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A. Sustainable Development 

Envirommntal protection and recycling are today an import.nt 

factor to maintain the quality of life and to euhanc:e the economic 

independence of a country. 

Governments of developing countries are becolling mre and more 

conscious of the importance to achieve industrialization without 

destroying their enviroa.nt. In other words they want wstainable 

industrialization. 

B. The Case of Used Oil Recycling 

One of the llDSt interesting recycling activities is the re

ref ining of used lubricating oils fr01ll engines, gears and-hydraulic 

systems of all kinds of vehicles and industrial machinery. 

Re-refining of used lubricating oils means considerable savings 

of resources and energy, it has an important strategic impact and 

helps to reduce dependency on foreign imports. 

Of all lubricating oils consumd within a given country, at least 

S~ per cent can be recovered after use and recycled ~ither as fuel 

and/or as lubricants. 

Because of the illportmu:e of recycling valuable prCJliucts frOll 

waste streau u an alterutiw rav .. cerial source, UBIDO bas in-

cluded th.I.a f iald of activity in its progr.- since several years. UNIDO 

has at its disposal the required expertise to establish coimercially 

sncceHful used o~ re-refinina plants on a natiollal and/or a reg:l.onal level. 

?he steps required to be taken in order to establish a used oil 

recyclin& activity are discused in the following sections: 
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1. Phase I - Prefeasibillty 

AsaeasiDg Whether a Used 011 R.ecycling Plant 
1a a Feasible Ecouoaic Activity 

Phase I consists of steps that are providing the base to decide 

whether the establishing of a re-refining plant is feasible from an 

economic poiDt of viev. During this phase. the following activitiu! 

tasks should be undertaken: 

a. Qua!tity and Qua1ity AssesS11ent of Generated Used Oils 

o In order to determiDe the collectable quantities of 
used iW..ricating oils, one must begin by estimating 
the oftrall quantities of lubricating oils co11SU11ed 
by aut01mtive and industrial sources within the 
r~gion/country/area where the establishment of a 
recycling plant is under consideration. 

o Further, quantity and quality a.sessment will.b~ 
achieftd iD a 1110re detailed manner by identifying 
the type of lubricating oil users and the relative 
quantities consumed by each type of user. 

Thia is ~ortaac because there are different rates 
of gemrating and collectiDg used oils depending 
.ainly on ~be type of usage. lor example, engiDe 
oila have an approximate 63 per cent used oil 
potential collectable rate; metalworking oils and 
gear oils 81) per cent; and tmbille oi~s an 87 per 
cent coll~ctable potential rate. 

o Finally, in order to assess further the quality and 
quantity of used oils generated by auto1110tive and in
dustrial users, the curren' ways that used oils are 
handle;, stored. aggregated and reused muat be 
dete:w.:iDK. 

Aboft informatiou on quantities and quality of used oil will 

usist as wll 1a estimatiug the cost of re-refining of used oi.i.S. 

For example, used oils that are handled poorly may sustain con

taainatiou from rain, solid wute, chemicals, etc. This contribute-, 
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to lover the quality of used oils and to require a 90re 

elaborate and expensive process to clean it. Moreover. 

extensive post-usage.contaainatio~ affects the base oil 

yield - a fact that dfwfnfshes the economic attractiveness 

of a used oil recycling activity. 

b. Collection Sys tea AssesA1ent 

A second and -jor part of the pre-feasibiliey phase is 

to determine vbeeher there is a collection systea for used oils 

and if not what possibilities exist to develop an effici.ut 

collection systea based on Che following information: 

- location of sources using lubricating oils and 
generating used oil; 

- quantities of used «>ils generated by individual 
sources; 

- proposed location of used oil recycling plant. 

c. Alternative Used 011 Uses 

A third important pre-feuibiliey step is to assess the competing 

uses (if any) of used oils and through which chazmels these used 

oils are reaching alternative ways of reuse. 

For example. used oils can be used directly as fuel and as dust 

suppreHors on country/unpa'ftCI roads. etc. Both of these uses 

have serious envµ-onmental adverse effaces. When used oils 

.(especially automotive used oils) are burned as fuel without pre

cleaning, a ran. of •Uls (principally lead) is released in 

the atmosphere. :n..•• •tals are dangero":8 to health. If the used 

_oil coutain8 1 .. 01111& or other flalll&ble .. terial wbeu it is burned 

it may preaent ri.k of fire or esplosion. Used oil applied u a 
I 

dust suppressor '9 also dangerous :o health. It may contaaiaate 

ground water source• aod/or adjoiuing water bodies and fields. 
I 

I I I 

-1 
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ADocber cmpeting use of used oils is reprocessing/recycling 

:lnto fuels and/or lubricants. Recycling .. y itself ge:ierate 

envtroamental problems but these problellS are controllable and 

never tecbuologies are low in pollution and their by-products 

are often marketable. 

d. Marketing Assessment 

A final but equally important s~ep in the pre-feasibility phase 

is the asses51Dl!llt of potential local and/ or export markets for 

recycled re-refined products. 

this marketing information vill enable prospecti~ entrepreneurs 

to decide whether they want to produce fuel autl/or lubricating 

oils. this decision is important because on it depends the type 

of technology they should utilize. 

<>ace steps (a) through (b) are being completed. prospective entre

preneurs and/or governments are ready to proceed - if obtained 

illfo~tioll warrants the establishment of a used oil recycling 

actiTI.ty - wUh Phase II. 

2. 2base II - lllplementation 

!etabl.Uhing an Integrated iJsed Oil Recycling System 

During Pha9e II entrepreneurs arJll/or governments should proceed 

with the following ~ctivities/actions: 

a. To clatamiae the
1

1ocation and size of the plant based on 
I 

f.Afo~tion on the. location of uaed oils generating sources 

aad tba quantities of generated used oils. 
I 

l 
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b. 'Io develop and organize an efficient w.o!d oil collecti.ou systea. 

In desigru.ng a used oil collection systea the folloving facts 

sbou4d be taken into consideration: 

o The efficient collection of used oil is the main pilar 
in the successful operation of a used oil recycling plant. 

o Used oil generating sources are dispersed. 

o Quantities of used oils generated by individual sources 
-y be relatively ...u. 

o The used oil collector should haw the appropriate 
incenti'ftl:/ conatraiDts in order to bring the collected 
used oil to the used oil re-refining plant. 

c. To devise a regulatory/incentives systea that will achieve the 

channeling of used oil resources to desir~ inter.diate and 

end-uses. 

d. To estimate investllellt and production costs. 

e. To select the type of teclmology to be used in recycling used oils.· 

This decision. vi.lJ. be based on the information avai.lable OD the 

c.ype of used oils collect•d. level and type of contamination &U8-

'a:!.ned. storage. transportation, the estimated yield and the type 

of .fetti?'ed ead-procluct. Further, technology choice will be based 

on tile available alternatives in neutralizing. treating, disposing 
I 

ar.ul/or reusing waste products generated duriDg the recycling pro-

ceas. 

f. To organize trafnfng courses for tec~nical perscnmal of recycling 

used oil plants. Thia activity should be ~ertaken in co-operation 

with ~he technology trauferring (if any) enterprise and/ or 

organization. 

g. To organize a marketing systea tor re-refined products. 
I 

-1 
I 
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tbe9& objec~,,.. and activities should be guided by ava~able state

of-che-art surwya ou w;'ld oils/recycled oils integrated_syste• as 

ba-. ben impl.-nted in sever~ industrial couu~es and some de

velopiJll countries. these countries have sul>siantial experience in 

recycli.D& dleir used oils and their experience can be useful uot 

ouly isl aelectiDI cost-effective, euviroamentally acceptable 

tedmoloai-es, but ill devi.siDI effective collection and regulatory 

fr.-worka. tbe fiD&l aim of a used oil recycliD& project should 

be to cl....Uop inf oniatiou based on the experience obtained in an 

indiviclual country/regiou/pl.ant in order to gradually develop 1D0-re 

pneral guideJines that would be particularly relevant to the con-

ditions prevailing in developing countries. 

F:1Ully, me public should be educated in order to obtain voluntary 

compli.Dce isl bandliDS and clisposiDg used oils iD environmentally 

aouad vayta. 

Al.cboqh all illplemeutatiou •~ages of a used oil re-refi.Ding activity 

are UiporUllt and •rit lengthier discussion, ve vill deal here ouly 

Vitb som addid.OD&l aspects related to the re-refining technologies. 

I 
• i 
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C. lte-ref iDiD.g Technologies 

The aa1n treatment technologies for used lubricating oils are pro

cessing used oils into fuels and/or to re-refine thea into base 

lubricating oils. 

The bundng of used oils as fuel is by far the predoaiDalat use 

wo~ldvide in comparison vi.th the re-refining into lubricanU. Th1.s 

can be explained because of the relaUvely high.heating "1.ue of 

used lubricating oils which pr01D0tes its utilization. as fuel. 

Further.ore. the processins of used oils as fuel requires Cimaiderably 

less investment tbau che one requireCl - for the comrersion of used 

oils into lubricants. 

In spite of these facts, several governments in both industrial ancl 
• 

industrializing countriee encourage the promotion of re-refiDi.Dc by 

devising arproprine regulatory systems and several of chea by sub

sidizing the establ.i.sbment of re-r~fining plants. 

!he promtio·1 of used oil re-refining plants worlclvide is primarily 

· • .• :.::i on the folloving facu: 

o From l ton of used oil. 0.6 to 0.8 tons of 'bue lubri.catin& 
stocks adequate for lubricant production are obt•inecl. In 
contrast, 0.2 tons are produced from the sama q~ity of 
crude oil. 

o The re-refining of used lubricating oU. enables tbe re
peated use of these oils. 

o tbe trade balazice is improved ~hrough supplementiDS lubri
cating oil imports Vi.th recycled lubric:atin& oils. 

o The burning of used lube oil contributas vary litde co 
suppleme:t de:ia:d for anarlY socr:es d~e to ~ha fact tbat 
the share of anera recoverable f r01D spent lubricants 1a 
approxilllately O. S per c:ent "".Ompared to tlw world .-r17 
de:&Dd. l) 

l) . Dr. K. Joidl, Austroplan 

l 
I 
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Retrospectively. vhen thinking of used lubricaeing oil-refining, 

not ouly prC\fitability should be considered, but a:so environmental 

aspacu and nati.onal economic i.ssues such as foreign exchange 

savings and the preservation of resources. !iecycling of used oils 

into lubricancs is an economically at~racti.ve, environm':!ltally sound 

alternative to b~rning as fuel. 

From re-refined lubricating oil ;ase stocks several kinds of oils 

can be derived vhen blended vi.th the appropriate additives, such as: 

o sillgle &Dll/or multigrade motor oils 

o hydraulic oils 

o gear oils· 

o cuttJ.ng dilutants 

o greases, etc. 

There are a f&Wllber of used oil proceasiDg/re-refiniDg technologies. 

Ve are presenting here a number of these tec:lmologi.es Vhich are known 

to be efficient both from an economic and an enviromaental point of 

viev. 



FLOW CHART 11 

a. ALTERNATIVE PROCESSING TECHNOLOGIES FOR LUBE OIL RE-RF.FINING ( Meinken Process/Austroplan, 
Luwa Proccss/Geseltsr.hnft flit Umweltachutz) 

1. Acid Clay Re-refining 

Uaed Dehydration 

Wate-r 
Gaaoliae 

Thet"-1 
ct"ackin& 

Gaaoil 

Acid 
Treatftl8nt 

Adel Tar /lcic.i o:ll, 
Spent Clay, 
Limo 

2. 'l'bin-Pila Vacu\1111 Diatillation ~ombined with 
Coaveatloaal Clay Fialehiaa without Acid Treat11en't 

Ueecl 0:1.llDehydratioa 

Water. 
CaaoUne 

Caaoil/rue 1 
Dhtillatio 

Caaoil A8phalt/Fuel 
Extender 

3. Total Bvaporation - Evaporation of 
Lube C09p0uade under Rish Vacuum 

Uaed Oi_~Dohydt"atton 

Watt1r 0 CaaoU.ne 

Pt"e-traat111e·.it 
A~'lnt 

!'ra•treat
•nt 

Caaoil/Fuc 
Diatil!ati 

Gaaoil 

Clay 

Clay 
Trea::ment 

Spent Clay 

Luhc Oil 
Dimtillaticln 

Asph1ut/Fuel 
Exteinder 

Hot contact: 
Distillatlu 

GHoil 

Neutral 011 

Neutnl OU 

FilLntiCll' 

OU in 
Filtor Cake 

Cuoil 
Sjlindla 011 
B,..ic OU 

.... 
0 

_J 



4. Total Evr.poration Proceee with Bright Stock Recovery 

Uaed 011-._IDehydration 

Water, 
GaaoliM 

Annt 

Pre-
t reat'Mnt 

GHoil/Fue 
Dietillati 

Gaaoil 

s. Thin-ril .. Vacuua Distillation Combined with 
Hydrofinieh~ After-treatment 

Uaed Oil.JDehydration 

\later, 
Gaaoline 

Ga•oil/Puel 
Diatillatio 

Gaaoil 

Lube Oil 
Dietillatio 

Aaphdt/Pud 
Extender 

Lube 011 
Dlatlllatlo 

Aaphalt/Pual 
Extender 

Hydro 
Finbhin1 

Neutral OU 

Br:L1ht Stock 

NeutHl OU 

.... -

_J 

I 
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b. Other Available Tec:hnologtes 

o Sol~t extraction 

The central treatment consists of extraction. of lube 

cow.pounds with propane. 

o Cheai.cal treatment (other than acid re-refiDing) 

the ~ntral treac.ent consists of precipitation of 

•tals conca1n1ng cCJllPOUDlls with d~nl.ua phosphate. 

c. Conclwlina Remarks 

As concerns the technology selection, once the prefeasib1.lity 

steps/assessments are C011Pleted and a decision is being made to 

establish a used oil re-refining plant, the following key factors 

in the evaluatiQn of used oil re-refining processes are important: 

o availability a flexibility of rav •terial 

o product recowry yie1cl 

o quality of uaed oil feedstock 

o by-producu, wastes ad er..ri.ronmental 
conaideratioD.8/coaatraillts 

Eavir:oumental couideratioU and slwlge dispoHl problem •ke 

conventional acid/clay proceHu 1Dcr:eaaingly unattractiw. Tbe di8-

po1al of acid llwlp a clay ruiduu is beCOllillg difficult aud costly. 

The tecbnoloP,.. ducribed in this paper have relatively lu1or: 

enviroamental ef fecu and by-pr:oducta/vast.. can be r:eutilized and/ 

or neutralized before d.18posal. 
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lllIDO c.a asist in selecting the proper tedmology and provide 

the requind tec:lmi.cal expertise, organ.la the tt•int.,g of local 

...,.gen, scielltific/tecbni.cal personnel as well as semi-s1dlled 

persoanel. 

As coacera the crganiution of an efficient collection system, 

martetillg ......-nt and marketing strategies for recycled/re-refined 

products, the de,,_lopment of an appropriate regulatory -chinery and 

iacentiws, as veil as a public information systea, are necessary parts 

of a iategraced successful used oil recycling/re-refining activity 

and .re to be dealt with in forthcoming separate t!RIDO Working Papers 
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Used Lube Oil Plaut with a Capacity of 

1000, 2000 mul 3500 tpa of Dewatered Black Oil 

R~treating;:Distlllatioa.Process ! .:. 

Process Yield a.a.cl Utility ConsU!f tion 

As!Ullf :ion: Used oil feed composition containing 10% water and low 
boilers mul 15% Gasoil 

Product :reed Recovery Yield P: Jductioa. per year 
Compos. rate 
% vt % vt 

Used oil 110 

Water/gasoline lO 

Dewatered black 100 
oil 

Gasoil/Fuel lS 14.8 

Ne~t::-al oil 79 76.5 

Asphalt/fuel extend. 5.7 7.0 

Light ends 0.3 1.7 

Formulated lube oil (with U% additivu) 

Utilities Ccnlsut1ptic.n (approx. 
valuu) 

Fuel consumption: 

Cooling water 

Pretreatment agent 

Electric power 

Electric pat•er inatalled: kWh 

% vt t 

1100 2200 

100 200 

1000 2000 

99 148 296 

97 765 1530 

70 140 

17 34 

860 1720 

Consumption per.ton 
recov•red product 

18 

2 

40 

64 

95 

* Source: Dr. l. Movahedi, Gesellschaft fUr Umweltschutz 

38SO 

350 

3500 

518 

2680 

245 

57 

3000 

'I 
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l. lWIUPM:DJUllG COST PD. ?OR UCOVEBED PRODUCT 

c .. tf•t:loll, aot binding ill any case. Units taken should. be 
cbechd with local condf.tioos). The costs stated. are relating 
to •Uic tons and based on actual plant data experience. 

1.1. Pixel coat 

1.2. 

l.3. 

2. 

3. 

- persoanel (3 shift operat!or.. 
tot. 12 pereoaa at US $ 4000.- p.a. 
uda 

- depnciati?n (5 yrs payback) ) 
- -.mteaance (3% of investment) ) 
- cl.ear apace requirements ($10/a2 yr) ) 

Subtotal 

Utilidu US $/ton 

- Pue1 ia produced in plant 
- El.actricity (64 ldlh/t at 

$ O.OS/ldlh 3.5 
- Water cz.l/t at $0.25/a3 o.s 

Subtotal 4.0 

laV .. terial and hI-2roc1ucts 

- Use4 oil (purchase and so.-
trauport) 

- Pnttutmat qat 8.-
(ca. SI vc added) 

Subtotal 58.-

'lUUL !WftJIACTUUJIG COST FOi. 
lllDIUL OU. 

Optional 

- Aotlclitivu for blending 105.-
- C:.U/clrum for packing 100.-

Subtotal 205.-

GIAllD TO'lAL 

Wbolaale price 

Gron •r11A 

11 I 

Plant capaci.ey (tpa) 

1000 2000 

48.- 24.-

128.- UJ.-

276.- 137.-

4.- 4.-

58.- ss.-

338.- 199.-

205.- 205.-

543.- 404.-

1250.- 1250.-

101.- 846.-

l 

3500 

14.-

65.-

79.-

4.-

58.-

141.-

205.-

346.--

1250.-

904.-
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Afore!lleD.tiouecl figures are based 011 European price ~. during 
spring 1984 and ar·· subject to review at local couditioas-
Ad•i"listratiou, un.ageMnt, taxes and distribution costs &Ee not 
mcl•ed. -· 

.. 

I I 
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APPEHDIX II 

~ract froa Preinvestmeot Study 

Vaste Lube Oil lef1ning P-roject in the Gulf Revion 

Acid-Clay Pi:ocess * 

The Mass B&lance as the Base of Production Cost Calculations 

This mass balance is based on the results of the laboratory 

analyses. Of course the actual mass balance will depend very strongly 

on the actual waste lube oil composition and can vary in certain liaits. 

tlevertheless the asaumecl consu11ption values can be expected to 

be average values during operation. All percentage indications are 

in .... %: 

A Vast• lube oil input: 

Botcoa sediments + vater: 

B VQ~e lube oil vt.thout water 

aDd bott01& aedillents: 

c 

D 

R2S04 consumption 

(8% of B): 

Acid oil (90% of 8): 

Bleaching clay consumption 

(S% of C): 

Sua of producta (83% 

of I): 

E Procl,JCt a1x of waate lube 

oil re-fining 

aa.e oil 80% of D: 

Spindle oil 8% of D: 

Guoil 12% of D: 

* Source: Dr. II. Joidl, Auttroplan 

3000.0 t/a 

4.C?. % 

2880.0 t/a 

230.0 c/a 

2592,0 t/a 

129.6 t/a 

2390.4 t/a 

1912.4 tla 

191.2 t/a 

286.8 tla 
2390.4 cja 

l 



- 18 -

Bleadg of p..:oducCS 

Procluction of maograde oil ill 200 1-drum: 

l.711.2 t/a base oil mJted with 80 kg.perfomance package base oil: 

1,721.2 t/a base oil 

137.7 t/a performanc~ package 

1,858.9 t/a llonograde oil filled ill 200-1 drums 

(180 1cg procluct drua) 

Humber of 200-1 dna: 10,328 drum 

Product!on of .W.tigrade oil filled ill U-c:aas: 

191.2 t/a base oil + 191.2 t/a spiDdle oil mJted vi.th 90 1cg perfomal'ce 

pacpge/t base oil + apiDdle oil and with 130 tg viscosity iaprover/t base 

oil + spindle oil: 

191.2 t/a 1 base oil 

191.2 t/a:ap:lnclle oil 

34.4 t/a 1 perfomaace package 

49.7 t/a'vt8co•ity illprover 
I I 

466.S t/a,•Jltigrade oil filled ia 4 1-cau 

' (31.6 tg product/can) 
I I 

lumber of 4-1 cam: 129,584 c:aU ' 

--1 
I 
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Suney of Hated.al Coat for Base Lube Stock and FiDished 

Lube 011 Production 

Base: 3.000 t/a waste lube oil 
1-shift operaUOD. 2000 net productioll hours/year 

Has• balance accordiDg to MBEX I 

Chellic.als Coat calculation 

Sulfuric acicl (650 Dbs/t/R2S04) 650 x 0.077 x 3000 
speci.fic coasapt.ion 
77 kg/t vute lube of.:. 

lle•chtng clay (!'!'80 : 1700 Dbs/t) 1700 x 0.043 x 3000 
specific coasaption 
43 kg/t waste lube '111 

Lime (200 Dhs/t) zoo x 0.083 x 3000 
specific conauaption 
3 + 80 kg/t waste lube oil 

~ c2.soo Dbaft> 2Soo x 0.088 x 3000 
I I 

specific couumption 
8 kg/t vuta lube oil 

Water cheaic.als 
Specific coSC-
20 Dba/t waste lube o:.1 

tOTAL Cll!MICALS 

A"':tual Cost 
Dbs/a 

150.lSO 

219.300 

49.800 

60.000 

539.250 
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Chemicals 

Auxiliary materials 

Filter paper 
(specific air weight of paper: 
70 g/a2. 6 Dhs/kg) 

- 20 -

Cost Calculation 

sped.fie consumption 
30 a2/uy x 250 d/a • 30 x 250 x 0.07 x 6 

Power and utilities 

Electric power (0.075 Dbs/klll) 
specific consumption 
100 ldlh/t vaste lube oil 

Vater (6.5 Obs/al) 
specific consumption 

TOTAL ADXILIAllY MA.TElUALS 

100 x 0.075 x 3000 

2.67 x 6.5 x 3000 

Annual Cost 
Dhs/a 

3,150 

3,150 

22,500 

52,065 

Diesel oil (4.2 Dhs/gal corresp. to 
1.1 Dhs/kg) could be provided by awn 
production 
133 kg/t vaate lube oil 0.3 x 133 x 1.1 x 3000 131,670 

Vasta water 
discharged water is clean due 
to pruification equi,..nt proridecl 

Total •ter1al co•t for bae lube 
.cock production 748,635 

I I I 

• 

~l 
I 
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Cheai.ws 

Addieives f nr f IDi.shiDg base 
lube stocks 

Cose Calculaeion 

According to A1llllX 1 Che following 
yearly amounts of periormance packages 
and viscosity Uipxovers are needed: 

172,100 kg perfoannee package i S Dbs/kg: 
49,700 kg viscoei.ty illprovr.r i 40 Dhs/kg: 

TOTAL ADDITIVES 

Total -terial cost for finished 
products prociuct!On 

An:iual Cose 
Dhs/a 

860,500 
198,800 

1,059,300 

1,807,935 

( 

-1 
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Production. Coses versus Sales lleveaues 

AnnU.:!l input: 3,000 t/a vasee lube oils 

.. 
Cose ieea Annual operating coat 

(Dhs/a) 
• 

Personnel 1,519,800 

Waste lube oil supply 800,000 

Total materials for 
finished product~ production. 1,807,935 

Products 11arkecing 1,284,736 

, 1; 
TOTAL OPERATDIG COST 5,~12,471 

CAPITAL COST 2.112,000 

TOTAL PRODUCTION COST 7,624,471 

SALES REVENUES 

Selling Pri.ce I 4 1-c:an 
(muleigracle oil and 
monograde·oil): 25 Dhs 

Selling Price I 200 1-drua 900 Dhs 
(monogr.1de: oil): 

Sales Revenues fo~ lfu1ti1racle Oils 

129,584 cana/a x 25 Dhs I can: 3,239,600 

Sales Revenues for Konosrade Oils 

10,328 drums 10 x 9\lO Dha/drum 9,295,200 

TOTAL SALES IEVENUES 12,534,800 • 

GROSS PROFIT 4.910,329 
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Information Sources on Re-refini.n~ Processes and Economics 

UNIDO is in contact with se"~ral consultants and companies 

around the wrld which have expertise in re-refining used oil. 

We have received material from the following companies/experts: 

o Austroplau. Austria 

o Gesellschaft filr Umweltschutz, Austria 

o .Jol.ar Associates, USA ...... 
o tuwa Process. Switzerland 

o Hefnken Process, FRG 

o 1econ Systems, Inc. , USA 

o Dr. V. IrviA, USA 

o Katioaal Bureau of Standards, USA 

o Americ.an Petroleum Iudtuce (APU • USA 

For further information please contact: 
S .P. Maltezou 
Industrial Developmtmt Officer 
Environment, Pulp and Paper and Basic 

Chemicals Unit/Chemical Industries Branch 
Divisi~n of. Industrial Operations, UNIDO 
P.O. Box 300 
A-1400 Vienna 

I I I I II 

~-

I 
I 
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