Kamel Hammsa, the Director 
of Dub ..... i i·!unicipali ty would give any inf or ma ti on regarding this 
on ~equest. His Telex is Code OS92 - 45688 Baldyia. 
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TECHIUCAL ANALYSIS AND EVALUATION OF COMPOSTING SCHEME 

TENDERING FIRM: DEGRD10t!T S.J\. RUEIL MALMAISON cedex France 

SYSTEM: Enclosed Digester (Triga Fermentation Towers) (Hazemag Mills) 

ELEMENTS OF SYSTEM: Shredding - Screening - tower digestion - standard 
windrow (open air) maturation, Curing - Refining. 

NUMBER OF FLOW-LINES: z. Shredd~rs - 4 Towers - 4 Screens - 8 lines in 
Refining Jnit 

QUALITY: 
a - Technical Documents: 
b - Site Layout: 

Comprehensive 
Well planned 

c - t-iachinery Layout: 
d - Buildings: 

Good but excessive conveyors 
Good 

COMPLIANCE ~ITH 90 SPECIFICATION ITEft.S ( 

PROCESSING DATA: 

per cent): 91+ per cent 

a - Design throughput (8hr/day): As Specified 

b - Rejects ( % w/w throughput); 
Non•compostible in feedstock: ~O 
Mechanical extraction loss: 1 .5 

Total Rejects: 36.5 
=============z=:=========== 

c - Compost processing lo&& 
d - Total yield of compost 
f - Processing--tiae (days): 

( %w/w throughput): 
( Sw/w throughpu~ 

14 (fJtated 5% but 

49
•
5 
clea~ly incorrect) 

Fermentation: (in tower) 
Maturation & Curing: 
Total Production Time: 52 

a•==•======================= 

g - Storage facilities for Product (aonthS): 
h - Constructional Period (contract to Co1111ercial 
i - Processing liquid (litres per hour;: 
j - Electiicity Kwh (8hr day): 
k - Pulveriser Mill Maintenance: 

5 months 

Operation 
60,000 
25,000 

in months): 
not stnted 

Number of Ha1111era: ) 
Tonnage uae between change: ) 
Life ot Ha11111ers (tonnes): ) Data not zupplied 
Labour to change (man/hrs) ) 

1 - Total Personnel: 36 

TECHNICJ,L OBSERVATIONS ON COMPOSTING SYSTEM 

a - The scheme uses four digester towers in which feedstock is 
~etninAd ~or four days (the minimum should he five) it is then 
pl~c~d into open ~ir windrows whi·c~1 ' nre mechanic~lly turned at 
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intervals during ~ period of 42 days. It is then cleaned, 

refined nnd graded in a unit which consist s of EIGHT flow-lines 

It iG unlikely that fermentation is complete when the materi~l 

is placed in wincrow where the process is completed. In view 

of the st~ndard windrowing system (if this w~s extended the 

towers c;nd associated machinery would be superfluous) 

MJ\JOR Ot-".~I!j!ONS IN TECHNICAL SUBMISSION 

a - Time ~chedulc for construction and completion of Composting Plant 

b - H~mmer Mill details as required by Specification 5.3 

GENERP..L Jl..SSES~~MENT 

a - There is some inaccuracy in the design calculations - The figure 
stcted for Compost Processing Loss of 5% of the Feedstock is 
obviously inaccurate. A more reasonable figure is 14% with the 
following result~ 

The fit:\.lI'e stated by Degremont for compost yield is 
reduced from 58.5 per cent of throughput to 49.5 per 
cent of throughput. 

b - The gradual incre~se in the flow-line pattern from TWO flow­
lines at the Shredder Mills, to four flow lines ~t the towers 
and screens ~nd further to Eight flow lin~s at the refining unit 
results in an excessive amount of machinery and long and numerous 
conveyor systems. Despite this the material leaving the screens 
is intended to be moved to the windrow area by loQding shovel. 

c - The scheme is well presented but it is too highly mechanised 
lo meet the desirable requi:-ements of DrimascuG. Maintenance 
ronc.l operation will renuire highly skilled personnel, and the 
~ystem is too in-flexible to meet changing circumstances. 

It is expensive in power consumption (air blowers to towers operat 
2Li hours each day), water i:onswnption is heavy also. 

d - If consideration is given to adoptinp: this ·scheme certain matters 
renuire attention: "' 

a - The site layout to providevehicle parking and also 
vehicular access to sewage works site; 

b A septic tDnk system be substituted for the speciali~ 
sewage treatment plant included in the submission; 

c - The Bulk Transportation Vehicles and the Loading 
~hovels must strictly comply with the specification; 

d 'I'he tr~.nsf er of ma teria 1 from the screens to windrowr; 
should be conductea more efficiently than by londin~ 
shovel 

I must emphRsis th~t despite the nuality of the present~tion I cannot 

re~comcnd this scheme ~s being suitable for the circumstances in 
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TECHNICAL ANALY5IS AND EVAlUATION OF COMPOSTING :cm:r-tF. .. 

TENDERING •'IRM: MILittOUSE DAMASCUS BASIC SII™E 

SYSTEM: Standard Windrowing (Open-air) 

F.LEHENTZ OF ~Y:TEM: Shredding and fermentatio~/maturation in windrow 
followed by refining. · 

NUMBER OF FLOW-L.ItfF'.!;: THREE 

QUALITY: 

a - Technic~l Documents: 
b - Site r..,yout: 

Competent and comprehensive 
Good but access point presents 

. probiems. 
c - Machinery l~yout: 
d - Buildines: 

Essentially simple but type 
Good. of pulveriser and 3 lines make 

/complications. 
COHf'LIANCF. WITH 90 f.PF.CH'ICATION ITEMS ( per cent): 88 per cent 

PROC~SING DATA: 

n - Desicn throu~hput (8hr/day): Designed only for refuse - no sludge 

b - Rejeets ( % w/w throughput); 
Non-compoGtible in !eedstock: 20 
Mechonical extraction loss: ~5,._ __ _ 

Total Rejects: 25 
====================~====== 

c - Comp()li:t processin~ loss ( '11tl/w throuehpuL): 20 

d - Total yield of compost ( fw/w throu~hput): 55 
r - Processing time (days): 

Fermentntion: ) 90 (joint) 
Maturation & Curin~: ) 
Total Production Time: 90 
=============:=======~====== 

g - ZtorL.iJ~C facilities for Product (monthc): Limited 
h Cone true tion;il Period (contract to Commercinl Opcr;J llon 
i - Pr-ocencinf! liquid (litres per hour): 20,000 

j - Electricity Kwh (8hr day): 10,50C 

k - Pulvericer Mill Maintenance: 
Number of H:lmmers: 96 

.in monl.hc)25 

Tonnae;e use between ch.1ncP.: 
Life of H.,mmers (tonnes): 
Labour to chanee (man/hrG) 

1500 (5 days) 
Hot given 

4 
1 - Tot~l rcrconncl: 50 

'l'F.CHNICAL OBcr-:r~VJ\TIOr.f!; ON COMPO!>TING .CYSTEM 

a - This is an extremely simple open air windrowing system where the 
only pre -trP.ntment of feedstock is shredding and metal removal. 
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b - ~er~ent~tion is by me~ns of st8ndard open-air windrows which are 
mech~nicnlly turned three times durin~ the fi~st month and once durin~ 
the second. ~he compost st~ys in the windrows until the end oi . 
m::itur...,tion. The site area allocated for windrowing appear to be 

. ~ /inad~quate. 
c. '.·~oif"ture rid justment of feedstock is done by the windrow turnini::~ 

d 

~~chine ~t the time it is operating its programme of windrow turns. 
!lo moisture is added until 10 days after the feedstock is deposited 
This is very unsatisfactory (See para 6.8.) 

- It mi~ht be an excellent system for a small scheme, but it is not 
suitable to meet the re~uirements of Dam.:~scus. It is wasteful of land 
~nd necessitates extensive paved and surfaced areas to accommod~te the 
windrows. 

!-f:.JOR Ol·'.I.S~IOHS F"'CM ".'F.C!Ii!ICAL SUBMISSION 

a -

b -

c -

d. 

e. 

f 

g -

i 

NOTF.: 

The pl3nt does not include the sewage sludge feedstock prescribed • 

• 

The rre-trer.i bltent section is ve::!y com:plica t~d, This a:ises from the 
size and the t~·c;e of the pulveriser milJS which necessitates THREF. 
flo\'1-lines anc three discharge lines. The height of the mill makes 
it difficult to instal it at a height to enable the shredded waste 
to be dischcrged into vehicle underneath or nearby •• Long conveyors 
are therefor~ used to supply shredded waste to three satelite 

vehicle filling stations. 
The use of a larger c~pacity mill could have reduced the flow ~ines 
to two with considerAble benefit. The use of a ver·tical rotor mill 

(because of its reduced height) would have enabled it to have been 
inst~lled so as to feed direct into vehicles beneath or nearby. 

The Reception I!ouse does not comply with the Specif ica ti on at: it is 
not totDlly enclosed. It is a complicated arrangements at two levels 
Vehicles discharge their loads from an upper pl;ttform and this falls 
into a room below fromwhere it is fed by loader shovels into the 
mill feed hopper. This hopper re~uires nll refuse to be lifte<l 
Dt le~st three metres. This will dramitically redu~e the feeding 
cf ficiency cu::".pared ·•1ith a feed nt floor level. The lovders have 
to operate at ~ level beneath that at which refuse is ~isch~rged 
with ~11 the consequent danger that implies. 

.The Bulk Tr~nsport Vehicles and the Loading Shovels do not comply with 
~pecification. The loAders require air-conditioned cabs and retaining 
clomps to buckets. 

The throughput of the plnnt is restr~cted to 700 tonnes day of refuse 
Mo provision is made to receive sludge. 

The conveyor system in the rafininf unit appears to be too 
complicated. 

The !:ite Layout indicates access to the site from the sewage works 
site. For convenience it should be near the north west corner. 

The proposals are not clear about intentions regarding the paving 
and surfacing of the areas to be used for windrowing. 

The site area allocated for windrowing purposes appears tc1 be 
in:, den ua te. 

This 3~h~me can not be recommended to satisfy thP. reouirements 
~f eff1c1ently.~nd economically processing the throughput specified 
.,0mplete r~vision to provide more suitnble oulveri::;ers [Ind ,1 
~x~ ~~ft:'~ f~~ .~~;:'f.Q~~~Bt~ ~n syl': tern would be necc e:-:iry to m;:1 ke it 
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TECHNICAL ANALY!;IS AND EVAlU/\TION OF COHPO!JTING :;c:m.:m·: 

TENDERING F0 IRM: HILIHOUSE, Damascus, Syria No 1 l.LTERNATIVE SCHEME 

·roTE This Gcheme is the same as the basic exceot for deep lunker reception 

5YSTEM: .Standard :.\'ind rowing (Open-air) 

F..LEMENT.G OF ~Y:TEM: Shredding and fermentation/maturation followed by 
refining. 

NUMBER OF FLOW-LINF.S: THREE 

QUALITY: 

a - Technic~l Documents: 
b - Site _L"lyou t : 

Competent and comprehensive 

c - Machinery r~yout: 
d - Buildin~s: 

Good but access may cause problems 
Simple but type of pulveriser and three flow-lin£ 

Good 
creates complications 

COMPLIANCF. WITH 90 ;.rF.CIFICATION ITEMS ( per cent}: 86 per cent 

PROCE.J.GING DATA : 

n - Design throu~hput (8hr/dni): 
b - Rejects ( % w/w throughput); 

Designed only for refuse - no sludge 

Non-compoGtible in feedstock: 
Mcchonic~l extraction loss: 

•rotal Rejects: 

20 
5 

25 
------------------------------------------------------

c - Compoc; t processine loss ( %w/w throuehpu '·) : 20 
d - Total yield of compost ( Sw/w throu~hpu:): 55 

f Processin~ time (dnys): 
Fermentntion: ~90 Joint 
Maturation & Curin~: 
Total Production Time: 90 
-------- --- --- ------- ... -- - .... _ - ----------------------- ·-----

g - ~tor~~c facilities for Product (monthc): 5. 
h - Conctructionill Period (contract to Commerci.,l Opcr;1llon in months) 25 
i - Proce~sin~ liquid (litres per hour): 20,000 
j - Electricity Kwh (8hr day): 10,500 
k - Pulveriner Mill Maintenance: 

Number of Hnmmcrs: 
Tonna~e use between ch:rn{jP.: 
Life of Hnmmers (tonnes): 

96 
1500 (5 days) 
not given 

Labour to chanr,e (m~n/hri-) 4 • 
1 - Tot~l rcrsonnel: 50 

'L'F'J:HNICAL OB~P.HV"Trmrs ON COMPO~TING ~Y.STEM 

a - 'rhis is ~n extremely simple system of open air windrow composting 
in ~hi~h the only trentment of feedstock is shreddin~ nnd met~l removal. 
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b - Fermentation i~ in ~indrows which are turned three times in the first 
month nnd once in the second, The materir\l remains in windrow until 
it is mature-after o period oi 90 days. 

c. r-~oisture :Jdjusment. is !rklde during the windrow t 1.1I'ning, The first 
application being 10 do.:;s after deposit. This is ver~r unsatisf<."tctory 
(see para 6.d} 

d - The system might be suitable for a small plant but it is quite 
inadeauate to stltisfy the requirements in f'J;.:mascus. I.t is wasteful 
of land and reouires extensive areas ~r paved and surface windrow 
processing site. 'I'he windrow site arei"f appear to be inadequate. 

MftJOP. OMI!:;.f,ION FT'OH TF.CHNICAL SUBMISSION 

The plnnt does not include the prescribed sewage slud~e feedstock ... 

GENF.R~L A~SF.~~MENT 

a - The only d;fference between this scheme and the basic scheme is 
reception arr~ngements, In this sc,eme it is proposed to provide 
T'.'10 deep reception bunkers of 1500M each and use a Crane Grab to feed 

two mill feed hoppers from the bunkers. 
The bunkers do not comply with the Specification which limits the 

depth to 6 metres. These bunkers are 11 mtres deep. 
The Reception House itself does not comply as it is NOT totally 
enclosed, the whole of the front being a series of doors. 

(see pa.ra 6.16) 

b - The pre-treatment section is complicated ty the fact that the size of the 
pulveriser mill necessitates THREE flow lines and three discharge lines. 
The height of the mill makes it difficult to install it at a he~ght 
to enable shredded waste to be discharged into a vehicle beneath or 
close by. Long conveyor have therefore to be used to supply 
shredded waste to THREE satekite Vehicle Feeding Stations. 

~rger c-r.pucity mills would have reduced the flow-lines to T'.'10, and ~ 
vertic~l rotor mill (which is of limited height, would have enable it 
to hove been inst;1lled at ? height whereby shredded waste could be 
dischorged to vehicles underneath or nearby. 

c Th~ r ulk Transport Vehicles and the Loading .Shovels do not comply with 
~he Specific~tion. 

d The Plant will only process 700 tonne~ day of refuse - ~o proV13io~ is 
11aje for ::.e•:::nr.e :::lud 0e, 

e. The con·:eyor r-.:y~;tem in the refining unit is too complic:· ted 
f Tl.e ::it P. Layout shm·1s the access from the sewar;e works site. For 

convenience it should be near the north wet corner. 

ifo provi~ion hon been made for parking heavy vehicle::: ne~r to potentir:il 
con~~:::tion poi~ts. 

~ The propoz3ls are not cl~or aJout intention rebardin6 the pavine and 
surf~cin; of areas to be used for windrowing. 

i - '!'he \·:inr!ro·1: slte ~re:1 r.ppePrs to be in?detJuate. 

'~C~: Cn te~hr.ic;ll sround2. ;"nd for re . .,sons of operrltional reli."'bility this sc:d·. 
f:C ht>r?lP. cann0t be recommended. To m..'lke it tee hnic . ., lly :ice cpta ble it will 
re·:ui:P. m·.jor revi:::ion including the provision of more suitable 
pul".ri<?~i.:f'::rs .,r....: +-.hP. :id option of some system of ."'ICC.::?lera ted windro•.•:i:-i1~. 
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TECHNICAL ANALYSIS AND EVAlfJATION OF COHP05TING .:;r:nEr-n: 

TENDERING f"IRM: MILIHOUSE, Damascus, Syria ALTERNATIVF. SCHEME No 2 

SYSTEM: Enclosed Ssystem using R(.ltary Drum Digesters. 

F..LEMENTZ OF !;Y!;TEM: Crude Refuse f'1~d to Rotary Drums - Windrow(open) 
fermentation/mat\lfation followed by Refining. 

NUMBER OF FLOW-LINF.Z: SIX Rotary Digester Drums (44m x 4.25m dia) 
(SORBEA SYSTEM) 

QUALITY: 
a - Technic~l Documents: Competent and Comprehensive 

b Site r..,yout: Good but access to site may cause problems 
c - Machinery I~yout: Sophisticated 
d - Buildin~- ··-t.1~ • Good 

COMPLIANCE WITH 90 !>PECIFICATION ITDfS ( per cent): 90 per cent 

PROCESSING DATA: 

n - Design throu~hput (8hr/day): 
b - Rejects ( % w/w throughput); 

Designed only for refuse - no sludge 

Non-compoGlible in feedstock: 20 
Mechonic.al extraction loss: 10.5 

Total Rejects: 30.5 
====================~====== 

c - Comp~t processin~ loss 
d - Total yield of compost 
f - Processin~ time (days): 

( %w/w throu~hpul): 

( %w/w throu~hput): 
19,5 

.. 50 

Fermentntion: 3 
Maturation & Curing: _,5-..·7'--_ 
Total Production Time: 60 
=======-=============~====== 

• 
G - ~tor~~c facilities for Product (monthc): 
h - Conctructionnl Period (contract to Commercial 
i - Procr.~3in~ liquid (litres per hour): 
j - Electricity Kwh (8hr d3y): 

k - Pulvericer Mill Maintenance: 
Number of H~mmcrs: 

Opcr:• lion 

10,GOO 

9,100 

in mon t.Ju;) 25 

Tonna~e use between ch:>n~P.: No Shredders installed 
Life of Hnmmers (tonnes): 
Labour to chanr,e (m~n/hrc) 

1 - Tot~l rcrconnel: 31 

·rr-r,mnc.AL OB~F:HVATION.S ON COMPO.STING .GYSTEM 

a - This system uses SIX rotary Drum Digesters to act as "wet pulverizers 
to effect moisture adjustment and entrain oxygen in the feedstock, 
~t·nd ~ener~lly_to stntrt th~ fermentation orocess, The retention 

1me i:.: rec tric ted o T!ffi r.E days (.See· Par.: l>. 5.) 
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b - The material after removal from the Digebter Drums is then 
subjected to standard windrowing in the open-air exnctly 
as in the case of the Basic Scheme and Alter113tiVf· !':cheme No 1 • .. 
It remains in windrow for a period of 5? days. 

NOTE: The rotary drums operate continuously 24 hours each day 
The maximum speed is 1 RPM. The internal air supply and 

humidity correction must continue at all times. 

OHIS~IONS FROM TF.CTUUCAL SU~ISSION 
a - Dnta required by Specification 5.8. regarding the methods to control 

or prevent the formation within the rotary dru'"'s of lo'.'1g "suasages" 
of fibrous material and textiles, and how frequently these require 
removal, have not been.supplied. · 

b - No provision for processing se•age sludge. 
GE-ra!~AL AS~E$SMENT 

a -

b -

c. 

There would appear to be no logical reason for u~ing this 
inflexible :tnd very sophisticated system (See Para 6.5.}. 

The retention period within the rotary drums does not complete 
fermentation. The process has only reRly started when the 
feedstock is placed in open air windrows. It may be claimed 
that the rotary drum renders the use of pulveriser mills obselete 
as it reduces the feedstock by ''wet pulverisation". Wet processing 
is never as effective as positive shredding. 
The Reception arrangements hav~~again ~een ~ltered ih this scheme 
A siri~le lllrge bunker of 3000 ~ capacity and 10 metres deep is 
proposed. There are no indepenant feed hopper whereb' the bunk£r 
c~n be by-p~sced. The feedstock is fed directly by c:ane grab 
into elevated feed hoppers supplying the rotary drwr$. 
The bunker does not comrly with the Specification which limits the 
depth to 6 metres and requires feed arrangements which by-pass the 
bunker. The Reception House does not comply as it is not a TOTALLY 
enclosed building • 

d The Bulk 1ransport Vehicles and the Loading Shovels do not comply 
with the Specification. 

e. 'l'he conveyor system in the Refining House appears to be unduly 
complicated 

f. The site Layout 1n4icates the access to the site from the sewage 
works site·. For convenience it should be near the north west corner. 

No provision has been made for heavy vehicle parking near to 
potential congestion points. 

g· The proposals are not cl~ar about intentions regarding the paving 
and surfacing of the areas to be used for windrowing. 

h I do not re~ard this scheme as being suitable to satisfy the 
requirements of Damascus. 
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TEClWICt.L AllALYSIS ARD EVALUATIOtl OF COHPOSTING ~:.:-HFJ.lE 

SIGOUR Fr~res s.a. 43309 ROJ\N?TE, Fro.nee 

SYZTEl·:: Standard Open-air windrows using mobile turning machines 

ELEhl:;NTS CF S7STD-i: Shredding - Screening- Fermentation - Refining - Curing 

Rtr.·IBJ.'l? OF FLO\'.!-LlllF.S: FOUR Milling Lines 

C:UALITY: 

Poor a - Techni.cal Documents: 
b - Site La7out: 
c - i-:achineey Layoat: 
d - Bu:lld1qa: 

Average -no exceptional features 
Average 
Average 

COi-!PLIJ\NCE ·:;1m 90 SP~IFICATIOJI ITEMS c per ceat): 60% 

Pl\OCESSillG DATA: 

a - Design througbput (8br/da7): As Specified 
• 

b - Reject& C % •I• throughput); 
lfon-c:ompo.t:lble in te9clatock: 
Mechallical utract:loa lo-: 

c - Compos t prO'!emd.ng loe• 
d - Total Jield of compoat 
t - Procesai.n-g ti• (day•) : 

Total Rejec ta z 

C "'6/w throughput): 
C -Js/w throughput)= 

FermeatatiOD: 
Haturatioa & Curing: 
Total Production 'l'iM: 
•••••• a 

20% 
2C/t, 

40% 

Stated as NONE - but 
c~kulpted as 18% 
Ztatedn16CY.l but c:ilcub te. 
as 4f ... J 

132 

g - Stor~ge fac1lJ.t1•• for Product (aontha): 3 
b - Conatructicmal Period (contract to Com.rcial Operation 1n mouths): 
1 - Proc:eaaJ.ng lJ.qllid (lltrea per hour): 21 ,500 Not atD tee 

j - Electr1c1t7 Kwh (8hr da7)1 15,500 
k - Pulveriser Hill 1-8J.ateaance: 

1 - Totol Peraonnel: 

Number of Ba-r•: ) 
ToDDap ue between change: ) 
Lire of Ha...ra (tODD••): ) Data not supplied 
Labour to cbaap c-n/hrs) ) 

42 
'l'ECHUIC/.L OBCU~VATIOtlS ON COMPOSTIUG SYSTEM 

a - Thi~ nppears to be a scaled up version of a smoller scheme 

b - It provides Form flow linen ·11ith 4 1 - pu veriser mills And 

r 



!JIGCUR Freres 2 46 

in consequence the number of conveyors and units of ""laehinery are 
greater in number than would be necessary with a strictly twin Flow-Line 
install~ tion. 

c Fermentation is to be effected by retaining the feedstock for six 
wee~s in 3 mtre high windrows in the open air. Th~ windrows will be 
mechanically turned at 14 day intervals. This period is far too long 
and the intervnl between turnings should not exceed SEVEN days. 

d - The specifi~d output of the Windrow Turning Machines in the Technical 
Documents is conflicting. different values being given in different 
places 120 and 90 tonnes per hour respectively. Calculations made 
on tile higher output figure indicates that the proposed THREF. 
'NIHDR01.'J TURNING MJ\CHINE:.; are inadequate to completelyfulfil the tClsk 
and a r\1URTli machine is es3ential. 

r~Jl.JOR Of·'.MISICt•s I!l THE TECHNICAL SUBMISSION 

a - ?-!ANY renuirements of the Specification Book have been ignored or have 
not been fully observed. 

b - The Reception Hrtll does not comply with requirements as it is NOT 
a TOTALLY enclosed building. 

c - The Desi~n Criteria used by the Contractor as contained in Technic2l 
Dat~ Sheet Uo 1 contains some important inaccuracies. The stated 
fi~ures for yield of compost are cleazly incorrect. The correct 
fi~re being much lower than the stated one. 

d - The Tr~nsport Vehicles and the Loading Shovels do not conform with 
specified re~uirements. 

a - The scheme is poorly presented, and much of the design data is of 
auestiona ble accm·acy so that 1 t is not po~sible to have any 
confidence in the propos~ls. • 

b - The FOUR flow-lines complicates the plant layout and operationally 
it is not desirable to have so many un-necessary units of machinery. 

c - The Open Air '.'/indrow Fermentation system is wasteful of site area 
nnd is or1ly of mediocre quality. 

d - The tenderer h~s prescribed a limit to the guarantee period of 
SIX MOH'!'H.!:; 

e - The troining of personnel is inadequate providing only for two months 
overseas training for each of two persons 

GENffiJ".L CO~TCLUSIONS 

On technical grounds I cannot reccommend this scheme for adoption 
and ~ny amendment of the scheme by reduction of the number of flow 
li!".1es wou:d not materially improve its efficiency. 



47 

TECHNICAL J\NALY!;IS AND EVALUATION OF COMPOSTING GCHEME 

TENDERING li'IRM: SNAPROGETTI 61032 FANO ITALY 

SYSTEM: Static Windrowing (extended pile forced ~eration) 

F..L~:HBNT~ OF ~Y~TEM: Shredding - Screening Mixing - Fermentation -
Maturation - Refining 

NUMDER OF FLOW-LINF.~: T'~O 

OUALITV: 
a - Technic~l Documents: Excellent 
b - Site L,yout: 
c - Machinery 1.,yout: 

d - Buildines: 

Very good but greeter space for extension between 
buildings is needed 

Excellent 
Sa ti sf ac tory 

COMPLIANCF. ".\'ITH 90 ;.rF:CP.'ICATION ITEMS ( per cent): 99 per cent 

PROCE.'.:;SING DJ\TJ\: 

~ - Desi~n throuchput (8hr/day): 
b - Rejects ( % w/w throughput); 

Non-compoGtible in !eedatock: 
Mech;.1nicDl extraction loss: 

'!'otal Rejects: 

J\s specified 

28 
------------------------------------------------------
( ~ I th h t) Refuse alone 33.5 
~· w roue pu : ~ith ~ludge 17 c - Comp~t processing loss 

d - Tot~l yield of compost 
f - Processin~ time (dnys): 

( 'w/w throughput):Refuse 38.5 With Sludge 55 

Fermen tn ti on: 
Maturation & Curing: 
Total Production Time: 70 
---------------------- -----·· ----------------------------

G - ~tor~cc fncilitic~ for Product (monthc): 5 
h Con~truction~l Period (contract tu ~ommercial Operation in months) 21 
i - Procensine liquid (litres per hour): 
j - Electricity Kwh (8hr day): 

15,000 
12,570 

k - Pulvericer Mill Maintenance: 

1 - Tot~l rcrconnel: 

Number of ff3mmers: 30 
Tonnage use between chan~e: 2500 
Life of H~mmers (tonnes): 25 ooo 
LD.bour to change (man/hrs) '8 

39 • 

(7 dr.iys) 
( 3 months) 

'l'r/:HNICJ\L OE~l~HVJ\TION!:; ON COMPO!:;TING ~YSTEM 
' 

a Sxcept !or the ~doption of static composting(by extended pile 
forced ~er3tion)this is ~n excellent scheme. 
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SNAPROGET'I'I 2 

r~.JOR Of.!I~:simr mer-: TECHNICAL SUBMISSION 

~fone 

<1E~rEL:r,L f,S!JE!:;S:-!F.!TT 

~ - This is 3 very good scheme but for absolute reli~bi!ity (~ee 
oara 6~7 the scheme should be modified to provide the windrows with 
efficienY turning machines which would result in a reduction in 
the size of the fermentation hangars, and reduce the time of 
the ferment3tion process. 

b - The op~ion str.ted in the submission for providine a conveyor 
feed ~rom the pre-trentment units to the ferment~tion hangars, 
~nd also providing overhead s'readers should be seriously considered 
The basic method is to move and spread the ~~teri~l ~ith dumper 
trucks Dnd lo~ding shovels. 

c - The tr~nsport is generally in conformity with the Specifications 
except th3t only O~~ lo~ding shovel is provided with the specinl 
refuse bucket and clamp - all ilachines of this type should be 
the same. 

d - The Reception House is well designed except for the provision of multiple 
Dears at th 11 front. To U1C1ke it hltally enclosed only T'.'/O doors should 
be provided rwmely etn entry and an exit. 

e - Some of the processing buildings are relatively close tagether 
and this would cause problems sh0uld extensions be needed. 

f - S~te parking for heavy vehicles should be provided near potenti~l 
congestion points, and a vehicular access be proviaed to the 
sewa:SC works site. 

• 



TECHNICAL ANALY.'.;IS AND EVAUJATION OF COHPO~TING :;r:HEME 

TENDERING FIRM:-· 'l'E'YS.S 1~~: EN'GIJ.\'ErnING GMBH VARift.NT Sr'.HEME No 1 

SYS'rn!: Static Windrowing 

F.LEHENT!; OF .::;Y:TF.M: Picking Belt - Iron Removal -Shredding - Mix1n~ -
Fermentation - Maturation - Refining. 0 

NUMBER OF F1..0W-LINF.~: TNO (but two mixer drums to each line) 

QUALITY: 
a - Technlc~l DocumentG: 
b - Site i..,yout: 
c - Machinery I~yout: 

d - Buildin~s: 

Excellent. 

Sa tisf ac tory. 
Good. 
Satisfactory. 

COMPLIANCF. WITH 90 ~P~CIFICATION ITEMS (per cent): 

PROCE,'.;SING DA TA: 

n - Desi~n throu~hput (8hr/day): J\.s specified. 
b - Rejects ( % w/w throughput); 

Non-compoGtible in feedstock: 
Mcch;Jnicnl extraction losG: · 

'l'otal Rejer ts: 

89 per cent 

---------------------------_________ .. _____________ -----

c - Comp~t procesGin~ loss ( %w/w throu~hput): 

d - Total yield of compost ( jw/w throughput): 

f - Processin~ time (days): 

15.9 
50.6 

18 
48 

Fermen tn ti on: 

• 
Maturation & Curin~: 
Total Production Time: 66 
---------------------- ----------------------------------

g - Ztornec .facilities for Produ\:t (monthc): 5 
h ·- Cone true tion:i l Period (contract to Commerci., 1 Opcr:.1 Lion in mon t.h:;;) 22 

i - Processine liquid (litres per hour): 60,000 
j - Electricity Kwh (8hr day): t0,200 
k - Pulvericer Mill Muintcnance: 

Number of H~mmcrs: 60 
·Tonnage use between ch., no~: ~ D t t ~ ) n a no supplied Life of Hnmmers (tonneG : 

Lobour to chanr.;e (man/hr:~) 12 

1 - Totpl rcrconnel: 32 
'l'F.r.mHCAL OT30r;:tNATIOtr~ ON COMP",."'ING ~YSTEM 

a - The ferment:1tion is c. · __ ; ,·ted in two h:=ingc:irs with under floor ducts 
for ~t<ltic windrowing ..... · Jrough jVhich oir is blown 24 hrs per a;.y 
at~ vari~ble r~te up to 30,000 M per hour. 
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The feedstock is distributed in the fermentation sheds by means 
of overhend gantry bridge distributors. The feedstock occupies 3 Qne continous stock-pile 3 m high and with a volume of 15,000 m. 

b- i~ f ter o period of 18 d;:;ys the material is removed by loo ding 
shovel to the 111i.1turntion area where it remains for a further 
48 cays. It is then t~ken to the refining unit by lo..,ding shovel. 

MJ\JOR o:iI.:~ror:~ FROF TECHNICAL SUBr·!ISSION 

n - Dnta r~l~ting to hammer mill wear reouired by the Specification 
h~s not been supplied. 

GENERAL A~!;i5SMENT 

a - This scheme has been well presented. ... 
b - This system of static windrowing should only be adopted after 

confirmation of a successful LARGE composting pl3nt using the 
system (see para 6. 7 pages 17 and 18) 

c - To ensure absolute reliability it is desirable that the system 
be converted to a.accelerated windrow process. This can readily 
be done by providing a proper number of suitable compost windrow 
turning m~chines, and by reducing the area of the fermentation 
hflngars, {:!S by reason of a shorter fermentation period the 
proposed capacity would ba exce~~iveJ. 
Othe matters which require attention are: 

1 - The type of hammer mill suggested does not appear to be 
very efficient. The alternate suggestion of substitutiri~ 
conrse crushers for pulveriser mills should not be 
consi~e: ·d (see Para 6.13 page 21) The pre- treatment 
unit would be greatly increased in efficiency if vertical 
rotor hammer mills were inst~lled. This would then 
eliminat~ the proposals to provide picking belts and 
metnl extraction on the flow lines prior to the mills; 
picking and iron extraction before shre~ding is not 
desirable. 

4 -

5. 

'l'he Reception House does not comply with the Specification 
as it provides 11 doors at the front. These should be 
eliminated to ensure a TOTJ\LLY enclosed reception hall. 
The proposal to transport process material within the plfint 
by means of loading shovel ts a very inefficient method. 
The use of dumper trucks should be considered. 
The types of Bulk Transport VehicJe and Lo::iding Shovel do 
aot comply with specification. Some of the loading shovels 
are of different power from others - they should all be 
interchangable. 
It would appear the the number of vehicles.and mobile 
equipment to be supplied is somewhat inadequate. This 
matter should be determined and rectified. 

6 - ~he site layout should be amended ta provid~ parking 
at congestion points for heavy vehicles, and also access 
to the sewqge works site. 



TECHNICAL ANALYSIS AND EVAUJATION OF COHPO.STING ~i:IIEf·IF. 

TENDERING F'IRM: THYSSEN ENGINEERING ffi-1BH (VARI!\NT SCHEME No 2) 

... 
5YSTEM: Enclosed Fermentation (~otary Di~ester Drums) 

F..LEMENT.S OF .'.JY:TEM: Picking Belt - Ironremoval -Shredding - Tower Digester 
Maturation - Refing - Storage. 

NUMDER OF FLOW-LINF..S: TWO (but 4 Rotary Digester Drums -40m x 4mdir-

QUALITY: 

a - TechnicRl DocumcntG: 
b - Site L:iyout: 
c - Machin1•ry I.:1yout: 
d - Buildir.es: 

Excellent 
Gener3lly Sntisfactory 
Reasonable 
Satisfactory 

COMPLIANCE WITH 90 f.PF.CU'ICATION ITEM~ ( per cent): 90 per cent 

PROCE.'.J.SING DA TA: 

n - Desicn throu~hput (8hr/dny): As specified 
b - Rejec ~-s ( % w/w throughput); 

Non-compoatible in feedctock: 
Mcch~nic~l extraction losG: 

'l'otal Rejects: 

23 
14 

37 
==~=================~====== 

c - Compo~t procesGing loss ( %w/w throu~hpu t) : 21 
d - Total yield of compoGt ( 'jw/w throue;hpuL): 42 
r - Processing time (days): 

Fermen tn ti on: lb (24hrs Ma tura ti on & Curin~: 

Total Production Time: • 
52 ----------- --- ---- -- - - . - -·-- -----------------------------

~ - ~tora~c facilities for Product (monthc): 5 

in Drums) 

h Conctructionnl Period (contract to Commercinl 
i - Procenain~ liquid (litres per hour): 

Opnr;1Llon in mont.hz) 22 

j - Electricity Kwh (8hr day): 
k - Pul vcrir;er Mill Maintenance: 

Number of Hnmmcro: 
Tonna~e use between chnncP,: 
Life of HnmmerG (tonnes): 
Ln bour to chnnr,e (mnn/hrr:) 

1 - Tot~! Personnel: 32 
'L'F.f:HNICAL or.~r·:l~Vi\TION!J ON COMPO:JTING ~YSTEM 

45,000 
12,600 

60 
) 
)Dnta not supplied 

12 

a - In plnceof the mixer drums in Scheme VarL;int No 1 4 li?rge rotary 
dig~ster drums ~re substituted in which the feP,dEtock hns ~ retention 
period of 24 Hour::; - '!'he m.q terinl is then taken to the snme 



Sheet 2 THYS~EN ( VARIANT SCHW~ No 2) 

type of ferment8tion hangar as for Variant Scheme No 1 but some forty 
percent less in ;1rea. It remains here for 17 day~ to"complete" the 
fP.rmP.nt~tion, nnd then goes to maturation stockpiles where it stays 
for a furth~r40 days. The s~ving in production time between the two 
schemes is claimed to be 14 days. 

b. The function of the rotary digester drt11.:.s appe~rs to be the thorough 
moisture adjustment andoxygen saturation of the feedstock. P~ra 6.5 
indicates that the fermentation process can no~ have progressed to any 
great extent in a period of twenty four hours. 

c. The advantages to be derived from this system compared with Variant 
Scheme ~!o 1 appe::ir to be economically doubtful. 

d - !.LL the observations p;iven under this heading in re:;pect of Variant 
.Scheme No 1 apply entl.C\lly to this scheme. 

Mr.JOH mns.sION~ F'~OM 'T'F.CHNIC./\L SUBinssION 

3 - D;1 t3 rel:i ting to ~;:immer mill weaI· required by the Specification have 
not been supplied. 

b - J)P.it<.\ reauest1~d by The Specification 5.a. regarding the methods Lo 
control or prevent the formation within the rot~ry drums of long 
"snus::ige[." of fibrous material and textiles, and how freouently these 
reauire removal, have not been supplied. 

GENERAL /'.SSE.S::r·!F.NT 
a - The whole of the observatior..s in respect of Variant Scheme No 1 under 

this he,.ding apply equally to this scheme. 

b - No operationol r-dv<rntage can be ossessed which will justify this 
scheme using rotary drum digesters. 
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TECrWICAL ANAL \"SIS AND EVALUATION OF COMPOSTING SCHEME 
.. 

TENDERING F'IRM: O.T.V. COUREEVOIE cedex France 

SYST'=''''.·. _ t ("Siloda Wheel") in Ferment.'.ltion 
.:.1 .:\cceleratt!d ~'lindrow ·-y .... em ..... .., /Hangar. 

F..LEf.iEilT!:: OF .SY.STEM: Shredding - Fermen ta ti on - Curing - Refining. 

NUMBER OF FLOW-LINES: Two 

QUALITY: 
a - Technical Documents: 
b - Site Layout: 
c - ~.achinery Layout: 
d - Buildings: 

Comprehensive and competent 
Excellent 
Simple and uncomplicated. 
Excellent 

COMPLIANCE '.':ITH 90 SPECIFICATION ITEMS ( per cent): 93%· 

PROCESSING DATA: 

~ - Design throughput (8hr/day): Specified Refuse throughput- NO SLUDGE 

b - Rejects ( % w/w throughput); 20% 
Non-compostible in feedstock: 
Mechanical extraction loss~ 

'!'otal Rejects: 

20% 
1 ?% 
32% 

--------------------------­~--------------------------

c - Compost processing loss ( %w/w throughput): 14% 

d - Total yield of compost ( Sw/w throughput): 54% 
f - Processing time (days): 

Fermentation: 8 
Maturation & Curing: 42 
Total Production Time: 50 
=====================~====== 

g Storaee facilities for Product (months): 5 
h Constructional Period (contract to Commercial Operation 
i - Processing liquid (litres per hour}: 30,500 
j - Electricity Kwh (8hr day): 13,400 
k - Pulveriser Mill Maintenance: 

Number of Hammers: 30 

in months) ~6 

Tonnage use between change: 2500 (7 days) 
Life of Hnmmers (tonnes): 
Labour to change (man/hrs) 

l - Tot.:il Personnel: 56 

'l'ECHNICAL OB:':F.RVATiotf.G ON COMPO.GTIUG SYSTEM 

25000 ( 3 months) 
8 man/hours 

a - This is a very efficient and flexible system and the scheme is well 
prepl"lred. 
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b, The fermentation system is one of the best currently available. 

c. The pulverisers mills are of the most popular of the types in 
use, they are highly efficient and very reliable. 

d, The m;ituration and curing system by use of pile forming and 
withdrawing equipment enables stockpiles to be formed up to 
7 metr~s in height with consequent saving of site area and 
paved surfaces, 

d. The scheme includes the provision.of twoweighbridges instead 
of the minimum one reouired in the Specification Book. 

MAJOR OMMISIONS IN THE TECHNICAL SUBMISSION 

a - The desi~n is based on the throughput of REFUSE only and does 
not include the 300 tonnes per day of 66.6% w/w moisture content 
sewage sludge. 

2. Personnel Reouirements (May be in Envelope 3) 

GEUERAL .~ SSESZMENT 

NOTE: Data given for compnrative 
purposes taken from an identical 
scheme submitted by another 
tenderer. 

a - Subject to the inclusion of the specified sewage sludge (which 
could be agreed by negotiation) this is an excellent scheme 
which will befeconomical, efficient, flexible and reliable in 
operation. 

b - The following matters require amendment in any fin:.ll scheme: 

1, The layout reouires ~mendment to provide on-site 
perking for delivery and collection vehicles. 

2 • The Reception Hall must be provided with a Dust Aspiratio 
.System which will provide 15 air chci.nges each hour. 

3. The Transport Vehicles must conform to Specification 
5. 1 o. 

OPTIONS OFFF.RED I~: .SUBMISSION 

a - Deeo Bunker Reception Pits These .'.lre not necess~ry. They will 
be costly having regarding to the high ground w~ter table. 

b - Roofing of Mnturation Area This is not necessary. Stockpiled 
mature compost nuickly forms its own protective and insulatin~ 
surface layer of about 20 cm in dept:1 ·:1hich resists de-hydra 1.ion 
~nd prevents rAinw~ter g~ining entry, 
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9.1. Fourteen-schemes h~ve been examined, and one of the submissions 
substanti~lly consisted of two schemes (Bartolomeis) by reason 

of ~n optional variation. 

9.2. The schemes consist of the following ty~es ( see p~ras 6.4 to 6.7) 

3 Open '!lindrow 
5 Static Windrow (extended pile forced aeratio. 
4 Accelerated Wi~drow 
2 Enclosed - Rotary Digester Drum 
1 Enclosed - Digester Tower. 

9.3 To meet the desirable reouirements for a composting plant of the 
throughput capacity proposed for Dama£cus the follo~ing are 

important factors. 

a - The plant will reliably process the desiened 
throughput in 3n eight hour shift. 

b - F4ch of the flow-lines shall be capable of m~intain1.ng 
production by extended hours of operation in the event 
of other flow lines being tempororily cut of action. 

c - The system of fermentation shall be POSITIVE in operatior 
and flexible to meet wide variationz in feedstock 
composition. It should not require any manual or 
mechanical operation outstde the normal eight hour 
working period each day. 

d - The final compost shall be fully mature so that it can 
not damge the soil or growing crops. 

e - The Refining and Grading of the final compost shall 
produce a commercially acceptable qu;ility of compost. 

f - The number of machinery units and conveyors systems 
within the plant shall shall be as small as is reason~bl: 
practicable Over mechRnisation to be avoided. 

~ - The Transport and Mobile Equip~ent ~hich form an essentip] 
element in successful compo3ting must be of the proper 
types anri av~ilRble in sufficient numb8rs. 

h - The number of personnel required to operate the plant 
shall not be excessive, or on the other hnnd too re~ 
~ reasonable estimate ia nbout 50 to GO persons to 
include the whole staff establishment. 

h - The yield of compost shall be within the range of 
5L to 55 % w/w of the originnl feedstock. 

1 ~hP. nuantity of processin~ rejects shall b~ within 
the range Of 27 to 33?{ oi the \':eight of origin~l 
feedstock. 

j - The time required for the plant to produce final compost 
shall be as sIMll as is reasonobly practicable. The 
tar~et period should be about 50 dnys (7 to 8 weeks)~ 

k - The use of processing liquid and of electricity to 
be reasonable. 

1 - ;,yr.terns reauiring very sryecioliGed skill for their 
0pP.ration nnd/ or needin~ precision control should be 
.-, v oiJr:d. 
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?IR!-~. R:::Jr:CT!:J cc;:POST PFOCES~ p;-()(:E~S F..LEC/Y PF!. $07-~!·i F:l 
YIELD TH~F. LhUID 

per cent of throughpul days l/hr -!;. ... -.... :-_,ld:,.y No 

.1'.IlDRI'r 42 41 201 27~00 12200 7'J 

EP:RTOLOMEI !; 35 51 56 20000 .... • 24 

E.C .BERLH! 32 54 42 30500 13400 c;' ... o 

EUHLIT. 28.5 53.8 43 
•• .:1100 12000 

DANECO 35 45 88 •70000 19800 47 

DEGP.Ei-~Q~~T 36.5 49.5 52 60000 25000 36 

MILLIHOUSF. ( R!I SIC) 25 55 90 20000 10500 50 

~HLI!IOU::;r.: (."LT No 1) 25 55 90 20000 10;00 50 

MILI!:OU.t;F. (ALT No 2) 30.5 50 60 10000 •9100 31 

SEGCUP.E 40 46 132 21500 15500 42 

SN!.PF.OCF.TTI 28 55 70 15000 12570 39 
THY Sf.EN (Vo.riant 1) 33,5 50.6 66 60000 10200 32 

THY:SF.!l (Vari~nt 2) 37 42 60 45000 12600 32 

C.T.V. 32 54 42 30500 13400 =56 

• Obviously in-accurate •• DatD not supplied = Estimc"1 ted. 
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9.5 Of tre sub~itted schemes only Three s~tisfy in general design 

th<' specified reouire.nents. 
windrow type can easily be 

system ~nc ~ith substanti3l 

Four other schemes of the static 
converted to the ~ccelerated windrow 

economies • One of the open windrow 

.subm:!.ssions con.t..'lins some meritable elements bu': this would 

rer.uire major amendment and conversion to the accelerated windrow 

system 

~>even of the submitted schemes do not satisfy the design parameters 

and c~n not be easily modified so to do. 

The det~ils of the systems offered and the re~uired modification 
of ~ertain schemes are· a~ follows: 

~ystem 

J\ NDP.ITZ Stn tic "i/i:idrow 

BARTOLO~"SI ~ .St;:i tic :'!indrow 

B.C. BF.RL!~{ Acclerated Windrow 

BU!-ILEP Accelerated ~indrow 

DANECO St.-: tic Windrow 

DEGP. E:-!OtTT r.:nclosed Tower Digester 

HILI!~U$2 (ba3ic) Open 3indrow 

MI LI HOU.SE U 1 t 1) Open Windrow 

t·'.ILIHOU:::t:' U.l t 2) Rotary Drum Digester 

~~~·URS Open ~indrow 

;,rr/\PROGE'I'TI St;. tic 1.'!indrow 

TH'l~f.2N (V<.1rian t 1 )Stci tic '.':ind row 

THY:::!:EN (Variant 2) Rot::iry Drum Digester 

0. 'L'. V. ~ccelerated ~indrow 

Possible Modification 

Convert to accelerated 
windrow system. 

•Not suitable 

, Sludge Processing OPTIOH 
to be included. 

Suitable 

Not suit?. ble 

Not suitable 

Major revision of feed-
s tock pretreament section 
and conversion to 
acceler~ted windrow schem• 

Not suitable 

Not suitable 

Not suitable 

r.onvP.rt to Rr.celerated 
windro•11 .system 

~onvcrt to accelerated 
wic.drow system 

?Jot suitable 

~ludge processing to be 
included. 

• 1:1 bi::: :-:c·H~r.:e ·:n ;1 t11:rn.<> tivc optio:i provide£ for ''n · ccelera ted 
.!r.~rJ·:· :'.:'rr.>:mt~,tior, 1.rnit in lieu of thP. L:;isis .'";t.~tic .'.'i:1drow ~ystem 
:-: .. : :· v tic . ir:·~ ro·:: r-·.~rmnr-. to tio1~ spr~dd inG mac hi!"J:~: ·.;Li .. l 'be us~d for 
~l:c:::·: .h·~ :::· ~.P.ri.-1 ir. th0 ::nt-...ir0tic11 .':to,:k-yr,rc. 
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10.1. ~chcmP.~ ·::hich sntisfy technical and oper~tion~l renuiremetits 

a - ?..C. BERLIN 

b - BUELEH 
c - O.T.V. 

Subject to the offered option for inclusion of sludge. 

Satisfactory. 
Subject to inclusion of sludge. 

10.2. Schemes ~hich could be satisfnctory if modified 

a - ANDRITZ For modifications see Para 9.5. and P~ge 28 
b - MILIIIOUSF. (Hasic) Ma.jar revision is required See Page 40. 

c - SN~PROG~'TTI For modifications see Para 9.5 and page 48. 
d - TY.SSE?: (Variant 1) For modifications see Para 9.5 and page 50. 

10.3. Schemes ~·:hich both technicall v and opera ti anally are NO'T' satisfactory 

a - Et.RTOLOMEIS 
b - DAKFY.;O 

Including also Alternate System offered 

c - nr.mmr-mr-~T 

d - ?HLIHOUSE (Alternative 1) 

e - NILIHOtJ.'.>E (Altern~tive 2) 

f - SF.COORE 

g T!IY~SF.n (Variant 2) 

11 • COT-!1."'.LlJ:>IO?I 

11.1 In view of the preparation of Contract Documents for Phase I of 

the ~c~age Treament Scheme it is desirable that the necessary 
inteeration of the Composting Plant and the Sewage Treament Plant 
as ce~tioned in Paragraphs 2.4.15 and 3.6 be decided as quickly. 

as possible. 

11.2 Provision for the incorporation of the WHOLE of the sludge 
producP.d at the Sewage Treament work must be settled at the Final 
Contract stage for the Compostin~l§Btthat appropriate adjustments 
can te made to design. It miGht not be necess~ry to instaL 
equipment for processing sludge until zuch time ?.S this becomes 
av~il:1Lle,but unless provision is made in the initial desi~n it 
may be impossible to make later adjustments. If the sludge 
can nll be tre~tea by ~ompostine this can effect considerable 
r·conorniec in rP-i:;pect of sew.,ee tre~:nent, .:-an<l c~n suLst;inti~lly 

incre::£r the quantity and qu.,lity of the compost. 

11 .~ :' v:~ry e::i:rly decision is needed regarding tt.e question of vehicular 

acce5G to both cites. Are they to be seperate or not?. 
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~ULK '!'RAr!SPORT VF.HICLES 

1. The right type of vehicle is essential for flexible and economical 
performance and the type suggested is indicated on the attached 

di'1gram as TYPE A. 

2. Most of the submitted schemes have proposed to substitute ROLL-ON-OFF 
type vehicles ind~cated on the diagram as Type B. 

3. The ~eason is probably that the Type A Vehicles known as a REAR END 
LOftD~ has as yet not been introduced into Europe from America 
except in the case of Britain where it is rapidly displacing other 
types. 

4. The Rear F.nd Loader is fitted with hydraulic lifting equipment 
and with a large capacity reception hopper so 3hat it can lift 
and empty int~ its hopper the contents of 12 M open top containers. 
The vehicle has it~ own compaction and ejection equipment and this 
ensures that full loads of up to 20 tonnes can be secured. It is 
found in practice that one vehicle can accoitmodate up to twelve 
loads from containers before it is full. The vehicle is highly 
flexibl~ in use and can pick up containers tnroughout a factory 
precinct at almost any point. It immediately empties the contents 
into the hopper and REPLACES THE CONTAINER in its original position • 

• 

5. The ROLL-ON-OFF Vehicles must haul the full containers to the 
disposal point so that spare containers are required to replace 
full ones. Additional space is also required as t;e empty container 
is placed into position before the full container can be handled 
The Roll~on-of f containers may be open containers up to 3r 
or compaction container up to 20 tonnes capacity. 

6. At':ached are :urrent costingSof operating various types of vehicle 
in Britain - allowing for certain differences in the items the 
operational costs are not likely to be substantially different 
in c ompara t.i ve terms in Syria. 

7~ The current purchase cost in Britain of vehicles and containers 
is as follows: 

Re":- End Loaders {65000 pounds sterling .L.12M3 containers are 
· · ~00 pounds sterling 

Roll-on-off Vehiclesa{(O,OOO pounds sterling20 tonne Com~action 
Containers }2400 each 
30M3 Open Containers 
are f 1700 e."Jch 
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Jransport costs6

' 

-SUGGESTED OPERATING-COSTS- JANUARY 1984 

••2 ... ~, ......... ........ uoo •.500 C,500 --- ...................... ...... ...... -- ...... ..... ertk .tic 
_ __,_. ....., ...... 

(ZS.Gii (SO.OOO ...... , ..... , 
' ' ' ' ' ' ' ' Fludcoets 

OepreciatlOl'I Cleal> and Unit 4200 5581 6681 1005' 14000 5903 6805 6805 
• Licence and Insurance 980 1480 2320 26'2 2400 1250 3290 3290 

Overheads •nd Expenses 6010 8008 8979 8776 10953 6936 8092 10958 
Dmers W11ges 8175 9827 9827 10584 8(M8 11992 8500 8500 
TOTAL FIXED COSTS 19315 24111 %11D1 3205& 35401 2&081 26117 29553 

v_.....coets 
Repair labour 2600 4700 4939 1476 2500 1440 2820 5280 

Spares 1390 1920 2018 1000 1950 1145 2395 3765 

Tyres and Tubes 1040 2961 3591 2100 4500 975 1958 3917 

Fuel and 0;1 3900 5564 6540 7248 7560 5038 70!M - 13983 
TOTAL VARIABLE COSTS 8930 15145 170ll 11124 1&510 1591 14267 21945 

TOTAL OPERATING COSiS 2la5 4G041 ..... GllO 51911 •79 40954 51491 
• ... ..._.on aplt9I etllPl"9~ at 

•119Hled ntea (20'Ail 5659 6697 8017 8776 11200 &?'l& 8190 11300 

TOTAL COSTS 3315' 41738 52112 52&5& &3111 41115 4114' 17791 

SUGGESTED COSTS PER WORKING DAY, HOUR AND MILE 

••2 .... ~, .......... ......... 2.000 4,500 •.SOO 
Slllp unit ....... ............ ...... ......., ...... •"°" pion ....., 8ftlc ..UC ....., ....., 

(25.000 (50.000 ....... , ..... , 
' ' ' ' ' ' ' ' Per working ..., 

Feud costs 84.19 108.24 120.90 139.37 15l.91 113.40 116.03 128.49 

Variable costs 38.83 65.84 74.29 51.41 71.78 37.38 62.03 117.15 

T olal operating costs 123.02 174.09 195.19 190.78. 225.70 150.78 178.06 245.64 

Interest cost 24.60 29.11 34.85 38.16 48.70 30.16 35.60 49.13 

TOTA~COSTS 1'7.&3 203.lO 230.DS 221.M %14.39 180.93 213.66 294.77 

Per working hour 
Fixed costs 8.42 10.82 12.D9 13.94 15.39 11.34 11.60 12·.85 

Variable costs 3.88 6.58 7.42 5.14 7.17 3.73 6.20 11.72 

Total operating costs 12.30 17.40 19.51 19.08 ~-' 15.07 17.80 24.56 

lr.terest cost' 2.46 2.91 . 3.48 3.82 4.86 3.01 3.56 4.91 

TOTAL COSTS 
. 14.7& 20.32 23.00 22.11 %1M 11.ot 21.36 21.AI 

Per mite 
Fnced costs 0.77 0.99 1.11 1.28 1.41 1.04 1.o&. 0.59 

Variable costs 0.36 0.60 0.66 0.47 0.66 0.34 0.57 0.54 

Total operating costs 1.13 1.60 1.79 1.76 2.07 1.39 1.63 1.13 

lnturest costs 0.23 0.26 0.32 0.35 0.45 0.28 0.32 0.23 

TOTAL COSTS 1.31 1.11 2.11 :.11 2.52 1.11 1.95 1.31 

Ylork1n9 d1ys 230 230 230 230 230 230 230 230 

Working hours 2300 2300 2300 2300 2300 2300 2300 2300 

'I '•"' -1~•"' , '"",..' '""" 1 ?.-.noo 25000 25000 25000 25000 25000 25000 50000 
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