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1.0 INTRODUCTION 

This report presents a prefeasibility sbXiy 

for the production of low density Polyethylene 

(LDPE} in Kenya. The technical process for the 

production of LDPE requires ethylene which.ID this 

special case will be produced from locally avail

able alcohol (ethanol) or will, as an interim 

measure, be imported by ship fr~~ producers over

seas. 

Prefeasibility studies for the production 

of ethylene from locally available alcohol as well 

as for the LT.port of ethylene are shown in the 

report. Also the various possible processes, their 

problems and alternatives are explained herein. 

Full economic calculations are presented fa= 

a combined coillplex, starting from ethanol apd upto 

the fir.al LDPE product ready for sale. The last 

two chapters detail some thoughts on the possible 

future e:xpansion a.nd diversification of LDPE usage 

and of the ethanol cons-Llllling industry. 

The writer wishes, at this point, to use 

the opportunity to thank to all people anc 

institutions who have given their ~ssistance and 

help and have supplied valuable information during 

the preparation of this report - Ministry of 

Industry - IPD Offi~ers, UNIDO Advisers, plastic 

processc::c; and con3umers, local and foreign 

companies and agencies and foreign engineering 

contractors. 
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JOB DESCRIPTION 
DP/KEN/80/001/11-52/31.2.A 

Expert in the preparation of a project 

in low density Polyethylene 

Three Months 

Nairobi, with travel within the coontry 

To strengthen the functional role of 

the Ministry of Industry in planning 

and progranuning, co-ordin~ting and 

executing industrial development projects, 

and arriving at policy decisions. 

The expert will work with officials of 

the Ministry of Industry and under the 

general direction of the team leader and 

will cooperate with other members of the 

interna~_ional team to promote ind~strial 

develop..~~nt. The expert will be required 

to prepare a project for the production 

of LDPE in Kenya. This would include 

the following: 

1. Prepare a prefeasi~ility study for a 

viable plant to produce low aensity 

Polyethylene from locally manufactured 

ethanol; 

2. Prepare an alternate prefeasibility 

study for production of LDPE from 

imported ethylene as an interim 

measure pending availability of local 

etr.anol; 

... /3 
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3. P!'epare guidelines for inviting 

project proposals fr~ prospectiv~ 

enterprene~rs from within the 

country and abroad to set up 

production units; 

4. Sug~est a strategy for future 

expansion and/or diversification of 

the industry. 

The expert will also be expected to 

prepare a final report, setting out 

the findings of his mission and his 

recommendations to the Govern.~ent on 

further actior1s which. might be taken . 

. . . I 4 
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2. 0 SUM!'"iARY 

This report presents a pref easibility study for 

the production of low density Polyethylene (LDPEl in 

Kenya. The following are the main problems which have 

been analysed in the report: 

2.1 Prefeasibility study for the production 

~f ethylene frQill ethanol 

2.2 Pre£easibility study for the jmport of 

ethylene from overseas 

2. 3 LOPE consumption fore cast and manufacturing 

costs. 

2.4 Economic study of the manufacture of LOPE 

2.1 PREFEASIBILITY STUDY FOR PRODUCTION OF ETHYLENE FROM 

ETHANOL 

The prefeasibility study is based on the know- • 

bow and inf or.mation received from a well known US 

engineering contractor. It det~ils investment, con

version costs and shows tables :if maximum perrnit'!:ed 

cost of ethanol as a function of ethylene prices and 

at two production capacities, 40,000 M~/year and 

30, 000 MT/year. - The st'l:.dy can be summar izea in --saying · 

that, in order to achieve a realistic price for ethylene, 

the cost of ethanol (100% basisl must be maximum 

KShs.2.5/litre and preferably below that. 

Furthermore it has to be stated that the guantity 

of ethanol required at the start of the project (1988} 

reaches about. 48,500 MT/y (60.5 million litres) 

increasing to about 70,000 MT/y (_87 million litres)_ in 
1996. This ·guantit·y includes 10,000 MT/y ethylene 

for PVC pr0duction. Such quantities of ethanol are not 

availnble yet and the larger part is in the planning 

stage only. 

. • . )5 
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2.2 PREFEAS!B!LITY STUDY FOR THE IMPO~T OF ETHYLENE 

The techn::. ..:c.l complexity of the import of ethylene 

is described in ~ull. The study is based on the invest

ment f igur~s for the storage system received from 

reputable West European and US engineering contractors. 

Information on transportation, money and time 

involved, were received from West European shipping 

brokers. 

It can be concluded that the import of ethylene 

does not seem to be a profitable venture. Even without 

duty on imported ethylene, the cost of it will reach 

$ 708/760 p~r ton ethylene, which is too high a price 

for a successful LOPE plant. As a matter of fact the 

price of ethylene will even be higher because 

depreciation should only be calculated over about 6 years 

(interim period} and this will raise the cost by $35)MT. 

Other ad<litional disadvantages are as follows: 

al the import of ethylene forces the siting of 

the whole complex in M~~basa area. This fact 

wiJl require rail tram;:port of ;ilcohol from 

Western F.enya to the coast and adds about 

$ 45 to-the-eth~nol moved, or $78-to the-t~n 

of ethylene· produced from alcohol. 

bl The imported ethylene, paid for in foreign 

currency, will leave practically no foreign 

currency savings at all. 

c) The storage system is an expensive unit and 

adds about $12,000,000 to the investment, 

which would make the total project even less 

profitable. 

2. 3 LOPE CON.-~uMPTION FORECAST AND MANUFACTURING COSTS 

The three different types of Polyethylene and 

their usages are described. Fnrthennore a somewhat 

conser\•ative consu'11ption forecast over the 12 year 

... /6 
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project period has been prepared. Know-how suppliers 

have been contacted but nc definite answers received 

yet. The manufacturing costs and investment estimate 

are based on a project the writer carried rut in Israel 

during the year 1974/1978 for a 60,000 MT/Y LDPE plant. 

2.4 ECONOMIC STUDY OF THE MANUFACTURE OF LDPE 

2.4.1 

2.4.2 

Two stucies have been prepared: 

2. 4. 1 One study !:>ased on conditions whereby a 40% 

duty is paid on imported equipment and the 

interest rate for loans is 15%. 

2.4.2 A second study whereby no duty is taken on 

imported equipment and the interest rate 

is 8% only. 

The first study proves the project to be not 

feasible. 

The second study shows that the ethanol to 

LDPE project can live only if the GoverTh-nent is 

prepared to subsieize the alcohol producers. Even 

under these preferential conditions the project is 

a marginal one under the presently prevailing world 

conditions 

As a matter cf fact these results give a true 

picture of the bad state of business in which the 

world producers of ethylene and LDPE find themselves 

at the present moment. There is an excessive 

capacity of both materials in the world with result

ing heavy competition and which forces the prices 

down to ~he minimum possible. 

If one analyses the distribution of man~

f actur ing costs of LOPE, one sees the following 

picture: 

... /7 
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49.6% 

8.8% 

20.0% 

21. 6% 

100 t 

Ethylene is the major cost component, which 

can be obtained at cheap prices in the wor:d, 

especially at the presently "low" price of the 

barrel of crude oil. An upward trend in ~rude oil 

prices anc a consequent rise in cost of Naphtha and 

and LPG might change the picture entirely and make 

the local production a succes·sful venture. 

Also the fixed costs (including depreciaticn) 

have a relatively high impact on the utli1r.ate pro

duction costs. The reasons are twofold; the 

proposed LDPE plant is a relatively small unit and 

therefcre fixed costs are ~elatively high per ton 

product and furthermore it is a new grassroot 

industry which require heavy investment for infra

structure such as utilities, storage,area and 
environmental preparations, buildings, laboratories, _______ ·-· 

drainage, sewage, etc. Any further expansion will 

require less investment per ton product and will 

make the whole project more profitable. 

The last item of i.Itlportance is t~e profit of 

the enterprise. At the present depressed state of 

business it is doubtful whether anyone of the 

present producers can s·how as high a profit as this 

project {_IRR = 14. 7%1. Most companies are happy if 

they can break even and od not slide into the red. 

During the last year several large chemical canpanie~ 

have decreased their ,:)Utput considerably and some 

have gone out cf the LDPE business entirely, due to 

the heavy losses incurred to them by the weak market . 

. . . /8 
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It is recommended that this project should 

be re-€valuated periodically, as the feasibility is 

liable to change to the better with rising cost of 

crude oil and consequent higher cost of Naphtta· 

ethylene and LDPE in the world ~arket. 

The last two chapters detail some thot1ghts on 

the possible future expansion and diversifi . .:;ati.on of 

LOPE usage and of the ethanol consuming industry . 

. . . /9 
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3.0 THE PRODUCTION CF ETHYLENE FROM ETHANOL -

A PREFEASIBILITY STUDY 

3.1 THE PROCESS 

Until the mid 1940's, a significant portion 

of the ethylene produced industrially was derived 

from ethanol dehydration. Afterwards, thermal 

cracking of hydrocarbons, because of its superior 

economics, became the source of essentially all 

ethylene. Today, with the significantly increased 

cost of hydrocarbons and the larse investmeJ.1ts 

required fo~· a !Tlodern ethylene p1.ant, there is 

renewed interest in ethylene-from-ethanol plants 

derived from renewable r.atural resources. This is 

particularly so in Africa, Asia and South Americ~. 

Also with the advance in chemj_cal engineering 

research and technology new catalysts have been 

developed, having increased activity, higher 

selectivity and greater resistance to deactivation. 

This resulted in higher yields, increased reactor 

on strea-u time and less by products, meaning lower 

investment and lower converEion costs. The process 

itself is relatively simple, involving low pressures 

and somewhat elevated terr.p2ratures. 

The basic reaction is the dehydration of ethanol: 

Attached is a simplified flowsheet of a polymer 

grade ethylene plant. 

. .• /10 
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Ethanol is vaporised and passed through the 

catalyst filled reactor. The reaction is endothermic 

and sta0le temperature is important, therefore the 

gas is several times taken out of the reactor, re

heated and sent back. The hot gases leaving are 

quenched, thereby p~oducing waste heat steam, then 

quenched with waste, caustic washed and dried. By 

Cryogenic means the rest of the impurities are removed 

to produce polymer grade ethylene. 
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3. 2 PLANT CAPl-.CITY AND ETHANOL REQUIREMENTS 

l-.ccording to our fore cast LDPE i·equirements 

will average 25,000 MT over the 12 year period 

1988-1999: This quar1tity requires an average of 

26250 MT polymer grade ethylene. In addition 

10000 MT have been earmarked for the manufacture of 

PVC. Therefore a 40,000 MT/a ethylene plant is 

recom.~ended and all c~lculations are based on this 

capacity. 

Ethanol supplied can be either hydrated 

95.6%) or anhydrous. Whatever material supplied, 

on a J.00% basis 1.74 MT ethanol are required per 

1.0 MT of polymer grade ethylP.ne. Ac~ording to our 

forecast, therefore, in 1988 about 48,500 MT (60.5 

million litres) ethanol will be required raising to 

70,~00 MT (87 million litres) in 1996. 

3.3 PROPOSED LOCATION 

The best location for such plant is in West 

Kenya, near the ethanol producing facilities, 

probably adjacent to the main raw material supplier. 

Additional quantities will have to be transported 

from the other.suppliers by rail, road or-pipeline •. 

It should also be investigated if the existing 

utilities facilitfes available at the planned alrohol plants 

will have enough capacity for supply to the ethylene/ 

LOPE complex. This could reduce the initial invest

ment by a considerable amount. Moreover it would be· 

advar.tageous if also the projected PVC plant is 

located in the: same area. This will facilitate supply 

of ethylene and is especially important in view that 

all technical personal experienced in plastic manu

facture will be located .i !"I. same area. Such arrangenent 

can save on manpower, laboratory buildings and equip

ment, laboratory staff and ensure concentrated research 

and dev~lopment. It can further save on administrative 

manpower, sales force, technical sales personnel and 

engineering management. 
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3.4 KNOW HOW 

Know how is available from a li.m~ted number of 

engineering companies, such as: 

Halcon-Scientific Design Group, Inc. 
2 Park Avenue, N.Y.10016, USA. 

C-E Lummus, 
Bloomfield, Ne\<i Jers·ey, USA. 

Petrobras S.A. , 
Rio de Janeiro, Brazil 

We have contacted Halcon-SD and Petrobras, both of 

whom appear to be the most advanced in the field. 

Halcon-SD published extensively in the technical 

literature and they also send us full information for 

a 40,000 MT/a polymer grade ethylene plaut. 

Regarding Petrobras we met three representatives 

during their visit to the Ministry of Energy, in Nairobi 

in late March 1982. WP. also have summarised our techni

cal requirements and sent those to Mr. L.R. Linder.ian, 

Chief Process Engineer of Prcmon !.ngineering, Sao Paulo. 

Mr. Lindeman was one of the Petrobras representatives 

and he promised to forward all required data. Unfortu

nntely these data have not yet been received but are 

promised to be forwarded shortly. 

Exchange of letters with Halcon-SD. and Promon 

Engineering is presented in section 3.10. 

The following pref easibility study is based on 

information supplied by Halcon-SD. As soon as the 

Brazilian offer arrives adjustments will be made, if 

so required. 

3.5 INVESTMENT 
The B.L. investment as detailed by Halcon-SD is 

as follows: 

Major Equipment 
Other materials 
Construction labour 
Construction Supervision 
Engineering and 

Procurement 
* Total (April 82) M$ 

* niousai-i'C: Dollars. 

in M$ 

2,400 
2,100 
1,600 

400 

1,600 

* 

8,100 - Gulf Coast 
Conditions 

-- -1 

• •• / J ") _, 
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Those figures will have to be translated to 

Kenyan conditions and therefore the following ite~s 
will have to be added: 

3.5.1 

3.5.2 

3.5.3 

3.5.4 

3.5.5 

3.5.6 

3.5.7 

3.5.8 

Utilities and storage 

Shipping cost to site 

Duty on imported equipment and 

materials 

Adjustment of construction cost 

to local conditions 

Interest during construction 

Start up and training 

Land 

Contingency 

3.5.1 UTILITIES AND STORAGE 

Following required: 

Stearn Supply (Boiler) 

B. F. Water Treatment a'1c1 Tank 

Air Compressors 

Cooling Tower 

Electrical Substation 

Fuel Oil Tank 

Inert ~as Supply 

Ethanol Buff er Storage 

Ethylene storage tank and liquifying unit 

Trucks or rail or underground pipeline for ethanol 

Process water supply, drainag~, sewage 

Fencing, guard-. building 

Street lighting 

It is estimated that the above will cost about 20% of 

B.L. plant, i.e. M$1500. 

3.5.2 SHIPPING CCSTS TO SITE 

Estimated at 10% on all imported equipment and 

materials (M$4000 + M$100J)l0% = M$500. 

. .. I l 4 
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3.5.3 DUTY ON IMPORTED EQUIPMENT AND MATERIALS 

Duty is 40% on c.i.f. 

M$ 5,500 x 40% = M$ 2,200 

3.5.4 ADJUSTMENT OF CONSTRUCTION COST TO LOCAL CONDITIONS 

3.5.5 

Add 25% to Construction Supervision = M$ 125 

INTEREST DURING CONSTRUCTION 

Based on 33% equity = M$4,300 (without f :inancial) 

Balance loan at 15 % interest = M$8, 700 (without f:inancial) 

Say outlay: 1st year 20% = M$1,740 

2nd year 50% = M$4,350 

3rd year 30% = M$2,610 

Then total interest c,.;er the three year CC11structian pericrl 

is about M$ 1,820 

3.5.6 START UP AND TRAINING 

3.5.7 LAND 

TOTAL 

Estimated at M$ 300 

About 2 acres, Western Kenya, Kisumu area, 

estimated M$ 20. 

INVESTMENT M $ 

3.5.0 Battery· li."Tli t, cxmtractor' s quota 8 

3.5.l Utilities and Storage 

3.5.2 Shipping to site ~ 

3.5.3 Duty 2,200 

3.5.4 Adjustment to local cxristructicn 125 

3.5.5 Interest during construction 1,820 

3.5.6 Start up and training 300 

3.5.7 Land t: 20 

Sub Total M$ 14,565 

3.5.8 Cm ting ency 435 

Total: M$ 15,CXX) 

.•. /15 
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3. 6 OPERJ..TIL~G COSTS 

3.6.l VARIABLE COSTS 

Operating requirements and costs are shown 
in Section 3.7 

3.6.2 FIXED COSTS 

a) Manpower: 4·men/shift 

Lab. Testers 

Process Engineer 

Plant Manager 

Altogether about $3/hr x 2000 x 
20 _+ 100% overhead= M$ 240 

b) Maintenance $8.14/ton 

c) Taxes and Insurance, 
2% on investment 

d) General Adminisb..·atioo, 1. 5% 
on investment 

e) Depreciation, ov~r 12 years 

f) Interest on working capital 

Total annual fixed cost 

= M$ 330 

= M$ 300 

= MS 225 

= M$l, 250 

- M$ 45 

M$2,390 

•.. /16 
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3.7 CONVERSION COST PER MT ETHYLENE 

{Without Ethanol Cost) 

Variable Cost 

catalyst & Chanicals 

Stecm, tan 

Corrlensate return,m3 

Cooling water, m3 

Power, I<wh 

Fuel oil, io6 Kcal 
3 

Process Water, m 

Inert Gas 

Quantity per Unit Cost 
tan ethylene $ 

1.20 

(1.40) 

102 

340 

0.32 

·o.34 

15.0 

0.75 

0.016 

0.048 

is.:s 
0.13 

Total Variable Cost~ Ethylene 

Fi.xErl Cost 

:Man~ver 

Mainti:mance 

Taxes and :rnsurance 

General Administratioo 

Depreciatirn 

Interest an W.C. 

'Iota] F i.xed Cost/ q 

Total Cost 
$/ran M$/a 

2.85 

18.00 

( 1.05) 

1.63 

16.30 

-4.96 

0.05 

2.00 

44.74 

240 

330 

300 

225 

1,250 
-- - - . - 45 - - -- . - -

2,390 

Total Conversion cost, without ethanol feed cost (at $/MT} 

at 40,000 MT/a production: 44.75 + 59.75 = $ 104.50 

at 30,000 MT/a production: 44.75 + 79.66 = $ 124.40 

••• /17 
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3.8 REQUIRED PRICE OF ETHANOL 

From the above f igu~es one can calculate the 

maximum feasible price of ethanol at varying prices 

of ethylene. The ::alculate1 prices shown below are 

for l.O unit of anhydrous alcohol or 1.046 unit of 

hydrated alcohol, without any profit. 

at 40,D.X> MT/a Prcrluction 

Ethylene prices 
Anhydrous Alcohol 

~/ton $7tcn $71ton KSh£7i ten I 

500 227.30 0.182 1. 91 

550 256.00 0.205 2.15 

600 284.77 0.228 2.39 

650 313.5("1 0.251 2.fi3 

700 342.24 0.272 2.e1 

750 370.97 0.296 3.]2 

&'.)) 399.71 0.320 3.36 

825 414.08 0.331 3.48 

850 428. 45 0.343 3.60 

at 30.CXX> Mr/a Prcrluctkn 

50:> 215.86 0.173 1. 81 

550 244.60 0.196 2.05 

600 273.33 0.218 2.30 

650 302.06 0.241 2.54 

700 330.80 0.265 2.18 

750 359.54 0.288 3.02 

8C() 388.27 0.311 3.26 

825 402.64 0.322 3.38 

850 417.00 0.334 3.47 

.. :11a 
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3.9 CONCLUSION 

Frcrn the above tables it can be clearly seen 

that for a realistic price of ethylene the cost of 

ethanol must be well below KShs.3.0/l. 

If we take the average price of ethylene at, 

say 700/MT, then the distribution of cost is as 

follows: 

Ethanol 

Variable cost

Fixed Cost 

$ 595.50 

$ 44.75 

$ 59.75 

$ 700/MT 

85.1% 

6.4% 

8.5\; 

100% 

The most decisive factor in the total operating costs 

is the price of ethanol and it constitutes 85% of it. 

The variable expenses have nearly no impact at all and 

even extiernely efficient production management will not 

be able to reduce much on those items. 

Almost the sama can be said about the fixed and 

financial costs. Each 1 million dollar added or saved 

will add or save about $150,000 per year, which amounts 

to $3.75 per ton ethylene at full production output. 

On the other hand the cost and the good management 

of ethanol usage is extremely important. It will require 

a good and efficient technical management in order to 

keep the quantity of alcohol at 1.74 MT per MT ethylene. 

Each additonal 1% of ethanol (17.4 kg.) adds $6.0 to 

each ton of ethylene. This can result in a large amount 

of money (up to $240, 000/yearl and therefore this special 

it~~ will have to be guarded very carefully. 

3.10 EXCHANGE OF LETTERS AND INFOR."-1AT!ON 

Attached are following documents: 

(1) Telex to Halcon-SD Group, New York 

(2) Reply from Halcon-SD 

(31 Letters to Promon Engineering S.A., Brazil. 
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A Pll.l•T TuCJuVERT ET11r,hUl IuTO 40t000 rnA PCl~Yt4En-GRAE ETHYLE.NE, 

uUil ESTJri/\TEO PRE$Ei.T-OAY CAPIAL CGSTS FOri u.s. Gl.JLF CuhST 

CGh~ITJG~S AR RE~DEfiED &ELOW. 

TALiE ? 

bATT~hY-LINtTS CAPITAL COSiS 
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FOR C0~fLETthtS~, PLEA~C FihD LEXT ELEHE~TS GF FROUCTION . 

o~ A u.s. GULF CJA5T B~szs. 

l Ai:>LE. II 

OFERATI~tiREUUiREHENTS PER HT OF ETHYLENE 

CU.J hATEBlAL$ 

ETHANOL (100 PCT. BASIS) 1.74 hT 

CATALYST AhO CHEMICnLS 2.&!) OOLLMiS 

U7:LIT1 ES 

~---_. .... __ 

STEAl1 (10.6 j{G/SG.Cfil. SAUC;E) 1.20 M 

CONDENSATE RETU~H (1.40) HT 

OOLI~G ~ATER (UELTA T=10 U£0REES C) 112.0 17.H 

POWER ~ 40.0 10/tt 

FUEL 0.32 V.ILLIOf~ KCAL 

PROCESS WATER o.34 CU.l'i. 

rnERT GAS 4.27 HCUeM• 

____ .. ._. _____ _ 

kATRIALS ANO LAb~~ OVLLABS 8.,14 

.t.5 Tv TH~ 1:;,u1:(.;':: HE1' 't'E ldU. AL>'fJSE (It.CE YOUH P110J£CT b£COIH.5 
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HALCON sr>•s £XPERIEl"lCE ~ITH E-TO--E TEcH"OLOGY ·6EGAN 1··~ Ti-IE·---- -- --

EARLY SIXTIES, W~E~ WE DESIGNED T~O PLAUTS - ~ICH PERFORMED 

GETTER THA~ Th~ DESI~k EXPECTATlO~S. OUR NE~LY l~PROVEO SYkOUL 

CATAL)SJ, COhnERCtALlZED ~ 1~81, IS lN OPERATION AT FIVE LOCATIOHS, 

A::D hAS i!EEt.l 5ElfCTEDF0rt SEF.\'JC£ /',fTER ClIP.ECT CO~iPARATIVC: TESTS 

~ IT Ii C J tff E T If-f Ci CA A L Y ST S • v UR II\ G C ti M M E RC I A L E. X F E H lE N C E 0 V E R u t. £ 

YEA~, hO REGE~ERATlU~ hhS bEEh fi~~UlRED FOR SYNODL. THIS 

C:JM:·d:?C I ALLY-TR! EC CAT 1-l YSiS. 

·:-1£ \;}LL LC f'LEASEU TC JlEi.R FGOM YOU ,FURTliER, AS YOUk 

PROJECT DfVELOPS. 

er:~T nEGAf\DS, 
r , 
'~ I h A lJ r. I c E Ku i~ !) TE;. A A A 

DIRECTOR - lhTERNATIO~AL SALES A~O LICENSI~G 

SCIENTJFTC ~ESIGN CO. 

22?.65 UliDEVPtlV 

2:'i64CB SOC UP. 

AaOVE VIA RCA FROM 236lD8 sec UR 

... /'£3 

·-. ·--- -·· 



23 

u:-1.1/6/49 31 !-1arch 1982 

:·lr. L. ~. Lini!e.'!la.'1n, 
Enge~~eiro Senior 
Divisao ~e Proce~~os, 
7\rc.J. Ind-..istrial 
?rc7lon :Sr.7cnh'"-:::!.o. r':'I. 
Aveniuu 9 ~e Julho ~~39 
01407 Sao ?aulo SP 
I:;razil 

De~r =·~r. LinJe.:'.lan, 

!t ·was a ple::?sure to have met you dur i'!'l1" your 
visit to Naircbi, to-;ct~~r with Prof. R. de ~toraes and 
r~~r. !. R. Sirnn~. This note ccr=ics just to suTranarise the 
main roints o: ou~ meetir.~. 

You will prerare for us an offer ~or a 4~.000 
~!TPY :;olyrr,:;ris<::.tion 0'!:''1or; Ethylene r>lant fro'.:'l hydrate:i 
alcohol fee~stoc~ an~ based on the latest Petro~ras 
know-ho•:•. The offer to include: 

a) P.L. Capit~l cost, divided into:
IT'.ain er.-ui ::::::c:::: t 
materials, electrical, instru~~nts 
co!!struc'ti0n 
engineer in; 
Y.now-hm·1 f c~e 

It can. be assumed thut f e.~dstoc!~ ar.d all utHities
will be s~r?licd fro~ out~ide to hattcry lir.1i t. Ca!1i tc>.l 
cost to incl'.lce cthyler;e 3tor~·~e tank, at r:tnst convr:micnt 
prezr.are fro~ the T:",r.occss ~cint of ·.riew 1 for a three::- cay 
operatin0 output and t~€ inrlc:.nt refrigeration unit if cny 
rec:uired. 

b) recC.stock and utilities re-::uirc--ne:its 

Our hydrated alcohol is e>:pecte.:1 to have the follvwing 
specif icatic.ns: 

Degree GL at 15o0 c 
Dry natters 
Acidity 
Esthers 
Aldehydes 
Non alcohols 
Iiigher alcohols 
Furfural 
Methyl alcohol 

c) !·1a.,power rcqu ircnents 

Nil 
l. 8 g/lOOL max 
8 q/lOOL r.t~~: 
l g/lOOL max 
9 g/lOOL mm: 
negative reaction 

" " 
II " 

d) Throughput turnc.ovm ratio 
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~ve would appreciate if you could attacl: a flowsheet and 
a typical plant layout. Let 1.ls please also k .. "'low the 
price of hydrated alcohol paid by the Brazilian ethyh.ne 
plant. 

For easier commu.~ication you can write directly 
to me at ~he above address and telex number. 

ne are lookir.g forward to .ceceive your offer. 

Sincerely yours, 

E. H. Rut!'; cha 
(Technical Assistant Exn~rt-UNIDO) 

EHB/bn 

... /~5 
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4.0 THE IMPORT OF ETHYLENE -

A PREFEASIBIL~TY STUDY 

The shipping of ethylene is in principal very 

similar to the shipping of LNG (liquified natural gas). 

Although moving LNG is presently done already on a 

very large scale, the transport by ship of ethylene in 

th0 world trade is relatively small. ICI has for many 

years shipp~d ethylene from the U.K. to their plants 

in the Netherlands, Israel has imported 16000 MT/year 

for about 6 years in the 1970's, Greece is planning to 

build a Polyethylene industry or. imported ethylene, 

Egypt was investigating to base their plastics industry 

on ethylene imported from Italy, but. this last project 

has apparently been shelved. 

4. l THE SHIPPING AND STORJ>.GE OF ETHYLENE 

The shipping is carried out in st-ecially desig:iea 

ships which can carry ethylene in liquif ied form at 

atmospheric pressure and at a temperature of· minus 104° .. 

For that purpose special storage tankf; will have to be 

available in the supplierJs port as well as in the 

receiver's port, in our case the port of Mombasa. 

The ethylene storage consists usually of two. 

tanks one inside the other. The inner tank must be 

capable of containing the cryogenic liquif ied ethylene 

and is therefore built of special 9% nickel alloy. The 

outer tank of carbon steel is built around the inner 

one at a distance of about one meter and the area 

between is all filled with "Perlite" insulating material. 

The tanks foundation is put on piles in order to main

tain air circulation and to prevent the earth from 

freezing. Around the tank and up to a certain height 

(2-2~ meters max.) a wall of compacted earth will have 

to be built; the volume of the containment being at 

least 110% of the total tank capacity. This volume is 

neces~ary to contain the full amount of ethylene in 

••• / 2 6 
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case of tank failure. In the more modern storage 

tanks and in order to reduce safety and security 

risks a a prestressed concrete wall is constructed 

around the outer tank at a distance of about 1.5 

meters to serve as secondary cryogenic containment. 

ln section 4 .10 typical drawings of storage tanks 

are shown. 

4. 2 SAFETY 

One has to bear in mind that ethylene is a 

dangerous material. A concentration of 3% to 29% 

ethylene in air is within the flammable limits and 

any such mixture, when coming in contact with a 

spark, will cause a heavy explosion and/or fire 

which may cause much damage. Therefore the tar.k 

must be located in an area where it can be assured 

that no spark can be generated within a distance of 

45 meters, at least, from the outer tank wall. All 

equipment in that area must be explos~on proof, no 

smoking and no work with open fire or with spark 

generating equipment will be permitted. Furthennore, 

the area must be surrounded with efficient fire 

fighting equipment and sensitive sensors who sound 

immediate alarm when fire breaks out or ethylene 

escapes uncontrolled from the storage tank. Also a 

flare or double relief valve system with snuffing 

steam will be installed on top of the tank to prevent 

any pressure built up inside the vessel. 

4.3 STORAGE AND SUPPLY SYSTEM 

The storage tank proper has been described in 

section 4.1. The usual way of constroct.ion is that 

the tank plates arrive on site already bent, formed 

and cut to measure. On site they are erected and 

welded. All the welds are 100% radiographed. Due 

to the nickel alloy construction, difficult weldings, 

radiographs and other special techniques involved in 

the erection of such tank, the storage system is an 
expi:;nsive investment and involves many specialists 

<,:rid CY.perts. 

. .. /2 7 
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In addition to the tank proper, the storage 

system consists of two evaporators, two cryogenic 

pumps and one or two gas co~pressors and all the 

necessary process piping. 

The way of ethylene supply starting from 

supplier up to the Polyethylene plant, is as follows: 

The supplier has ·in his port of supply a storage 

system of sufficient capacity to fill the special 

ship which is berthed nearby. The liquid ethylene 

is pumped to the ship at very low pressure and is 

stored inside the cryogenic ship container at atmos

pheric pressure. Any gas created during the supply 

operation is directed back to the suppliers ethylene 

plant or liquif ication system. On arrival of ship in 

Mombasa it will berth near the storage tank and the 

liquid ethylene will be pumped from the ship into the 

onshore storage tank. !t is mandatory that the distance 

between ship and storage be kept as short as pc3sible, 

:firstly because the cryogenic piping and insulation 

are very expensive and second-to reduce the generation 

of ethylene vapour. Any generated vapour will be 

compressed by the ethyJene compressor and sent directly 

to the polymerisation plant. Any excess ethylene gas 

generated during- tank filling will have t~e -flared. -

During normal operation of supply from tank to PE plant, 

the pumps will pump the liqv.id ethylene through the 

evaporators to arrive as gaseous ethylene at the 

required pressure at the ethylene plant. Any ethylene 

evaporated in the storage tank due to the large 

temperature difference (up to 13s0 c } will be taken up 

by the boil-off compressor and conveyed to ethylene 

plant at required pressure. 

4.4 SUPPLIERS AND CCNTRACTORS FOR STORAGE SYSTEMS 

The following companies were contacted: 

... I 2a 
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Chicago Bridge ~d Iron Compa.1y, 
800 Jorie Blvd., 
Oak Brook, 111.60251, 
U.S.A. 

Pittsburgh - Des Moines Corp., 
3400 Grand Avenue, 
Neville Is1::i.nd, 
Pittsburgh, PA 15225, 
U.S.A. 

Toyo Kanetsu K.K., 
Tokyo, 
JAPAN. 

Whessoe Ltd. 
Darlington, 
U.K. 

Kloeckner Werke A.G., 
Georgs Marienwerke, 
P.O. Box 2700, 4500 Osnabrueck, 
WES'!' GERP.1ANY. 

A requisition was prepared detailing the 

required system a.nd was sent to the above mentioned 

companies. A copy of this requisition is shown in 

section 4.10. 

Answers with full quotations was received fran: 

Chicago Bridge and Iron Co. via their french subsidiary, 

Societe Nouvelle, 
Constructions Metalliques de Provence (SnCMP) 
Paris, 
FRANCE. 

and from: 
Pittsburgh - Des Moines Corp. (PDM) 

Toyo Kanetsu declined to send a quotation and 

~nswers are still awaited from Whessoe and Kloeckner 

Werke. 

Copies of the letters and quotations are shown 

in section 4.10. 

4.5 INVESTMENT 

The investment is based on the offers received 

from PDM and SnCMP. It has not been fin ally decided 

.. ·h9 
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whether the s~orage tank should be of 5000 MT capacity 

or smaller. The capacity will depend on the size of 

ships and this factor can only be detennined at a 

more advanced stage of the project. A discussion on 

the possible sizes of ships is detailed in section 

4.7. The following calculations will describe invest

ment required for 5000 MT and 4000 MT capacities. 

4.5.1 PDM's quotation for a 5000 MT tank, on a turnkey basis, 

is $ 12,600,000. To this figure the following expenses 

have to be added: 

Off B.L. installations 

duty on equipment 

interest during construction 

training, startup, contingency 

therefore the total investments, according to PDM adds 
up to: 

PDM quotation 

Off B.L. installations 

40% duty on equipment 

interest during construction 

start up.training, contingency 

Total M$ 

. ·M$ -
12,600 

700 

1,600 

1,460 

440 

16,800 

4.5.2 SnCMP's quotation for a 5000 MT tank, on a 

turnkey basis, is FF 52,600,000 (M$8,680). By adding 

same items as above, total investment according to 

SnCMP will be: 

SnCMP quotation 

Off B.L. installations 

40% duty on equipment 

Interest during construction 

Training, startup, contingency 

Total M$ 

M$ 

8,680 

700 

1,050 

1,000 

370 

11,800 
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The PDM offer appears to be on the high side, 

whereas the SnCMP off er seems to be on tht low side. 

For further calculations the investment was decided 

to be within the two quotations, i.e. 

M$ 14,300 for a 5000 ~T tank 

and for a 4000 MT tank 

14,300 x ~~ ~O.? = M$ 12,230 
(5 ) 

These investment figures do not include expenses for 

infrastructure in Mombasa Port. For discussion on 

this point, see section 4.6 

4.6 LOCATION 

As already stated before the storage system 

will have to be located in the Mombasa port area. A 

first meeting has taken place with the Port Authorities 

in order tc find a suitable place with a requirement: 

for minimum infrastructure investment. After looking 

at several possibilities the best presently available 

one , to our mind, is at the KIPEVU Oil Tenninal at 

the south,·!est end of the port. At this point there 

is·an already existing jetty where large-ships--can -

berth and the ethylene can be safely unloaded. Also a 

piping Trench is available, so that the infrastructure 

investment at this location can really be kept to a 

minimum. Any other place in the port area will require 

huge investment and will take a long time to develop. 

Should the project go ahead, the Ministry should insist 

that this particular area is eannarked for the ethylene 

storage system. 

It must be unde~stood that in case imported 

ethylene is used the polymerisation plant will also 

have to be sited in Mombasa area. The import of ~....hyler,e 

is only an interim measure and this means that at a 

later stage also the ethylene from ethanol plant will 

have to be sited nearby. This will require moving 

large quantities of ethanol (48,500 tons to 70,000 MT/ 

year) ~rom Western Kenya to Mombasa. Sur,h quantiti€s 

... /'31 
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can only be transported by rail and a meeting took 

place wit.~ the Railway Authorities (Mr. J.T. Kamande, 

Assistant Chi•:?f Traffic Manager/Cmmercial) to darify 

the problem!: ~;_nvolved. A ~turnaround" Kisumu/ Manbasa 

journey takes :) - 7 days with 13 to 15 cars, 30 tons 

per car. This means maximum possible transport of 

450 tons/week or 23,000 tons per year, which is not 

sufficient. Therefore, two trains will be required 

per w~ek in the beginning, with 15 cars each, 

increasing to three trains per week at a later stage. 

Special tanks will have to be ~uilt, about 30 units 

in the beginning, increasing to 45 units later on. 

This is by itself a large investment and has not been 

taken into account in the present investment calcu

lations. Present transport costs of gasoline Kisumu/ 

Mombasa z.re KShs.450/ton plus KShs.52/- per wagon for 

siding charges. The transport cost alone will add 

KShs.0.36/l ethanol. This is an additional expense 

which this industry can hardly afford. 

4.7 SOURCES OF ETHYLENE 

There are presently various sources of ethylene 

available as many of the huge ethylene plants are 

working only at part capacity and are eager to-sell 

material at competitive prices. The nearest possible 

sources are - the Gulf area - Kuwait and Quatar, 

Yanbu at the Red Sea port of Saudi Arabia, Haifa 

Israel, and far away ports at the Mediterrenean like 

Italy, France, Spain and r.ybia. We have contacted 

shipsbrokers in France and Netherlands to find out 

the size of available ships and the required time for 

a "turnaround" journey to the various ports. To give 

an idea about time and charges, an example is shown 

here: 

... 1'32 
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Size of ship: 1778 MT ethylene (3200 M3 ) 

Port 

Yanbu 

Kuwait/Quatar 

Haifa 

Time of turnaround 

18 days 

20.5/19.5 days 

24 days 

$/MT 

115 

120 

143 

Total annual load from those ports would be 35,000 MT, 

31,000 MT and 27,500 MT respectively. 

Again, those are only indicative figures, time 

not taking into account any p0ssible holdup in the 

ports and costs do not include expenses for_pooitioning 

of vessel at load port and any other port, handling 

charges in Mombasa port. Those charges are estL~ated 

to be 1 - 1.5% of freight value. The optimal solution 

will also be to have one particular ship of suitable 

capacity dedicated for that purpose on contract basis, 

instead of changing ships and suppliers as the cleaning 

of ships and repositioning is expensive and time 

consuming. The size of the ship will also determine 

the size of the storage tank. At the above quoted size 

of ships the storage tank must have a capacity of 

4000 MT (7300 m3) or somewhat larger. At the final 

stage one will have to look very carefully on all the 

- factors involved 1.n·· order to achieve the IOwest-cost ~ 

of imported ethylene, material and shipping containec. 

The exchang.~ of letters with the ships brokers 

and the information received is shown in section 4.10. 

4.8 COST OF IMPORTED ETHYLENE 

Following is a calculation of the cost of the 

imported ethylene at the polymerisation plant, which 

is located within a short distance (upto 10 km) from 

Mombasa port, true to May l, 1982. 

At the present depressed market of ethylene it 

is expected that the f .o.b. prices is in the range 

of 500/550 per ton for long term contracts, although 

... / 33 
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in the spot market one may sometimes pay as little as 

$450/480 per ton. 

Price f.o.b. 

Shipping 

40% duty on c.: & f 

Variable cost 

Shipping insurance, port 
handling 

Maintenance 

Manpower 

Taxes and insurance 

Depreciation 

Unforeseen 

Total 

$/ton ethylene 

soo 
120 

248 

5 

14 

10 

3 

6 

34 

2 

942 /ton 
========== 

There is an overall loss cf ethylene resulting from 

boil-off during shipping and unloading and, general 

spillage, losses from leaks in piping and relief valves 

etc. of at least 2%. This adds another 19/ton ethylene, 

so the cost of ethylene at the polymerisation plant is 
$961/ton. 

At an f .o.b. price of $550/ton the cost of 

ethylene at the polymerisation plant will b~ $1,-033/ton. 

As a matter of fact the cost of ethylene will be 

even somewhat higher because the import of ethylene is 

only an interim measure, say for up to 6 years, and this 

doubles the depreciation cost and may add $35 per ton of 

ethylene. Also the cost of ethylene does not include 

any profit factor. 

4.9 CONCLUSIONS 

From the above calculations it can clearly be 

seen that the cost of imported ethylene is much too high 

and is nearly as high as the cost of imported Polyethylene. 

This possibility might therefore have to be ruled out 

and stated to be not economically feasible. 

. .. /3'4 
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Lets assume' the Government foregoes the 40% 

duty on ethylene and then at an f .c.b. price of 

$500/ton the cost of µnported ethylene will still be 

961 - 253 = 708 $/ton 

and at $550/ton f.o.b. 1,033 - 273 = 760 $/ton 

These are more realistic prices although still on the 

high side. In section 6.0 it will be demonstrated 

that the polyethylene plant will not be able to afford 

ethylene prices higher than $620/640 per ton. In 

order to achieve such costs the f.o.b. price of ethylene 

·must drop to $426/446 per ton which presently seems 

m~ssion impossible. 

Another disadvantage of the polyethylene 

production viz imported ethylene is that there will be 

only a very small foreign currency saving. 

4.10 DOCUMENTS 

In the following section is a collection of all 

the letters sent and received as well as information 

regarding storage system and ethylene shipping . 
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UN.l/6/49 5 April, 1982 

Chicago Bridge and Iron Company 
• 800 Jorie Blvd., 

Oak Erook 
Illinois 60521 
U.S.A. 

Dear Sirs, 

The Ministry of Industry of Kenya is investigating 
the f~as~bility of importing 30,000 metric tons per year 
of ethylene for polymerization and other downstrea.~ plants. 
For that purpose it is considered to install a 5000 
metric ton ethylene sto~age ta.~k and ancillary equipment in 
the Mombasa port area. 

Attached please find a full description of the 
required unit and wo~ld appreciate receivin~ an offer on 
a "budget price"basis. 

Any further ~uestions and your reply please send 
directly to the undersigned at the above address and 
telex nu.'!lber. 

_ We are looking_ forward to receiving y..our_ of.fer, 

Sincerely yours, 

E. Batscha 
(Technical Assistance Expert UNIDO) 

EB/vd 

••• Encl. 
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ETHYJ:.,ENE S'f0RAG3 UNIT 

The Ministry. of Industry, Kenya, is investigati!.g the 

feasibility of importing 30,000 MTPY polymer grade 
ethylene in approximately 2500 ton lots per month .:it Ho•r,basa 

port. The Ministry is inte:re-:..:.:.:~a to receive a.n offer for 

a storage tank ~na anci~iary equipment according to 

follov:ing specifications. 

A) Storaac tank for liquifie¢ ethylene at atmospheric 

pressure of 5000 ton (approx. 9000 m
3

) capacity. 

Inner closed tank made of 9% Nickel alloy and 

outer tank made of carbon steel. The outer tank 

to be enclosed by a pre~tressed concrete outer wall 
.. 

at a distance of approx. 1.5 m, to serve as 

secondary cryogenic containment._ Supply to include: 

All plates for the inner and outer tanks prefabricated 

for welding en site. 

All insulation material 
Supply of all electrical equipment and instru:;nents 

within.B.L. - ------- ........ - - ... ---· -

----------- --- - All process piping within B.L. 

• • • I 

. __ ,,.. 

Process design and full detail engineering 

B) Ancillary equipment 

B-1 Two evaporators, steam heated, to evaporate 

6 ton/hr each. 

B-2 Two cryogenic pumps, capable to deliver 6 ton/hr 

each of liquid ethylene from storage tank through 

the evaporator and to arrive at a pressure of 7 atmg 

at polymer plant B.L. (Disregard pressure drop 

through evaporator and pipe line) 

B-3 One compressor to take boil off from storage tank 

·directly to polymer plant B.L. (7 atmg) 

Maximum outside temperature 2s0 c. 

I ....... 
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C) The offer \:o include "non-binding• budget cost 

and prices, divided as follows: 

. 
c-1 FOB supply of items detailed in section A 

c-2 Construction cost for items detailed in section A 

at US Gulf or west European cost / 

C-3 Your preliminary estimate for the foundations and 

prestressed concrete wall 

C-4 FOB Price for the ancillary equipment detailed 

in section B 
c-5 Construction cost for items detailed in section B 

us Gulf or west European cost. 

D) This requisition can also be looked at as a 
turnkey job. In such case please let us have the 

investment cost, on a "non-binding" budget basis, 

divided as follows: 

Hain equipment 
Materials, electricals, 'instruernnts 

construction 
.. - - . ··- .. ··- -· 

Notes: 

Engineering 

a) Infrastructure requirements at Mombasa 
port are not part of this ~equisition 

b) An alternative design for the storage 

tank can also be proposed by vendor 
... I 38 
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SIEGE SOCIAL : 
TOUR MANHATIAN 
6. place de f'lris. 92400 COURBEVOIE 

Adresse oostale : 
Tour Manhattan cedex 21 
92095 PARIS LA DEFENSE 

Tel. : 773.12.34 
Telex : 610.630 sncmp 
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SOClETE NOUVELLE 

CONSTRUCTIOr~s METALLIOUES DE PROVENCE 

/' 

UNITED NATIONS DEVELOPMENT 
PROGRAMME 
Off ice of the Resident Repre
sentative in Kenya 
Block D, 1st Floor 
Kenya Railways Headquarters 
P.O.Box 30218 
NAIROBI 
KENYA 

N/Ref. P.82-188 Ethylene Storage Unit 
V/Ref. UN.1/6/49 I 

.. ' 

For the attention of Mr. E. BATSC 

-~-_1Fii=---
Technical Assistance Expert UNIDO ------•---------------------------------------- l i--··-··----i--·-

~-- ~:-.: ~- -·- -· 

Dear Sir, 

We refer to your letter dated 5th Apri~, 1982 which we received 
through CBI CONSTRUCTORS LD~ITED, and are pleased to submit our 
budget price for a 30,000 MTPY polymer grade ethylene plant to be 
erected at MOMBASA port. 

Our "non-binding" budget price has been evaluated on a turnkey job 
basis. 

Main equipment including steel tanks, 
compressor, evaporators, pumps 

Materials, electricals, instruments 
including piping 

Construction including erection of the 
above items and the civil works 

Engineering 

Total Budget 

The job could be completed in 24 months. 

', 

FF 8,100,000 

·FF 7,800,000 

FF 31,100,000 

FF 5,600,000 

Ti'F 52,600,000 
============= 

We remain at your disposal for any further questions you may have. 

Yours 

cc CBI-CL (Mr. L A COOPER} 

So:1ete an~~WrflE 2u c2'l1tal de ~20 0,10 COO de Franc~· N° ;.IRtT 32C' 88<"1 t.21 OOOE? R.r. 5 r,:,~;1[~Rf· · COD:O ""' ;<.:Jc ;· "'.l () • • • :i ·' 



Pittsburgh-Des Moines Corporation 
3400 Grand Avenue 
Neville Island 
Pittsburgh, PA 15225 
412-331-3000 

5th May, 1982 
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UNIDO Off ic~ of th; Resident Representative in Kenya 

Block D, 1st Floor 
Ken1a Railways Headquarters 
P. o. Box 30218 
Nairobi, Kenya 

,-. .. \...) ATTENTION: Mr. E. Batscha 

, -. Gentlemen: 
we are pleased co respond to your request for a budgetary price for a 5000 
metric to~ ethylene ta~k and ancillary equipment. Our budget price is for a 
!urnkey contract assuming an award sometime in 1982. The breakdown is as 

follows in USA dollars: 

1) One 5000 Ton Ethylene Tank 
With Firewater Deluge System 

1.) Tank Foundation (Ringwall) Plus 
Postressed C~ncrete Dike 

3) Two 6 Ton/Hr. Vaporizers 

4) Two Submerged Tank Pumps 
With Shop Testing 

5) 

6) 

7) 

8) 

9) 

10) 

One Boilof f Compressor and 
Heat Exchanger 

Instrumentation, Controls and 
Electrical Supply and Installation 

Pipe Work, Insulation and Mechanical 
Installation 

Control Room and Buildings 

Site Preparation and Landscaping 

Engineering Design and Management 

TOTAL 
................................. 

• 

• 

• 

-
-
-
• 

• 

.. 
-

$ 3,700,000 

$ 2,000.000 

$ 350,000 

$ 340,000 

$ 280,000 

$ 1,260,000 

$ 1,790,000 

$ 300,000 

$ 900,000 

$ 1,680,0QQ. 

$ 12,600,000 

• • • JfiO 

~--------------------------------------------------------------------------
TELEX: 866·434 

TWX: 710·664·3056 _,.. ----··· 
CABLE: PITTDEMOIN 



Pittsburgh-Des Moines Co!'poration 

Mr. E. Batscha 
UNIDO 
5th May' 1982 
Page • • . 2 

We appreciate this opportunity to help you in t'" _, early stages of plann
ing. Please contact us if you should require additional information. 

For more information as to our Company's capabilities enclosed is our 
Product Brochure. 

Very truly ycurs, 

PITTSBURGH-DES MOINES CORPORATION 
SYSTEMS PRODUCT GROUP 

Lr1t:~-
Steven M. Jantscb -"; 
Contracting Eng~i 

SMJ/bt- {,/'" 
Enclosure 

, .... 
• . . ]41 
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Cc.D1r:"TOYOKANETSU TOKYO"Te•e•:262-2007 KANETU J 

United Nations Development Programme 
Office of the Resident Representative 
in Kenya 
Block D. 1st Floor 
Kenya Railways Hgs. 
P. o. Box 30218 

16th April, 1982 
Ltr. Ref. 82-04-598 

r·· Kenya 
'-' 

( ) Attention: Mr. E. Batscha, 
Technical Assistance Expert UNIDO v 

Subject: One (1) S,000 metric ton ethylene storage tank 
and other ancilliary equipment 
Your Ltr. Ref. No. UN/1/6/49 of 5th April, 1982 

Dear Sir, 

We acknowledge receipt of the enquiry in your letter No. UN/ 
1/6/49 of 5th April, 1982 for the captioned subject. 

However, we regret to inform you that we are not in a position 
to quote a competitive price considering the tank capacity and 
site location of your project. 

We are looking forward to an opportunity to serve you in the 

near future. 

YY./TG/au 

_ .... -- ·- - ----

Y. Kl.ltl~fa, Manager 
Sales section B 
International Dept. 

••• / 42 
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LNG storage tanks at Rotterdam Maasvlakte area LNG plant !Fig. Jl. 

Section through LNG tank 
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UNITED NATIONS 
DEVELOPMENT PROGRAMME 

Telephone '2817'n 1819 
alld 2S84I 

leltrence: 

lloclli D. I at floor 

... ,. hil••J' ""'" 
P.O.loa lOlll 

NAIROBI 

OFFICE OF THE RESIDEl';'l' 
REPRESENTATIVE IN KENYA 

Cablt Address: U H D E V P R 0. NAIROBI 
Telea: 221£5 

U:~DO 2.4.32 

Teles No. 290~10 Paris France. (lie:?le of Coq>any1 Petrom:zr) 

MISC 799 HEl F. OLlVII:!l ROM Eo BATSCB&o - · .. 1 BOi'UVLU YOU IU:!Irt3Ell lZ 

Fa0'.1 Yem CC:?'XACTS 't:lTB n: llAlYA. l.M ~:rt mnoo ADVI~ TO Hlm.S!r!Y 

OP llIDUS~' ta:?W.. m: All ur.r.:STIGAn:t: F~lU'l'Y ~~m ::o, 000 

UIPY Imi\~~uz lt~ /J>Pit~,:. 2500 TO?l w:zy ?D'TR, LU$ASA Pmt. 

ascnnm F0~1IN~ lli?~IONs ' 

aaa) ·. : . YO:J: tST!~T: l::l'!t~!f! rc:t ~!AP.oti?m Jct!RN!Y F!?.~ START 

LO:Jinm tAC.'K TO PoaT v:~ F~~J AHAIFA, l~L, t>CSL\?i cw 

OR YA?mu SAtoI ~lAe 

bbb) RSnHAnD P~S~Pz:-x; COSTS PtR TC!il ~ll'iL::?ra 1'J10M ABO\T. PO!tTS .. 

ccc) CA.U YOU ADVISE l~OM TO CO::tA...""T FCl SUL'Pa (]£' tnrtL"SM.: I:! ras?A!f Gt;".i..F. 
-· - . . . . - - - . 1226.5 - - --- -

YCUlt Ui..!U..Y it'ePLY TO E n.\T:iCHA ttm>o, T!:L:X oomao ' . -. ?OS'tAL ADI!t~S 

PCCCX 30218, HAlitCDl, &!T,l;... (m'l'CA.LP V!O~O NAmOlll) 

Kr!.N/80/001/ A. 

naucha 
/crt 2.4.C2 cc Ur t.Bc.tscha 

CB to ~le~: 

... I 4 4 

-·---1 
i 



UNlTED NATIONS 
DEVELOPMENT PROGRAMME 

1e'9t1h011• 78176f7 /8/9 
Hd 25841 

Relerenn: 

llletft D. 1st r-r 
1 .. ,. Railways H._ 
•.o .... 30111 

NAIROBI 

mnno 

OFFICE OF THE RESIDEt\"'T 
REPRESENTATIVE lN KENYA 

Cable Address: U N D E V P R C. NllROll 
1elea: 211'5 

%.4.&2 

TELO:X Uoc 11030 Att'i'IODAHt BOU.Am> 

~~ 

(Ncla of ccq>anyt rhl!i; Brothers 
(llolland) 'BV) 

lIISC 798 MRS !L SA!~I.Ot:s~ l'llOM BATSC!?A. imnh- OF lNDUS'Ii\Y i:ZUYA IS 

~STICAttl~ FEASl!lLITY l~oan~ JQ, 000 l!!l~tm APPaC?. 250a !Cm 

LOTS (arrm.y MOa\S! PORT• PLUS! ~ FOJ..Ibm~ 1NPCBHAT:Lc:tc 

aaa) ESTIM..~T:::n m~m Tlh"'; TtF..RARCT;-ID J~mt FI!CiM STA.UT L(;AJ)!?i'# BACK TO 

bbb) 

r'CE.T OF LOAU11·1G FRC:S HAI~l,;::r.1 ?~lA!i GUU CS Yt.!iBtJ 5.'\\01 A:W-,lA. 

nsr~,T:::D racs:::rr s!iI!'PIN~s F?;:R TON rrtrl~"E nou ~oVE ~ons. 

PL:..t\St m~ scom:sT TO E. BATSC!IA., t:noo, nt.:1. mrt.:VPuo 22265 ros-ai. _ 

Bats cha 
/ert 2..4.8% 

en to clea.r 

ORIGINAL SIGNED BY C.P.C. ME.TCALF 

···I 4s 

------j 
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8~SSP.C 210~f.7F 

?L~E ~EPLY TO 2S0010 PETRO~AfiGAZ 

13-04-82/0084///34// 

TO METCALF U~OEVPRO hAIROBI 

FH PETAOHAR PARIS 

ATT HR r. BATSHA - UNIDO 

RE = ETHYLE~E SHIPMENTS lhTO HOH6ASSA 

1~/-. /h 
l~ )'1 

l 

PLEASE LET US HAVE AT YOUK EARLIEST CONVENIE~CE YOUR COHHEHTS TO 

OU~ TELEX 09.04.82/0061. 

PLEASE CLAHIFY WHETHER SIZE OF RECEIVING STORAGE WILL 6E DETERMINED 

ACCORDING TO SEL£CTED SIZE OF VESSEL OR WHETHER OTHER PARAHETERS 

WILL BE TAKEN IUTO ACCOUNT. 

WE WISHED TO REVERT TO THE PAhAGRAPH WHE~E JU LINES 31 AND 32 WE 

s·Tl\TED THE SIZE OF VESSELS THAT ARE OR WJLL BE /tVAILABLE 86/87 AS 

OF TODAY, 

WE SHOULD ADD VESSELS U~OER cunsTRUCTlOU OR ON ORDER. THEIR SIZES 

ARE 40001 4340 AhO h~OO K3 AkD DELIVERIES AfiE SCHEDULED dEFORE 1984. 

------1 
I 



UNITED NATIONS 
DEVELOPMENT PROGRAMME 

tied D. lat Floer 
1te11re Rallwe,i Nip. 
P.O. 8o11 l0211 

OFFICE OF THE RESIDEl\'T 
REPRESENTATIVE IN KENYA 

TelephoM 11776/7 /8.19 
and 2SMI NA I Roe1t:'!IDO 

Cable Address: UN DE V P ~ 0. NAIROBI 
lelea: niiiJ.4.32 

Telex 1;o: 290010 Pills (FilMK:S) (ltme of Compeny: PETR~.!.\!'.r;Az) 

MISC 'lo<o ~ F. OLIVIIlt FROM E BATSCBA. TllAN!CS yam ttIBXES. HAW BEEN LAST ~wEK 
if o c-. I~ ""c. 

HOMBASA PCRT POl. SlJITABLE LOCATION Cl' sr~&. PIU!smtrl;f TBINltilt; ~ m STCElAGE 

CAPACmr. ASSlll!& WlGElt SHIPS lmllUC& ~ A!lll ID .LATl!ll STAGE WILL HAVE TO 

mm LOOEST TOTAL COST at MArnlAL AND SUIPPn~ CO!Bnm>. Bl.VE PR.ESBNTIX SU?FICI!!IT 

m MA'l~IAL Fat F!ASIDILITY Sn:Jf. @ca:taaro sm-J.BILITY OF EXISTll~ JETlY 

PLEASE GIVE Lt:mTH ~ SHIPS A?;!> itEQUillED ~m DEPTHS FOR 2500/2700 CB?l Si!IPS. 

(ZltGCRIN tl?n>zVPB.O NAIROBI) 0 
G 

Ja'.H/80/001/A 

'o~G1N.t.L S!GT~H 
C ··E"TC,\Li ; ~ C.P. ,., 

Batscha 
/crt 20.4.82 
GB to clear 

~Mr E. Bat&cba 

... ;·so 

-----l 

I 
I 
I 
' ' i 
' ' ' ' 
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""5b -

222£5 LJNOEVPR0290010+ 
D!l'l!: -A /; r..•fj 

; .. ~ . ~ 1Q~? 
OB 042+ ::rrr,~: ·- --- -- ---
22265 UNDEVPR0290010+ !i:TIH !EOU~il~~ I 1rn~~ Ttl!i.!I 

22265 UNDEVPRO 

11'0 CJ?-0A1-l· --H......_t -· 

c 0 p-i 

l!'ILI1i~ 

RSDIKP SLM 

RE.a E?HYLENE 

THANK YOU FOR YTLX OF APRIL 5TH. 

--: 
l . -- -I 
! . 

~ _, 
I t 

Il.~Q~E2'.;:'F.D :rrr: 
. 

~+~~1 i:iN 1 v 
~ 11}-)ti, 

VE ARE INTERESTED IN YOUR ENQUIRY FOR 30,000 MT A/H PRODUCT PER 

ANNUM. 

·-
1) PLS LET U~ KNOW WHETHER OTHER SOURCES OF SUPPLY~&ESlOES ISRAEL, 

PERSIAN GULFr SAUDI ARABIA WOULC BE OF INTEREST. 

2) WHEN ~OULD IMPORT EFFECTIVELY START? 

l . 
. . 

i 
i 

3) WHAT DISCHARGE FACILITIES ARE AVAILABLE AT HOMBASA7 . ·- -- -· .... ·-· -··---·· _J 

IS THERE ANY ~AY TO CO~TACT YOU BY PHONE? 

THANKS IN ADVANCE, 

~HILIPP BROTHERS/AMSTERDAM 

HRS, R, SANDELOWSKY 

++++ 

,,.... "', "' t9 r ! I ' r·, - 1 ' \ ~, r 

••. /51 
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UNITED NATIONS 
DEVELOPMENT PROGRAl."ME 

Telephone 18716/7 /8" 
and 2584& 

Reference: 

Block D. lat Floor 
lton70 Rallwaya H~ 
P.O. Box 30211 

NAIROBI 

OFFJCE OF THE RESIDENT 
REPRESENTATIVE IN KENYA 

Cat:I~ Addren: UN D E Y PR 0. NAIROBI 
Telea: 222'5 

mnoo 

telex Not 11030 .AMSmmAH (NETlmRlANDS) (Name of Ccmpanys Philips Brothers} 

MISC <'.f ;,=t lllS R ~ FlUlU E. BA'?S+ ~ TELEX 8/4. AAA)LOClCI!l:l 

rem LOYEST SRIPPn& COST so AN! SUPPLm. ot LOt1 C03'? MA.TJm1AL AND SBIPPD& COSTS 

COMBllml IS ACCEPTABLE, BBB) PREsmnOolmucnro FEASIBILIT!' STUDY TO BtJilJ> 

4/ 500 Mr ST<ruGE '00~ IN l!Oll:WiA PCRT. "), PB.OJiCT APPRO\'ED ImADr 1"0ll D1'0lll' msu~ 
1987, CCC) PHONR cmr~CT Dlf~"OOXUD uoms 1.uR.<131 332811 nur l'REFZBABLE 

AT IWi\NI COUl'r HOTEL FROM 190~5 OWAIU>S NAIROill 333916. (ZAGmlN UUDZVPR 

JlAIROBl) 

. -·. -------·-. -- - - -

tmN/ 80/001/A 

Ba Ucha 
/crt 19.4.82 ~·t.i~ ..... ,- -.. - .. y Mr Batscha 

·GB to clear 

•.• /52 
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0 i r .. u -~-z., 
11- I . I ., 
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Tlrl) /p~;{. /;-..~'T --• I .. ~ ...... , ·-J.'t 

7th l'r,...-· 1 1 902 ".tJ-J.-~- lj 

IVJ.ini:str~· of Jndu::::try 
Industrial .:h .. t!"YE:Y & Pro!'!1otion 
P.O. B:ix 30418 

. NAIRCB:!: 

Dear Sirs, 

Centre 

LDPE FEASIBILITY STUDY 

.. .. 

This refers to the recent visit ( tc- our offices) of your I'le.z;;r~ 
t'1uraya/Batscha and the discussions held. 

The info:C'r::ation required by you with regard to ethylene ha~ alr·:::ady 
:ieen pa::::sed to Mr. Batscha in a telephone con·:e·['sation 1·li th th-;"' 
W!'iter on t!".e -6~-h April,1982. H::iwever: for· the::· "."er.' fu:ure 
refer·ene:e we wc.uld let you have the details as foJ.l.o:.;~ 

1. The European etl1ylene price in the l::.t quarter of 1982 :s USD(:~1C 
pmt. ICI Petrochemicals/Plastics Di vision estimate t.he fr,~::.&:ht 
to Mombasa to be at least USD 100 pmt extra. 

2. It is estimated that Etu·cpean prices in the next 2-3 years er~ .. -
. .likely to be USD 800 depending of course on the oil prices. 

3. ICI Petrochemicals/P1astics Divislon would have ethylene 
available in .3500t shipment lt>ts and would be pleased to d.is~us:: 
future requirements into Kenya. 

4. ICI Petro~he::iicals/Flastics are expanding their ma..l'luf.acturing 
facilities ir.i. the middle east (Saudi Arabic.._, Qatar etc) i•Ji t.11 
the prospect tha.t LDPE will become availabl~ for the east coast 
of Africa. at low price. It is therefore i:nportant, a~ lCU will 
appreciate, to bear this in mind in your study. 

We trust the above information will be valuable to you ::mt sl10nld 
you reqnire a..."1y f'u.rther ~ssistance please do not hesitate to get 
~n to~ch with ~~. 

Yours faithfully 
TWIGA C:f"~·!ICAI· INDUSTRIES Lif11I'rED 

P~v.i·.J.L.,\,.. .. ;:t\ 
P . E. Ilf~! 1\NG I (I ' 
INDUSJ'ir _.\L Cl·IEMIC!~Ls DEPii.R~rn;m~T 

c.c.· ICI Pet/rl~stics 
D!nEC: Cr::IS: 
1 .t. Jd:-i~·::-..• -:.n' rc~.w:rr::;:•·). D~ n Gr'"""'~.l'::;h' (~'.~·1:·oing), 
J ·~· Ko!i;l:1lj, P. r-.J,u1i~itJ~n1, D. Ct1b"';~r.vz.I {'n~1c..~·J 
(' Er:1,;h) 

_,..,..,.. .... . 
( '..' ...... ~~ .. 
', . -

"·'-'" 

,\n -:! .. ~S.)1~:1t.t,..., t1f 
l1n;;c, .:.i I.: ." .. 1; ·:~: 

1;1( r·· · ·-,· ••• /~,3 
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5.0 THE MANUFACTURE OF POLYETHYLENE 

5.1 THE VARIOUS TYPES OF POLYETHYLENE 

Today three different ~ypes of PE are known 

and they differ one from the other mainly in their 

manufacturing process, density, molecular structure 

and usage. The one common thing to all the types is 

that they are all a polymer of ethylene and ethylene 

constitutes their major composition (up to 99.5%). 

The three types are: 

Low density Polyethylene (LOPE) 

High density Polyethylene (HDPE) 

Linear low density Polyethylene(LLDPE) 

5.1.1 Low density Polyethylene 

Density range is between 0.912 and 0.930 gr/ 

cm3• The material is produced by the high pressure 

process, pressures ranging between 1200 atm and upto 

:2500 atm and even higher, depending on the know-how 

and grade produced. The polymerisation process is of 

the free radical initiation type using peroxides ·as 

catalysts. Due to the heavy branching of the molecular 

chain the material is low in crystallinity and has 
----- -- --···therefore flexible-properties. This makesit especi.illy 

suitable for films, sheets, nets, tubes, flexible pipes, 

flexible containers, wire and cable coating, extrusion 

coating, rotational moulding, etc. LDPE waR discovered 

by ICI in 1939 and represents therefore the oldest one 

o:: the types and also the most widely used in the world. 

5.1.2 High Density Polyethylene 

3 Density range is between 0.940 and 0.960 gr./cm • 
The polymer is produced by a low pressure process, 

pressure not exceeding 50 atrn. The catalyst is either 

of the Ziegler type which is a complex between an 

aluminium alkyl and a trans~tion metal halide such as 

T1Cl 4 or a catalyst of silica or silica alumina impreg

nated with a small amount of a metal oxide, usually 

•.. /54 

- - -1 
I 



- 54 -

chromillli'. or molybdenum oxide. The polymerisation can 

take place iD solution, slurry or fluidised bee. The 

polymer has a straight cliain with only little branching 

and this makes it a highly crystalline polymer. It is 

therefore a stiffer product, with higher impact 

resistance and those properties makes it especially 

suitable for injection moulding, blow moulding, larger 

diameter pipes and fittings, fibre-weaving, etc. The 

polymer was discovered by Ziegler in Germany in the 

19SO's and its world usage is somewhat smaller than 

LDPE. 

5.1.3 Linear Low Density Polyethylene 

This is the youngest member of the PE family 

and has been developed in the late 1970's. The first 

announcement was made by Union Carbide Co. (USA) in 

1977, but today there are several other manufacturers 

who can produce LLDPE, although by different processes. 

The density range is simflar to LDPE, i.e.0.912 

- 0.930 but the product is more crystalline, with less 

chain branching and consequently stiffer, tougher and 

more impact resistance than LDPE. The main outlet is 

also for f ilrn and sheets but due to above mentioned 
properties makes it a tougher film which requires less -- - -·---· - -

thickness than f ilrn produced from LDPE. 

Presently there are four companies who already 

market LLDPE - Union Carbide Co. (USA) Dow Chemicals 

(USA) ,·oGpon£ & Canada and CdF Chirnie, (France). Union 

Carbide, Dow, Dupont have based their process on the 

low pressure type and claim that, by slight variations 

of catalysts a~d comonarners they are able to produce 

HDPE and LLDPE in nearly same system. car:- and Dow 

have now developed, each one, a process whereby LLDPE 

can also be produced in the existing high pressure 

units, by changing the catalyst to.the Ziegler type 

and introducing comonorners of the alpha 01efihes.; family . 
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Upto n<::1N most of the LLDPE is marketed in the USl> .. 

There i3 little materic._l available in Europe and a~ 

yet no material has been brought to Kenya. From the 

literature and talks with suppliers and consumers it 

is known that the usage of 100% LLDPE presents some 

problems in the conversion equipment, and mightrequire 

design and screw changes. However, for the time being, 

it is recommended to use blends of conventional LLDPE 

and LLbPE. (10-30% LLDPE). The additior,al LLDPE adds 

additional strength to the film, higher impact resistance, 

and by reducing the required film thickness it can save 

on material per unit area. Due to its present scarcity 

it is more expensive even upto 40%, in comparison to 

LOPE, but the forecast is that, with sufficient material 

on the market within 5/6 years, the price of LOPE and 

LLDPE will be only slightly different. The forecast also 

says that within the coming yea:rsLLDPE will catch an 

ever increasing share of the market with equivalent 

decrease of consumption of conventional LDPE. It is 

: therefore imperative that anyone considering building a 

new LOPE facility must also have the pcssibility to 

produce LLDPE. 

5.2 THE LOCAL CONSUMPTION AND USAGE OF LDPE 

A market survey for LOPE has been conducted and 

published in April 1979 for ISPC by Mr. V. Subramanian. 

This report de~cribes in detail the various uses and 

applications of this material and there is no need to 

repeat same in this report. It will deal only with 

matters concerning consumption and will stress some 

points, mainly on the agricultural uses of LDPE. The 

1979 report states a 1978 consumption of 7080 ton LDPE 

and forecasts.consumption to 1985 as follows: 

Year: 1978 1980 1982 1985 

MT/a: 7080 9230 13160 20325 

ann. grcwth: 14% 19.4% 15.6% 
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Our team conducted a market survey tQ check the 1981/ 

82 consumption and to compare it with the 1979 fore

cast. According to our survey the consumption in 

1981/82 was about 10,000 MT. This was also confirmed 

by suppliers uci agency and Dow Chemicals office). 

Following is a list of the larger converters and their 

1981/82 (admitted) consumption. 

Cosmoplastics 

Uniplast 

Metaplastic 

R. H. Devani 

Ghordan Das Dharamshi 
Cosmic Crayon 

Premiu."Tl Drums 

Panplastic 

Eslon 

1981/82 Consumption 
MT 

2,400 

1,800 

1,600 

1,600 

700 

600 

120 

100 

40 

8,960 

In addition there are a number of smaller producers, 

who were not visited, but altogether it will sum up 
. . 

to about 10,000 MT. We also found some of the 

converters having stopped or reduced their output 

pending receipt of import licence or delay in shipping 

due to one reason or another. The 10, 000 MT consumpt

ion is somewhat smaller than the forecast (13,160 MT) 

but still gives an impressive annual growth of 12.2%. 

It is difficult to forecas·t future local consumption, 

especially as so many forecasts have been proven wrong 

over the recent years and double so for one who has 

only recently arrived in Kenya. Growth in LDPE will 

certainly continue in view of the high growth of the 

population and the~parallel raise in standard of 

living. More and more people will buy packaged goods 

and also the usage of LDPE in agriculture will grow 

although probably not at the high rate anticipated. It 

appears as if a major market exists for black pipes 

and tubes upto 2" with nozzles for spray and drip 

irrigation. This market has not been tapped yet and 
all such material is presently imported. 

. .. /Si 
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It is also obvious that in case LDPE is 

produced locally and readily available by phone call 

and without import licence and all the difficulties 

tied to the import proceedings, this material will 

be used on a larger scale and will be more competitive 

in its usage in comparison to alternative material 

such as paper, HDPE, PP and others. In following 

section we present a forecast which covers the 1982-

1999 period: 1 year to decision, 4 years of plant 

construction and 12 year operation of plant and it 

was preferred to present a rather conservative out

look for LDPE consumption. 

5.3 LOCAL MARKET FORECAST 

Basis for forecast: 

Consmnption growth Population Growth 

1982 10.000 MT. 1982 16;7 rniliion 

3 years 10% p.a. 2 yea!:'s 3.2% p.a. 

2 years 9% p.a. 5 years 3.0~ p.a. 

5 years 8% p.a. s·years 2.5% p.a. 

Onwards 7% p.a. onwards 2% p.a. 
--- -· 
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Year 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

KNOW-HOW 

Consumption MT 

10,000 

11,000 

12,100 

13,310 

14,500 

15,810 

17,100 

18,400 

19,900 

21,500 

23,200 

24,800 

26,600 

28, 400 

30,400 

32,600 

34,800 

37,800 

Pooulation (CXX>'} 

16, 700 

17.200 

17,800 

18,300 

18,800 

19 I 400 

20,COO 

20, 600 

21,100 

21, 700 

22,200 

22,700 

23,300 

23,800 

24,300 

24,800 

25, 200 

LS, 700 

Kq/ Capita 

0. 6CO 

0.640 

0.680 

0.730 

0.770 

0.815 

0.855 

0. 890 

0.9.;o 

0.990 

i. o.;5 

1.090 

1.140 

1.190 

1.250 

1. 315 

1.380 

1. 470 

As explained in section 5.1.3 - anyone consider

ing building a new LDPE facility must also ha'lle the 

possibility to produce LLD PE. Therefore ft is our 
recommendation to approach first of all those canpa.1ies 

who have the know how for both processes. Presently, 

there are only two companies who have both processes far 

licensing. Dow Chemicals (USA) and ·cdF· Chimie (France). 

Dow Chemica.ls was contacted through their local 

off ices and meeting with their local Managing Director: 

Mr. Peter E. Petersen, 
Dow Chemical Kenya Ltd., 
P.O. Box 49470, 
Nairobi. 

rcdF Chimie was contacted by letter to: 

Mr. Bernard -Pleureau 
Manager Licensing Department, 
:caF· Chimie, 
Tour Aurore - Cedex No.5, 
92080 Paris La Defense, 
France. 
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One of the main questions to both potential know how 

suppliers was in as far as the two materials can be 

produced in one reaction cnit, although with different 

catalyst systems. The answer to this question is of 

main importance regarding investment and manufacturing 

costs. 

Copies of letters to Dow and Cd~ are shown in 

section 5.9. No answer has as yet been received from 

t~e two companies. 

5.5 THE PROCESS 

In principal all know how holders of LOPE 

operate a similar process which differs mainly in 

small, although important, design details and opeiating 

conditions. A general flow sheet and process description 

is given below: 

/-""" /1 I --·-: ._ / ' 
I . I' '~ ! . 
' ~ • t 

' 
,: \ ·- , 

~- '-....._/ 

LO and LLD POLYETHYLHlE 

PRIMAi!~ 

m:~ COMPRESSOR 
/'..... r-, 

GAS Jll'• ,_,,.,-: . 

SfCl)r;UAKY 
COMPRCSSOR 

~ I . 

! 

" I 

~i-_l---

Process - ··· - · -· - - ·- · 
Process for branched and linear polyethylene ma"lufacfure by mear1s of 
polymerization of ethylene and co-monomers under t-.igh pressure. 

End products 
Wide range of resins. 
Description of the process . 
Monomers are compressed at a well fixed pressure level depe~·~g ~n 
grades to be obtained. By means of proper catalysts the ~eact1on 1s in

itiated and continuously operated in a reactor of pecuh .. r design. Its 
accurate control is obtained by controlling the catalys: injection. 
The reaction heat is carried away by the effluents 
Melted resins receive several additives if necessar-.,· and are pelletized and 
cooled in a water stream. 

Yields 
Specific con~umptio"ls: 

LOPE 
e ethylene 1.015 111 PE; 
e electricity: BOO kWh 11 PE. 

.. LOPE 
• monomers: 1.0 15 t '' PE: 
e electricity: 600 kWh.'t Pl 

Advantages . . 
The process is simple but very elaborated_. It enables the _building of lar~e 
size units, which leads to substantial investment savings, even wllh 
adequate safety system. 
References 
LOPE in oporaiion: 1,400.000 t'y 
LLOPE in operation: 55.000 t y • under study: 110.000 t•y 
FRANCE. llALY. VEr-IUUELA JAPAN. CZECHOSLOVAKIA. QATAR. PORTUGAL . 
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The mar.ufacture of LDPE is, in essence, a process 

whereby ethylene is polymerised, by means of catalysts, 

at extremely high pressure \1200 -2CXX> atrn and above) 

and elevated temperat~re. Polymer grade ethylene is 

compressed to the required reaction pressure in 

specially designed hypercompressors and fed into a 

stirred autoclave reactor. Some companies ~se tubular 

reactors instead. Catalysts are added and also co

monomers and chain transfer agents, if so required. 

Part of the gas is polymerised and upon leaving the 

reactor the ethylene/polyethylene mixture is expanded 

to 300 atm. in one seperator and down to 0.5 atg. in 

a second one. The polyethylene melt is fed into an 

extruder where it is pelletized, cooled, dried and 

conveyed to a silo. Additives are added at the 

extrusion stage according to the recipe. Unpoly.nerised 

ethylene gas is recycled to the hypercompressors, 

compressed and refed into the reactor. 

The production of I.LDPE is basically ·.conaucted 

in the same way, the main difference being a different 

catalyst system a:id the int.reduction of a corncr.orner of 

the alpha olefin .family (butene-1 or higher). 

A typical analys:i.~ of polymer grade ethylene 

is as follows: 

not less than 99.85% ethylene 

maximum e.llowed impurities: H
2 : 10 ppm by volume 

c
2

H
2

: 50 ppm " " 

c
3 

and higher: 1000 pprr. by volume 

sulphur comp. as "S": 5 ppm by weight 

o
2 

5 ppm by volume 

Co 20 ppm by volume 

Oxygenated Compounds 

other t~an Co, co2 
i.e. CH 30H, acetone, etc: 10 ppm by volume 
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5.6 THE PRICE OF IMPORTED POLYETHYLENE 

The prices given to us from suppliers and 

consumers vary between $820/ton to $900/ton c & f 

Lets take an average price of $800/ton and 

built the cost of LOPE paid by consumer, in his 

plant, Nairobi area. 

$/ton 

c.i.f. Mombasa 860 

Duty 40% 344 

Insurance 1.25% 11 
on c.i.f. 

From ship to plant, 85 
10% on c & f 

Total: $ 1, 300/ton = KShs.13,650/ton 
========= ============= 

As stated in Section 5.1.3 the price of imported 

LLDPE may be higher today, even up to 40%, but decreasing 

gradually as more material comes to the market. Within 

5' years the price difference between LDPE and LLDPE will 

be 10 - 15% in the more competitive markets and upto 

20% in the far away ones. 

5.7 INVESTMENT 

No answer has yet been received from any one of 

the two potential know-how suppliers. The following 

investment estimate is based on the writers own 

experience. The writer was managing the construction 

of a 60,000 MT/year LDPE plant in Haifa Israel, during 

the years 1974-1978 and the investment estimate as well 

as the conversion costs are based on thlis'-particular 

unit. The plant went on strean. in September 1978 and 

has been working satisfactorily ever since. 

The polymerisation unit, battery limit, investment 

is estimated to be: )1$ ~~:!,~QQ 

t 
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To this figure the following items will have 
to be added: 

5.7.1 Utilities and storage 

5.7.2 Shipping cost to site 

5.7.3 Duty on imported equipment and materials 

5.7.4 Adjustment of construction to local 
conditions 

5.7.5 Interest during construction 

5.7.6 Training and start up 

5.7.7 Land 

5.7.8 Contingency 
' 

5.7.1 Utilities and Storage 

5.7.2 

5.7.3 

All 

Following required: 

Utilities as detailed in 3.5.7 

Warehouse f cr finished PE 

Warehouse for che.'nicals, spare parts 

'Refi:··;t.g erateid storage for catalysts. 

Pressure storage for butene-1 

Workshop, mechanical, electrical, instrtl,!!}~nts 

Laboratory 

Administrative building 

General infrastructure 

above is estimated at ~j=~QQ2 

Shipping Cost to Site 

10% on all imported equipment and materials 

M$ 12,000 x 10% = ~~=l:!:&~~ 

Dut;r: on ImEorted EguiE!!!ent 

M$ 12,000 x 40% = ~!=4:!:.§~2 
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5.7.4 Adjustment of Construction to Local Conditions 

Estimated M$ 400 

5.7.5 Interest During Construction 

Based on 33% equity = M$ 12 ,cx:x:> {without 
financial) 

Balance loan at 15% interest = M$ 24,CXX> (without 
financial) 

0Jtlay: 1st year 10% = M$ 2,400 

2nd year 25% = M$ 6,000 

3rd year 40% = M$ 9,600 

4th year 25% = M$ 6,000 

The total interest over the four years construction 

period is about ~!=g~~~~ 

5.7.6 Training and Startuo 

Estimated at ~~=~QQ 

5.7.7 Land 

Estimated at ~~==~Q 

TOTAL INVESTMENT 

5.7.0 Battery limit 

Utilities and storage 

Shipping Cost to site 

Duty on import 

5.7.1 

5.7.2 

5.7.3 

5. 7. 4 

5.7.5 

5.7.6 

5.7.7 

Adjustment to local oonstructicn 

Interest during construction 

Training and Start uo 

5.7.8 

Land 

Sub total 

Contingency 

5.8 CONVERSION COST 

5.8.1 Variable Cost 

Total M$ 

25,500 
4,000 

1,200 

4,800 

400 

6,120 

500 

80 

42,600 

400 

43,000 
======== 

The variable cost (without ethylene) is 

estimated @ $115/ton. This does not include 40% duty 

••• /(,ti, 

l 
! 



64 

on imported chemicals and catalysts. If duty added, 

the variable cost will raise by $ 10/ton. 

5.8.2 Fixed Costs 

a) Manpower: 4 operators + 1 foreman/shift 

4 packaging op./shift 

3 laboratory letters/shift 

2 graduate engineers 

1 chemist 

Plant Manager 

65 x $ 3 x 2000 + 100% overhead = ~l=~~~ 

b) Maintenance: 3% on plant investment 

M$ 37,000 x 3% = M$1,l00 

c) Taxes and Insurance: 

2% on total investment !!,$ 800 

d) Sales and Administration M$ 400 

e) Know how and R & D M$ 400 

f) Depreciation ovP.r 12 y~ars M$3 I 580 

g) Interest on W.C. M$ 200 

Total annual fixed cost H$7,2eo 
========== 

At an annual average production of 25,000 MT over 

the 12 plant projection - fixed cost (without 

interest) is = $ 290/ton. 

Total conversion cost, without ethylene is 

$ 115 +_ $290 = $ 405/MT 
======== 
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55 

5.9 Note 

5.10 

A complete off er for a LDPE/LLDPE olant has 

been received from CdF Chimie, France, after 

finalising the \rriting and typing of this report. 

The off er was reviewed and it can be stated 

with confidence that the investment figures and 

operating c~sts are very similar to those quoted in 

this Chapter. Therefore all the technical inform

ation and economic calculations appearing ir this 

final report are now backed by up to date infannation 

from engi!'leering contractors and know how suppliers. 

DOCUMENTS 

In this section are letters to Dow Chemical 
Co. and CdF, France. 

. .. /r; 6 
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Mr. Peter E. Petersen, 
Ma."laging Director, 

66 

Dow Chemical Y.enya Ltd., 
P.O. Bex 49470, 
N?~IROBI. 

Dear Mr. Petersen, 

April 6, 

It was a pleasure to have had the opportunity 
of meeting with you a:'ld to disct:.ss some points of 
iri.ternst to the ?-~inist:::'y o:( Industr~l, Kenya. l"'ttz::r±jOO. 
ple~se find a summary o-;: the main points and we wculd 
ap~reciate. if you could bring those to the attentio~ 
of your rne.nagement an.d in;;orm us back in due cour5e. 
For .:my furth~:.i.· questicns and your reply !'lease 
contact us at the above l'.dd:ress. 

EHD/bn 

Sincerely yqur~r 

Mura;•a t~va~u 
Ministry of Indl.:st:-y 
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l. O Y.:thvl~r·c 

Zt.hyle:r~e fc..r t'.:-!t' pc::lT-r:!~ris:.ticn unit •.-;illult.t:i.~te1:r 

re ~2-'1~.L3ctur~:: fro::-, lo:::ally ~:v~il~ble cth2.ncl. _;.z an 

alternative, <;r.;.:~ for t~~ fir~t. ~riod of o~er~ticn, : ... ....... is 

+ ,.. \., '· .......... , . 
Je~.ls. 

r.oil-r.ff etl:·;l~ne will 

facil1 tins ~m<\ ·-~~1 >!cml·-~ :::~t'r~~1 ate if y0u could CJ .:l.ve U!J a 

•·rou·:;h" ~sti!iintt."! for t11a invE~~trn('nt r(">i-:1~1rcd ff'.:: r.'.lch 

unit, vi thin l•nttcrr li."nits. 
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Would you cons itlc!r supply in~~ k..11ow ho•·: for a 

30, OOC !,!'!'~Y tt,1 ':'.cl:v-ct:i~'l:.:~c ~lo:1'4..: / or ~vcn mere to, 

cor:sicl<"r c. jt:·int -,;r:nture Pith thr~ Govr?r.nnent o~ !~cr~ya. 

in orri.Er tr; enable the Hinistr; to prc;.-c:ire 

·a f~asitilit~r r;t~dy we WO\lld require dc> .. te such as: 

re!"_:Ur:ste~. 

c·::·cra.ti er-.• 

6tt. r.~r: J 

l~vere~e rec·:Jir~"':'!~nt!:' 0·~ f~~t~:>tOC'¥a, 
C~:~ic~ls a~~ ~ti!i~i~~, 
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u:l/1/6/49 

CJP C~linit:: S. ;~. , 
?our ;,:J!-:·:!P.t: - CL'D!:'X t'!o. 5, 
9~~to P~~is u~fc~se io 

Dear ~r. Fleur~~u, 

69 

April 26, 

---------- -
=~~r~arr~r Li ce11si:-.c D~"?art!'12nt 

rf~P :~~i \! ·~ :~ }:~·,' r..::. !~-1·.l~t!""'! r -,.~~\ ... :-: i S iJr"' .... :S!-ltir:-~t'ti'."'lg 
t~~ =:e:-_~i_!:;..li·':!: : 1 ' :.: .. J.il:::t..::.;~- :~-. 30r,}:)·J ."-~'Ji-'-/ J~.J :?ol·~·C?t.:i·1l«r.e 

fl~.~t :..-.~S:.!,=-: '"" :? :~1 •lr.:;._; r.·:.c<:&'..!C2r! -~re--~ lc,~:::i11~ .. · a~.tailrt1)l'? 

et~:.~=-~~:l.. i-~-·.:r :'~':"cc-~<::· .:0: "'"~' t:. !:~ 0:1! i. t"! 1)le to the -::>.:.r-;:i
cul~r n~~ds ~f ~-~~~~, ~sp0ci~lly ~ue to -;:~e fvct thAt you 
arc pro~i.~ci:;·: ::1::::0 l~cH r.r le--.; .~~C!~S°i'I:.:• '.)cl:•et~ylcnc. 

~ 7~ ::1 ~;~ t; ~-~re:- :)r~ :_n ~!?!"'=.· 2 t.~:. ~ 'tO !~ !! '.;~·r if thr:-. 
~>!."·~~·-1tt.l"~L~.on \J ;: ~: .! ,.,.~ :·r ·• ,_"_. ;:·. c.·J 1 ·~·..:_ _1~J·~·":::~t,-:.r_,~::-i i:i t~~~ s3:r·e 
r~~~.~;t.·~·1 .. "":_:~·.!. ,,.. ! ~~. ~i:·: 1:= ..... :·~l..i~!··...? .. !~- 1 ;: :.! -.-ri~~ !:·~:~..-.·::Jt:i:io:1 cf 
c ::!1<1 ·~- ~!Li ~·z: ~ ~ -.. / .::~~ :;.;-~ ::--~.:.·-:n . : i -=:.r. .-... • ~.~;:::it·:= c ;·. L~ l "':-' ;; ~- r;~1 3 ter;1S 1 

c..•1_.. :·.:.·i ...... :.7L· --~:,·.·-~-~ ~·~l·~· :· .~f ~~-r .. ::.~ ... ~.: •-: .. !.il .. ·~ ~c· : ::: ~-.:'Jn~;i:.!i.:::e:;~( 
.: ..... 
..... -'·' 

0!."!Z:!..:;~~!:'._.' ·~·:.r.-J; t:::..(;!.lL"•; !i:-:..l {C':.! ,:·'":'T;'::.~r;::r : 1 1:,~;ij'i!'lJ !·~:10W 

e2 

!10\I !:..:;-;:- a ~r:.,0::;.::. .·~·.1..:':.: '..L."":,i'; o:: ·'"!':·'•'·~-"".''" !.-T-"::'./LLDPE :::~0~~ •• c"""...ion'( 

I:-! t>~~"~ .. ·!· ;:u l!!1::i.Jjl:_:: -..-.;!..:, :·-~ir:.!.~t!:''' ,_,_, t~~e1~are ~ 

f~Cl.:,i:.>iT~:..t~F "': ;:v·?:_:- -... ,c.!- h'~ ..... ~~.llJ ~:.~~,-:-.:.;ci.-=:cr\ ~c .. ~~_;_,_ri!t7T\10~::----
,,_J ... 
l. l ~ 

'i:,~ 
requ~c:;ted. 

t. H. ~~.TSC!!l-. 

:~-1.'·: :' ;_~ .",,"'..: ~·e~':..; ~ ~ 1,;".,_ • .'.' :~ t_:'. ,,-. ... -~ -·~. ~~'!-·. !_':') '°':; ... I 

':' .. ' ~- ~-- ~ ... :. ~" .. "" ., - ... , ... .. .;. . .; , ..; .;... ,:_ --

~.; ,...,.., .. :"' •& 
. ·- , .... ··-

-,.,. .... I·• ,, .. .; 1., ., __ ...... r ..• --·· 

~~-·'1;-i.·.i.· ~·. :~,·~,·~·..., 

so 

0

Te cl1nfca I'"T.:5 ;..; is t fl n G'': ~ c -~·--:-:--:-~::~-~ ~;; .. ~ "S· .·,:··:<~_'!;.· :. .. -~"'i' 

... I 70 



AORCSSE POST~LE 
TOi.'R A;.JF<ORE 

PLACE DES RE<LETS 
Ct.(J[X 5 

e2ca·:. r.:.t.Al5 Di:FE.t,SL 7 
TEL i'7'C, ~1 5 1 

T(LEX COFC>< 0 ot:JS;•t; f Ministry of Industry 

.-

N C APPE'.. OU 
coqAt: c:,por~:i! ~~-

778. 52. 80. Yours ref. 
Industrial Promotion Department 
Renya House 
Koinange/Monrovia Street 

UN 1/6/49.April 26 P.O. Box 30418 
NAIROBI 

Ours ref. (KE1'."'YA) 
DTvl/C0/087. 

. . 
May 14, 1982 

Dear Sir, 
... 

We thank you for your letter of April 26, 1982 and of 
the interest you have mentioned for our high pressure 
polyethylene technology. 

The production of conventj.onal LDPE and linear LDPE is 
· b 1 · h h a · h th ~.s Cl ..... <- • possi e wit t e same reactor an wit - e-.-equipmcnt. 

However if a plant is designed to produce both LDPE, it 
cannot be optimized for th~ productiori of each LDPE. 

Moreover for changing from one type of· polyet'hylene to 
the other, th~ line must be stoppeJ fer several days 
and completely cleaned, due to the incompatibility of the 
tw_o types of catalyst. Consequently for :i.tldust-.t:i-al coun--
tries, we dont recommend to undertal<e the production of 
linear and conventional polyethylene in the same line. 
However such a possibility exists and can be studied for 
particular cases for example in developing countries. 

Not with standing, taking in consioeration the actual a~d 
the foreseen share of the market for linear LDPE, 30 % of 
the total market of LDPE, our recomrnandation would be to 
build a plant for the production of conventional LDPE only, 
keeping the possibility to retrofit this plant in the fu
ture for the production of linear LDPE, if the development 
of the market is faster than it is expected for the moment. 

We are ready to discuss these points with you, if you 
have the opportunity to come in Europe in a next future. 

To allow you to prepare a prelirr.inc::.ry feasibility study, 
we send you attached hereto information on our low density 

~1~ • polyethylene processes that we ask you to consider as 
) fri~t"v..5"'- confidential. 

~~~ ~14-1 "4~ Ci) M.v, 6H· ~~ 
? ('._:,,..1-(..... C' I , ,g.~.::-, ,.. l_ µ ~s ~ ~--- , 

(~ tiJ~~i._~1:C::: (~;_'.;~~·/:'('· (i ._.,'*'{ £,,,.. i)"'(,~c.Q_ / r '~V''t ~ 
i(· : - <,(> r '! f,";"ri;v11• ~I , \ - , , j '·'•''\'-)}v'-·~ t,' ''• 

.. , . 
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As far as the investment is concerned, our estimation 
for a 30 000 MT/y plant built in France of January 82 
would be for the battery limit : 

- For LLDPE only ............ 14 millions us J 
- For LDPE only ............. 16 millions us I 

- for a versatile unit LDPE/LLDPE 18 millions us/. 

To take in account engineering services, and off sites 
batterie limit for a grass-root plant, these values 
shall be increased of 50 %. 

We look forward to hearing from you soon. 

Enc.- 2 

Sincerely yours, 

B. FLEUREAU 
Manager Licensing Dpt 

CdF-CHIMIE SA 
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6.0 ECONOMIC STUDY OF THE PRODUCTION OF LOPE 

6. l COST AND FEASIBIL:iTY OF LDPE PRODUCTim! -./IA ETHANOL 

As shown in Section 5.8 the total conversion 

cost (without ethylene and interest on ioans; is: 

Variable cost: 

Fixed cost 

$ 115/ton 

$ 290/ton 

$ 405/ton 

Total invest.'Ilent is estimated: 

ethanol to ethylene plant 

polymerisation plant 

Total: 

M $ 

15,000 

43,000 

58,000 
--------------

lwerage profit to be 15% on in-.rest.'Tlent 

(25.000 MT/Q average production) is: 

M$ 8, 700/year or $ 3 48/ton 

Therefore the: maximum allm-;ed cost for 1 ton ethyler,e 

is: 1300 - ( '105 + 348) 
= 

1.05 

In order to produce ethyleue at $521/ton one 

would have to obtain ethanol at KShs.2.02 per litre 

which under the present circumstances is not feasible. 

If, en the other hand, ethanol is supplied at KShs.4/

per litre, the cost of ethylene will rise to $ 933/ton 

and in such case the total production cost (without 

profit) will be on the average $ 1,384/ton which is 

already much higher than the target price of $1300/ton. 

From the above one can see that the project 

under the above stated conditions is not fe·asible. 

It is a well known fa ct that heavy chemical industry, 

like the above describeA, is given incentives in most 

countries of the world. This industry is very he&vily 

money intensive and usually does not come into full 
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production in the first years of operation and 

therefore cnly preferential financial conditions, 

duty exemptions and tax conces~ions can make such 
projects f eesible. 

On the writer's project for a 60,000 MT/year 

LD?E plant mentioned in section 5.7, the following 
incentives were given: 

a) Investment grant of 12% of total ll1vestme..'1t 

b) Duty exemption on all imported equipment 
and materials 

c) Interest rate on loan (58% of im.Testment) 

was 9-12% instead of 20% interest of 
commercial banks 

d) Double depreciation for income ta~ purposes 

e) Income tax holiday for five years of the 

first year of taxable income. 

Such incentives are not extremely exc'es~;ive e:wd the 

writer has known larger incentives to assist the 

petrochemical industry in Western Europe. 

6. 2 COST AND FEl-i.SIBILITY OF LDPE PRODUCTION VIA IMf'ORTED 
ETHYLENE 

It has been shovm in sections 4.8 and 4.9 that 

under the described circumstances the production of 

LDPE based on imported ethylene is not a feasible 
project. 

Even if the Government agrees to forgo the 40% 

duty on iniported ethylene, the ethylene cost will still 

be much higher than the target price and will be 

(including prof it) in the $1500/to:n range. Ne more 

calculatJor.5 have been _prepared for this type of project. 

6.3 ECONOMIC STuDY - A DIFFERENT APPROACH 

As stated in r;ection 6. 1 it is common that 

l1c::avy chemical industry receives financial incentives 

to help it overcome the first difficult years and such 
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incentives are concentrated, among others, in cuty 

exemptions and preferential interest rates on leans. 

In the following sections we will pre::;er..t: 

calculations bQsed just on such incentives a~d f~cm 

those calculations the viability of the ir.dustry can 

better be judged. Following incentives have been 

taken into account: 

a) full exemptions from duty on imported 

equipment and materials 

b) loans at 8% average illterest rate 

6. 4 COS'1' OF ETHYLENE FROM ETfu11.NOL - B.Z\SED ON NE'W AFPRCACH 

6.4.l INVESTMENT 

Battery limits, contractors gucte 

Utilities and Storage 

Shipping to site 

hdjus~~ent to local conditions 

Interest during construction 

St~rt up, training 

Land 

6.4.2 FIXED COST 

Sub total 

Contingency 

Total: M$ 

!-~$ 

8,100 

1,500 

500 

125 

825 

300 

20 

11,370 

330 

11,700 
-------------

Consequently fixed cost will be aecreased 

accordingly: 

Manpower 

Maintenance 

Taxes arid in5urance 

General Administration 

Depreciation (12 years) 

Interest on working capital 

Total: 

M$/a 

140 

330 

235 

175 
975 

45 

2,000 
======= 
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6.4.3 TOTAL CONVERSION COST WITHOUT ETH.\NOL FEED COST 

At 40,000 MT/year production 

At 30,000 MT/year production 

44.75 + 66.67 ~11~:~&£~~~ 

6.4.4 B?QUIRED PRICE OF ETHANOL 

At 40,000 MT/a production 

Ethylene prices Anhydrous Alcohol 

$/ton $/ten $Jl KShs./l 

500 

550 

600 

650 

700 

750 

800 

825 

850 

500 

550 

600 

650 

700 

79:) 

800 

825 

850 

232.90 

261. 65 

290.40 

319.10 

347.85 

376.60 

405.30 

419.70 

434.00 

At 30,()(X) Mr/e 

223.30 

252.00 

280. 80 

309.50 

338.25 

367.00 

395.75 

410.10 

424.50 

0.186 1.95 

0.209 2.20 

0.232 2.44 

0.255 2.68 

0.273 2.g2 

0.301 3.16 

0.324 3.40 

0.335 3.52 

0.317 3.55 

production 

0.178 1.87 

0.202 2.12 

0.225 2.36 

0.248 2.60 

0.270 2.84 

0.294 3.08 

0.316 3.32 

0.328 3.44 

0.340 3.57 
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6. 5 COST AND FEAS:BILITY OF LDFE PRODUCTION VIA ETHJ\.NOL -

BASED ON NEW APPROACH 

6.5.1 INVESTMENT 

Battery limit 25,500 

Utilities and storage 4,000 

Shipping cost to site 1,200 

Adjustment to local 400 
construction 

Interest during construction 2,990 

Training and start up 500 

Land 80 

Subtotal 34,670 

Contingency 330 

6.5.2 FIXED COSTS 

Manpower 

r:.aintenance 

Total .M$ 

Taxes and Insurance 

Sales and Administration 

Know how and R & D 

Depreciation (12 years) 

Interest on W & C 

Total M$ 

35,000 

300 

l,lOC 

700 

400 

400 

2,915 

20.0 

6,515/year 
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6.5.3 MAXIMUM PEASIBLE COST OF ETHYLENE AND ETHANOL 

The total average conversion cost, according 

to new app~oach, and without ethylene and interest 

on loan, is: 

Variable cost: 

fixed cost: 
$ 115/ton 

$ 260/ton 

$ 375/ton 

Total investment is estimated 

Ethanol to ethylene plant 

Polymerisation plant 

Total 

M~ 

11,700 

35,000 

46,700 
------------

Average p:rCJfit to be 15% on i!'lvestment · 
(25,000 MT average production): 

M$ 7000/year or 280/ton 

Therefore the rna::d;nurn permitted cost fo:c 1 ton 

ethylene is 1,300 - (375 + 280) = $ 614 
1.05 

-
In order to produce ethylene at $ 614 one 

would have to obtain ethanol at an average price of 

$298.40/ton or KShs.2.50/litre. This is still a very 

low price and well below the cost of presently locally 

produced alcohol. From talks with people versed in 

the Indian and Brazilian chemical industry we were 

given to understand that thiE is about the price. 

paid in those countries for industrial alcohol. India 

can achieve such prices due to their old depreciated 

plants and in Brazil the alcohol for industry is 

subsidised by the Goverrunent. 
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6. 6 SUBSIDY FOR INDUSTRIAL Jl.LCOHOL 

In the long run it can be expected that lcr-ally 

produced alcohol will be produced at a maxL~u.~ cost 

of KShs.4.0/litre. For demonstration purposes it is 

assumed that. alcohol is available at this price, 

whereby the industry is paying KShs.2.50/l and the 

Government is subsidising the alcohol by another 

KShs.l.5/1. In the next sections an economic study 

is presented based on subsidised alcohol and _ 

following tablez are shown: 

Table 1 : 12 year financial projection of 

combined project, starting from 

ethanol to pol:ymer for sale 

Table 2 

Table 3 

Table 4 

Table 5 

IRR of the project 

Foreign currency component in 

ethyltne production 

Foreign curre:ncy component in PE 

prod~ction 

Foreign currency earnings and cost of 

saved $ 

I,. 
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TABLE 1: Th'ELVE YE/\RS Flli~IJ\TJ PROJEX:'I'IOO 

Investr.ent: M$ 46 ~ 700 Equity: M$ 15,410 

No. Dct'lilS lqas 198'.J 1990 1991 1992 1993 1994 1995 1996 

A. ?ra:luction Mr 
1. Ethylene (including 27850 29320 30895 32575 343r)() 36040 37930 39820 4CXXX) 

lOX:O Mr for PVC 

2. rolypt.hylcn<"! 17C(X) 184CO 1990) 21500 23200 24000 26600 28400 3CYXO 

H. I!}.!ys in $/MT 
1. Ethrlcne for IVC only 66 625 625 625 f>25 625 625 625 625 

2. Polw~'-:hyli:ne 1300 1300 1300 1300 1300 1300 1300 1300 1300 
,... 

2~"':-it:c .iE M$ '-• 

1. rrcn r:thylene for Pl!C 6250 6250 6250 67.50 6250 6250 6250 6250 5312 

2. Fran Polyethylene 22100 23920 25870 27950 Joir.o . 32240 34580 36920 39<XX) 

Total M$ 28300 30170 32120 34200 36410 38490 40830 43170 44Jl2 

D. Costs in M$ 

1. Vuriable Cost 17641 18631 19690 20820 2207.l 23152 24423 25694 25980 

7. !-'b:oi Operating 4380 4380 4380 4380 4380 4380 4380 4380 4300 

3. Dep::-eciation 3890 3890 3890 3890 3890 3890 3890 3890 3890 

4. L'"ltcrest on Invest. 2490 2241 1992 1743 1434 1245 0~6 747 498 
lom 

5. Ll'ltercst on Work 245 245 245 245 245 245 245 245 245 
Capital 

Total M$ 28646 29387 30197 31078 32030 32912 33934 34956 34993 
-

E. l; Profit before tax {346) 783 1923 3122 4380 5t;7B 6896 8214 9319 

2. % Return cri E'qltity - ::; 12.5 ?O 28.5 36 44.7 53.3 60.5 

F. Cash Flew in M$ 
1923 I Profit before tax {34f>) 783 3122 43['1) 5578 6896 8214 9319 

Deprcciatic:n 3890 3890 3890 3<)90 3890 3390 3fl90 3390 3890 
Interest en Invest. 2490 2241 2017 lfUS 1633 1470 996 747 498 

loan 
Total M$ 6034 6914 7810 8327 9903 lm3B 11782 128'31 13707 

\, 

1997 

40000 

3CXXX) 

625 

1300 

5312 

39CX:O 

44312 

25980 

4380 

3890 

249 

245 

34744 

9568 

62 

9568 
3890 

249 

13707 

" .. "\ 
' ' ' ' 

'\\ 

1998 t__ 1()9; __ 

4CXXXJ .icxx:o 

30000 3CXXO 

625 625 

1300 1300 

5312 5~12 

39(XY.) 39('()'.) 

44312 44312 

25980 25980 

4380 43£:-0 

3890 3890 

- -
245 245 

34495 34495 

9817 9817 

63.7 63.7 

S817 9817 
3890 3890 
-

13707 13707 

". ..... ,(·· 

-·· 

3""' 

24') 

,~ 

u 

59 

32·1 
-

384 

I 
j 

1 · 

I 
-____. 

~ 
230 

43 

38 

11 

2 

32695 

5720 

37.1 

5720 
3890 
1180 

10730 
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Yzar Net Cash Net Cash 
Outflow Inflow 

- 3 3,500 

- 2 11,090 

- 1 19,850 

0 12,505 

1 6,034 

2 6,914 

3 7,830 

4 8,827 

5 9,903 

6 10,938 . 

7 11,702 

8 12,851 

9 13,707 

10 13,707 

11 13,707 

12 , 13,707 

IRR == 

ii' ··' 
i 

. i 

".""" ·.:.> 
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TABLE 2: NPV and '!RR 
~ 

P .w. Fnct:or NPV 
10% 

1. 331 

1. 2LO 

1.100 

1.000 

o. 909 

0.826 

0.751 

0.:583 

0.621 

0.561 

o.513 

o. 467 
I 

0.424 

o.385 
I 

o.~5o 

o. 319 

10 + 10 
l 
I 
' ' 

101: 

(4,658) 

(13 ,419) 
(21,835) 

(12 ,sos) 
5,484 

5,710 

5,880 

6,028 
- G,150 

6,169 

: 
r, ,044 

6,000 

5,811 

5,277 

4,797 

4,372 

15,305 
32,854 = 

?\"!'\' CU'nulativc 
101; 

( 4,550) 

(18,077) 
(39,912) 

(52,417) 

{46,933') 

(41,223) 

(35,343) 

(29,315) 

(23, 165) 

(16,996) 

(10,952) 

( 4,952) 

859 

6,136 

10,933 

15,305 

J~;,gg~ 

I 

I 

PW Factor 
20?; 

1. 728 

1. 440 
1. 200 

1.000 

0.833 

0.694 

o. 578 

o. 482 

o. 402 

0.335 

o. 279 

0.232 

0.194 

0.162 

0.135 

0.113 

~ 
~\ 

·~ \ 

-' 
N!V NP:,;. Ct'::":l~'.!ati VC 

20'3 20~ ' ; 
-·i 

( 6,048) ( 6,043) • I 

(15,970) (22 ,Ol.'l) I 
I 

{23,820) (45,838) 
! 

(12, 505) (58,343) ' ' 

5 ,026 (53,317) : 
I 

4,798 (48,519) 
i 
' I 

4,525 (43,994) ! 

' 
4,255 (39,7'39) 

; 

3,981 (35,758) ' I 
3,664 (32,094) ' 

' 
3 ,287 (26,807) I 

I 
2,981 (25,826) 

2,659 (23,167) 

2,220 (20,947) 

1,850 (19,097) 
I 

1,548 (17,549) 
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TABLE 3: F. C. COMPONENT IN ETHYLENE PRODUCTION --
The forej':'"!': currency component calculatj_on is based 

on alcohol at I~Shs. 40/l, whereby KShs .1. 5/1 is Goverrunent 

subsidy: 

Details 

Variable Cost 

Raw Material 

Catalysts 

Utilities 

Total 

Fjxed Costs 

Manp:>wer 

~.ai."1tena."lce 

Taxes, Insurance 

Gen. kJmin. 

DcpreC::.E!ticn 

Interest en loa...'1 

Interest on W.C. 

'J'ctul 

Grand ·.rotal 

Total Cost Total Cost 
in local cur. .M$ -

KShs.236,565 

24,150 

260,7i5 

20,740 

ll4 

1,676 

22,530 

240 

330 

235 

175 

975 

3CO 

45 

2,300 

.24 ,830 

% f.c. 
Canp. 

38% 

100% 

40% 

38.5% 

40% 

50% 

30% 

15% 

85!;5 

85% 

15% 

63% 

40.7% 

_ Tne foreign currency canponent iT the production ethylene is 

40.7% --
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TABLE ~: FOREIGN CURRENCY COMPONENT IN LDPE 

At 25,000 tor./y average prcduction 

I 

Detail total costs I total cost: it % f. c. Costs in foreign I Costs .in 
in MKShs. I i.TJ. M$ Canponent curre...'1CV local cJrrency 

.in LKSh. in M$ I 

Ethylene Hi,295 40.7% 

Variable 

I 
2,875 50 % 

costs 

Total 201,285 ! 19,170 42.1% 84,740 8,070 ll6,5~5 

Fixro Costs 

MantxJWer 000 40 % 

Maintenance 1,100 so % 

Taxes, 
I 

700 30 % 
Insurance 

Sales, Adm.L'1. 400 20 % 

Kncm-ha.J, 400 85 % 
R & D 

Dep::::eciai:.icn 2,915 85 % 

Inte.rest en 

I 
925 85 % 

lo-:!n 

Interest on 200 30 % 
w.c. 

TotaJ. '78,120 7,440 l 64 % 50,620 I 4,820 27,500 

- • 
Grand Total 279 405 ! I 

26 610 48.44% 135 360 :2 890 144 045 
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TABLE 5: FOREIGN CURRENCY CALCULATIONS 

Foreign currency saving fran 
import replacement: 

Foreign currency expenses 

Foreign currency sav.i..ng 

$._/Ton 

870 

515 

355 

M$/y 

21,750 

12,890 

8,860 

~===================== 

% Saved valile 40.8% 

Cost of $ 1.0 saved in KShs. = 144,045 = 16.25 

8,860 ===== 

If we add to this figure the KSh.1.5/l v:hich l:'h~ 

,Government is paying as sub~idy to t~e alcohol 

producer, all this in orde!" to save M$8,860}year 

(average) , the cost of the $ will reach: 

.229,680 

8,860 

26 KShs. 
---------------

------i 
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6.7 SENSITrvITY 

6.7.l CHANGE IN INTERNATIONAL PRICE OF LOPE 

Increase of 5% in the Internationc:..1 market will 

bring the ave1·age f.o.b. price to $ 798/'ton ar,d 7.he 

cost ut the consumers plant to $1,365/ton. Ttis will 

allow an ethylene cost of: 

l365 - (375 +_280} 
= 675 $/ton 

arrl a'1 alcohol price of KShs. 2. 8/1. In such case the 

subsidy can be reduced by KSh.s.0.3/litre and the 

foreign currency saving will be $398}ton PE (an increase 

of $43/ton) and the annual foreign currency saving will 

rise to M$9,962 (instead of M$8,860). Therefore the 

saved $ (including subsidy} will drop by KShs.3/$ to 

KShs. 23/$. 

6.7.2 CHANGE IN INVEST~ENT COST 

Increase in 10% investment, by M$1.67'J will 

incr~ase fixed cost expenses by M$740 which i£- ~30/to?.1 

LDPE. This should de~r-=ase the profit by thi:3 amount 

or by about 10% on the average. 

6. 7. 3 CHANGE I!\ PRODUCTION AND SALES 

Every 1000 MT of increased producticn and sales 

reduces the fixed cost by $12/ton and increase prof it 

accordingly. Instead of increased profit the s~bsidy 

can be reduced bv KShs.70/ton alcohol. 

6.8 CONCLUSIONS 

From the above presented results it can be 

deducted that the ethanol to LOPE project is a very 

marginal one, at the best. Under prefererttial 

financial conditions and G::>verrunent subsidy to the 

alcohol producers the project itself enjoys an IRR of 

about 14.7% but from the Government point of view 

~he saved dolJar is produced at very high cost . 
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As a matter of fact these results give a true 

picture of the b~a st~te of business in which the 

worl~: producers of ethylene and LDPE find themselves 

at the present moment. There is an excessive capacity 

of both materials in the world with resulting heavy 

competition an~ which forces the prices down to the 
minL~um possible. 

Lets analyse the distribution of costs: 

$/ton LDPE % 

Ethylene 645 49.6 
Variable 115 8.S 
Fixed 260 20.0 
Prof it 280 21. 6 

$ 1,300 100.0% 
------ -=====~=-------

Ethylene is the major cost coniponent, which can 

be obtained at cheap prices in the world, especially 

at the presently "low" price of the barrel of c~ude 

oil. An upward trend in crude oil prices anc.l a conse

guent rise in cost of Naphtha and LPG ~ight change the 

picture entirely and make t11e local production a 
successful venture~ _ 

Also the fixed· cost (including de:preciation) have 

a relatively high impact on the ultimate production 

costs. The reasons are twofold: the proposed LDPE plant 

is a relatively small unit and therefore fi-xed costs 

are relatively high per ton product and furthennore, it 

is a new grassroot industry which require heavy invest

ment for infrastructure such as utilities, ntorage area 

and environmental preparations, buildings, laboratories, 

drainage, sewage, etc. Any further expansion will r 

require less investment per ton product and will make 

the whole project more profitable. 

The last item of ilnportance is the profit of the 

enterprise. At the present depress~d state of business 
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it is doubtful whether anyone of the present prcrlueo_rs 

can show as high a profit as this project. Most 

companies are happy if they can break even and keep 

their heads above water an~ do not slide into the red. 

During the last year several lGrge chemical cornp2njes 

have decreased their output considerably and some have 

gone out of LDPE production entirely, due to heavy 
losses incu~red to them by the weak ~arket. 

It is recommended that this project should be 
re-evaluated periodically, as the f easibil.: ty is liable 

to change to the better wit~ rising cost of crude oil 

and consequent· higher cost of Naphtha ·, ethylene and 
LDPE in the worid market. 
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7 .0 FUTURE EXPJ".NSION &'\"D DIVERSIFICATION OF THE 

LDPE CON"VERTING INDUS'rRY 

7.1 

7.2 

The LDPE industry in Kenya is only in its 

infancy. The reasons are obvious, but with proper 

effort and gover~.ment help the usage of LDPE can 

be increased considerably, mainly for products of 

everyday use and as a vehicle for identifying agri

culture and for a general raise in the standard of 

living of the population. 

Mr. Subramanian in his report, issued 

April 1979, gives a very good account of the eKpanSion 

possibilities of the industry; so here only a few 

items are adden which probably were not sufficiently 

emphasised before: 

One very important point is the price of the 

material. It is recommended not to raise the price 

by adding higher import cuty, under no circumsta~ces. 

The materials cost is already very high and it must 

:remain COMpeti-:ive to other alternative materials, -

like paper, LDPE, PP, etc. As long as there is no 

plant in the co~ntry all effort should be concentrated 

to obtain the cheapest material from overseas and by 

these mea~s spread the usage of LDPE. The LDPE is 

known as "poor man's plastic" and it should remain '-S 

such for the good of the country. 

Other possible usages of LDPE which are not yet 

introduced in the country at all or at a small scale 

only, are the following: 

7.2.1 Small diameter black pipes and tubes up to 2". 

This product is mainly used for drip and spray 

irrigation purposes. It is an ilpportant tool in the 

intensification of agriculture and in the conservation 

of water. The writer has discussed this matter with 

managers of agricultural farms and they saw possibility 

for wide spread use in the country. At the present 

thii:- product is imported .. It was strange to see that 

the only producer in the country has sold his equip

ment about a yedr ago (due to his own reasons not 
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connected to the market) and no new producer h~s 

entered the market yet. In the writer's country, 

Israel, the manufacturer of irrigation piping is the 

second largest consumer of LDPE after f i~ns and sheets, 

about 12% of total consumption. 

7.2.2 Tubes for electric conducts 

Those tubes are put in the wall during con

struction of the buildings to enable the laying of 

electric cables at a later stage of construction. It 

is understood that unde~ the present building code 

such tubes are made of U-PVC. PVC is usually not u3ed 

f o~ such purpose in many other countries due to the 

fact that PVC evolves toxic hydrochloric acid gases 

in case of fire. It is recommended to have a second 

look at the subject. 

7.2.3 Rotatio~al Moulding 

This method is· used mainly for very large 

:containers, water cisterns, smqll boats, large garbage 

bins and other lerge objects. The products can be 

larger than those produced by.any other method such as 

injectim1 nould~ng. The main advantage of the process 

lies in the relative cheapness of the machinery and in 

the cheapness of the mould. For the production of 

rotational mouided products one :may use LDPE, LLDPE or 

blends of:" same. 

7.2.4 Garbage Containers: 

In many countries the large garbage containers 

used in apartment houses, public buildings, shops and 

private houses are made of LDPE, injection or rotaticnally 

moulded. In Nairobi the gar:O~ge i's collected in con

tainers made of galvani:zed carbon steel. LOPE containers 

are cheaper, more durable, make less no ice and are easier 

to clean. It might be worthwhile to discuss this m~tter 

with the City Council and probably with other townships 

in the country. In general also bla=k LDPE bags are VeI';/ 

much in use for garbage collection. In many large cities; 

notably London, the shopkeepers put the full garbage bags 

in the evening in front of their shops for collection 

<luring the night. 
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SO.ME THOUGHTS ON THE EXPANSION AND DIVERSIFICATION OF 

THE ETH.:z;.NOL CONSUMING INDUSTRY 

As a last chapter in this report it was thought 

to be useful to mention some other uses of ethanol for 

the production of chemicals. Each prcduct will, of course 

have to be investigated and evaluated on its own merit, 

but it se~~s there might be some products of interest 

for local manufacture. The advantage is that the 

ethanol conversion industry can be based on re~atively 

small units, compared to some products produced in the 

large plants of the petrochemical industry. 

Acetaldehyde: produced by the oxydation/dehydro

genation of ethanol. Acetaldehyde is an important 

intermediate in the rnanufa\.~ure of acetic acid, acetic 

anhydride, pentaerythritol, butanol, chJ;.yral, 2-ethylhexanol. 

Potential know-how· suppliers: 

Humphreys and Glasgow, UI~ 

Bofors Nobel Chemati.;.r ! Sweden 

Vebs Chemie - West Germany 

1'.cetic Acid: manufac- u.red by the oxidation of 

acetaJ.dehyde. Jt is used in the prodl;lction of esters 

such as viriyl acetate, ethyl acetate, butyl acetate, 

arnylacetate, cellulose acetate, acrylates, perace~i~- ~cid 

_.and ?.cetic anhydride: 

Potential know how suppliers: 

Humphreys and Glasgow, UK 

Bofors Nobel Chematur, Sweden 

Hoechst, West Germany 

Scientific Design, USA 

Petroguisa, Brazil and others 

Acetic Anhydride: ·can be produced by cracking of 

acetic acid or by oxidation of acetaldehyde. This 

material is especially important in cases where acety

lations by acetic acid are difficult such as in the 

production of cellulose acetate and aspirin. 
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Potential know-how suppliers: 

Humphreys and Glasgow, UK 

Bofors Nobel Chematur '· Sweden 

Bechtel Corp. USA and others 

Cellulose Acetate: produced by reaction of 

acetic anhydride on cellulose. The cellulose can be 

obtained from digestion and purification of the short 

fibres removed from cotton seeds after ginning 

opera~ion or from wood pulps. 

The product can be spun into fibres (triacetate 

fibres) from an acetone soluti·on. Other pos·sible uses 

are in the plastics industry as moulding powder and in 

the cigarette filter field. It may be an interesting 

material for local manufacture and it is reconnnended to 

investigate this possibility f~rther. Present manu

facturers who might also licence know-how are: 

FMC .·-· USA 

Celanese USA 

Dupont USA 

Tenessee USA 
Eastman 

Vinvl Acetate: can be produced by reaction between 
acetaldehyde end acetic anhydride. By product acetic 

acid is recirculated for conversion into acetic anhydride 

required in the reaction. 

Present manufacture: Celanes~ Corp., USA. 

There are a number of other products although it 

is doubtful that they will be of any interest for local 

production, such as: 

n - butanol as solvent 

2 - ethylhexanol as plasticisers 

Even butadiene_ can be produced by the reaction of 

ethanol and acetaldehyde. 

As stated in the beginning the productionaf the 

above mentioned chemic~ls are interesting as they can be 
produced in small uni ts. The Brazilian chemical .industry 

is putting much effort in 'th~ production of such 

chemicals out of ethanol and it is recommended to come 

into closer contact with their manuf ncturers and know-how 
suppliers. 
mm bn - - - - -
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